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	CAUVERY NEERAVARI NIGAMA LIMITED
(A Govt. of Karnataka Enterprises)

Office of the Executive Engineer
Cauvery Bhavana, Mandya-571401
Emai – vcdnmandya@yahoo.com
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SHORT TERM TENDER NOTIFICATION

(THROUGH E-PROCUREMENT PORTAL ONLY)

No. CNNL/   /2015-16
Item wise tenders in the prescribed form are invited through e procurement only by the undersigned on behalf of Managing Director, Cauvery Neeravari Nigama Limited from Calss 3 and above contractors registered with KPWD/CPWD/ID/any other Government organisation and enrolled their name in CNNL, for the following work.
STATEMENT OF WORKS

	Sl.

No.
	Name of the work
	Est. Amount As per Schedule-B (Rs. In Lakhs)
	E.M.D.

(In Rs.)
	Tender

Processing

Charge

(in Rs.)
	Stipulated period of  completion including Monsoon

	1.
	Improvements to vulnerable reaches in 18th  Distry under NMBC
	9.76
	19550/-
	As per

 e-procurement
	30 days


. The contractors has to submit his tender through on line e-procurement only.  Contractor should scan the Registration copy and any other document and upload these documents through online in e-procurement portal. EMD and processing fee shall be paid through e- payment by using different modes as mentioned in subsequent para. More information can be had from web site www.eproc.karnataka.gov.in
	1
	Last to download the  documents from e-procurement portal
	Refer e-procurement portal.

	2
	Last date to upload completed tender documents through e-procurement portal 
	Refer e-procurement portal.

	3
	Date of opening of tenders.
	Refer e-procurement portal.


    Any other details required can be obtained from office of the under signed during office hours.

Conditions:

1. Name, Address of contractor, Phone number, E-Mail address and registration copy etc should be submitted on line.

2. The validity of EMD shall be for a period of 180 days from the date of opening of the tender.

Note: EMD and Tender processing fee shall be paid through e-Payment using the following four modes of  Payment.

1. Credit card payment

2. Direct debit payment

3. National electronic fund transfer

4. Remittance at the bank counter
3. Joint venture is not permitted.

4. In case, the tender is cancelled, the processing fees will neither be refunded nor the same will be transferred to other works.

5. Conditional tenders will be rejected. Right to accept or reject any or all the tenders without assigning any reason is reserved by CNNL.

6. The Materials used for the work shall be of good quality and the same should be got tested from  the competent authority. This will be the responsibility of contractor.
7. No Compensation shall be allowed for any delay in starting of work on account of acquisition of land.

8. Contractor should submit the list of machineries/ equipments owned or leased by him with necessary documents and fitness certificate obtained from the concerned R.T.O.

9. The rates quoted by the contractor must be inclusive of sales tax, excise duty, Royalty, Octroi, quarry fee etc. No. extra payment on this account will be entertained.

10. The contractor’s name shall not have been declared by the government in any illegal activities or  corruptions / cheating etc.,   

11.  As per Government order No.LD/300/LET/2006 Dtated: 18.01.2007 1% of bill amount will be deducted against labour welfare fund.

12. Contractor shall submit the Bar/pert chart for completion of work.

13. In case more than 20 labourers are employed for the work, the contractor should have E.P.F. registration. A copy of the registration certificate should be submitted.

14. The intending contractors should note that, if any of the lands (either in part/ parts or in whole) required for the work is not yet acquired by the Nigam, it shall be the responsibility of the contractor to take possession of such  land by consent  of the  owners before commencement of work at no extra cost to the Nigam and no claims whatsoever relating to non-availability of land would be entertained.

15. Defect liability period depending upon nature / type of work is as under.

a) For all the cross drainage works aqueducts/ embankment and other works costing  less than Rs. 50 Lakhs the defect liability period is 3 years form the date of completion of the entire work.

b) For all cross drainage works/aqueducts/embankment and other works costing more than Rs. 50 Lakhs the defect liability period is 5 years form the date of completion of the entire work.

c) For all types lining and other works the defect liability period is 3 years from the date of completion of the entire work.

d) For  works like  road, silt and other small works which  will  be  taken  up out of * maintenance grant the defect liability period shall be 3 months from the date of  completion certificate and shall not be later than 6 months from physical completion of the entire work.

16. Performance guarantee : For all works an amount equal to 5% of the contract value will be withheld as "Performance guarantee amount" out of security deposit i.e. 7.5% of contract value (EMD+FSD), till the expiry of defect liability period.

    Any details / information can be had from the web site:  www.eproc.karnataka.gov.in 
Executive Engineer,

CNNL, V.C Division, Mandya 

No. /EE/VC DN/MANDYA/PBC/TENDER/2015-16/                             Date:  
I
Copy submitted for information to:
1) Managing Director, Cauvery Neeravari Nigama Limited, Ananda Road Circle, Bangalore
2) Managing Director, CNNL, Cauvery Bhavan, Gokulam, Mysore.

3) Chief Engineer, CNNL, Irrigation (South), Public Offices Building, New Sayyaji Rao Road, Mysore – 570 024.

4) The Chief Engieer, W.R.D.O., Anand Rao Circle, Bangalore

5) The Chief Engieer, PW.P&IWTD (South), New Public Offices Building, K.R. Circle,  Bangalore.

6) The Chief Engineer, CNNL, Hemavathy Project Zone, Gorur.

7) The Chief Engineer, CNNL, Hemavathy Canal Zone, Tumkur.

8) The Chief Engineer, KBJNL, No.1. Canal Zone, Bheemarayanagudi, Shahapura Taluk, Gulbarga District.

9) The Chief Engineer, PW.P&IWTD ,(North), Dharwad.

10) The Chief Engineer, KBJNL. Dam Zone, Alamatti, Bijapur District.

11) The Chief Engineer,KNNL Irrigation Zone (North), Belgaum.

12) The Chief Engineer, KBJNL, No.2, Canal Zone, Kembhavi, Surapur Taluk Gulbarga District.

13) The Chief Engineer, KBJNL. Dam Zone, Narayanapura, Gulbarga District.

14) The Chief Engineer,KNNL Irrigation Project Zone Gulbarga.

15) Personnel secretary to the Hon’ble Minister for Water resource Department,  Vidhana  Soudha, Bangalore.
II
Copies submitted to the following for wide publicity in the notice board
16) The Superintending Engineer, PW.P&IWTD, Bangalore Circle, Bangalore.

17) The Superintending Engineer, PW.P&IWTD, Mysore Circle, Mysore.

18) The Superintending Engineer, KVCC, Mysore

19) The Superintending Engineer, CNNL, Harangi Project Circle, Kushalanagar.

20) The Superintending Engineer, CNNL, K.R.S. Modernisation & Medium Irrigation Projects Circle, Mandya.

21) The Superintending Engineer, KNNL, Hidkal

22) The Superintending Engineer, KNNL, Dharwar

23) The Superintending Engineer, KNNL, Jamkhandi

24) The Superintending Engineer, KNNL, Malaprabha Project, Naviluthirtha

25) Copy forwarded to the Director of Information & Publicity, Bangalore with a   request to arrange for publishing the same twice in any of the two leading Kannada and 2 leading English National News Papers in  all editions. and also in local newspapers.

26) Copy forwarded to the Compiler, Karnataka Government Gazette, Govt. Press, B.M. Road, Bangalore – 59 for information with a request to publish the tender notification in the Gazette.

27)  Copy forwarded to the District tender Bulletin Officer, office of the Deputy Commissioner, Mandya, for information with a request to publish the tender notification in the District Tender Bulletin and to send 10 copies to this office.

28) Copy to M/s Keonics Regd. Office, 29/1, Race Course Road, Bangalore-01 for information with a request to publish in the web site.

29) Copy forwarded to all the Executive Engineers of this Zone for information & to give wide publicity in the Notice Board.

30) Copy forwarded to Water Resources Kar-nic C/o R. Venkatesh, Principal System Analyst, National Information Centre, 5th Floor, Kendriya Sadana, 17th Main, II Block, Koramangala, Bangalore – 34. E-mail : root@karnic.in, Website-http Karnic.in.

31) Copy to all Assistant Executive Engineers of this circle for information & wide publicity.

32) Copy to Notice Board, Manager, A.O, Cashier.

33) Copy to EE's Table.
Executive Engineer,

CNNL, V.C Division,

                      Mandya
Formal Tender Notice
(Adapted version of KPWD Form PWG 66)
1. Authorized copies of the specifications, designs and drawings and the schedule of rates and any relevant documents required in connection with the work shall be open for inspection to the tenderers at the concerned office of Executive Engineer, CNNL, V C Division, Mandya, Mandya District during office hours. Also the details can be downloaded from e-procurement portal www.eproc.karnataka.gov.in. The tenderers inspecting the documents should sign in the register kept for this purpose in the office, in token of the having seen those documents. The tenderers should note that the quantities mentioned in the Schedule 'B' of contract form are only approximate.
2. Each tenderer should give clearly in his tender, his residential address and postal address. The delivery at the above named places or posting in the Post Box regularly maintained by the Post Office or sending letter by Registered Post with Acknowledgement due or by other communications by the Executive Engineer shall be deemed sufficient service thereof.
3. The tender of the work shall not be witnessed by a contractor or contractors who has / have tendered or who may tender for the same work. Failure to observe this condition will result in rejection of tenders.
4. The rates quoted by the contractor must be inclusive of Sales Tax and any other duties,  taxes etc. The contractor is also required to pay quarry Fees, Royalties, Octroi Dues levied by the State Government or any Local body or Authority and ground rent, if any, charged by the Executive Engineer for stacking materials. No extra payment on this account will be made to the contractor.
5. The person submitting the tender shall fill up the Schedule -B stating at what rate for each item of work specified therein he is willing to undertake work and the same should be uploaded through e-procurement portal with in the specified time limit. 
6. Tendering by a joint venture of contractors is not permissible 

7. (a) The tenders for works remain open for acceptance for a period of one hundred eighty (180) days from the date of opening of tenders. If any tenderer withdraws his tender before the said period or makes any modifications in the terms and conditions of the tender which are not acceptable to accepting Authority, then the whole amount of Earnest Money Deposit specified shall be forfeited to CNNL. The department is also at liberty to take any other penal action as it deems fit against such contractor.

(b) If delay in deciding the tender is considered to be inevitable the Executive Engineer may seek in advance, the consent of the tenderers agreeing to keep open their offers for further period as specified by the Executive Engineer. (KTPP Act)

(c) In case the evaluation of tenders and award of contract is not completed within extended period, all the tenders shall be deemed to have become invalid and fresh tenders will be called for. (KTPP Act)

8. If the rate(s) quoted by tenderer for any item(s) of work is/are below 75% of the estimated rates of the department, then contractor shall furnish an additional performance security in the form of Bank Guarantee for an amount equivalent to the difference between the cost as per quoted rate and the estimated rates. In case of contractor quoting rate above 125% of the estimated rates, then the amount over and above 125% will be withheld during the progress of work.

9. The additional performance security furnished in the former case would be released if requested for by the contractors as and when the concerned item/items is/are satisfactorily and fully completed and are so certified by the next superior officer of tender inviting authority. The withheld amount of the later case will be released only after the entire work contracted is fully completed and so certified by the engineer.

10. Tenders not submitted in the prescribed form and within time will be rejected, tenders which propose any alteration in the work specified in the tender notice of in time allowed for carrying out the work or which contain any condition put forth by the contractor, will be rejected.

11. The authority competent to accept the tenders shall have the right of rejecting all or any of the tenders without assigning any reasons and will not be bound to accept the lowest tender.

12. Earnest money deposit of the tenderers shall be refunded/returned. On applications from them, after 7 days
(a) From the date of final decisions on the tenders received in the case of rejected tenders. 

(b) From the date of expiry of the initial validity period of 180 days in the case of tenders who do not extend the validity of their offer beyond that period.

NOTE:  No interest will be paid by the Cauvery Neeravari Nigam Limited on the Earnest Money deposited

13. The contractor whose tender is accepted shall attend the office of the Executive  Engineer on the date fixed by written intimation, for executing agreement bond and completing other requisite formalities.

14. The successful tenderer shall pay Security Deposit in value equivalent to 7.5% (Seven and half) of the cost of work (including earnest money) as laid down in clause 1 (a) of contract form or the contractor shall agreeable to deduct the same from the bills submitted by the contractor for the works completed 
15. The successful tenderer shall pay compensation to workmen working under him for any injury caused during the execution of work as per workmen’s compensation Act in force from time to time, failing which the amount will be deducted from his bills and paid to the injured workmen.

16. If any part or whole of land required for the work is not yet acquired by the CNNL, it shall be the responsibility of the contractor to procure possession of such land by consent of the land owner before commencement of work at no extra cost to CNNL and no claim whatsoever relating to non availability of land would be entertained.

17. The submission of tender by a contractor implies that the contractor has read the contents of the Tender Notice and Contract Form and all other papers included in the tender document and made himself aware of the scope and the specifications of the work to be done and the availability of the quantity of materials required.

18. The tender of any contractor who does not accept the conditions contained in the Tender Documents shall be rejected.

19. At any time after issue of blank tender document and before opening of tenders, the tender inviting authority may make any changes, modifications, or amendments to the tender documents and shall send intimations of such change to all those who have purchased the original tender documents. (KTPP Act)

20. In general the contract is governed by the Karnataka Transparency in public procurement ordinance) ¸ÀA.ªÀå.±Á.E. 29 ±Á¸À£À 90 ¨ÉAUÀ¼ÀÆgÀÄ ¢£ÁAPÀ: 19-08-2000 and subsequent Govt. Notification NO. PWD/154/FCIII/2000 dated : 24-10-2000).
INSTRUCTIONS TO PERSONS TENDERING
1. Competency of Tenderers:
The tender forms will be issued to those who have applied to the competent authority as per the tender notification.
2. Inspection of site:
Tenderer will be deemed to have inspected the site and to have satisfied himself as to the nature of all works all existing roads, water ways and other means of communications, access of the site of the work etc., The tenderer must make his own arrangements for any additional facilities that may be necessary for temporary purposes such as housing the labour for completing and maintaining the works.
3. Tender Documents:
Refer as per E-procurement.
4. Rates:
The tenderer must understand clearly that the rates quoted are for completed items of work including all charges due to materials, labour, plant, scaffolding, supervision, service works, power, royalties, sales tax, excise duty, octroi etc., The rates include all the extras to cover the cost of night work, if any, when required and no additional payment beyond the price or rates quoted will be entertained subsequently towards any claims on any ground.  Any failure on the contractor's part to obtain all necessary information for the purpose of making his tender and fixing the several prices and rates therein, shall not relieve him of any risk or liability consequent upon the submission of his tender.
5. Wages:
The contractor will have to pay labourers as per minimum wages act laid down by the Government.

6. Earnest money deposit:
Earnest money deposit will be accepted as per tender notice form.
7. Arrangements for Preliminaries:
Contractor should make his own arrangements for preliminaries such as clearing of site, marking the central lines etc., without any extra cost to Government.
8. Testing of Work and Rejection of Defective Work:
The contractor shall furnish to the Engineer-in-charge or his authorized representative with every responsible facility and assistance for ascertaining whether or not the performance is in accordance with requirements and is in terms of plans and specifications. Tests of materials or work will be conducted by the department wherever felt necessary. The contractor shall furnish such facilities, as the department may require for collecting and forwarding samples of materials of work already completed for testing. If on testing, it is found that the work is of substandard quality, the same will be rejected and the same is to be replaced with work of quality, as per specifications prescribed in the tender documents at no extra cost. Failure to reject any defective work during the progress of work shall not in any way prevent its rejection at the later date.
9. Entering into Agreement :
The  contractor whose tender  is  approved  shall  enter  into  an agreement  within  the prescribed time limit there from, failing which the Earnest Money Deposit shall be forfeited and action as described in Para 16 of PWG 66 will be taken.
1.  DETAILS OF TECHNICAL PERSONNEL EMPLOYED BY THE TENDERER
	SL No
	Names of members of Technical Staff and proposed to be employed and already employed

	Qualification and experience in this line


2.  SCHEDULE OF MACHINERY AND EQUIPMENT AVAILABLE  WITH 

THE   TENDERER

	Sl. No.
	Name of machinery
	Capacity
	Nos.
	Make and Year

	1
	Welding equipment
(Please give details)

	
	
	

	2 
	Light equipment such as Trucks, 

pumps, Concrete Mixers, Vibrators etc., 

(please give details)

	
	
	

	3
	Other equipments,

 if any

	
	
	


3.  DETAILS OF WORK ALREADY TENDERED
	Sl. No.
	Name of work Tendered for
	EstimatedCost
	Amount of Contract
	Name of the country and state in which the work is tendered and for whom

	1
	2
	3
	4
	5

	
	
	
	
	


4.  DETAILS OF WORKS ON HAND

	Sl.

No
	Name of

Works on

Hand
	Estimated

Cost
	Amount

Of

Contract
	Date of

Agree-

Ment
	Agreed

Date of

Comple-

tion
	Agreed

Progress to

end of

previous

month
	Actual

Progress to

end of

previous

month
	Name of

Country

State in

Which the

Work is

situated

	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	
	
	
	
	
	
	
	


5.  DETAILS OF WORKS CARRIED OUT BY THE TENDERER
	Sl.

No
	Name of

Works 

Completed of  similar 

nature
	Esti-

Mated

Cost
	Amount

Of

Contract
	Actual

Amount 

Of final 

Bill 

Received 

Or to be
	Agreed

Period of completion
	Actual

Period of completion
	Name of

Country or

State in

Which was the

executed
	Guarantee period provided work after commi-ssiong

	
	
	
	
	
	From
	To
	From
	To
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	
	
	
	
	
	
	
	


TENDER FOR WORKS

To,

The Executive Engineer,

CNNL., V.C. Division, Mandya
Sir,

Tender for Works:  Improvements to vulnerable reaches in 18th  Distry under NMBC 
I/We hereby tender for the execution, for the Managing Director CNNL (here in before and hereinafter referred as Nigam) of the work specified in the under mentioned Memorandum within the time specified in the Memorandum at the rates quoted for each item specified in Schedule ‘B’ (Memorandum showing items of works to be carried out) and in accordance in all respects with specifications, designs, drawing and instructions in writing referred to in clause 12 of the annexed conditions of contract and agree that when materials for the work are provided by the Nigam such materials and the rates to be paid for them shall be as provided in Schedule ‘A’ hereto.
Memorandum:
	(a) 
	Name of work
	Improvements to vulnerable reaches in 18th  Distry under NMBC

	(b) 
	Estimated cost
	Rs. 9.76  lakhs

	(c) 
	Earnest money
	Rs. 19550/-

	(d) 
	Security deposit

(i) Through e-Payment

(ii) To be deducted from the current bills at the rate not  less than those mentioned in column (iii) in the table below clause 1(i) of conditions  of contract
      Total of (i) & (ii)
	Rs. 19550/-
53700/-
73250/-

	(e) 
	Percentage, if any to be deducted from each running bill vide (d) (ii)
	5.5%

	(f) 
	Time allowed for the work from the date of issue of written order to commence
	30 days including monsoon


Should this tender be accepted, I/We hereby agree to abide by and fulfill all the terms and provisions of the Conditions of Contract and the additional Conditions of Contract annexed hereto and all the terms and provisions contained in notice inviting Tenders so as applicable, and in default thereof to forfeit and pay to Nigama the sum of money mentioned in the said conditions. 

A sum of  Rs .................. is here by forwarded in the form of e-payment.
I/We agree that should I/We fail to execute the agreement or to commence the work specified  in the above Memorandum, an amount equal to the amount of the Earnest Money shall be absolutely forfeited to the Nigam out of any other money due to me/us or otherwise.

Any Notice required to be served on me/us shall be deemed as sufficiently served on me/us if delivered to me/us personally or forwarded or forwarded to me/us by post (registered or Ordinary) or left at my/our address given hereunder.
Dated .................................... this day of .........................................
Dated the .............................. day of ...................................... 200
Witness                                           




 Contractor
Address                                            
Occupation

The above tender is hereby accepted by me on behalf of Managing Director Cauvery Neeravari Nigam Limited.

Dated the ………………… day of  …………….20
   EXECUTIVE  ENGINEER

V.C. Division, C.N.N.L., Mandya
.
Notes :
1) Amount to be specified in the memorandum should be both in words and in figures
2) The currency period of the tender shall be 180 days from the date of opening the tender / tenders.  If delay in deciding the tender is inevitable, the consent of the tenderer agreeing to keep open his offer for a minimum further period should be obtained in advance.  The Minimum further period for which the tenderer is required to keep his offer open should Invariably be specified before his consent is obtained.
Wherever necessary, schedule showing dates by which the various items of work are to be completed should be given in respect of (f) under 'Memorandum'.
CAUVERY NEERAVARI NIGAM LIMITED

The following Declaration has to be given by the contractor at the time of submission of the completed tender.
NAME OF WORK : Improvements to vulnerable reaches in 18th  Distry under NMBC
DECLARATION
1. I / We hereby declare that I/We have made myself/ourselves thoroughly conversant with local conditions regarding all materials such as stones, Murom and sand etc., and the labour on which I/We have based rates for this work, and that the specifications, plans, designs, Conditions of  Contract etc., on which rates are based, have been completely studied by me/us before submitting the tender. I/We undertake to use only the best of materials approved by the Executive Engineer before starting the work and to abide by his decision.
2. My/Our quotation is in total conformity with the Tender stipulation and I/We do not have any additional technical or commercial conditions.
3. I / We have familiarized myself /Ourselves with the site conditions and have satisfied  myself / ourselves of the availability of the specified construction materials.
4. I / We accept all your commercial taxes and conditions.
Contractor 

DEFINITION OF TERMS  USED IN THE CONTRACT  DOCUMENT
In constructing the conditions and specifications of contract, the following expressions shall have the meanings herein assigned to them, unless there is something, in the subject or the context in consistent with such meanings.

"NIGAM" OR  "CNNL"   shall mean the Cauvery Neeravari Nigam Limited / Niyamitha and its successor if any.
"DEPARTMENT"  shall mean the organizational set up of CNNL at the competent level.
"CONTRACTOR"  shall mean tenderer whether a firm, registered company partnership/ Joint venture or an individual, whose tender has been accepted by CNNL or by an officer (duly authorised in this behalf) on behalf of Cauvery Neeravari Nigam and who have entered into an agreement with Cauvery Neeravari Nigam for due fulfillment of the contract and shall include the legal representatives, successors and permitted assignees.

"EMPLOYE R"  means Managing Director, Cauvery Neeravari Nigam Ltd.,

"ENGINEER"  shall mean, the Chief Engineer, in-charge of the Project or such other officer as may be appointed to act as the Engineer for the purpose of the contract and shall also mean and include the Superintending engineer and the Executive Engineer or an officer of equivalent rank directly in-charge of the work or any part thereof.

The "ENGINEER"  where named as the final authority for decision shall only mean the Chief Engineer in-charge of the work.
"CHIEF  ENGINEER",  "SUPE RINTENDING  ENGINEER", "EXECUTIVE ENGINEER"  shall mean the Chief  Engineer, Superintending Engineer, Executive Engineer in-charge of the work.
"ENGINEER-IN-CHARGE"  shall mean the  EXECUTIVE ENGINEER  directly in charge of the works or his duly authorised assistants.
"PLANT"  shall mean and include any or all plant, machinery, tools and other implements of all description necessary for the execution of the work in safe and workman like manner.

"WORK" OR "WORKS"  shall mean the work or works entrusted to be executed in or in virtue of the contract whether temporary or permanent and whether original, altered, substituted or additional.
"CONTRACT"  and  "CONTRACT DOCUMENTS"  shall mean and include the notice inviting tenders, agreement the conditions of contract, the additional conditions of contract, the detailed technical specifications and all annexure and appendices thereto such as Schedule "A", Schedule "B", Schedule "C" and Drawings and all other documents annexed.
"SPECIFICATIONS"  shall mean the Detailed Technical specifications which form part of tender and any additions or modifications thereof as may from time to time be furnished or approved in writing by the Engineer.
"SITE"  shall mean and include all the land in which the operations in respect of the work are carried out.  It shall also include the materials stacking yard and the area where permanent or temporary structures are put up for facilitating the execution of the work.
"TEST"  shall mean such tests as are required to be carried out either by the contractor or by the Engineer, from time to time and on completion as detailed in the specifications before the work is certified as being satisfactory and is taken over by Engineer-in-charge.
"MONTH"  shall mean the months are reckoned by English calendar.
"DAY"   shall mean a day of 24 hours from midnight to midnight irrespective of number of hours worked in that day.
" REGISTERING  AUTHORITY"    shall   mean  the  Chief   Engineer,  P.W.D.  communications and building, (south) Bangalore.
Words used  in  singular also include the  plural  and  vice-versa  where  the  context so demands.
GENERAL CONDITIONS OF CONTRACT
CONTENS
Clause-1 Security Deposit
Clause-2 Penalty for delay
Clause-3 Action when whole of security deposit is forfeited
Clause-4 Contractor  to remain liable to pay compensation if action is not taken under clause-3
Clause-5 Grant of extension of time
Clause-6 Issue of final certificate
Clause-7 Contractor to submit bills monthly in printed form
Clause-8 Payment proportionate to work approved and passed
Clause-9 Stores supplied by CNNL
Clause-10 Unused materials
Clause-11 No claim to compensation on account of loss due to delay in supply of materials by CNNL
Clause-12 Definition of work
Clause-13 Alteration in quantity of work, specification and designs, additional work, deletion of work
Clause-14 Time limit for unforeseen claims
Clause-15 No claim to any payment of compensation for deletion of whole or part of work
Clause-16 Action and penalty in case of bad work 

Clause-17 Work to be opened to inspection-contractor or responsible agent to be present
Clause-18 Notice to be given before work is covered up
Clause-19 Contractor liable for damage done, and for imperfections for 12 months after certificate of completion.
Clause-20 Contractor to supply plant, ladders, scaffolding etc., and is liable for damage arising from non provision of lights, fencing etc.,
Clause-21 Issue of plant and machinery on hire
Clause-22 Measures for prevention of fire
Clause-23 Liability of contractor for any damages done in or outside work area
Clause-24 Employment of female labour
Clause-25 Work on notified holiday
Clause-26 Work not to be sublet
Clause-27 Sum payable by way of compensation to be considered as reasonable compensation without reference to actual loss.
Clause-28 Approval of Executive Engineer necessary for changing the constitution of a firm or before entering into partnership agreement, consequences of not obtaining prior approval
Clause-29 Settlement of disputes and time limit for decision.
Clause-30 Contractor to pay compensation under workmen's compensation act
Clause-31 Contractor to provide personal safety equipment, first aid apparatus, treatment etc.,
Clause-32 Minimum age of persons employed by contractor

Clause-33 Employment of scarcity labour.
Clause-34 Contractor not entitled to any claim or compensation for delay in execution of work, borrow pits
Clause-35 Method of payment of bills
Clause-36 Set off against any claims of Nigam/Government under other contractors
Clause-37 Rates inclusive of sales tax etc.,
Clause-38 Contractor to obtain labour etc., from nearest employment exchange
Clause-39 Dues to be recovered as if they were arrears of land revenue
Clause-40 Contractor to comply with provisions of apprentice act
Clause-41 Contractor to subscribe to worker's and contractor's benevolent fund
Clause-42 Deleted
Clause-43 Contractor not to quote price exceeding controlled price fixed by Government.
Clause-44 Deleted
                          GENRAL CONDITIONS OF CONTRACT
                          (Adapted version of KPWD form PWG 65)
Clause - 1:
SECURITY  DEPOSIT
Clause 1(a)-   The person/persons whose tender may be accepted (hereinafter called the Contractor which expression shall unless the context otherwise requires, includes his heirs, executors, administrators and assigns) shall pay security deposit in Demand Draft/Banker's cheque of any Nationalised Bank or NSC  pledged in the name of the Executive Engineer equivalent to the Earnest Money Deposit indicated in column (ii) of the table given below and shall permit Nigam (a) to deduct at the percentage mentioned in column (iii) of the table given below of all moneys payable for work done under the Contract, at the time of making such payments to him/them and (b) to hold such deductions as Further Security deposit.
	Estimated cost of work
	(*)E.M.D
Percentage
	(**) F S D
Percentage

	(i)
	(ii)
	(iii)

	Upto Rs.5,00,000
	2.5%
	5%

	Above RS.5,00,000 upto Rs. 10,00,000
	2%
	5.5%

	Above RS.10,00,000 upto Rs. 20,00,000
	1.5%
	6%

	Above Rs.20,00,000
	1%
	6.5%


(*) E M D = Earnest Money Deposit
(**) F S D = Further Security Deposit
Addition or Reduction In Security Deposit :
(b) In cases where additions are made to the tendered work under the provisions of clause (13) an additional amount of Security Deposit at the rates mentioned in Sub-Clause (a) above should be paid by the Contractor. If a portion of work is withdrawn from the contractor under the provisions of Clause-15(a) a proportionate reduction in the amount  of security deposit may be allowed by the Executive Engineer.
Release against Bank Guarantee :
(c) When the further Security Deposit deducted from the bills exceeds Rs.One Lakh, the amount in excess of Rs.One Lakh, at the request of the contractor, be released to him  against the production of Bank Guarantee for an equivalent amount in the prescribed form. The Bank Guarantee should be kept valid till the completion of the period mentioned in Sub-Clause (e) below.
Dues to Nigam, to be set off against Security Deposit :
(d) All compensation or other sums of money payable by the contractor to Nigam under the terms of this contract may be realised or deducted from any Security  Deposit payable to  him or from the interest arising there from, or from any sums which may be due or may become due by Nigam to the contractor on any account whatsoever and in the event of his Security Deposit being reduced by reason of any such realisation or deduction as aforesaid, the contractor shall, within  10 days thereafter, make good in cash any sum or sums which have been deducted from, or raised by sale of his security deposit or any  part thereof.
Refund of Security Deposit :
(e) The Security Deposit  lodged/paid  by a contractor shall  be refunded  to him  after completion  of defect liability period reckoned from the date of completion of the work, during which period of the work should be maintained by the contractor in good order, the refund of security deposits is subject to the conditions laid down in defect liability clause mentioned in notice inviting tenders.
Conversion to interest bearing Securities
(f) The Security Deposit paid in cash as also the F S D deducted from the bills, may, at the cost of the depositor, be converted into interest bearing securities provided that the depositor expressly desires this in writing.
PENALTY FOR DELAY
WRITTEN ORDER TO COMMENCE WORK
Clause - 2:
(a) After acceptance of the tender, the executive engineer shall issue a written order to the successful tenderer to commence the work. The contractor shall enter upon or commence any portion of work only with the written authority and instructions of the Executive Engineer. Without such instructions the contractor shall have no claim to demand for measurements of or payment for, work done by him.

Programme of work
(b) The time allowed for carrying out the work as entered in the tender shall be strictly observed by the contractor.  It shall be reckoned from the date of issue of written orders to commence work.  The work shall throughout the stipulated period of the contract be proceeded with, with all due diligence(time being deemed to be the essence of the contract on the part of the contractor).  To ensure good progress during the execution of work, the contractor shall be bound (in all cases in which the time allowed for any work exceeds one month) to comply with the time schedule according to the programme of execution of the work as agreed upon and enclosed to the contract. In the absence of specific agreed programme the contractor shall be bound to complete. 

..........1/6...............of the work in ..................1/4............ of the time
............1/2............of the work in ..............1/2................ of the time
..............3/4...........of the work in .................3/4............. of the time
Note:   The quantity of the work to be done within a particular time to be specified above when the programme chart is not annexed, shall be fixed and inserted in the blank space kept  for the purpose by the officer competent upto the level of Chief Engineer to accept the contract after taking into consideration the circumstances of each case, and the contractor shall abide by the programme of detailed progress laid down by that officer.
     The following proportions usually be found suitable in 1/4, 1/2, 3/4 of the time
(i) Reasonable progress of earth work that could be achieved will be 1/6,1/2, 3/4 the respectively of total value of the work to be done.
(ii) Reasonable progress of masonry work that could be achieved will be 1/10th, 4/10th, 8/10th of the total value of the work to be done.
Review of progress and responsibility for delay etc.,
(c) The progress of all works costing Rs.1 lakh and above shall be reviewed by the Executive Engineer with the contractor during the first fortnight of every month. Such a review shall take into account the programme fixed for the previous month, obligations on the part of the department like the supply of materials, drawings, etc., and also the obligations on the part of the Contractor.
Apportionment of responsibility for delay between Contractor and Nigam
In case the progress achieved falls short  by  more than 25  percent of  the  cumulative programme,  the  reasons  for  such  shortfall shall  be  examined and a  record made  thereof apportioning the responsibilities for the delay between the C contractor and the Department. This record should be signed in full and dated both by the Executive Engineer and the contractor.
Shortfall in progress made up subsequently:
To the extent the shortfall is assessed as due to the delay on the part of the contractor, a  notice shall be issued to him by the Executive Engineer to make up the shortfall in the succeeding month. If  the shortfall is not made up before the progress of the work is reviewed during the second month succeeding the month in which the shortfall  was observed, the Contractor shall be liable to pay penalty as indicated in Clause 2(d) below.
Grant of extension of time:
If the delay is attributable to reasons beyond the control of the Contractor, requisite extension of time shall be granted by the Executive Engineer, in accordance with Clause-5 after obtaining the approval of his higher authorities, wherever necessary. 

Review of  progress by Superintending Engineer/Chief Engineer:
The superintending  Engineer shall  review  the  progress  once  in  every six months  all contractors of value more than Rs.5 lakhs and up to Rs.100 lakhs. In respect of contractors of value of Rs.100 lakhs and above the review shall be done by the Chief Engineer once in six months. These reviews are  in addition to the monthly reviews  required to be done by the Executive Engineer. The results of the review by the higher authorities shall wherever necessary, be incorporated in the next review by the Executive Engineer.
Settlement of dispute regarding shortfall in progress:
In case of dispute between the Chief Engineer and the Contractor regarding the responsibility for the shortfall in progress, the matter shall be referred to the Managing Director, CNNL who shall thereupon give a decision within one month of the date of receipt of reference. The decision of the Managing Director, shall be final and binding on the Contractor.
Penalty for delay:
(d) In respect of the shortfall in progress, assessed as due to the delay on the part of  Contractor as per Clause 2(b) and 2(c), the Contractor shall be liable to pay as penalty an amount  equal to one percent of the estimated cost of the balance work assessed according to the programme, for every day that the due quantity of work remains incomplete, provided always that the total amount of penalty to be paid under the provisions of this clause shall not exceed 7.5 percent of the estimated cost of the entire work as shown in the tender, provided further that the event of the contractor making up the shortfall in progress within the stipulated or extended time of completion, the penalty so recovered may be refunded upon an application in writing by the contractor.
Note :   If the Executive Engineer considers it necessary he shall be entitled to take action  as indicated in clause 3(d) also.
Adjustment of excess/over payments:
(e) Excess/over payments as soon as they are discovered should be adjusted in the next running account bill of the contractor and in case the final bill has already been paid, the excess/over payment made shall be recovered from the Security Deposit of the contractor together with interest at 12 percent or such other percentages as Nigam may decide from time to time, from the date of such excess or over payment to the date of recovery.

In case the amount recoverable is in excess of the Security Deposit, then such excess shall be recovered from any of the running bills of the contractor in any of his other works in CNNL or Government without further recourse of the contractor. 
Clause - 3:
ACTION WHEN WHOLE OF SECURITY DEPOSIT IS FORFEITED:
In any case in which under any clause or clauses of this contract the contractors shall have rendered himself liable to pay compensation and/or penalty amounting to the whole of his security deposit  the Executive Engineer, on behalf of the Managing Director, CNNL, shall have power to adopt any of the following courses as he may deem best suited in the interest of Nigam.
Forfeiture of Security Deposit
(a) Without prejudice to Nigam's right to recover any loss from the Contractor under sub- clauses (b) and (c) of Clause 3 of the Contract, to reseind the contract (of which rescission notice in writing to the contractor, under the hand of the Executive Engineer shall be conclusive evidence) and in that case, the security deposit of the contractor including whole or part of the lumpsum deposited by him and also and amount deducted from his bills as Further Security Deposit shall stand forfeited and be absolutely at the disposal of the Nigam.
Debiting cost of labour and materials supplied
(b) To employ labour paid by the Nigam and to supply materials to carry out the work or any part of the work debiting the contractor with the cost of the labour and the price of the materials (as to the correctness of which cost and price the certificate of the Executive Engineer shall be final and conclusive against the contractor) and crediting him with the value of the work done, in all respects in the same manner and at the same rates as if it had been carried out by the contractor under terms of his contract, and in that case the certificate of the Executive Engineer as to the value of the work done shall be final and conclusive against the contractor.
Recovery of extra cost on unexecuted work
(c) To measure up the work of the contractor and to take such part thereof as is remaining  unexecuted out of his hands, and to give it to another contractor to complete it in which case any expenses which may be incurred in excess of the sum which would have been paid to the original contractor, if the whole work had been executed by his (as to the amount of which excess expenses the certificate in writing of the Executive Engineer shall be final and  conclusive) shall be borne and paid by the original contractor or otherwise or from his security deposit or the proceeds of the sale thereof, or a sufficient part thereof.
Action against unsatisfactory progress
(d) If the contractor does not maintain the rate of progress as required under Clause 2 and if the progress of any particular portion of work is unsatisfactory even after taking action under Clause 2(c) and 2(d) the Executive Engineer shall be entitled to take action under Clause 3(b) or 3(c) at his discretion in order to to maintain the rate of progress after giving the contractor 10 days notice in writing where upon the contractor will have no claim for any compensation for any loss sustained by him owing to such actions.
No compensation for loss sustained on advance action:
(e) In the event of any of the above courses being adopted by the Executive Engineer, the contractor shall have no claim to compensation for any loss sustained by him by reason of he having purchased or procured any materials or entered into any engagements or made any advances on account of or with a view to the execution of the work or the performance of the contract. And in case the contract shall be rescinded under the provision aforesaid, the contractor shall not be entitled to recover or be paid any sum for any work therefore actually performed by him under his contract unless and until the Executive Engineer shall have certified in writing the performance of such work and the amount payable in respect thereof and he shall only be entitled to be paid the amount so certified. 
 Clause - 4:
CONTRACTOR TO REMAIN LIABLE TO PAY COMPENSATION IF ACTION IS NOT TAKEN UNDER CLAUSE 3
In any case in which any of the powers conferred upon the Executive Engineer by  clause 3 thereof shall have become exercisable and the same shall not have been exercised, the non- exercise thereof shall not constitute a waiver of any of the conditions hereof and such powers shall not withstanding be exercisable in the event of any future case of default by the contractor for  which under any  clause  hereof  he is  declared  liable  to pay  compensation  or penalty amounting to the whole of his security deposit and the liability of the contractor for past and future compensation or penalty shall remain unaffected.

Power to take possession of or require removal of or sell contractor's properties
In the event of the Executive Engineer  taking action under sub-clause  (a)  or   (c) of clause-3, he may, if he so desires, take possession of all or any tools, plant, materials and stores in or upon works or the site thereof or belonging to the contractor, or procured by him and intended to be used for the execution of the work or any part thereof, paying or allowing for the same in account at the contract rates, or in the case of contract rates not being applicable, at current market rates, to be certified by the Executive Engineer whose certificate thereof shall be final. In the alternative, the Executive Engineer may, after giving notice in writing to the contractor or his clerk of the works, foreman or other authorised agent, require him to remove such tools, plant, materials or stores from the premises within a time to be specified in such notice; and in the event of the contractor failing to comply with any such requisitions, the Executive Engineer may remove them at the contractor's expense or sell them by auction or private sale on account of the contractor at his risk in all respects, and the certificate of the Executive Engineer as to the expense of any such removal, and the amount of the proceeds and expense of any such sale shall be final and conclusive against the contractor.
Clause - 5:
GRANT OF E XTENSION OF TIME
(a)  If the contractor shall desire an extension  of the time for completion of the work on the ground of he having been unavoidable hindered in its execution or any other ground, he shall apply in writing to the Executive Engineer before the expiration of the period stipulated in the tender or before the expiration of 30 days from the date or which he was hindered as aforesaid or on which the cause for asking extension accrued, whichever is earlier and the Executive Engineer or other competent authority may, if in his opinion there are reasonable grounds for granting an extension, grant such extension as he thinks necessary or proper. The decision of such competent authority in this matter shall be final.
(b)  The time limit for the completion of the work shall be extended commensurate with its increase in the cost occasioned by alterations or additions and the certificate of the Executive Engineer or other competent authority as to such proportion shall be conclusive. 

Clause - 6:
ISSUE OF COMPLETION CERTIFICATE-CONDITIONS  REGARDING
         On completion of the work the contractor shall report in writing to the Executive Engineer the completion of the work. Then he shall be furnished with a certificate by the Executive Engineer of such completion, but no such certificate shall be given nor shall the work be considered to be complete until the contractor shall have removed from the premises on which the work shall have been executed, all scaffolding, surplus materials and rubbish and shall have cleaned thoroughly all wood work, doors, windows, walls, floor, or other parts of any building, in or upon which the work has been executed, or of which he may have had possession  or the purpose of executing the work, nor until the works shall have been measurements have been taken by his subordinates until they have received the approval of the Executive Engineer or other competent authority, the said measurements being binding and conclusive against the contractor. If the contractor shall fail to comply with requirements of this clause as to the removal of scaffolding, surplus materials and rubbish, and cleaning on or before the date fixed for the completion of the work, the Executive Engineer or other competent authority may, at the expense of the contractor, remove such scaffolding, surplus materials and rubbish, and dispose the same as he thinks fit and clean off such dirt etc., as aforesaid and contractor shall be liable to pay the amount of all expenses so incurred, but shall have no claim in respect of any such scaffolding materials as aforesaid except for any sum actually realized by the sale thereof. 

Closure of contract pending completion of  minor items:
Note :  In case where it is not desirable to keep the building contract open for minor items, such as flooring in the bath rooms, etc., which can be carried out only after installation of sanitary work, the main contract may be finalized after getting a supplementary agreement executed in the prescribed forms by the same contractor for doing the residual work. 

Clause - 7:
CONTRACTOR TO SUBMIT BILLS MONTHLY IN PRINTED FORM
(a) A bill shall be submitted by the contractor on or before the 15th of each month for all items of work executed in the previous month.
All bills shall be prepared in the prescribed printed or typed forms in quadruplicate and handed over to the subordinate in-charge of the work, sub-division or division office and acknowledgement obtained.
The charges to be made in the bills shall always be entered at the rate specified in the tender in full or part as the case may be. In the case of any extra work ordered in pursuance of these conditions and not mentioned or provided for in tender, the charges in the bills shall be entered at the rates hereinafter provided for such work.
Scrutiny of  Bills and measurements of work
(b) The details furnished by the contractor in the bill should be completely scrutinised and the said work should be measured by the subordinate in presence of the Contractor or his duly authorized agent. The countersignature of the contractor or the said agent in the measurement book shall be sufficient proof to the correctness of the measurements which shall be binding on the contractor in all respects.  If the contractor does not submit the bills within the prescribed time the Executive Engineer may depute within seven days of the prescribed date,  a subordinate to measure up the said work. the countersignature of the contractor shall be obtained in the Measurement book concerned with reference to which the bill may be prepared by the department 

Filing of objections to measurements, by contractor
(c)  Before taking any measurement of any work as has been referred to in Clause-7  (d) above, the  Executive Engineer or a sub-ordinate deputed by him shall give reasonable notice to the contractor. If the contractor fails to attend at the measurements after such notice or fails to countersign or to record the difference, within a week from the date of measurements in the manner required by the Executive Engineer, then in any such event, the measurements taken by the Executive Engineer or by the subordinate deputed by him as the case may be, shall be final and binding on the contractor and the contractor shall have no right to dispute the same. 
(d) One copy of the passed bill shall be given to the contractor without any charge.

Clause - 8:
PAYMENT PROPORTIONATE TO WORK APPROVED AND PASSED
The contractor shall on submitting the bill and after due verification by the subordinate as per clause 7 (b) be entitled to necessary payment proportionate to the part of the work then approved and passed by the Executive Engineer or other competent authority whose certificate of such approval and passing of the sum so payable shall be final and conclusive against the contractor.
Whenever royalty is sought to the recovered for materials brought into the project Area from outside, the Executive Engineer shall certify that the material has been brought from outside on production of transit permit of the Mines and Geology Department.
Payment at reduced rates
The rates for several items of works agreed to within, shall be valid only when the items concerned are  accepted  as having  been completed  fully in accordance  with the stipulated specifications. In case where the items of work are not accepted as so completed, the Executive Engineer or other competent authority may reject the items of work or may make payment on account of such item at such reduced rates as he may consider reasonable in the preparation of final or on account bills.
Payment on intermediate certificates be regarded as advances.
All such intermediate payments shall be regarded as payments by way of advance against the final payments only and not as payments for work actually done and completed, and shall not preclude the Executive Engineer or other competent authority from requiring any bad, unsound, imperfect or unskillful work to be removed or taken away and reconstructed or re- erected nor shall any such payment be considered as an admission of the due performance of the contract or any part thereof in any respect or the accruing of any claim, nor shall it conclude,
determine or affect in any other way the powers of the Executive Engineer or other competent authority as to the final settlement and adjustment of the accounts or otherwise or in any other way vary or affect the contract.
Submission of  Final bill and its settlement
The final bill shall be submitted by the contractor within one month of the date of actual completion of the work in all respects. His claims shall be settled (except those under dispute) within two months thereafter in respect of works costing up to Rs.2 lakhs and within five months thereafter in respect of works costing more than Rs.2 lakhs. 

Disputed Items
The Contractor shall submit a list of the disputed items within 30 days from the disallowance thereof and if he fails to do so this, his claim shall be deemed to have been fully to have been fully waived and absolutely extinguished.
 Clause - 9:
STORES SUPPLIED BY NIGAM
If the specifications or estimate of the work provides for the use of any special description of materials to be supplied form the store of the Nigam or if it is required that the Contractor shall use certain stores to be provided by the Executive Engineer or other competent authority (such material and stores, and the prices to be charged there for as hereinafter mentioned being so far as practiable for the convenience of the contractor but not so as in any way to control the
meaning or effect of this contract specified in the schedule or memorandum hereto annexed) the contractor shall be supplied with such materials and stores as may be required from time to time to be used by him for the purpose of the contract only and the value of the full quantity of the materials and stores so supplied shall be set off or deducted from any sums then due, or thereafter to become due to the contractor under the contract, or otherwise, or from the security deposit, or the proceeds of sale thereof.
Materials shall remain the absolute property of Nigam and be open to inspection:
All materials supplied to the contractor shall remain the absolute property of Nigam and shall on no account be removed from the site of work, and shall at all items be open to inspection by the Executive Engineer or other competent authority. Any such materials unused and in perfectly good condition at the time of completion or determination of the contract shall be returned to the Nigam stores, if the Executive Engineer or other competent authority so requires
by a notice in writing given under his hand; but the contractor shall not be entitled to return any such materials except with the consent of the Executive Engineer or other competent authority and he shall have no claim for compensation on account of any such material supplied to him as aforesaid but remaining unused by him or for any wastage in or damage to any such materials.
Clause - 10:
UNUSED  MATERIALS
a)   i) The contractor shall see that only the required quantities of materials are indented. Any such materials remaining unused and  in  perfectly  good condition  at  the  time  of completion or determination of the contract, shall be returned to the Executive Engineer at a place where directed by him, if by a notice in writing under his hand, he shall require them. Credit for such materials will be given at the issue rate actually charged for these materials excluding storage charges, or market rate, whichever is lower. The contractor shall not be entitled to cartage and incidental charges for returning the surplus materials from and to the
stores where from they were issued.
Recovery of cost of materials drawn in excess of actual requirements

    After the completion of the work the actual quantity of departmentally supplied materials consumed in the various items of work shall be assessed on the basis of the measurements recorded in the measurement books for purpose of payments. Over this quantity a variation shall be reasonably allowed for wastage of materials during execution. If the materials are drawn from Nigam stores in excess of actual requirements of the works as assessed above (including the reasonable variation towards wastage as stated above) the cost of excess materials drawn from the Nigam stores, and not returned by the contractor in good condition shall be recovered at twice the issue rate including storage charges.
Recovery of cost of materials disposed off unauthorisedly or not stored at site. Black listing of contractor.
b) In cases where it is noticed that materials and stores supplied to the contractor have not been stored at the site of work or have been unauthorisedly disposed off, the cost of such materials shall be recovered at twice the issue rate including storage charges or at twice the market rate, whichever is higher.  Action may also be initiated to blacklist the contractor.
Clause - 11:
NO CLAIM TO COMPENSATION ON ACCOUNT OF LOSS DUE TO DELAY IN SUPPLY OF MATERIALS BY  NIGAM
a) The contractor is required to keep himself in touch with day-to-day position regarding supply of materials specified in Schedule-A and make adjustments in the programme of work to the extent possible and desirable.
b) The contractor shall not be entitled to claim any compensation from Nigam for the loss suffered by him on account of any delay by Nigam in the supply of materials entered in Schedule 'A'.  However, in the case of such delays in the supply of materials, the Nigam shall grant such extension of time for the completion of the works as shall appear to the Executive Engineer or other competent authority to be reasonable in accordance with the circumstances of the case. The decision of the Executive Engineer or other competent authority as to the extension of time shall be accepted as final by the contractor. 
Procurement of Schedule-A stores by contractor
c) In case of non-available of materials specified in Schedule-A, the Executive Engineer may permit the contractor in writing to procure such materials from his own source and use them on works provided that the materials are in accordance with the standards and specification stipulated in the tender, designs and drawings. The contractor is not entitled to any claim on account of higher rates paid by him than those specified in Schedule A of materials procured by him. 

Clause - 12:
DEFINITION OF WORK
a) The expression 'Work' or 'Works' where used in these conditions, shall unless there be something in the subject or context repugnant to such construction, be constructed to mean the work or works contracted to be executed under or in virtue of the contract,  whether temporary or permanent and whether original, altered, substituted or additional. 
Work to be executed in accordance with specifications, drawings, orders etc.,
b)  The contractor shall execute the whole and every part of the work in the most sound, substantial and workmanlike manner, and in strictly in accordance with the specifications both as regards materials and workmanship. The work shall also conform exactly, fully and faithfully to the designs, drawings and instructions in writing relating to the work signed by the Executive Engineer or others competent authority and details of which will be lodged in his office and  to which the contractor shall be entitled to have access at such office, or on the site of the work for the purpose of inspection during office hours and the contractor shall, if he so requires, be entitled at his own expense to obtain copies of the specifications and of all such designs and drawings and instructions as aforesaid. 
The detailed Technical Specifications
(c)  The detailed Technical Specifications, forms a part of the contract, accompanying the Tender Document. In carrying out the various items of work as described in schedule B of the Tender Document and the additional, substituted, altered items of work these Detailed Technical Specifications shall be strictly adhered to, supplemented by relevant provisions of the Indian Standard Specifications, the C ode of  Practice, etc. of which a list is furnished therein. The Indian Standard Specifications and code of practice to be followed shall be the latest versions of those listed in the Detailed Technical Specifications. Any class of work, not covered by the Detailed Technical Specifications, shall be executed in accordance with the instructions and requirements of the Engineer and the relevant provisions of the Indian Standard Specifications. 
Clause - 13:
ALTERATION  IN QUANTITY  OF  WORK,  SPECIFICATIONS AND  DESIGNS, ADDITIONAL  WORK, DELETION OF WORK.
(a) -i)  The Engineer shall have power to make any alterations in, omissions from, additions to or substitutions for the original specifications, drawings, designs and instructions that may appear to him to be necessary or advisable during the progress of the work. For that purpose or if for any other reason it shall in his opinion be desirable, he shall have power to order the Contractor to do and the contractor shall do any or all of the following :- 

a. Increase or decrease the quantity of any work included in the contract,
b. Omit any such work,
c. Change the character or quality or kind of any such work,
d. Change the levels, lines, positions and dimensions of any part of the work,

e. Execute additional work of any kind necessary for the completion of the works  and
f. Change in any specified sequence, methods or timing of construction of any part of the work.

Contractor bound by Engineer's instructions
The Contractor shall be bound to carryout the work in accordance with any instructions in this connection which may be given to him in writing signed by the Executive Engineer or other competent authority and such alteration shall not n any way vitiate or invalidate the contract.
Orders for variations to be in writing
(ii)  No such variations shall be made by the contractor without it an order in writing of the Executive Engineer, provided that no order shall be required for increase or decrease in the quantity of any work where such increase or decrease is the result of the quantities exceeding or being less than those stated in the 'Schedule B', provided also that if for any reason the Executive Engineer, shall consider it desirable to give any such order verbally, the Contractor shall comply with such order and any confirmation in writing of such verbal order given by he
Executive Engineer, whether before or after the carrying out of the order, shall be deemed to be an order in writing within the meaning of this clause, provided further that if the contractor shall within seven days confirm in writing within fourteen days by the Executive Engineer, it shall be deemed to be an order in writing by the Executive Engineer. 

(iii)  Any additional work which the contractor may be directed to do in manner above specified as part of the work shall be carried out by the Contractor on the same conditions in all respects on which he agreed to do the main work and at the same rates as are specified in the tender for the main work. However, change in the unit rates tendered and accepted shall be considered in respect of items under which the actual quantity of work performed exceeds tender quantity by more than 25 percent and this change in rate will be restricted only to such excess quantity (i.e. beyond 125 percent of the tendered quantity).

Rate for excess quantity beyond 125 percent of tendered quantity
(b)  The additional quantity which exceeds 125 percent of the tendered quantity shall be paid at the rate(s) entered in or derived from the schedule of rates prevalent at the time of occurrence of additions and alterations, plus or minus the overall percentage of the original tendered rates over the current Schedule of  Rates of  the Year, in which the tender is accepted (as per the comparative statement prepared at the time of acceptance of the tender), or at the rate(s) entered in the agreement whichever is/are lower.

Rates for additional, substituted altered item of work
(c)  If the additional, substituted or altered work includes any class of work for which no rate is specified in the contract, then such work shall be carried out at the rates specified for or derived from similar item of work in the agreement. In the absence of similar items in agreement, rate shall be as specified for or derived from similar items in the schedule of rates of the division prevalent at the time of occurrence of such additional, substituted or altered items of works plus or minus over all percentage of original tendered rates over the current schedule of rates of the year in which tender is accepted as mentioned in sub-clause(b) above. The rates so derived holds good till completion of the work. With regard to the question whether the additional, substituted or altered item / items of work/works is/are similar or not, to that / those in the agreement/in the Schedule of Rates of the division, the decision of the Superintending  Engineer shall be final and binding on the contractor.
Determinations of rates for items not found in estimate or Schedule of  Rates
(d)  If the rates for additional, substituted or altered work cannot be determined in the manner specified in sub clause (b) and (c) above, then the contractor shall within 7 days of the date of receipt by him of the order to carry out the work, inform the Executive Engineer of the rates which it is his intension to charge for such class of work, supported by analysis of the rate or rates claimed. Thereupon the Executive Engineer shall determine the rate or rates on the basis of observed data and failing  this  on the basis  of prevailing market  rates.  Under no circumstances the contractor shall suspend the work on the plea of non-settlement of rates for items failing, under this clause. In the event of any dispute regarding the rates for such items the decision of the Chief Engineer shall be final.

Clause - 14:
TIME LIMITS FOR UNFORESEN CLAIMS
Under no circumstances whatsoever shall be contractor be entitled to any compensation from the Nigam on any account unless the contractor shall have submitted claim in writing to the Executive Engineer or other competent authority within 30 days of the cause of such claim occurring.
Clause - 15:
NO  CLAIM TO ANY  PAYMENT  FOR COMPENSATION  FOR DELETION  OF WHOLE OR PART OF WORK
(a)  If at any time after the execution of the contract documents, the Executive Engineer or other competent authority shall, for any reason whatsoever, require the whole or any part of the work, as specified in the tender, to be stopped for any period or require the whole or part of the work (1) not to be carried out at all or (ii) not to be carried out by the tendered contractor, he shall give notice in writing of the fact to the contractor who shall thereupon suspend or stop the work totally or partially as the case may be. In any such case, except as provided 44 here under, the contractor shall have no claim to any payment of compensation whatsoever on account of any profit or advantage which he might have derived from the execution of the work in full but which he did not so derive in consequence of the full amount of the work not have been carried out, or on account of any profit or advantage which he might have derived from the execution of the work in full but which he did so derive in consequence of the full amount of the work not having been carried out,  or on account of any loss that he may be put on account of materials purchased or agreed to be purchased, or for unemployment of labour recruited by him. He shall not also have any claim for compensation by reason of any alterations having been made in the original specifications, drawings, designs and instructions which may involve any curtailment of the work as originally contemplated.
Payment for materials already purchased or ordered by contractor
(b)  Where, however, materials have already been purchased or agreed to be purchased by the contractor before receipt by him of the said notice the contractor shall be paid for such materials, at the rates determined by the Executive Engineer or other competent authority provided they are not in excess of requirements and are of approved quality and/or shall be compensated for the loss, if any, that he may be put to, in respect of materials agreed to be purchased by him, the amount of such compensation to be determined by the executive engineer or other competent authority whose decision shall be final.
Labour charges during stoppage of work
(c) If the contractor suffers any loss on account of he having to pay labour charges during the period during which the stoppage of work has been ordered under this clause, the contractor shall on application, be entitled to such compensation on account of labour charges as the Executive Engineer or other competent authority, whose decision shall be final, may consider reasonable. Provided that the contractor shall not be entitled to any compensation on account of labour charges if in the opinion of the executive engineer or other competent authority, the labour could have been employed in the same locality by the contractor for the whole or part of the period during which the stoppage of the work has been ordered as aforesaid. 

Time limit for stoppage of work
(d)  the period of stoppage ordered by the Executive Engineer or other competent authority should not ordinarily exceed six months. Thereafter the portion of works stopped may be treated as deleted from this agreement if a notice in writing of that effect is given to the Executive Engineer or other competent authority by the contractor within seven days after the expiry of the above period.
Execution of work deleted
The portion of  work  thus deleted may  be  got executed from the same contractor on supplemental agreement on mutually agreed rates which shall not exceed current Schedule of Rates plus or minus tender percentage.
 Clause - 16:
ACTION AND PENALTY IN CASE OF BAD WORK
If at any time before the security deposit is refunded to the contractor it shall appear to the Executive Engineer or other competent authority or his subordinate in change of the works that any work has been executed with unsound, imperfect or unskillful workmanship or with materials of inferior quality, or that any materials or articles provided by him for the execution of the work are unsound, or of a quality inferior to that contracted for or are otherwise not in accordance with the contract, it shall be lawful for the Executive Engineer or other competent authority to intimate this fact in writing to the contractor and then not withstanding the fact that the work, materials or articles complained of may have been paid for, the contractor shall be bound forthwith to rectify, or remove and reconstruct the work so specified in while or in part, as the case may require or if, so required shall remove the materials or articles at his own cost, and in the event of  his failing to  do so within a period to be specified  by the Executive Engineer or other competent authority in the written intimation aforesaid, the contractor shall be liable to pay a penalty not exceeding one percent of the amount of the 
estimate for every day not exceeding ten days during which the failure so continues and in the case of any such failure the Executive Engineer or other competent authority may rectify or remove and re-exchange the work or remove and replace the materials or articles complained of as the case may be, at the risk and expense in all respects of the contractor. Should the Executive Engineer or other competent authority for any valid reasons consider that any such inferior work or materials as described above is to be accepted or made use of, it shall be within his discretion to accept the same at such reduced rates he may fix thereof.
Clause 17:
WORK  TO BE  OPEN TO  INSPECTION - CONTRACTOR  OR  RESPONSIBLE AGENT TO BE  PRESENT
(a)  All works under or in course of execution or executed in pursuance of the contract shall at all times be open to the inspection and supervision of the Executive Engineer or other competent authority and his subordinates, and the contractor shall at all times during the usual working hours, and at all other times at which reasonable notice of the intention of the Executive Engineer or other competent authority or his subordinates to visit the work shall have been given to the contractor, either himself be present to receive orders and instructions or have a responsible  agent  duly accredited  in  writing  present  for the purpose.  Orders  given  to the contractor's duly authorized agent shall be considered to have the same force and effect as if they had been given to the contractor himself.
Employment of technical staff
(b)  The contractor shall employ the following technical staff during execution of this work :
i. One Graduate Engineer when the cost of the work to be executed is Rs.25 lakhs or more; 

ii. One qualified Engineering Diploma Holder when the cost of the work to be executed is more than Rs.10 lakhs but less than Rs.25 lakhs. 
iii. In addition to (i) and (ii) above, the contractor shall employ different types of such technical personnel as may be directed by the Executive Engineer to ensure efficient execution of work.
The technical staff so employed should be available at site whenever required by the Engineer-in-charge to take instructions.
(c) If the contractor fails to employ technical staff as aforesaid, he shall be liable to pay a sum of Rs. 10,000 (Ten thousand only) for each month of default in the case of Graduate Engineers and Rs. 5,000 (Rupees five thousand only) for each month of default in case of Diploma Holders.
(d) If the contractor himself possesses the required qualification and is available at the site for receiving instructions from the Executive Engineer or other competent authority 'vide sub' clause (a) above it will not be necessary for the technical staff to be available at site for receiving instructions.
Clause - 18:
NOTICE TO BE GIVEN BEFORE WORK IS COVERED UP
The contractor shall give not less than five days notice in writing to the Executive Engineer or his subordinate in charge of the work before covering up or otherwise placing beyond the reach of measurement any work in order that the same may be measured, and correct dimensions thereof taken before the same is covered up or placed beyond the reach of measurement, and shall not cover up or place beyond the reach of measurement, any work without the consent in writing of the Executive Engineer or other competent authority or his subordinate in charge of work: and if any work shall be covered up or placed beyond the reach of measurement without such notice having been given or consent obtained, the same shall be uncovered at the contractor's expense, and in default thereof no payment or allowance shall be made for such work or for the materials with which the same was executed.

Clause - 19:
CONTRACTOR LIABLE FOR DAMAGE DONE AND FOR IMPERFECTIONS FOR THIRTY SIX MONTHS AFTER CERTIFICATE OF COMPLETION
   If the contractor or his workmen or  servants shall break, deface, injure or destroy any part of a building,  structure, embankment or canal in which they may be working, or any  building, structure, embankment canal, road, fence, enclosure or grassland or cultivated ground contiguous to the premises on which the work or any part thereof is being executed, or if any damage shall be  done  to the work,  while it  is  in  progress  from  any  cause  whatever  or if  any imperfections become apparent in it within Thirty six  months of the grant of a certificate of completion, final or otherwise  by  the  Executive  Engineer  or  other  competent  authority  the  contractor  shall  make good  the  same  at  his  own  expense,  or  in  default,  the  Executive  Engineer  or  other  competent authority may cause the same  to be made good  by other workmen, and deduct the expenses (of which the certificate of the Executive Engineer or other competent authority shall be final) from any sums that may be due or may thereafter  become due to the contractor, or from his Security Deposit  or the proceeds of  sale thereof, or of a sufficient portion thereof. Nothing contained in this  clause  shall  absolve  the  contractor  from  the  stipulations of  defect  liability  condition  laid down in notice inviting tenders.  *In respect of all works either taken up under capital works or under maintenance grants, the obligation period on the part of the Contractor as regard to  setting right the defects/damages/imperfections etc; shall be as defined in the defect liability condition on clause 19 of brief tender notification.
*Inserted as per order No. PÁ.¤Ã.¤-4:252:2007-08 dated 06.3.2008 of the Managing Director, CNNL, Bangalore.
Clause - 20:
CONTRACTOR TO  SUPPLY  PLANT, LADDERS,  SCAFFOLDINGS,  ETC., AND IS  LIABLE  FOR DAMAGES ARISING FROM NON- PROVISION  OF  LIGHTS, FENCING, ET C.
The contractor shall supply at his own cost all materials (except such special materials, if any, as may, in accordance with the contract, be supplied from the Nigam Stores) plant, tools, appliances, implements, ladders, cordage, tackle, scaffolding and temporary works requisite or proper for the proper execution of the work, whether in the original, altered or substituted form and whether included in the specifications, or other documents forming part of the contract or referred to in these conditions or not, and which may be necessary for the purpose of satisfying or complying with the requirements of the Executive Engineer or other competent authority as to any matter as to which under these conditions he is entitled to be satisfied, or which he is entitled to require together with carriage there for, to and from the work. The contractor shall also supply without charge the requisite number of persons with the means and materials necessary for the purpose of setting out works, and counting, weighing and assisting in the measurement or examination at any time and from time to time of the work or the materials. Failing this, the same may be provided by the Executive Engineer or other competent authority at the expense of the contractor and the expense may be deducted from any money due to the contractor under the contract or from his Security Deposit or the proceeds of sale thereof, or a sufficient portion thereof. The contractor shall provide all necessary fencing and lights required to protect the public from accident, and shall also be bound to bear the expense of defence of every suit, action or other legal proceedings, that may be brought by any person for injury sustained owing to neglect of the above precautions, and to pay any damages and costs which may be awarded in  any suit, action or proceedings to any  person,  or which may with the consent of the contractor be paid for compromising any claim by any such person.
Clause - 21:
ISSUE OF PLANT AND MACHINERY ON HIRE
(a)  Wherever plant and machinery required for the work is available with the department, the plant and machinery so available may be issued to contractor on hire subject to the conditions prescribed in Schedule"C" of the agreement Form. Hire charges payable shall be recovered from the running account bills of the contractor. The issue of machinery, etc., will however, be purely within the discretion of the Nigam.
Contractor's responsibilities regarding working condition, damages, loss of parts, etc.
(b)  Not withstanding the fact that the machinery is operated by the department crew, the Contractor shall be responsible to return the plant and machinery in such working condition in which it was issued to him subject to reasonable wear and tear. He shall also be responsible for all damages caused to the said plant and machinery at site of work or elsewhere when in operation or otherwise or during transit, including damages to or loss of part/parts, as also for losses due to failure to return them soon after completion of the work for which they were issued. The Executive Engineer shall determine the liability of the Contractor on account of damage and/or losses, if any, and shall be entitled to assess such damage and/or loss and recover the same from the bills of the contractor or from any other sums due to him. In the event of any dispute as to the nature and extent of damage/loss, the decision of the Executive Engineer shall be final and binding on the Contractor.
Nigam to bear repair charges for normal wear and tear as decided by Superintending Engineer
(c)  During the period of hire, Nigam shall bear the charges for repairs necessitated by normal wear and tear of tools, plants and machinery hired. The cost of the repairs necessitated by negligent use of tools, plant and machinery shall be borne by the Contractor. As to what repairs shall under the category of repairs due to normal wear and tear the decision of the Superintending Engineer shall be final.
 Contractor to pay compensation to Departmental crew as per Workmen's  Compensation Act
 (d)  The contractor shall be liable to pay all compensation to the departmental crew as per Workmen's Compensation Act.1923 (VIII of 1923 hereinafter called the said Act) for injuries caused to departmental crew on the job with the machine at site of work or elsewhere when in operation or otherwise during  transit, as  though the crew was employed by the contractor himself. If such compensation is paid Nigam as principal under sub section(1) of the section 12 of the said Act on behalf of the contractor, it should be recoverable by Nigam from contractor under sub section (2) of the said Section. Such compensation shall be recovered from the contractor in the manner laid down for the purpose in the contract.
Clause - 22:
MEASURES FOR PREVENTION OF FIRE
The contractor shall not set fire to any standing jungle, trees, brushwood or grass without a written permit from the Executive Engineer. When such permit is given, and also in all cases when destroying cut or dug up trees, brushwood, grass, etc., by fire, the contractor shall take necessary measures to prevent such fire spreading to or otherwise damaging the surrounding property. 
Clause - 23:
LIABILITY  OF  CONTRACTOR FOR ANY  DAMAGE  DONE  IN  OR  OUTSIDE WORK AREA
Compensation for all damages done by contractor or his men whether in or beyond the limits of Nigam property including any damage caused by spreading of fire mentioned in Clause 22 shall be estimated by the Executive Engineer and the estimate of the Executive Engineer, subject to the decision of the Superintending Engineer on appeal, shall be final and the contractor shall be bound to pay the amount of the assessed compensation on demand failing which the same will be recovered from the contractor as damages in the manner prescribed in Clause 1 or deducted by the Executive Engineer or other competent authority from any sums that may be due or become due from Nigam to the contractor under this contract or otherwise. The contractor shall bear the expenses of defending and action or other legal proceedings that may be brought by any person for injury sustained by him owing to neglect of precautions to prevent the spread of fire and shall pay any damages and cost that may be awarded by the court in consequence.
Clause - 24:
EMPLOYMENT OF FEMALE LABOUR
The employment of female labourers on works in the neighborhood of soldier's  barracks should be avoided as far as possible.
Clause - 25:
WORK ON NOTIFIED HOLIDAY
No work shall be done on any notified holiday without the sanction in writing of the Executive Engineer or other competent authority.
Clause 26:
CONSEQUENCES  OF  SUBLETTING  WORK  WITHOUT      APPROVAL, THE CONTRACTOR BECOMING INSOLVENT, BRIBING ETC, BY  CONTRACTOR
Work not to be sublet
(a)  The contract shall not be assigned or sublet by the Contractor. However, any specific portion of the work which is of a specialized nature and normally not executable by a general Contractor could be got done by the specialized agencies which are executing such works, after obtaining the specific approval of the Executive Engineer in writing in each case. Such consent to sublet the work, if given, shall not relieve the contractor from any liability or obligation under the contract and he shall be responsible for the acts, defaults and neglects of any sub- contractor of his agents, servants or workmen. If the contractor shall assign or sublet his contract or any portion thereof without the specific  approval of the Executive Engineer or attempts to do so or become insolvent or commence any proceedings to get himself adjudicated as insolvent or make any composition with his creditors or attempts to do so or if any bribe, gratuity, gift, loan, perquisite reward or advantage, pecuniary or otherwise, shall either directly or indirectly be given, promised or offered by the contractor or any of his servants or agents to any officer or person in the employ of Nigam in any  ay relating to his office or employment or if any such officer or person shall become in any way directly or indirectly interested in the contract, the Executive Engineer or other competent authority may thereupon by notice in writing rescind the contract and the security deposit of the contractor shall thereupon stand forfeited and be absolutely at the disposal of the Nigam, and the same consequences shall ensure as if the contractor had been rescinded under Clause 3 hereof and in addition, the contractor shall not be entitled to recover or be paid for any work actually performed under the contract.

Recovery of excess payments based on excess measurements and action against contractor.
(b)  Whenever it is noticed that excess payments have been made to the contractor based on excess measurements recorded by the subordinate in the measurement book and countersigned by the contractor or his  duly authorised  agent, action shall be taken to recover the excess payments together with interest immediately. Action may also be taken to black- list him.
Change in classification of excavation accepted not permitted
(c)  Once the measurements mentioning the classification of the excavations are recorded in the measurement book and the same is signed by the contractor or his authorised agent in token of acceptance, no request for reclassification by the contractor shall be entertained. 
Criminal proceeding against Departmental Officers and contractor for the lapses
(d)  Nigam also reserves the right to initiate criminal proceedings against the concerned Departmental Officers who are directly responsible for the lapse and the contractors who have colluded with the Departmental Officers in the lapse and fraudulently received amounts not due to them legitimately.
Clause - 27:

Sum payable  by  way  of compensation to  be considered  as  reasonable compensation without reference to actual loss:
All sums payable by Contractor by way of compensation under any of these conditions shall be considered as reasonable compensation to be applied for the use of Nigam without reference to the actual loss or damage sustained and whether any damage has or has not been sustained.
Clause - 28:
APPROVAL OF EXECUTIVE ENGINEER NECESSARY FOR CHANGING THE  CONSTITUTION OF A  FIRM  OR  BEFORE  ENTERING  INTO  PARTNERSHIP AGREEMENT-CONSEQUENCES  OF NOT OBTAINING  PRIOR APPROVAL 

Where the contractor is a partnership firm, the previous approval in writing of the Executive Engineer shall be obtained before any change is made in the constitution of the firm. Where the contractor is an individual or a Hindu undivided family business/concern, such approval as aforesaid, shall likewise be obtained before the contractor enters into any partnership agreement where under the partnership firm would have the right to carryout the work hereby undertaken by the contractor. If previous approval as aforesaid is not obtained, the contract shall be deemed to have been assigned in contravention of Clause 26 hereof and the same action may be taken and the same consequences shall ensure as provided in the said Clause - 26.
Clause - 29:
SETTLEMENT OF DISPUTES-TIME FOR DECISION
(a)   If any dispute or difference of any kind whatsoever were to arise between the Executive Engineer/Superintending Engineer and the contractor regarding the following matters namely, 
(i) The meaning of the specifications, designs, drawings and instructions herein before mentioned;
(ii) The quality of workmanship or materials used on the work and 

(iii) Any other question claim, right, matter, thing whatsoever, in any way arising out of or  relating  to  the contract, designs,  drawings,  specifications, estimates, instructions, or orders, or those conditions or failure to execute the same whetherarising during the progress of the work, or after the completion, termination, or abandonment thereof, the dispute shall, in the first place, be referred to the Chief Engineer who has jurisdiction over the work specified in the contract. The Chief Engineer shall, within a period of 60 days from the date of being requested by the contractor to do so, give written notice of his decision to the contractor, if the contractors is aggrieved by the decision of the Chief Engineer, or if the Chief Engineer fails to give written notice of his decision.  Within the above said period of 60 days, the contractor may appeal to the Managing Director, CNNL within 60 days from the receipt of written notice of Chief Engineer's decision or from the expiry of first named period of 60 days. 

(b)  Subject to the Managing Director's decision on appeal and subject to other form of settlement hereafter provided, the Chief Engineer's decision in respect of every dispute or difference so referred shall be final and binding upon the contractor. The said decision shall forthwith be given effect to and contractor shall proceed with the execution of the work with all due diligence. 

Remedy when Managing Director's decision on appeal is not acceptable by contractor
(c)   In case the decision of the Managing Director is not acceptable to the contractor, he may approach the jurisdictional Law Courts for settlement of dispute after giving due written notice in this regard to the Managing Director within a period of ninety days from the date of receipt of the written notice of the decision of the Managing Director.
Time limit for notice to approach law court by Contractor
(d)  If the Managing Director has given written notice to the contractor of his decision on his appeal and no written notice to approach the law court has been communicated to him by the contractor within a period of ninety days from receipt of such notice, the said decision shall be final and binding upon the contractor.
Time limit for notice to approach law court by contractor when decision is not given by Managing Director.
(e)   If the Managing Director fails to given notice of his decision within a period of ninety days from the receipt of the contractor's appeal, the Contractor may within ninety days after the expiry   of   the  above  named  period  of  ninety  days  approach  the  Law   Courts  at District Court, Mysore giving due notice to the Managing Director.
(*)  In sub clauses (c) and (e) specify the place where the Court under whose jurisdiction the work is situated/is located.
(f)   Whether the claim is referred to the Chief Engineer or Managing Director or to the Law Courts, as the case may be, the contractor shall proceed to execute and complete the works with all due diligence pending settlement of the said dispute or differences.

Obligation of the Executive Engineer and contractor shall remain unaltered during considerations of dispute:
(g) The reference of any dispute of difference to the Chief Engineer or Managing
Director or the Law Court may proceed not withstanding that the works shall then be or be alleged to be complete, provided always that the obligations of the Executive Engineer and the contractor shall not be altered by reason of the said dispute or difference being referred to the Chief Engineer or Managing Director or the Law Court during the progress of the works.
(h) It is clearly understood and agreed upon by both parties that no part of the above clause 29 shall be construed to be an Arbitration clause under the Arbitration and Conciliation Act 1996 or any other Act. In the event of any dispute or difference arising between the parties to this contract.  Upon exhausting the remedies available under clauses 29 a) to g); the only final remedy available shall be to approach the jurisdictional civil Court agreed to under clause 29 e) of this contract by filing a suit in accordance with law.
 Clause - 30:
CONTRACTOR  TO  PAY  COMPENSATION  UNDER   WORKMEN'S COMPENSATION ACT
a) The contractor shall be responsible for and shall pay any compensation to his own workmen payable under the Workmen's compensation Act. 1923(VIII of 1923) (hereinafter called the said Act) for injuries caused to the workmen. If such compensation is paid by Nigam as principal under sub-section (1) of section 12 of the said Act on behalf of the contractor, it shall be recoverable by Nigam from the contractor under sub-section (2) of the said section. Such compensation shall be recovered in the manner laid down in Clause 1 above.
Contractor to pay expenses of providing medical aid to workmen
b)  The contractor shall be responsible for and shall pay the expenses of providing medical aid to any workmen who may suffer a bodily injury as a result of an accident. If such expenses are incurred by Nigam, the same shall be recoverable from the contractor forth with and be deducted without prejudice to any other remedy of Nigam from any amount due or that may become due to the contractor.
Clause - 31:
CONTRACTOR TO PROVIDE  PERSONAL  SAFETY  EQUIPMENT, FIRST AID APPARATUS, TREATMENT  ETC.
The contractor shall provide all necessary personal safety equipment and first aid apparatus for the use of the persons employed on the site, and shall maintain the same in good condition suitable for immediate use, at any time and shall comply with the following regulations in connection therewith :-
i) The workers shall be required to use the equipment so provided by the contractor and the contractor shall take adequate steps to ensure proper use of the equipment by those concerned.
ii) When work is carried on in proximity to any place where there is a risk of drowning, all necessary steps shall be taken for the prompt rescue of any person in danger. 
iii) Adequate provision shall be made for prompt first-aid treatment of all injuries likely to be sustained during the course of the work.
Clause - 32:
MINIMUM AGE OF PERSONS EMPLOYED BY CONTRACTOR
a)  No contractor shall employ
i) Any person who is under age of 15 years.
ii) Who does not produce a valid certificate of vaccination against small-pox in respect of himself/herself as well as the members of his/her family.
Employment of donkeys and other animals
b)  No contractor shall employ donkeys or other animals with breaching of string or thin rope. The breaching must be at least three inches wide and should be of tape.
c)  No animals suffering from sores, lameness or emaciation or which is immature shall be employed on the work.
d)  The contractor shall provide for pure drinking and potable water facilities to the workers.
Removal of person or animals not satisfying conditions (a) to (c)
e)  The Executive Engineer or other authority is authorized to direct the removal or to remove through his own agency, from the work any person or animal referred to in sub clauses (a) to (c) above not satisfying these conditions and no responsibility shall be accepted by the Nigam for any delay caused in the completion of the work by such directions for removal.
Payment of fair and reasonable wages by Contractor
f)   The contractor shall pay fair and reasonable wages which shall not be less than the minimum wages fixed by Government from time to time to the workmen employed by him in the contract undertaken by him. In the event of any dispute arising between the contractor and his workmen on the ground that the wages paid are not fair and reasonable the dispute shall be referred without delay to the Executive Engineer or other competent authority who will decide the same. The decision shall not in any way affect the conditions in the contract regarding the payment to be made by Nigam at the agreed tender rates.
g)  The contractor should keep his employees covered under the provisions of the EPF Act and the Employees State Insurance Act. The contractor shall keep the CNNL, its Employees /Officers indemnified from any loss or damages suffered by CNNL Staff / Officers for any violation of the provisions of the said Act by the contractor. Notwithstanding the above, the Nigam shall have the right / remedy available to it under section 8 (a) of the Employees PF and Miscellaneous Act and the relevant provisions of the Employees State Insurance Act.
Clause - 33:
EMPLOYMENT OF  SCARCITY LABOUR ETC.,
a)  If Government declares a state of scarcity or famine to exist in any village situated within 16 Kilometers (10 miles) of the work, the contractor shall employ upon such parts of the work as are suitable for unskilled labour, any person certified to him by the Executive Engineer or by any person to whom the Executive Engineer may have delegated this duty in writing to be in need of relief and shall be bound to pay to such persons wages not below the minimum which Government may have fixed in this behalf. Any dispute which may arise in connection with the implementation of this clause shall be decided by the Executive Engineer or other competent authority whose decision shall be final and binding on the contractor.
b)  The contractor shall employ any famine convict or other labour of a particular kind or CONTRACTOR class, if ordered in writing to do so by the Executive Engineer or other competent authority.  

Clause - 34:
CONTRACTOR NOT ENTITLED TO ANY CLAIM OR COMPENSATION FOR DELAY IN EXECUTION OF WORK DUE TO WATER IN BORROW PITS
The contractor shall not be entitled to claim compensation if there is any delay in the execution of the work on account of water standing in borrows pits and compartments. The rates of borrowing earth and of excavation hold good for all situations such as hard or cracked soils, excavation in mud, subsoil water or water standing in borrow pits and no claim for extra rate shall be entertained, unless otherwise expressly specified.

Clause - 35:
METHOD OF PAYMENT OF BILLS
Payment to contractors shall be made by cheques.

Clause - 36:
SET OFF AGAINST ANY CLAIM OF NIGAM / GOVERNMENT UNDER OTHER CONTRACTS.
Any sum of money due and payable to the contractor (including the security deposit returnable to him) under this contract may be appropriated by the Nigam and set off against any claim of Nigam/Government in respect of any payment of a sum of money arising out of or under any other contract made by the contractor with the Nigam/Government.

Clause - 37:
RATES INCLUSIVE OF SALES TAX, ETC.
a) The rates to be quoted by the contractor must be inclusive of sales tax; all other levies and taxes whatsoever in nature. No extra payment on this account will be made to the contractor.

Contractor to pay quarry fees, royalty, etc.,
b)  All quarry fees, Royalties, Octroi dues levied by the State Government or any local body or authority and ground rent, if any, charged by the Executive Engineer for stacking materials, should be paid by the contractor.
Clause - 38:
CONTRACTOR TO OBTAIN LABOUR ETC., FROM NEAREST EMPLOYMENT EXCHANGE
The contractor should as far as possible obtain his requirement of labour, skilled and unskilled from the nearest Employment Exchange. The contractor should give preference to the employment of released bonded labour on the work entrusted to him.

Clause - 39:

DUES TO BE RECOVERED AS IF THEY WERE ARREARS OF LAND REVENUE
All money due from the contractor under this contract may be recovered by Government without prejudice to the other remedies, as if they were arrears of Land Revenue.

Clause - 40:
CONTRACTOR TO COMPLY WITH THE PROVISIONS OF APPRENTICE ACT

The contractor shall comply with the provisions of the Apprentice Act 1961 and Rules and Orders issued there under from time to time. If he fails to do so, his failure will be a breach of contract and the Superintending Engineer may at his discretion cancel the contract. The contractor shall also be liable for any pecuniary liability arising on account of any violation by him of the provisions of the Act.
Clause - 41:

CONTRACTOR TO SUBSCRIBE TO WORKER’S AND CONSTRUCTIONS BENEVOLENT FUND.

The contractor shall subscribe to the Worker's and Contractor's benevolent fund at the rate of 0.10% of the gross amount of each bill payable to him in respect of the contract. The amount of subscription should be recovered out of the amount payable to him in each bill.
   Clause - 42: Deleted
Clause - 43:
CONTRACTOR NOT TO QUOTE PRICE EXCEEDING CONTROLLED PRICE FIXED BY GOVERNMENT
The price quoted by the contractor shall not in any case exceed the controlled price if any, fixed by Government or reasonable price which it is permissible for him to charge a private purchaser for the same class and description of goods under the provisions of Hoarding or Profiteering Prevention Act 1943 as amended from time to time.

Compliance with the provision of Hoarding and Profiteering Prevention Act:
If the price quoted exceeds controlled price or price permissible under Hoarding and profiteering prevention Act, the contractor will specifically mention this fact in his tender along with the reasons for quoting such higher price. The purchaser at his discretion will in such case exercise the right of revising the price at any stage so as to conform to the controlled price or the price permissible under the Hoarding and Profiteering Prevention Act. This discretion will be exercised without prejudice to any other action that may be taken against the contractor.

CLAUSE – 44: Deleted
SCHEDULE “A”

Schedule showing (approximately) the materials to be supplied from the Nigam Stores for work contracted to be executed and the rates at which they are to be charged for 

	Sl.No.
	Particulars Quantity
	Unit
	Rates at which materials will be charged to the contractor
	Place of Delivery and specific Remark if any

	
	
	
	· Nil  -
	


1. The contractor has to make his own arrangement for procuring rubble from the excavated spoil at his own cost including sorting.

2. Materials including cement steel for reinforcement, blasting materials will not supplied by the Nigam, Contractor has to procure at his own coat for the work.

Note 1: The person or firm submitting the tender should see that the rates in the above Schedule are filled up by the Executive Engineer in charge on the issue of the form prior to the submission of the tender.

Note 2: i) The rates shown above will not be applicable for additional substituted or altered items of work for which payment at rates other than tendered rates is to be made according to clause 13 of the Conditions of the contract. If the materials indicated above are supplied by the Department for such additional, substituted or altered items of work, the rates to be charged for the materials supplied by the Department shall be those reckoned for arriving at the rates payable such items of work.

ii) Stores to be supplied to contractor for a work free of cost should be mentioned in Schedule ‘A’ in addition to Schedule ‘B’ and specifications attached to the contract agreement form.

SCHEDULE “B”

Name of work: 

	Item No.
	Quantities Estimated.
	Description of Item
	Unit
	sanctioned estimated Rate/unit
	Amount (Rs.)

	
	
	
	
	In figures
	In words
	

	
	
	ENCLOSED   SEPARATELY
	
	
	
	


NOTE: 

1. The rate quoted shall be through rates for finished items of work, complete in all respects, inclusive of all materials, all tools and plant, all labour required for the work, all leads and lifts, all incidental charge, dewatering and desilting, if any, diversion of water, diversion roads for traffic, initial and final clearance of site, providing labour amenities, all taxes and levies such as sales tax, income tax, octroi, royalty charges etc.
2. Rates for cement concrete and reinforced cement concrete of controlled grades shall be quoted on the basis of cement contents mentioned in the detailed technical specifications. Adjustments in payment will be made as per Para 4.23 of Section – IV (Plain and reinforced concrete)
3. If any lands required for the work and for quarries and borrow areas not acquired by the CNNL, the contractor should get the lands by negotiations with the land owners without causing any extra cost to the CNNL on that account.
4. The submission of the tender by a contractor implies that he has read the conditions of the contract, additional conditions of contract and made himself thoroughly aware of the scope and specifications of the work to be done and the availability of the quantities of materials required.
5. Incomplete tenders shall be rejected.

6. Description of items given in Schedule - B shall be read along with conditions of contract as per Notification, general condition relating to works, notification, drawings and all the components parts of tender documents.

7. The Percentage quoted by the contractor in the Schedule shall hold good till fulfillment of the contract without reference to market fluctuations in labour rate or any other cause except as provided in clause 13 of the agreement

8. Water for construction works shall be arranged by the contractor at his cost

9. All approach roads from quarry to the site shall be formed and maintained by the contractor at his own expense.

10. Any damage caused during construction to any part of the work due to any reason what so ever will be made good at the contractor expense until the work is handed over in complete manner as per the agreement
11. The overall percentage quoted above or below with reference to the current schedule of rates will be worked out at the time acceptance of the tender and this percentage will be applicable for operating clause 13.
12.  Rates shall be quoted in E-procurment portal only

13. The contractor shall make his own arrangements to get electric power supply from KEB and the department shall give all necessary assistance to get the supply.  The supply will be governed by the rules of KEB and the contractor will have to bear the charges of this supply.  In case of failure of supply the contractor will not be entitled for any compensation.

14.  The levels and dimensions shown in the drawing are approximate and they may vary in the course of execution of the above items of the work and the contractor will not entitled any any extra rates or compensation due to such variations.

SCHEDULE  "C"
	Sl No
	Particulars of plant and machinery to be issued to the contractor
	Rate of hire charges per day for hour
	Remarks if any

	
	
	· Nil - 
	


Note:  The rates will be calculated and inserted here with respect to the rules framed by the Nigam from time to time as applicable on the date of finalization of the tender.
Rule 1 :  Plant and machinery will be issued to the Contractor for a period not exceeding 2 years at a time, they will not however be sold to contractor even if they are required by him for use on Nigam works.
Rule 2:  charges incidental to the delivery of the tools, plant and machinery at the stores, such as handling and checking at stores; ii) charges if any, for re-erecting the plant and machinery at the stores on return; and iii) the cost of replacing the missing or broken part of plant and machinery hired out or on carrying out repairs necessitated by any specific damage thereto.
Note 1:  Plant and machinery should be handed over to the hirer only at the place where they are stored by the Department and on completion of the work, they should be returned by the contractor at his cost to the same place or any nearer place pointed out by the Executive Engineer. In no case will the Department undertake to convey the plant and machinery from the Departmental stores to the place where the hirer wants them for his use. \

Note 2:  The  plant and machinery  hired should  be  made  available  for inspection by the Executive Engineer or any officer authorized by him.
Note 3:  In all cases, the period of hire shall count from the date, the plant and machinery leave the store to the date they are returned thereto.
Note 4:  In all cases, the security deposit equivalent to 25 percent of the market value or appraised value as fixed by the Superintending Engineer should be taken from the Contractor before the plant and machinery are entrusted to their sole custody on hire.
Rule 3: the hire charges should not be levied whenever machinery remain idle for no fault of the contractor in the circumstances detailed below. The discretion in this behalf should rest with the Executive Engineer concerned.
a) All recognised holidays and weekly holidays.
b) On rainy days when it is not possible for the contractor to use the machinery.
c) For want of working space for which the contractor is not responsible. Concerned Executive Engineer should certify in this behalf.
d) When the component part of the unit breaks down, on account of which there mining machines in the unit cannot be run economically Eg., if five scrapers and a dozer from a unit and if the dozer breaks down, then the five scrapers cannot be worked for want of pusher dozer. Hence the hire charges for the scrapers not used should be recovered during the period. The Executive Engineer concerned is competent to decide this.
e) The hirer shall keep the said plant and machinery in good order and condition
and make good all damages (fair wear and tear expected) Whether by accident
or fire or otherwise irrespective of whether the crew was department or otherwise
and shall at the period of determination of hiring, pay to Nigam the cost of
replacing or repairing such of the said plant and machinery.
CONTENTS
1. Land
2. Quarries and Borrow Area
3. Rates are all inclusive
4. Royalty
5. Income Tax
6. Sales Tax
7. Dewatering, Desilting and Diversion of flows
8. Procurement of cement, Steel and Blasting materials
9. Clearing the site
10. All properties, precious Stones, Metal and Relics to be handed over to Department
11. Preservation of Trees
12. Drawings and working Details
13. Omissions and Discrepancies in Drawings and instructions
14. Taking initial Levels, Marking out the Layout and Fixing the Reference Lines
15. Commencement of work
16. Programme of work
17. Plant Layout, Contractor's Office, Machine Yard, Labour camp etc.,
18. Access Roads, Quarry Roads Etc.,
19. Power supply for the Works
20. Water for constructions.
21. Amenities to Labourers
22. Lands for the use of the Contractors camp
23. Undesirable Person to be removed from site
24. Work Order Book
25. Hindrance Register
26. Labour statistics
27. Execution of work during night time
28. Medical Aid
29. Safety Code
30. Engineer's Supervision
31. Engineer's Decision
32. Derived Rates
33. Maintanance of work during execution
34. R eturn of Nigam Lands in good condition
35. Drainage of Quarries and Borrow Pits etc.,
36. C o-operation with other contractors
37. Payment of Part Rates
38. Joint Venture
39. Test Result from the Q.C. Authorities
40. Closure of Work after expire of Contractor.
                      ADDITIONAL CONDITIONS OF CONTRACT
1.  LAND
It is the policy of the Nigam to acquire the lands permanently required for the works following the procedures set forth in the Land Acquisition Act. However, if at the time of commencement of the work, any or all of the lands (either in parts or in whole) required for the work are not yet acquired by the Nigam, it shall be the responsibility of the contractor to obtain possession of such land/lands from the land owner by negotiations between him and the contractor period or during the construction period or during the maintenance period of 12 months referred to in clause 19 of the conditions of Contract, the contractor has to make his own arrangements to get the dispute settled and to bear the extra cost, if any, on that account. No extension of time shall be granted on account of time taken by the contractor for such settlement.
2.  QUARRIES AND BORROW AREAS
All materials for constructions which are not available from excavation shall be obtained from the quarries and borrow areas shall be got approved from the Engineer, well in advance. In no case, the quarry / borrow area shall be within the acquired area of Nigam. The Nigam will not make available any quarry or borrow area. The contractor shall himself explore the quarries and borrow areas required for the work and quote his rates for finished items of work in Schedule B accordingly with all leads and lifts. The leads considered in the sanctioned estimate are for the estimate purposes and shall not be taken as the actual leads for materials during execution. No claims whatsoever shall be made, nor any extra lead charges will be entertained over and above the lead charges considered in the estimate. No claim of any compensation shall be due to the contractor, on any account whatsoever, such as the quarries and borrow areas considered in the estimate being found unsuitable or inadequate in yield, the haulages routes reckoned being found unsuitable, the leads reckoned being found incorrect, the land owners obstructing the procurement and conveyance etc., The Nigam does not undertake to acquire lands for the quarries and borrow areas. It is the responsibility of the contractor to negotiate with land owners and acquire the lands to himself, either permanently or temporarily, and procure the required materials. If the quarries / borrow areas do not give sufficient quantity of material, contractor shall make his own arrangements for additional quarries / borrow areas, with the approval of the Engineer and bear cost of investigations and negotiations, all leads and lifts, cost of land etc, at his own expense without claim for any payment over and above his tendered rates. Departmental investigations of the quarries and borrow areas, on the basis of which the departmental estimates of cost are prepared, have been made with the intention of having the most economical leads for the construction of work. If at any time after the entrustment of work, the department finds quarries and borrow areas affording still economical leads and obtains possession of such lands, the department reserves the right to order the contractor to bring materials from such quarries and borrow areas and to reduce his rates in consequence thereof. In all such cases, whether the contractor complies with the orders or not, the rate of the concerned item of work in Schedule B will be reduced for the quantities executed after two weeks from the date of communication of the order by an amount corresponding to the difference in the lead charges computed on the basis of the departmental schedule of rates adopted for preparing the comparative statement at the time of the acceptance of tender plus or minus the percentages above or below in the original tender rates for that particular item of work.
3.   RATES ARE ALL INCLUSIVE
The rates quoted in Schedule B shall be for finished items of work, complete in all respects, inclusive of all materials all tools and plant and all labour required for the work, all leads and lift and all incidental charges such as dewatering and desilting, diversion of rain and nala flows, diversion of traffic, initial and final clearance of site, providing of labour amenities etc., and all taxes, levies and royalty charges etc. complete. The rates shall hold good for all conditions of site, moisture, weather etc.,
4. ROYALTY
Royalty as per G.O.No.CI 56  MMM 2006 dated  23.06.2007 issued  in  Commerce  and Industries Department  of the  Government of  Karnataka and the  subsequent  Government notifications shall be paid by the contractor by deductions from his bills. The schedule of Royalty charges is annexed.

5.  INCOME TAX
Deduction at source towards Income Tax will be made from the contractor's bills at the rates prevailing at the time of payment as fixed by the Income Tax authorities and the tax and deductions certificate will be issued at the end of the financial year.
6. SALES TAX
Deduction at source towards sales Tax will be made as per the norms and the statutory order of Government.
7.  DEWATERING, DESILTING AND DIVERSION OF FLOWS
Any water encountered during the execution of work shall be suitably removed by bailing out or pumping and any accumulated silt due to any reason whatsoever, during the execution of work shall also be removed and disposed off. All surface flows shall be diverted outside the work area by suitably channelizing the flows, by providing cross bunds and conducting the flows in pipes, conduits, etc., or by cross bunding and pumping etc.,  depending upon the site conditions and exigencies of work. The cost of all such operations shall be considered as included in the quoted rates of the concerned finished items of work and shall not be separately paid.
8.PROCUREMENT OF CEMENT, STEEL AND BLASTING  MATERIALS
The responsibility of procuring safe storage and safe transportation and usage of all materials including cement, steel and explosives (and license there of) shall rest with contractor only. The material shall be procured from reputed firm and shall be got tested from the department at the cost of contractor.
9.  CLEARING THE SITE
The area to be occupied by the work and the quarries and borrow areas shall be cleared of all vegetations, including trees, roots, ant hills and other extraneous matters. The site shall be cleared to the full width of the works as directed by the Engineer-in-charge . No separate payment is admissible for clearing the site.
10.   ALL  PROPERTIES,  PRECIOUS  STONES,  METAL AND  RELICS  TO  BE HANDED OVER TO DEPARTMENT.
All gold, silver, oil or other materials of any description what-so-ever and other similar things that may be discovered on the site shall remain the property of the Government and the contractor shall only duly intimate the Engineer - in - charge or  any person duly authorized by him to receive such property from time to time.
11.  PRESERVATION OF TREES
The contractor shall preserve all existing trees in and adjacent to the site which do not interfere with the constructions as determined by the Executive Engineer.
12.  DRAWING AND WORKING DETAILS
The work shall be carried out strictly in accordance with the sanctioned plans and estimates and specifications and as per the instructions of the Engineer-in-charge, and not deviations or changes are permitted without the written order of the Engineer. The designs and drawings enclosed with the tender documents are only typical and tentative. The working drawings and the working details of the several components of works will be prepared and made available at the time of execution and contractor shall carryout the work in accordance with such working drawings and working details.
13. OMISSIONS AND DISCREPANCIES IN DRAWINGS AND INSTRUCTIONS
a) In all cases of omissions, doubts or discrepancies in the dimensions or discrepancies in the drawings and item of work, a reference shall be made to the Executive Engineer, whose elucidation and elaboration shall be considered as authorised. The contractor shall be held responsible for any error that may occur in the work through lack of such reference and precautions.
b) The contractor shall be responsible for accuracy for all shapes, dimensions and alignments etc., of all components of the work.
14. TAKING INITIAL LEVELS, MARKING OUT THE LAYOUT AND FIXING THE REFERENCE LINES
Before starting the work, the contractor or his authorised agent shall be present while taking levels of the ground along and across the portion of the canal works, which the contractor has agreed to execute. He will further be required to sign the field book and also L-sections and cross sections of the works based on the ground levels taken in token of acceptance of the ground levels before the commencement of work or fresh items of excavation below a preceding item. In case he commences the work without verifying and accepting the cross sections and L-sections of ground, it will be assumed that he has accepted the L-sections and cross sections taken by CNNL staff and no complaint or claims what-so-ever in this behalf will be entertained. It shall be the responsibility of the contractor to mark the lineout as per directions of the Engineer- in-charge. The contractor or his duly authorised agent shall be present at the time of setting out giving profiles etc., and shall supply all materials and sufficient number of mazdoors required for taking measurements of works, giving lineout etc., at his cost. The stone masonry platforms and reference pillars etc., of suitable size as directed by the Engineer-in-charge with level top shall be built and maintained by the contractor at his cost till the completion of work along the reference lines to facilitate the mark out and layout of various appurtenant works.
15.  COMMENCEMENT OF WORK
The contractor shall not enter upon or commence any portion of the work except with the written authority of the Engineer, failing which the contractor shall have no claim to ask for measurement or payment for work and shall on the other hand, be responsible for any claim of damage that may arise due to such unauthorised commencement or entry.
16.  PROGRAMME OF WORK
The Schedule of progress mentioned under Clause-2 of the conditions of contract is only indicative. Within one month from the date of notice to commence the work, the contractor shall finish a detailed programme of the schedule that he intends to adopt, which shall show both physical and financial programme weekly / monthly as desired by the Engineer and abide by it.
17.  PLANT LAYOUT, CONTRACTORS OFFICE, MACHINE YARD, LABOUR  CAMP ETC.
Within a fortnight of the date of award of contract, the contractor shall submit to the Executive Engineer for the approval of the department, the layout the construction plant and equipment for execution of work and also the location and layout of contractors office, machine yard, workshop, stores, storage yard, labour camps etc., including the layout of necessary services such as water supply, sanitation etc.,
18.  ACCESS ROADS, QUARRY ROADS ETC.
All haulage roads, access roads to work spot, quarry roads etc., and all diversion roads found necessary during construction shall be formed and maintained by the contractor at his cost to such standards as may be directed by the Engineer-in-charge as per the requirements of the work. The contractor should make himself thoroughly conversant with the conditions of existing public roads of the area and the existing arrangements for their maintenance. If any damage to the existing public roads is caused due to any natural or other causes or due to bad maintenance, Nigam will not be held responsible for the inconveniences caused to the contractor including any extra cost or temporary stoppage of work. The existing roads, constructed and maintained by the  Nigam if any  shall  be  used by all  concerned contractors.  No  claim of  compensation from any contractor shall be entertained on the excuse of non maintenance of such roads.
19.  POWER SUPPLY FOR THE WORKS
The contrctor has to make at his own cost, all necessary arrangements for the supply of power required for the work and his camps from KPTCL or from any other source. The Nigam will not undertake any responsibility with regard to power supply and no claims due to failure, or delay in supply of power or variations in voltage in supply will be entertained by the CNNL.
20.  WATER FOR CONSTRUCTION
Supply of water for construction and for drinking and for his camps shall be arranged for by the contractor at his own expense.
21.  AMENITIES TO LABOUR
These are covered by Clause 30,31,32 and 38 of the conditions of contract. The following are further elucidation. The contractor shall provide the following labour amenities for the imported labours, if any :
i) A shed of 6.1M x 3.05M per family on a platform of 0.15m height.
ii) Distance between sheds shall be 4.6m minimum and not more than two rows sheds shall be built back to back.
iii) Peripheral roads, 6.1m wide shall be built for every 300 families.
iv) Necessary surface drainage and sanitary arrangements shall be provided.
v) Water supply with one stand post for every 20 sheds.
vi) Electric street lights at one point for every 61m.
The contractor shall provide layout for the labour camp and arrange water supply and electricity as above. In case of default the Nigam may provide the same and recover the cost (capital and recurring) from the contractor. The contractor shall also be responsible for complying with all the requirements of the Labour Authorities and Health particularly in regard to sanitation, water supply and anti malaria measures in the labour camps as may be directed from time to time. All the labour employed by him should be got inoculated against cholera once in 6 months and against small pox once in three years. Any new labour employed by him should be got inoculated against cholera and vaccinated against smallpox within a fortnight of being employed by contacting the local health authority at his own cost. On the work spot, at safe distance, adequate number of rest sheds, cruches and drinking water arrangements shall be made by the contractor at his cost to the satisfaction of the Engineer- in-charge. If the CNNL provides the rest sheds, the contractor shall be levied rent of Rs.30 per sqm per month and is bound to avail of such sheds.
22.  LANDS FOR THE USE OF CONTRACTORS CAMP
The contractor shall have to make his own arrangements with regard to land required for construction of quarters at the work spot. However, the Nigam at its discretion may make land available. In such a case necessary charges as fixed by the Engineer-in charge will be levied.
           23.  UNDESIRABLE PERSON TO BE REMOVED FROM SITE
The contractor shall not employ on site any person who is undesirable. If in the opinion of  the Engineer-in-charge the person or persons at site of work employed on behalf of the contractor is / are considered undesirable, the Engineer-in-charge shall notify the contractor to this effect and the contractor will be bound by the decision of the Engineer-in-charge to remove such person or persons from the site of work and from the labour camp. The contractor shall be liable to compensate the CNNL for any loss or damage to the CNNL property caused by the employment of such person.
           24.  WORK ORDER BOOK
A work order book shall be maintained by the contractor at the site and all instructions shall be got entered in the book in ink. The contractor shall be responsible for obtaining all the orders entered in the work order book and he or his authorised agent shall sign, acknowledging the orders issued and shall carry out orders. Copies of the orders entered in the work order book shall be submitted by the contractor to the concerned officer and to the Executive Engineer within two days, for their record.
           25.  HINDRANCE REGISTER
A Hindrance Register shall be maintained by the contractor at the site of work and all factors causing hindrance to the work, as perceived by him shall be entered by him in that register in ink under his dated signature or of his authorised agent from time to time for being brought to the notice of the Engineer-in-charge and obtaining prompt relief. The signature of the Engineer-in-charge shall be obtained in the register for having noted the entries and a record of the factual verifications made by the Engineer-in-charge and of his comments will also be made in the register by the Engineer-in-charge along with instructions if any issued in the matter.  The Engineer-in-charge shall obtain prior approval of the higher authorities, where necessary, before issuing instructions. Copies of the entries made in the Hindrance Register shall be submitted by the contractor to the Engineer-in-charge and the Executive Engineer within two days from their record. The issues will also be promptly brought for discussions in the periodical review meetings held in pursuance of the Clause - 2 of the general conditions of contract.
           26.  LABOUR STATISTICS
The contractor shall submit daily reports on the following :
i) Total No. of labour imported into working area.
ii) Total No. of labour living in the working area.
           27.  EXECUTION OF WORK DURING NIGHT TIME
The work shall normally be carried out between 8 hours and 17 hours with a break of one hour and when permitted during night period, the second shift shall be between 17 hours and 0 hours with a break of half an hour during night. When ordered to work at night, adequate provision for lighting the working area should be made by the contractor at his cost and got approved by Engineer-in-charge. Whenever the work is done at night by the contractor with his own interest he shall take the permission of the Engineer-in-charge with sufficient provision for lighting arrangement at his own cost.
           28.  MEDICAL AID
These are covered by clause 30(b) and 31(ii) of the conditions of contract. The following are further stipulations.
i) The contractor shall arrange all the necessary medical facilities for his staff and      labour at his own cost and to the satisfaction of Engineer-in-charge. The contractor shall  arrange in his office, work shop, work site and camps facilities of clear portable treated water and arrange for proper drainage and proper disposal of sewage. He shall abide by the rules framed on this behalf by the Engineer-in-charge or Health Officer of the project, or the concerned taluk.
ii)   The  contractor shall also provide for  medical  supervision  of  his workers against epidemics. The contractor shall comply with all the directions given by Health Officer in this regard.
           29.  SAFETY CODE
i) These safety provisions should be brought to the notice of all concerned by display on the notice board by the contractor at a prominent place at work spot. The persons responsible for compliance of the safety code shall be named therein by the contractor.
ii) To ensure effective enforcement of the rules relating to safety precautions, the arrangement made by the contractor shall be open to inspection by the Labour Officer, Engineer or their representatives.
iii) All necessary personal safety equipments as considered adequate by the Engineer-in- charge should be kept available for the use of persons employed at the site and maintained in a condition suitable for immediate use and the contractor should take adequate steps to ensure proper use of equipment by those concerned.
a) Workers employed  on mixing  concrete,  cement grout,  cement  mortar shall  be provided with protective footwear and protective goggles and protective gloves.
b) Those engaged in mixing or stacking cement or any materials injurious to the eye, nose and mouth shall be provided with a face mask and protective cover free of cost by the contractor.
c) Those engaged in welding work shall be provided with welder's protective eye
shield and gloves.
d) Stone breakers shall be provided with protective goggle and protective clothing and seated at sufficiently safe intervals.
e) Those engaged in binding and fabricating steel shall be provided with protective
gloves. 

f) Those Engaged in deep cuts, tunnels, large rock excavation shall be provided with helmets.
iv) When the work is near any place where there is risk of drowning all necessary equipments shall be kept ready for use and all necessary steps for prompt rescue of any person in danger and adequate provisions should be made for prompt first aid treatment of all injuries likely to be sustained during the course of work.
v) Adequate and suitable caution and danger signal boards shall be prominently exhibited at road / river crossing / high tension overhead line / where heavy electrical machines are working / where overhead cranes or hoist; derricks, winches are working / where blasting zone is demarcated; The content of the board shall be in English and the local language for easy identification.

vi) All scaffolding, ladder, stairways, gangways, staging, centering, form work and temporary support and safety devices etc., shall be sound in strength and construction and maintained as such throughout its use.
vii) No materials on any site of work shall be so stacked as to cause danger or inconvenience to any persons or public.
viii) The contractor shall provide all necessary fencing and lighting to protect the public / working men from accident and shall be bound to bear the expense of defence of every suit action or other proceedings of law that may be brought by any person for injury sustained owing to neglect of the above precautions and to pay any damages and costs, which may be awarded in any such suit action or proceedings to any such persons or which may with consent of the contractor be paid to compensate any claims by any such persons.
ix) No electric cables or apparatus which is liable to be a source of danger to persons employed shall remain electrically charged unless a caution board is put in to that effect and close approach to the same is prohibited.
x) All practical steps shall be taken to prevent danger to persons employed from risk of fire or explosives or flooding. No floor, roof or other portion of any building used for residence shall be so over-loaded with debris or materials so as to render it unsafe.
xi) The final disposal of water used for work are removed from work spot as well as the supply used for domestic consumption shall be as directed by the Executive Engineer. The contractor shall make his own arrangement for purifications of domestic water supply used by his staff and labour colony and also used on the site of work to the satisfaction of the Executive Engineer.
xii) The source of drinking water supply / distribution system in the workers colony shall be protected from chances of contamination by poisonous materials / epidemic causing infections bacteria etc., by maintaining the source and system under adequate hygienic conditions. 
xiii) Not withstanding the above clauses from (i) to (xii), there is nothing in this to exempt the contractor to exclude the operations of any other Act or Rules in force of the Central Government and Stage Government.
          30.  ENGINEER'S SUPERVISION
All the works shall be carried out under the direction and to the satisfaction of the Engineer and the Engineer-in-charge. Reference lines and reference bench mark will be set-up on the site by the Engineer-in-charge based on which the contractor shall at his cost and responsibility, locate and established lines and grades for all structures of the works according to the drawings and specifications. The Engineer-in-charge may, for satisfying himself carryout checks. The contractor shall provide, at his own cost, all labour materials and instrument that may be required for carrying out check. Such a check shall not, however absolve the contractor of his responsibility from carrying out the works  strictly according to drawings and specifications and as  per instructions issued to him by the Engineer-in-charge during the execution of the work.
31.  ENGINEER'S DECISION
In respect of all matters which are left to the decision of the Engineer-in-charge shall, if required so by the contractor give the decision in writing.
32.  DERIVED RATES
When an item of work appearing in Schedule B is a combination of two or more items appearing in the Divisional Schedule of rates, the rate for that item shall, for the purpose of the operation of clause 13 of the conditions of contract, be derived by combining the current rates of the concerned items in the same proportion as is adopted for arriving at the estimated rate for the comparative statement prepared at the time of acceptance of the tender.
33.  MAINTENANCE OF WORK DURING EXECUTION
It is the responsibility of the contractor to maintain the work satisfactorily until it is handed over to the Nigam in a complete manner as per the terms of  agreements.  Any damages caused during construction to any part of the work due to any reason arising out of his own action or negligence shall be made good at the contractors expenses.
34.  RETURN OF NIGAM LANDS IN GOOD CONDITION
The lands if any, made available to the contractor for his camps by the Nigam shall be handed back to the Executive Engineer within three months after the completion of the work under this contract. Also, no land shall be held by the contractor for a longer period than necessary and the contractor shall on due notice by the Executive Engineer vacate and return the land which the Executive Engineer may certify as no longer required by the contractor for the purpose
of the work. The lands shall be returned in good condition.
35.  DRAINAGE OF QUARRIES AND BORROW PITS ETC.
The several quarries or borrow pits shall be interconnected to prevent stagnation of water and breeding of mosquitoes. Similarly, if any hindrance is caused by the contractor to the natural drainage of the lands handed over to him for the work and camps it shall be satisfactorily eased out.
36.  CO-OPERATION WITH OTHER CONTRACTORS
The contractor will have to co-operate with the agency / agencies working in the same or adjoining area Any in-convenience or interruptions in any portion of the working area does not make either of the contractors eligible for any claims. In case of any disputes with the adjacent contractor's the decision of the Engineer-in-charge shall be final. No extra payment is admissible on this account.
37.  PAYMENT OF PART RATES
Since the rate quoted for the items are through rates, suitable part rates as decided by the  Engineer-in-charge will be paid to the contractor in the intermediate running bills. Full rates for these items will be paid after satisfactory completion of the items of work in all respects.
39.  TEST RESULTS FROM Q. C.  AUTHORITIES
The contractor should carry out the work only after obtaining the test results from the quality control authorities duly obtaining the permission from the Engineer-in-charge.
40.  CLOSURE OF THE WORK AFTER EXPIRE OF CONTRACTOR
If  the contractor expires during the course of execution, the work shall be closed at the discretion of the Managing Director, CNNL.
                     DETAILED TECHNICAL SPECIFICATIONS
CONTENTS
Section  No.                      Particulars
SECTION I EXCAVATION FOR  CANAL AND  STRUCT URES
1.1 Scope of Work
1.2 Indian Standards for Reference
1.3 Setting out works
1.4 Preparation of Site
1.4.1 Clearing the Site
1.4.2 Stripping
1.5 Recording of Cross Sections
1.6 Planning
1.7 Drilling and Blasting
i. General
ii. Explosives
iii. Explosives and Blasting
iv. Materials
v. Personnel
vi. Storage of Explosives
vii. Use of Explosives
viii. Disposal of Deteriorated Explosives
ix. Preparation of primers
x. Charging of Holes
xi. Blasting
xii. Electrical Firing
xiii. Precautions after Blasting
xiv. Misfires
xv. Safety of Public and Property
xvi. Controlled Blasting
1.8 Classification of Excavated Materials
1.8.1 Classification
1.8.2 Authority for Classification
1.9 Excavation of canal
1.9.1 General
1.9.2 Conveyance and Disposal of Excavated Materials
1.9.3 Dewatering Canal Trenches and Excavation under wet condition
1.9.4 Over excavation
1.9.5 Tolerance in Alignment and Grade
1.9.6 Pay Line
1.9.7 Measurement and payment
1.10 Excavation for Structures
1.10.1 General
1.10.2 Over Excavation
1.10.3 Pay Line
1.10.4 Measurement and payment
1.11 Slips
1.12 Monsoon Damages
SECTION II   EMBANKMENT
2.1 Scope of Work
2.2 Indian Standards for Reference
2.3 Stripping
2.3.1 General
2.3.2 Recording of Cross Sections
2.3.3 Measurement and payment for the Seat of Embankment
2.4 Preparation of Foundation under Embankment
2.4.1 Backfilling of Cut-off Trenches
2.5 Borrow Areas
2.5.1 General
2.5.2 Stripping of Borrow Areas
2.5.3 Borrow Area Watering
2.5.4 Measurement and Payment
2.6 2.6.1 General
2.6.2 Earth Fill
2.6.3 Moisture Control
2.6.4 Compaction
2.6.5 Compaction of All in fill
2.6.6 Laying and Compacting Cohesive Non-Swelling Material
2.6.7 Measurement and Payment
2.7 Rock fill
2.7.1 General
2.7.2 Measurement and Payment
2.8 Rock-Toe
2.8.1 Measurement of Payment
2.9 Laying of Filters
2.9.1 Filter Drains
2.9.2 Filter Materials
2.9.3 Measurement and Payment
2.10 Back Fill in Foundation Trenches and around structures
2.10.1 General
2.10.2 Compaction of Backfill 
2.10.3 Measurement and Payment
2.11 Weather Conditions
2.12 Inspection and Tests
2.12.1 General
2.12.2 Before Compaction
2.12.3 During Compaction
2.12.4 After Compaction
2.12.5 Frequency of Testing
2.12.6 Record and Report
2.13 Protection
SECTION-III CONCRETE LINING
3.1 Scope of Work
3.2 Applicable Publications
3.2.1 Indian Standards for Reference
3.2.2 Other Publications
3.3 Clearing Site
3.4 Preparation of Sub-grade for concrete Lining
3.4.1 General
3.4.2 Tolerance in Preparation of Sub-grade
3.5 Materials concrete lining
3.5.1 Cement
3.5.2 Fine Aggregate
i. General
ii. Quality
iii. Grading
iv. Storage
3.5.3 Coarse Aggregate
i. General
ii. Grading
iii. Storage
3.5.4 Water
3.5.5 Air Entraining Admixtures
i. General
ii. Tests
3.6 Cast-in-situ Concrete Lining
3.6.1 General
3.6.2 Batching
3.6.3 Mixing
3.6.4 Consistency
3.6.5 Conveyance
3.6.6 Placing and Compaction
3.6.7 Slip form for the side slope of the canal
3.6.8 Finishing
3.6.9 Curing
3.7 Tests of Concrete and Acceptance Criteria
3.7.1 General
3.7.2 Sampling Procedure and Frequency
3.7.3 Sampling and Strength Test of Concrete
3.7.4 Tests Specimen
3.7.5 Standard Deviation
3.7.6 Acceptance Criteria
3.7.7 Core Test
3.8 Joints
3.9 Dewatering
3.10 Desilting
3.11 Measurement and Payment
i. Plain Cement Concrete Lining
ii. Concrete Lining with Normal Reinforcement
3.12  Kilometer stones and Hectometer stones
3.12.1 Measurements and Payments
SECTION-IV PLAIN AND  REINFORCED CONCRETE
4.1 Scope of work
4.2 Applicable Publications
4.2.1 Indian Standards for Reference
4.2.2 Other Publications
4.3 Composition
4.4 Materials
4.4.1 Cement
4.4.2 Fine Aggregates
4.4.3 Coarse Aggregates
4.4.4 Reinforcing Steel
4.4.5 Water
4.4.6 Admixtures
4.4.7 Epoxy
4.5 Concrete for Structures
4.6 Strength requirement of concrete
4.7 Proportionate concrete
4.8 Production of concrete
4.8.1 Production of Aggregates
4.8.2 Batching
4.8.3 Mixing
4.9 Temperature of concrete and weather conditions
4.10 Transporting concrete
4.11 Preparation for placing concrete
4.11.1 General requirement
4.11.2 Foundation surfaces
4.11.3 Surfaces of Construction and Construction Joints
4.12 Placing and Compacting Concrete
4.13 FORMWORK
4.13.1 General
4.13.2 Materials to be used
4.13.3 Form, Centering and Temporary works
4.13.4 Cleaning and treatment of forms
4.13.5 Removal of forms
4.14 Finishes and finishing of Concrete surfaces
4.14.1 Form surfaces
4.14.2 Uniform surfaces
4.15 Repair of Concrete
4.15.1 General
4.15.2 Methods of repairs
i. Dry Pack Method
ii. Concrete Replacement Method
iii. Mortar Replacement Method
iv. Epoxy Method
4.15.3 Preparation of concrete for repairs
i. Dry Packing of Concrete
ii. Concrete Replacement
iii. Mortar Replacement
iv. Use of Dry Pack Mortar
4.15.4 Procedure of Replacement of concrete,
Curing of Repairs etc.
4.16 CURING  OF  CONCRETE
4.16.1 General
4.16.2 Water Curing
4.16.3 Membrane Curing
4.17 Requirement of Concrete Construction
4.17.1 General
4.17.2 Concrete in various Components of Bridges,
Drainage, Syphon Aqueducts,etc.
4.17.3 Concrete in Block-outs
4.17.4 Embedment in Concrete
4.18 Construction joints in Unreinforced Concrete walls
4.19 Test and Acceptance Criteria
4.20 Steel Reinforcement
4.21 Tolerance Concrete Construction
4.21.1 General
4.21.2 Tolerance for C anal Structures
4.12.3 Concrete Surface Irregularities
4.22 Unacceptable work
4.23 Measurement and Payment
SECTION-V  REINFORCEMENT
5.1 Scope of Work
5.2 Indian Standards for Reference
5.3 Steel Reinforcing Bars 
5.3.1 General
5.3.2 Cutting, Bending, and Binding
5.3.3 Splicing
5.3.4 Care of Placed Reinforcement and Concrete
5.4 Measurement and Payment
SECTION-VI GATES
6.1 General Condition
6.2 Additional General Condition
6.3 Specification - Technical
6.4 Guarantees
6.5 Designs & Drawings
6.6 Workman Ship
6.7 Shop Assembling
6.8 Shop cleaning & Painting
6.9 Variation in Procedure
6.10 Loat Tests
6.11 Erection
6.12 Field Painting
6.13 Screw Hoist
6.14 Acceptance Tests
SECTION-VII RUBBLE  MASONARY
7.1 Scope of Work
7.2 Indian Standards for Reference
7.3 Materials
7.3.1 Cement
7.3.2 Water
7.3.3 Sand
7.3.4 Rubble (stones)
7.4 U.C.R Masonry
7.4.1 Mortar
7.4.2 Mixing
7.4.3 Mode of Laying
7.4.4 Measurement and Payment 
7.5 Pointing
7.5.1 General
7.5.2 Measurement and Payment

7.6 Test for Mortar for construction of Masonry

7.7 Controlling Payments

SECTION - VIII REVETMENT AND  PITCHING

SECTION - IX SUPPLYING AND LAYING  JOINTING HUME (PRECAST) PIPE

SECTION - X WATER  STOPPER

SECTION - XI G.I.PIPE  HAND RAILS AND ELSATO MERIC BEARING

SECTION - XII CUTTING AND CLEARING  LIGHT JUNGLE

SECTION - XIII REMOVAL OF WETSILT OR SILT MIXED WITH SAND

SECTION - XIV TURFING

SECTION - XV SELECTED BOULDER FILLING WITH  SAND

SECTION - XVI GUARD STONE

SECTION - XVII HECTOMETER  STONE

SECTION - XVIII KILOMETER STONE

SECTION - XIX PROVIDING C.N.S.  LAYER

SECTION - XX PROVIDING ANCHOR RODS

SECTION - XXI DISMANTLING OF BS-SLAB WORKS

SECTION - XXII CEMENT MORTER GROUTING

SECTION - XXIII SUPPLYING,  LOWERING, ALIGNING & JOINTING NP- 3 PIPES

SECTION - XXIV GRADED FILTER  MEDIA9
SECTION - XXV SIZE STONE MASONARY WITH UCRS FOR HEARTING
SECTION - XXVII ROAD WORKS
CAUVERY NEERAVARI NIGAM NIYAMITHA

SECTION-I

EXCAVATION FOR CANAL AND STRUCTRES

1.1 SCOPE OF WORK

(a) The work to  be done under these specifications consists of the excavation in various strata, and the conveyance and disposal of the excavated stuff or canals (including distributories laterals etc.,)  for cut-off trenches of embankment, for diversion  channels, Drains and ditches, for the trenches for pipe laying, for training of nalas, for catch water drains, for service road and inspection path and for structures. The contractor shall furnish all tools, plant, labour and materials and execute the work satisfactorily.

(b) When existing public facilities like road drainage, drinking water supply pipelines, Telephone lines and power lines etc. are to be disturbed for construction activities, the contractor shall, after due approval of the Engineer, provide and maintaining satisfactory condition, at his cost, temporary structures like diversion roads for ensuring uninterrupted and satisfactory functioning of the facilities. Precautionary measures like signals, night lamps, fencing and barricading and scaffolding ramps, footpath etc., for lifting the x for these operations. The cost of permanent measures for the rehabilitation of the facilities, however, will be borne by the Nigam.

1.2 INDIAN STANDARDS FOR REFERENCE

(LATEST VERSION OF I S CODES TO BE USED)

1. IS:1498-1970
Classification and identification of soils for general Engineering purpose.

   2. IS:2720 -

Methods of test for soils (Part 1 to 41)

3. IS:3764-1966
Safety Code for excavation work.

4. IS:4081-1967
Safety Code for blasting and related drilling operations

     
   5. IS:4668-1967 
Ammonium nitrate for explosives. (Reaffirmed1978)

6. IS:4701-1968    Code of practice for earthwork on canals

7. IS:5441-1969    Pneumatic portable drilling machinery

   8. IS:6609 

Method of test for commercial blasting explosives (part-I to V) and accessories.

9. IS:7209-1974
General requirements for blast hole drilling rigs

            10. IS:7293-1974
Safety code for working with construction machinery

            11. IS:7632-1975
Detonators.

            12. IS:3696-1966 (partI)
Safety Code for scaffolds and ladders-PartI Scaffolds

          13. IS:3696-1966 (partII)
Safety Code for scaffolds and ladders-partII Ladders.

1.3  SETTING OUT WORKS
(a) In the vicinity of the Canal and Distributaries, temporary Bench Marks are established by the Department which the Contractor shall use as control points for the entire length of the canal. The Contractor shall establish sufficient number of reference Bench Marks for facilitating setting out of works and taking levels for purpose of measurements. In setting out for the canals and structures, the Contractor is responsible to check all levels against Bench Mark at the head of the respective canal, with the precision specified for second order surveys.
(b) Before starting the work, the Contractor shall erect Permanent Bench Marks, reference lines and check profiles at convenient locations approved by the Engineer-in-charge. The Bench Mark shall be 20 cms. x 20 cms.x stones with 40 cms. embedded under firm ground and 20 cms. projecting above ground. The word 'B.M.' showing value of R.L. shall be conspicuously painted on the Bench Marks. The reference line shall comprise the baseline properly dog belled on the ground with the numbered concrete masonry pillars, suitably spaced.
(c) The check profiles shall be located 30 meters apart or closer as directed by the Engineer-in-charge so as to ensure execution of all slopes, steps and elevation, to the profile or profiles indicated in the approved drawings. All important levels and all control points with respect to Bench Marks and reference lines shall be fixed and got correlated by the Engineer-in-charge.
(d) All materials and labour for setting out works including construction of Bench Marks, reference lines, check profiles and surveys, as may be required at the various stages of constructions, shall be supplied by the Contractor at his cost. The cost of such work shall be deemed to have been included in the cost of the items in the Schedule 'B'. 
(e) Para 33 & 34 of  DTS-Page No. 96,97 to be included.
1.4  PREPARATION OF SITE
1.4.1  CLEARARING THE SITE
(a) The Contractor shall clear the entire area, required for setting out, of all tree stumps, roots, brush wood, rubbish of all kinds, loose stones and all other objectionable materials. The ownership of the useful materials so removed from clearing site and/or excavation shall rest with the Government. Cutting of trees, covered under this item shall not be resorted to without the permission of the Engineer-in-charge. The Contractor shall remove all the stems and roots of trees for which no additional payment will be made. The roots of trees shall be grubbed to a depth of 100 cms. The Contractor shall dispose off all such materials as directed by the Engineer-in-charge.
(b) No seperate payment will be made to the Contractor for complying with the requirements of this paragraph and all cost shall be deemed to have been included in the rates quoted in Schedule 'B' for the items of excavation.

14.2 STRIPPING
Before commencing the excavation for canal, the stripping shall be carried out as specified in para 2.3 of section-II. Measurement and payment for stripping shall be as mentioned in para 2.3 of Section II.

1.5  RECORDING OF CROSS SECTIONS
(a) After clearing the site and prior to the beginning of excavation, initial cross sections of existing ground shall be taken at every 5 mtrs. interval or closer, depending on the nature of ground, normal to axis of canal upto sufficient distance outside the limits of the work. Levels on these cross sections shall be taken at 3 mtrs. or closer intervals, as directed by the Engineer-in-charge and entered in the field books by the Engineer-in-charge in the presence of the Contractor or his authorised agent if he so desires and these shall be binding on the contractor. The Contractor or his authorised agent shall sign the field book in token of acceptance. These cross sections shall form the basis of all future measurements and payments. The original cross sections duly signed by the Contractor and the Engineer- in-charge shall be preserved.
(b) No separate payment will be made to the Contractor for the labour and materials required for taking the cross sections.
1.6  PLANNING
Prior to the commencement of the work, all relevant data shall be collected by the Contractor for planning (i) the excavation, (ii) the disposal of the useful materials of excavation and (iii) the disposal of the remaining excavated stuff. He shall prepare drawings showing therein the location and quantities of excavation and bank work in different kinds of material, and the location of canal structures along with their requirement of rubble, broken stone, filling around foundations, etc., Based on the data, a scheme for disposal of the excavated materials shall be evolved and shown in the same drawing. If, within the reach, there is a surplus of useful excavated material the disposal of the same in separate heaps / stacks for being used in other  reaches in the neighborhood may also be thought of and provided for in the scheme. The above drawing shall be submitted to the Engineer within 15 days before starting the work and got approved.
1.7  DRILLING AND BLASTING
The Hard Rock excavation shall be started only after written approval of Executive Engineer.
i.  GENERAL:
Blasting where required will be permitted only when proper precautions have been
taken for the protection of persons and property in accordance with IS;4081-1967 (Indian Standard specification for safety code  for blasting and  related  drilling operations).  While carrying out excavation, adequate precautions in accordance with IS:3764-1966 (Indian Standard specifications for safety code for excavation work) shall be taken. Any blasting done by means of explosion shall be in  confirmative with  the  explosive act  and rules there under with amendments as may be framed from time to time.
ii. EXPLOSIVES:
It shall be the responsibility of the Contractor to procure the explosives required for the work.
iii.  EXPLOSIVES AND BLASTING:
The contractor shall acquaint himself with all applicable laws and regulations concerning acquiring, storing, handling and the use of explosives. All such laws, regulations and rules, as prevalent from time to time shall be binding upon the contractor. The provisions detailed in the specifications are supplementary to the above laws, rules and regulations, and are also applicable except where they conflict with the afore mentioned laws, from time to time. Further, the Engineer-in-Charge may issue modifications, alterations and new instructions from time to time. The contractor shall comply with the same without these being made a cause for any claims.
iv)  MATERIALS
All the materials such as explosives, detonators, fuse coils, tamping materials etc., That are proposed to be used in the blasting operations shall have the prior approval of the Engineer-in- Charge. Only explosives of required make and strength are to be used. Black powder and safe explosive (As commonly current in India) shall be used wherever possible. Explosives with Nitro Glycerine shall be used where the above explosives are not effective. The use of fuse with only one protective coat is prohibited. The fuse shall be sufficiently water resistant as to be unaffected when immersed in water for thirty minutes. Rate of  burning of the fuse shall be uniform and not less than 4 (four) seconds per twenty five millimeters of
length with 10% (ten percent) tolerance on either side. The fuse known as instantaneous fuse shall not be used. Before use, the fuse shall be inspected and moist, damaged or broken once discarded. The rate of burning of all new types of fuses or when they have been in stock for long shall be tested before use. The detonators used shall be capable of giving an effective blasting of the explosives.
v)  PERSONNEL:
Excavation by blasting will be permitted only under the personal supervision of competent and licensed persons and trained workmen employed by the contractor at his cost. All supervisors and workmen in-charge of make up, handling, storage and blasting work shall be adequately insured by the contractor. The storage shall be in-charge of a very reliable person approved by the Engineer-in- Charge, who may if necessary cause policy enquiry being made as to his reliability, antecedent
etc. The contractor shall have to produce security for the person in-charge of the explosives, if and as required by the Engineer-in-charge or the civil authorities of the District. The contractor shall make sure that his supervisor workmen are fully conversant with all rules to be observed in storing, handling and use of the explosives. It shall be assured that the supervisor in-charge, is thoroughly acquainted with all the details of the handling and the blasting operations. Relevant clauses in the explosives about rules shall be followed.
iv.  EXPLOSIVES:
The location and design of stores for explosives, method of their transport and general precautions to be taken by the Contractor to prevent accident shall be in accordance with the provisions of Indian Explosives Act and the regulations and rules framed there under. The Contractor shall provide portable magazine for storing the explosives at work spot. The site of the portable magazine shall be subject to approval by the Engineer-in-Charge and the Inspector of Explosives.
A careful and day-to-day account of the use of explosives shall be kept by the Contractor in register in a manner approved by the Engineer-in-Charge. The Engineer-in-Charge may also pay surprise visits to the storage magazine. In case of any unaccountable storage of the explosives, or if the account is not found to have been maintained in a manner approved by the Engineer-in- Chief , the contractor shall be liable to be penalized in which case, he shall not be entitled to any compensation for the losses etc. The action taken under this clause shall be in addition to that which might be taken by the competent civil authorities in the court of Law.
vii.  USE OF EXPLOSIVES:
For the transport of the explosives and detonators between the store and the site, closed and strong containers made of soft materials such as timber, zinc, copper, leather shall be used. Explosives and detonators shall be carried in separate boxes. For the conveyance of primer, special container shall be used. The boxes and containers used, shall be kept closed. Explosive shall be stored and used chronologically to ensure the ones revived earlier being used first. A make-up house shall be provided at each working place in which cartridges will be made up by competent and licensed men as required for the work. The make-up house shall be separated from other buildings. Only electric storage battery lamps will be used in this house. No  smoking  shall be  allowed  in  the  makeup  house or generally while dealing with explosives.
 viii.   DISPOSAL OF DETERIORATED EXPLOSIVES:
All deteriorated explosives shall be disposed off in an approved manner, the quantity of deteriorated explosives to be disposed off shall be intimated to the Engineer-in-Charge prior to its disposal.
ix.   PREPARATION OF PRIMERS:
The primers shall not be prepared near open flames or fire. The work of preparation of primers shall always be entrusted to the same personnel. Primers shall be used as early as possible after they are ready.
x.  CHARGING OF HOLES:
The work of charging of holes shall not commence before all the drilling work at the site is completed and the contractor's supervisor satisfies himself to that effect by actual inspection. While charging, open lamps shall be kept away. For charging with powered explosives, naked flame shall not be allowed. Only wooden tamping rods, without any kind of metal on the rod shall be allowed to be used. The tamping rods shall have cylindrical ends. Bore hole must be of such size that the cartridges can easily pass down them, they shall not however be too big. Only one cartridge shall be inserted at a time and gently pressed into the hole with the tamping rods. The sand, clay or other tamping materials used for filling the holes completely shall not be tamped too hard.
xi.  BLASTING:
Blasting shall be carried out during fixed hours of the day which shall have the approval ofthe Engineer-in-Charge. The hours once fixed shall not be altered without prior written approvalof the Engineer-in-Charge. The site of blasting operations shall be prominently demarcated byred danger flags. The order to fire shall be given only by the Contractor's supervisor in-charge of the work and this order shall be given only after giving the warning signal three times, so as to enable all the labour, watching etc., To reach safe shelters.
A whistle/bugle with distinctive note shall be used to give warning signals. The bugle shall not be used for any other purposes. All the labour shall be made acquainted with the sound of the bugles and shall be strictly warned to leave their work immediately at the first warning signal and to move for safe shelters. They are not to leave the shelters until the all clear signal has been given. All the roads and footpaths leading to the blasting area shall be watched. In special cases, suitable extra precautions shall be taken. The Engineer-in-Charge may however permit blasting for underground excavation, without restriction of fixed time, provided that he is satisfied that proper precautions are taken to give sufficient warning to all concerned and that the work of other agencies on the site is not hampered. For lighting the fuse, a lamp shall be with a strong flame such as carbide lamp shall be used. The Contractor's supervisor shall watch the required time for the firing of the fuses and shall see that all the workmen are under safe shelters in good time.
ii.  ELECTRICAL  FIRING:
Only the Contractor's supervisor in-charge shall possess key of the exploder and short firing accessories and he shall keep it always with himself. Special apparatus shall be used as a source of current for the blasting operations, power lines shall not be tapped for the purpose. The detonators shall be checked before use. For blast in series, only detonators of the same manufacture of the same group of electrical resistance shall be used. Such of the electrical lines as could constitute danger for work of charging shall be removed form the site. The firing cables shall have a proper insulating cover so as to avoid short circuiting due to contact with water and metallic parts of rock. The use of the earth as a return line shall not be permitted. The firing cables shall be connected to source of current only when nobody is in the area of blasting. Before firing, the circuit shall be checked by a suitable apparatus. After firing whether with or without an actual blast the contact between the firing cable and the source of current shall be cut off before any one is allowed to leave the shelters. During storms, charging with electrical detonators shall be suspended. The charges already placed in the holes shall be blasted as quickly as possible but taking all the safety precautions, and giving necessary warning signals. If this is not possible the site shall be abandoned till the storm has passed.
xiii.  PRECAUTIONS AFTER BLASTING
After the blast, the Contractor's supervisor must carefully inspect the work and satisfy himself that all the charges have exploded. After the blast has taken place in underground works, workmen shall not be allowed to go to the place till all the toxic gases are evacuated from the face.
xiv.  MISFIRES:
If it is suspected that part of the blast has failed to fire or is delayed, sufficient time shall be allowed to elapse before entering the danger zone. When fuse and blasting caps are used a safe time should be allowed and then the Contractor's supervisor alone shall leave the shelter to see the misfire. None of the drilles are to work near this hold until one of the two following operations have been carried out by the supervisor. Either (i) the supervisor should very carefully (when the tamping is of damp clay) extract the tamping with a wooden scraper or jet of water or compressed air (using pipe of soft materials) and withdraw the fuse with the primer and detonator attached after which a fresh primer and detonator with fuse should be placed in this hold and fired our or (ii) the hold may be cleared of
300 mm of capping and the direction then be ascertained by placing a stick in the hold. Another hole may be drilled at least 225 mm away and parallel to it. This hole should then be charged and fired. The balance of the cartridge and detonators found in the muck shall be removed. Before leaving his work, the Contractor's supervisor should inform the supervision of the relieving shift of any case of misfires and should point out the position with red cross denoting the same, also stating what action if any, he has taken in the matter. A register of misfires and
their location and how they were dealt with shall be maintained by the Contractor.

The Contractor's supervisor should also at once report at the Contractor's office all cases of misfires, the cause of the same and what steps were taken in connection therewith. The names of the day and night shift supervisor of the Contractor must be noted daily in the Contractor's office. If misfire has been found to be due to a defective detonator, or dynamite, the whole quantity of box from which the defective article was taken must be returned to the Contractor's office for inspection, and shall be disposed off. Drilling in  holes  not  completely exploded  by  blasting  shall not  be  permitted  for underground excavation. The contractor should produce the firer's license and furnish the particulars in the following statement :
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xv.  SAFETY OF PUBLIC AND PROPERTY
Blasting operation, when considered necessary shall be resorted to only with the written permission of the Engineer-in-Charge. Prior inspection shall be carried out for the safety and stability of the public and property. Blasting operations in the proximity of overhead power lines, communication lines, utility lines or other structures shall not be carried on until the operator or the owner or both of such lines have been notified and precautionary measures deemed necessary have been taken. The drilling pattern, the method of blasting, the charge per hole, the finishing order etc., shall also be suitably designed to the satisfaction of the Engineer.
xvi.  CONTROLLED BLASTING
(1) The objectives of controlled blasting techniques include
a. Minimization  of over breaks and or  fracturing  of  rock  beyond the  designed boundary of excavation so as to achieve smooth post blast surface for the canal and a sound foundation for the canal structure.
b. Control of fly rock and or ground vibration within permissible limits and
c. To serve both the above purposes.
(2) TECHNIQUES FOR MINIMISING ROCK DAMAGE
The main purpose of controlled blasting is to minimise fracturing and loosening of the rock mass beyond the pre-determined excavation line/profile. The objective is normally achieved by minimizing the judicious use of explosives in the blast holes. Several controlled blasting techniques such as line drilling, pre-splitting, smooth blasting, cushion blasting and buffer blasting are used to achieve the objective.
Line Drilling:
The line drilling may be one of the techniques used for over break control. In line drilling, a single row of closely spaced, unloaded, small diameter hole is drilled along the neat excavation line. This provides a plane of weakness to which the primary blast can break and to some extent reflect the shock waves created by the blast, reducing the shattering and stressing in the finished wall. Line drilling is best suited to homogeneous formations where bedding planes, joints, and seams are at a minimum. Line drilling has very limited application. The only place where it is applicable is in areas where even the light explosive loads associated with other controlled blasting techniques may cause damage beyond the excavation limit, or where line drilling is used between loaded holes to promote shearing and guide the presplit line.
Pre-splitting:
Pre-splitting involves a single row of holes drilled along the excavation line. Pre-split in the rock forms a discontinuous one which minimises or eliminates over break from the subsequent primary blast and produces a smooth, finished rock wall. Pre splitting is also used to reduce ground vibration in some critical cases.
Smooth Blasting:
Smooth blasting is sometimes referred to as contour blasting, perimeter blasting, or sculpture blasting. This method is widely accepted method for controlling overbreak in canal, underground headings and slopes. In smooth blasting the holes are drilled along the excavation limits, lightly loaded with well distributed charges, and fired after the main excavation is removed. By firing instantaneously or with minimum delay between the holes, a shearing action is obtained which
gives smooth walls with minimum overbreak. Smooth blasting, presplitting etc., techniques differ mainly from the line drilling principle in that some or all of the holes are loaded with relatively light, well distributed charges of explosives. The fact that the firing of these charges tends to crack or split the rock between the
holes permits wider hole spacings than when line drilling. Consequently drilling costs are reduced and in many cases better control of overbreak is obtained. However in the case of presplitting, it is difficult to determine results until excavation of the primary blast is complete to the finished wall.
Cushion Blasting:
Cushion blasting is sometimes referred to as trimming, slabbing, or slashing. Like smooth wall blasting, a single row of holes is drilled along the excavation line, loaded with light, well distributed charges, and fired after the main excavation is removed. In cushion blasting, the charged holes are further decoupled by reducing then diameter or using stemming material of crushed stone or sand to provide crushing effect. This "cushions" the shock from the finished wall as the holes are detonated and minimises the stresses and fractures in the finished wall. This technique is rearely used today because the reduction in decoupling could be achieved by the use of small diameter explosive cartridges which serves the same purpose. The holes are blasted using the last delay number in the same blasting round preferably with jumpint delay of 50Ms.  The suitable parameters for controlled blasting for minimising rock damage shall be established through trial blasts. Usually it needs to establish the optimum hole spacing and the charge per hole. Slopes of the canals are designed and prescribed by the Engineer in accordance with the geology of the rock. The controlled blasting methods shall be such as would enable maintain the prescribed slope.
(3)  GROUND VIBRATION CONTROL TECHNIQUES
When an explosive charge is detonated inside a blast hole it is instantly converted into hot gases and the expanding gases exert intense pressure on the blast hole walls. A high intensity shock wave travels through the rock mass which attenuates sharply with distance. Simultaneously the rock around the blast hole upto twice the radius of the original hole gets completely crushed. Expanding gases continue to work on the rock, extending the cracks and moving the rock outward and upward. These activities consume a major part of the explosive energy. However
a small left over portion passes beyond the zone of intended work in the form of elastic ground vibrations. As seismic waves travel through the fock mass, they generate particle motions which are termed as ground vibrations. The velocity of oscillation of rock particles is called "particle velocity" and its maximum value is called "peak particle velocity (PPV)". Internationally, peak particle velocity is used to express the intensity of ground vibrations from blasting. Damage caused by ground vibration is dependent on the ground velocity and on the frequency of the ground motion. Even though, the use of the explosives has unwanted side effect in the form of vibration, explosives provide an inexpensive source of energy for rock excavation in mining and civil engineering projects. The principal factors that effect vibration levels at a given point of interest are the maximum charge per delay, the distance from the blast, the delay period used and blast geometry.
Safe Limits of Vibration:
The permissible peak particle velocity (mm/s) at the foundation level of structures is as follows:

	Type of structures
	Dominant excitation

	
	<8Hz
	8-25Hz
	>25Hz

	Buildings/Structures not belonging to the owner
	
	
	

	(i) Domestic houses/structures (kutcha, Brick and Cement) 
	5
	10
	15

	(ii) Industrial Buildings (RCC & Framed structures) 
	10
	20
	25

	(iii) Objects of historical importance & sensitive structures 
	2
	5
	10

	(A) Building belonging to the owner with limited span of life
	
	
	

	(i) Domestic houses/structures (Brick & Cement) 
	10
	15
	25

	(ii) Industrial Buildings(RCC & Framed Structures) 
	15
	25
	50


 Vibratin Control Procedures:
1.  The most common method of controlling ground vibration is by minimising the charge weight per delay. Delay blasting permits to divide total charge into smaller charges, which are detonated in a predetermined sequence at specific intervals. Blasting without delay or sufficient delay numbers increases ground vibrations due to increase in maximum charge per delay. 
2. The vibration can be significantly reduced by optimising blast design parameters. The contractor shall establish optimum burden, hole spacing, powder factor and hookup to control vibration in the vicinity of the existing structures.
(4)  FLY ROCK CONTROL TECHNIQUES
The rock fragments ejected from the blast called "fly rock" is a serious hazard of blasting operations, particularly when the blast is conducted in the vicinity of village and structures. The factors which influence the fly rock distance include ;
1) Height of stemming column in the blast holes and type/quality of stemming material.
2) Irregular shape of free face
3) Excessive large burden or blasting without free face
4) Muffling of the blast area and the muffling material type
5) Scattering and overlapping of delay timings of the delay detonators/relays.
6) Presence of water in blast holes.
The first four parameters can be controlled by properly designing the blasting pattern whereas the last two parameters are not easily controllable. Flyrock shall be controlled by proper blast design and by muffling/covering. From the experience it is found that unless blast design is proper, muffling will not be effective. Proper blast design and accurate implementation of the blast are the two areas of fundamental concern for controlling the fly rock. The third important parameter is understanding the local geology and adjusting the explosive charge with regard to the geological features. The reliable and effective method of controlling fly rock fragments from the mouth of the blast holes (vertical fly rock on the rear side) is the height of the stemming column. It has been observed that the fly rock, particularly towards the rear side, was effectively controlled by maintaining the height of stemming column in all holes greater than the burden. The height of the stemming column should be 1.2 to 1.5 times the true burden in all holes. A good stemming material should retain borehole pressure till the burden rock starts to move. Dry angular material under the effect of the impulsive gas pressure tends to form a compaction arch which locks into the wall of a blast hold, thus increases its resistance to ejection. In general, drill cutting is better stemming material as compared to sand and should be preferred except in case of watery holes. In case of watery holes only sand free of clay materials should be used as stemming material. If fly rock is originating from the face and flying far distance, it could  an  indication  that  too  little  burden  is  used or  that  mud  seams  or other  geological discontinuities are prevalent. Most fly rock however, is not produced from the face. It is produced from the top. When the fly rock towards the face side is also to be contained, the blasting should done using the technique of buffer blasting along with muffling. Buffer blasting is a technique in which a buffer of blasted rock of 4 to 6 m thick should be left against the next round of blast. Muffling or covering of holes including entire area to be blasted is one of the most common method to contain the distance of travel of flying fragments particularly when blasting is done within the danger zone as specified by DGMS.
In mining blasts, the most common practice is cover the blast using wire mesh of 50 mm x 50 mm to 75mmx75mm. Gunny bags and cartridge empty boxes 4 to 5 numbers are filled with sand or drill cuttings and placed over the wire mesh. Sometimes the entire area to be blasted is covered by old belt conveyors over the wire net which was found to be more effective as compared to wire nets alone. Gunny bags filled with sand, free of pebbles, weighing at least 30 to 40 kg. are placed over the belt conveyor which is placed over the wire nets at an interval of
2m between and within the rows. This method will contain the vertical fly to a great extent. Flying fragments is excessive when blasting is done in shallow holes and where bench height or hole depth is less than two times the burden. Therefore for controlling fly rock, the bench height must be greater than two times the true burden and preferably three times the burden. The fly rock is also excessive in watery holes. Muffling or Covering of holes including entire area to be blasted is one of the most common method to contain the distance of travel of flying fragments particularly when blasting is done within the danger Zone. The contractor shall establish by trial blasting suitable technique for the control of fly rocks wherever necessary. The techniques adopted shall be got approved from the Engineer. For excavation within the danger zone the prior approval of the blasting methods shall be obtained from the Chief Engineer.
(5) ALL  ITEMS  OF  ROCK  E XCAVATION   RATES   TO  INCLUDE COST CONTROLLED BLASTING FOR MINIMISING ROCK DAMAGE
The contractor shall quote his rates for items of rock excavations in Schedule B inclusive of the cost of controlled blasting to minimise rock damages as per the technique described in para (2) above. The payment for carrying out controlled blasting for minimising the rock damages will not be made separately. The controlled blasting for minimising the rock damages all along the canal in all chainages and in all foundation excavations of structures shall be deemed as partof excavation itself.
(6) EXTRA  PAYMENT   FOR  CONTROLLED  BLASTING TO  CONTROL VIBRATION AND FLYROCK IN CERTAIN SPECIFIED REACHES.
An extra item towards hard rock excavation under control blasting (HRCB) to control vibration and fly rock while blasting in the vicinity of high tension power lines, structures and village / town limits in respect of main canals, large distributaries and foundations of structures is to be provided for in Schedule B. The chainages of canal and foundation reaches between which  HRC B is  to  be  executed  shall be mentioned  and shown in tender drawings. The Contractor shall quote  his rates for  excavation in  hard  rock  requiring  controlled  blasting considering all the necessary controls and all precautions to be taken. This extra item and related payment is admissible for excavation in hard rock only. It is not permissible in soft rock excavated with blasting, notwithstanding the fact that the control of blasting to control vibration and fly rocks might have been involved. Notwithstanding the provision made for HRCB in Schedule B, the actual execution of the work to control vibration and fly rock shall be in accordance with the guidelines contained in Government Circular No.ID 40 KBN 98 dated 13.10.1998 or its latest version.

1.8 CLASSIFICATION  OF EXCAVATED  MATERIALS
1.8.1 CLASSIFICATION
All materials of excavation shall be classified by the Engineer-in-Charge in the following groups.
(a)  SOIL:
This shall include the following : 
I. Ordinary soils, viz. vegetable or organic soil, turf, sand, silt, loam clay, mud, peat, black cotton soil, soft shale, loose murrum, a mixture of all these and similar materials which yield  to  the ordinary  application  of pick and shovel rake or  other  ordinary digging implement. Removal of gravel or any other nodular material having diameter in any one direction not exceeding 75mm occurring in such strata shall be deemed to be covered under this category.
II. Hard soils viz. stiff/heavy clay, soft shale, or compact murrum requiring grafting tool or pick or both and shovel, closely applied.
III. Gravel, cobble stone, soft laterite, kanker and boulders having maximum diameter in any one direction upto 520mm.
IV. Soft conglomerate, where the stones may be detached from the matrix with picks ;
V. Soling of roads, water bound macadam layers, asphalted roads.
VI. Lime concrete and stone masonry in lime mortar or in lean cement mortar.
VII. Marshy soil excavated below the original ground level of marshers and swamps and soils excavated from other areas requiring continuous pumping or  baling of water.
VIII. Generally any material which requires the close applications of picks, or scarifiers to loosen and not affording resistance to digging greater than any items mentioned in (I) to (VII) above.
(b)  SOFT ROCK WITH OR WITHOUT BLASTING
This shall include
i) Highly disintegrated granite, trap or limestone where the rock material is completely disintegrated except for a few unweathered rock fragments.
ii) Sand stone, hard laterite, laminated limestone, heavily jointed trap, baeccia, red bole, hard shale, hard conglomerite and moderately to highly weathered granite.
iii) Closely jointed fissured and fractured hard rocks.
iv) Unreinforced cement concrete beds of lean proportions upto and including C.C.1:3:6 and stone masonry in c.m 1:3 or of richer mix lying below ground level.
v) Genrally any material or combination of materials which requires excavating efforts similar to excavation efforts similar to excavation of items (i) to (iv) above.
Soft rocks are of such harness that they can not be excavated by picks and hand shovels. They may be either (a) quarried or split with crow bars, or (b) excavated by drilling and blasting, depending upon jointing pattern, the degree of weathering and mositure content.
(c) HARD ROCK WITH BLASTING
It includes
i) Massive and sheet rock formations of lime stone, granite, quartzite, trap, dolerite, pegmatite, gneiss and any other hard rock formation.
ii) Slightly weathered to fresh hard rock formations of limestone’s, granite, quartzite, trap, dolerite, pegmatite, gneiss and any other hard rock formation.
iii) Hard rock boulders of size more than 520mm (0.14cum) requiring blasting for removal.
iv) C.C of 1:2:4 proportion or richer proportion and R.C.C.
v) Any material requiring excavating efforts similar to items i) to iv) above. 
1.8.2  Under the  hard  rock, there  may  be  one more classification f or  the      purpose  of  measurements and payments,  when the Schedule B provides for an item of extra  payment for controlled blasting to control fly rock and vibrations vide Para 1.7.xvi above.
1.8.3 AUTHORITY FOR CLASSIFICATION
The classification of excavation shall be decided by the Engineer-in-charge and his decision shall be final and binding on the Contractor. Merely the use of explosives in excavation will not be considered as a reason for higher classification unless blasting is clearly necessary in the opinion of the Engineer-in-charge. The excavated materials from hard rock shall be stacked on the site as directed by the Engineer-in-charge for facilitating measurements. The stacks  shall  be measured and 40% deducted for voids. The quantity arrived at by section measurement shall be verified with the quantity of stacks. In special circumstances, stacking may be dispensed with, with the approval of the Chief Engineer in which case suitable deduction towards the stacking charges will be made based on the current schedule of rate. When stacking is not waived by Chief Engineer, the cost of rubble and stacking charges are to be recovered.
1.9  EXCAVATION FOR CANAL
1.9.1  GENERAL
(a) Excavation for canals in rock shall be to the underside of the lining shown on the drawings. Excavation for canals in materials other than rock shall be left 200 mm above the underside of the concrete lining until immediately before placing the concrete lining. Before placing the concrete lining the sub-grade shall be wetted if necessary and compacted at optimum moisture content and carefully excavated to the underside of the grade M15 concrete lining. The Employer reserves the right, during the progress of the work, to vary slopes of excavation and the dimensions dependent thereon. 

(b) Blasting shall be done in such a manner so as not to cause over-breakage which in the opinion of the Engineer-in-Charge is excessive. Special care shall be taken to prevent over-breakage or loosening of material on bottom and side slopes against which concrete lining is to be placed. to achieve this, techniques for minimising rock damage as specified in para 1.7xvi shall be followed for the sides and bed of canal. The smooth blasting shall be such that on the finished surface at least 50% of the drill hole marks could be seen. If satisfactory rock surface is not obtained through controlled blasting the final cutting  may be by chiseling or with the help of pavement breakers. All these operations shall be carried out at contractor's cost without any claim for separate payment. If excavation is required to be done within 50 meters from existing transmission/power  lines or 300 meters from village limits and if it is not considered expedient by the department to shift the power lines or the village to safer distances or otherwise extend protection, the excavation shall be carried out with extra care to control the ground vibrations and fly rock as specified in paras 1.7xvi(3) and 1.7xvi(4) and the payment are regulated as in para 1.7xvi(6). 

(c) Except the areas of rock, all areas to be excavated for canal sections shall be pre-wetted so that at the time of excavation moisture content shall be about optimum. However in case the excavated materials from canal is not to be used for embankment, such pre-wetting need not be done.
(d) The contractor shall not be entitled to any additional rate above the rates quoted in schedule B on account of the requirement for allowing additional time for drying, stock- piling and rehandling the excavated material which have been deposited temporarily and stock-piled for reuse.
1.9.2 CONVEYANCE AND  DISPOSAL  OF EXCAVATED MATERIALS
The usable excavated material available from the canal excavation shall be used in the appropriate zone of the canal embankment by conveying the same with all basic leads and lifts are included in the respective items and the additional lead charges.  If any, shall be included in the respective items of embankment. If usable excavation material is in excess of the requirements of banking the same shall be used for the construction of approaches to the road bridges, and for selected bedding materials and backfill around structures for which payment will be made
at the rates entered in Schedule B. Remaining material from the excavation shall be used to strengthen the embankment on either side of the canal, or deposited in low areas on either side of canal to backfill borrow pits or spread in other approved location as directed by the Engineer- in-charge. Usable rubble available from hard rock excavation shall be sorted out and arranged in separate regular stacks without any extra charges as and where directed by the Engineer-in- charge. The balance excavated stuff will be deposited in Spoil banks. The Spoil banks shall not be constructed continuous. A gap of 10 mtrs. shall be provided at 150 mtrs. interval. Spoil banks shall not be allowed within 30 mtrs. either side of the structure on both the banks of canal unless otherwise directed by the Engineer-in-charge.
1.9.3 DEWATERING CANAL TRENCHES AND EXCAVATION  UNDER WET CONDITION
Water encountered in canal excavation shall be diverted to nearby drain and canals by cutting an open channel within the canal section to be excavated. When the drain/nala bed is higher than the encountered water level this water shall be evacuated into the nala by pumping and no separate payment will be made for dewatering by pumping. No distinction shall be made  in payment whether  the material being excavated is dry, moist, or wet. Removal of accumulated silt, slush, and dewatering shall be done by the Contractor, without any extra cost till the work is finally handed over to the Department or till the expiry of the contact period, whichever is earlier. 

1.9.4 OVER EXCAVATION
Over excavation caused by the Contractor beyond the limits shown in the drawings for any purpose or reason, except as directed by the Engineer-in-charge shall not be measured and paid for. The over excavation shall be rectified at the expense of the Contractor by filling land compacting with suitable soil in the case of excavation in soils. In the case of canal excavation, the over excavation in rock in the bed of the canal or in the side-slopes of 1:1 or flatter slope will be backfilled with gravel and aggregate, the large aggregate forming the bulk of the backfill with smaller aggregate filling the voids and a layer of pea gravel as binding material. The bed may then be compacted with road rollers and sides with rammers to form a firm backing for the lining. The over excavation in side slopes steeper than 1:1 shall be filled back with concrete 1:5:10 if the over excavation is within 15cms. and with U.C.R. masonry in CM 1:5:10 if the over excavation is more than 15 cms. the cost of back filling the over excavation will be considered as included in the rate quoted for excavation items.
1.9.5 TOLERANCE IN ALIGNMENT AND GRADE
Departure from established alignment :
+- 20mm. on straight section.
+- 50mm. on tangents.
+- 100mm. on curves.
Departure from established grade:
+- 20mm
1.9.6 PAY LINE
(a) Pay line is the limit of excavation as required by design without any allowances for over breaks. The canal shall be  excavated as indicated on drawing or  as directed by the Engineer-in-charge during excavation.
(b) In case of changes in canal sections and side slopes, the contractor shall carryout work at the rates quoted for the item without claiming any extra rate because of these changes. Modifications in the slopes prescribed will, however, be intimated to the Contractor in writing by the Engineer-in-charge.
1.9.7 MEASUREMENT AND PAYMENT
(a) The payment will be made on volumetric basis for the quantities excavated to the required extent. The cross sections shall be taken initially before commencement of excavation. Lines, levels and grades of excavation shall be marked  for excavation. On completion of excavation, final cross sections shall be taken.  These sections will be marked on the initial cross sections taken prior to  commencement of work. The quantities between initial and final cross  sections limited to pay lines shall be worked out for different soil classifications  and paid for at the appropriate rate quoted in the Schedule 'B'. The rate of excavation of canal is inclusive of dewatering and desilting the canal section during excavation  till  the final  profile  is  excavated.  The  rates for  excavation  include the conveyance and deposition of excavated materials for use in the works and/or for  disposal in spoil banks and, where so directed, placing the materials for bank work in layers of specified thickness including all leads and all lifts within leads upto 100 mtrs. and all lifts and all incidental charges. It also includes cost of backfilling over excavation if any. The payment for excavation will not be made in full until over excavations are satisfactorily backfilled.
(b) The rate of excavation shall include cost of controlled blasting to obtain smooth rock profile and to control vibration and fly rocks. Except in certain specified reaches extra payment towards controlled blasting to control vibrations and fly rocks would be payable vide para 1.7.xvi (6).
1.10 EXCAVATION  OF STRUCURES
1.10.1   GENERAL
(a) The foundation levels shown on the plans accompanying the tenders or in the detailed drawings furnished at the commencement of work are tentative and the actual levels will be decided by the Engineer-in-Charge on the basis of the actual site conditions revealed after opening of the foundation.
(b) Blasting shall be done in such a manner as not to cause over breakage which in the opinion of the Engineer-in-Charge is excessive. Special care shall be taken to prevent over breakage or loosening of material on the bottom and side slopes against which concrete is to be placed. To achieve this, technique for minimizing rock damages as specified in Para 1.7xvi(2) shall be followed on the sides and if found necessary the final cutting in foundation bed shall be carried out by chiseling or with the help of pneumatic pavement breakers for which no extra rate will be payable.
(c) For excavation in hard rock under controlled blasting (HRCB) to control vibration and fly rocks while blasting in the vicinity of high tension power lines, structures and village/ town limits, the procedure detailed under Para1.7(6) holds good for this case also.
(d) The Quantities to be paid will be to the dimensions shown on the drawings or instructed in writing by the Engineer-in-charge.
(e) The recommended side slopes for pay lines are considered safe without shoring and strutting. However, if necessity arises the Contractor shall provide shoring and strutting without extra costs.
(f) Whenever water is met with during excavation for structures, dewatering shall be resorted to by the Contractor. The rate for the excavation for structures includes the cost of dewatering and desilting. No extra claim for dewatering and desilting will be entertained. 

(g) Usable material removed from the excavation for structures shall be used for backfill and embankment, otherwise it shall be disposed of as directed by the Engineer-in-charge.
1.10.2  OVER  EXCAVATION
(a) Over excavation performed by the Contractor beyond the limits shown on the drawing for any purpose or reason, except as directed by the Engineer-in-charge shall not be measured. The over excavation in the bed shall be rectified at the expense of the contractor by filling back with same grade of concrete as that specified for leveling course. In the case of over excavation of the sides, the same shall be filled back with suitable soil at the expense of contractor to the same specification as that for the item of back filling in foundation trenches.
1.10.3 PAY LINE
(a) Regardless of whether the excavation for construction of any structures precedes or follows the excavation of the canal at the site of structure, measurement for excavation for structures shall include only the required excavation outside the pay lines for the canal excavations and below the original ground surface, measure to the dimensions and slopes specified below :
	Sl.No.
	Strata of Excavation
	Slope for pay line

	1
	Soil, murrum
	1 to 1

	2
	Soft rock
	0.5 to 1

	3
	Hard rock
	0.25 to 1


(b) The pay line for excavations of foundations of structures, shall be determined from the bottom edge of the foundations based on  the  slopes  given in sub-para (a)  above. Alternatively, steeper slopes can be retained by providing shoring and strutting for which no separate payment will be made. In all cases payment will be regulated for the slopes as mentioned in the sub- para (a) above.
1.10.4   MEASUREMENT AND PAYMENT
(a) Excavation ordered by the Engineer will be paid for at the appropriate rates quoted by the Contractor in the Schedule 'B'.
(b) The quantity of excavation shall be computed from the initial and final cross section of excavation except that when shoring and strutting are resorted with steeper side slopes than given in para. 1.10.3 (a), the payment will be regulated as if this excavation is done to the pay line slopes given in that para. The rates include providing all the materials, tools, plants and labour required for pre-splitting and resorting to controlled blasting technique for hard rock excavation.
(c) The rates for excavation include all excavation clearing of site, all leads and all lifts, disposal of excavated stuff/material as per the specifications, providing all tools, plant, machinery, material, preparation and maintenance of haul roads, transport material to temporary stockpiles, rehandling of excavated material temporarily deposited in stockpiles  to disposal areas or points of final use, disposal of excavated waste materials, maintaining excavated slopes and trenches including dewatering and desilting diverting surface flows etc., the cost of sorting and stacking useful excavated material above high flood levels and all incidental operations required for carrying out the work in accordance with the specifications. The rate shall also include cost of controlled blasting to minimise rock damages and obtain sound foundation and to control vibration and fly rock except that in certain specified reaches of canal vide para 1.7 xvi (6) an extra payment towards control of vibrations and fly rock would be paid at the rate quoted for the reach in Schedule B
1.11 SLIPS
Slips shall be avoided but if any slip occurs on account of nature of soil or due to failure of slopes in the opinion of the Engineer -in-charge, extra excavation shall be done as directed by the Engineer -in-charge to restore stability. In such case payment for necessary excavation and back filling will be made for this extra work under relevant items.
1.12 MONSOON DAMAGE
Damages due to rain or flood either in cutting or in banks shall be repaired by the contractor till the final section is handed over to the department. The responsibility of desilting and repairing damages due to rain or flood rests with contractor. No extra cost is payable for such operation and the contractor shall take all necessary precautions to protect the work done during the construction and prescribed maintenance period.

SECTION II
EMBANKMENT

2.1  SCOPE OF WORK
(a)   The work to be done under these specification consists of all canal embankments, rock fill embankments, CNS layers backfilling of cut-off trench, earth work for approaches to be road bridges, dyke embankments for nalas/drains, back filling around the canal structures rock toe and filters of different type and sizes. The contractor shall furnish all materials, tools, plants and labour and execute the work satisfactorily.
2.2 INDIAN STANDARDS  FOR  REFERENCE
1. IS : 1888-1971            
Methods of load test on soils.
2. IS : 2131-1891          
Methods for standard penetration test for soils.
3. IS : 2809-1972

Glossary of terms and symbols relating to soil engineering.
4. IS : 4332-1967
Method of sampling and preparation of stabilized soils for testing. (Part - I (Reaffirmed- 1978)  
5. IS : 4558-1983         
Code of practice for under-drainage of lined canals.
6. IS : 5529-1985      
Method of test for In-situ permeability test, Code of practice for part I is over burden.
7. IS : 7894-1975

Code of practice for stability analysis of earth dams.
8. IS : 8237-1985         
Code of practice for protection of slope for reservoir embankments.
9. IS : 8414-1977       
Guidelines for design of under seepage control measures for earth and rock fill dams.
10. IS : 8419-1977 (Part-I)     Filtration media - sand and gravel. 
11. IS : 8826-1978       Guidelines for design of large earth and rock fill dams.
12. IS :                        Code of practice for earthwork on canals.
13. IS : 9451-1994      Guidelines for terms and conditions in expansive soils.
   In addition to the above, Indian Standard mentioned under para 1.2 of Section I may also be referred to, where relevant.
2.3   STRIPPING
2.3.1 GENERAL
Before the embankment works commence, the base shall be stripped of unsuitable surface soil, including all vegetation, grass, organic matter, bushes, roots and other unsuitable matter  and shall dispose off the same as directed with all leads and lifts.  The stripping depth should not exceed 5 to 7.5 cms for soil containing light grass cover and should not exceed 15 to 22.5 cm. for agriculture land, as per IS 4701-1982. Similar operations shall be done in the borrow areas and in such cutting reaches of canal which yield useful embankment materials. Stripping shall be done to such depth as directed.
2.3.2 RECORDING OF CROSS SECTIONS
(a)  After clearing the site for embankment and prior to stripping, the natural ground surface cross sections shall be surveyed (as described in para 1.5).
(b) After stripping is completed, the initial cross sections shall be taken as described in para 1.5. The natural ground surface cross sections shall form the basis for arriving at the quantities of excavation for stripping.
2.3.3 MEASUREMENT AND PAYMENT FOR THE SEAT  OF EMBANKMENT
The payment will be done on the basis of the volume of excavation involved in stripping at the contract price quoted in Schedule B which includes cost of all labour, implements and plants and all incidental expenses involved in the work. No payment shall be made for the stripping of borrow areas.
2.4  PREPARATION OF FOUNDATION UNDER EMBANKMENT
(a)   No materials shall be placed for the earth fill of the embankment until the foundation of the embankment has been dewatered, suitably prepared and approved by the Engineer-in charge. All portions of excavation made for test pits or other subsurface investigations and any existing cavities below the foundation of the embankment shall be filled with soil of same quality as specified for the earth fill and suitable compacted. 

(b)  Pools of water shall not be permitted in the foundation of the embankment and any water shall be drained off and cleared prior to placing the first layer of embankment materials.
(C) SOIL FOUNDATION
Soil foundations of the embankment shall be scarified and loosened by means of a plough, ripper or by other means to a depth of about 15 cms to 20 cms to the satisfaction of the Engineer- in-charge. Roots or other debris turned up during scarifying shall be removed from the foundation area which thereafter shall be moistened to slightly above the optimum moisture content of the foundation soil and shall be compacted by the compaction equipments to the same degree of compaction as that of the embankment. The purpose of using higher moisture than optimum is to ensure forcing of the soil into any soft zones existing below the surface. The first four layers of the fill for the embankment shall be 10 cms. to 15 cms. thick and shall be carefully placed and uniformly compacted to form satisfactory bond between the foundation and the fill. These layers in the hearting zone should be composed of most impervious materials. Sheep foot roller shall preferable be used for the compaction of impervious soil and vibratory type rollers for compaction of previous and semi previous soils and rock.

(D)  ROCK FOUNDATION
i.  The  treatment of the rock surface under the embankment shall be so done as to ensure a tight bond between embankment and the foundation. This shall be attained by the following procedure.
ii.  The area of the rock surface which is to be in contact with the embankment shall be fully exposed by removing all the loose and disintegrated rock leaving a rugged rock surface. Hard rock projections and overhangs shall be knocked off and removed. If blasting is to be resorted to, care shall be taken to avoid objectionable shocks to foundation rock. As far as possible the whole contact area shall be exposed at one time to enable examination of the surface characteristics of the rock and for planning the method of treatment.
iii.   If the foundation rock is fairly impervious but has a highly rugged surface, it shall be treated by laying embankment material in 10 cms. thick layers at a moisture content slightly above the O.M.C. and compacted with mechanical equipment/small tampers to ensure that all irregular depressions in the rock surface are filled with soil to create an effective and complete bond.
(e)  SAND FOUNDATION
Sand encountered in foundation shall be tested for its natural relative density. It shall be compacted by any approved methods to obtain a minimum relative density of 70% before the filling commences.
(f )  PAYMENT
No separate payment will be made for the preparation of the foundation under embankment as cost of this operation is deemed to have been included in the respective embankment items.
2.4.1 BACK FILLING OF  CUT-OFF TRENCHES
(a)   The cut-off trench shall be backfilled with same kind of materials and in same manner, as the earth fill of the impervious core of the canal embankment. Each layer of the fill shall be continuous and approximately horizontal layer of specified thickness and compacted under optimum moisture content to the specified degree of compaction.
(b)  During placing and compaction of impervious materials in the cut-off trench where dewatering is involved, the sub-soil water level at every point in the cut-off trench shall be maintained below the bottom of the earth fill until the compacted fill in the cut-off trench at that point has reached a height of 3 mtrs.  after which the water level shall be maintained at least 1.5 mtrs. below the top of compacted fill.
2.5 BORROW AREAS
2.5.1 GENERAL
(a)   All materials required for  the  construction of  impervious or  pervious zones  of embankment and backfill for cut-off trench and around structures which are not available from canal excavation, excavation for structure or from excavation of other ancillary works, shall be obtained from  the designated borrow  areas or  as designated by the Engineer-in  charge  in consultation with field laboratory. The depth of cut in all borrow areas shall be designated by the Engineer-in charge and the cut shall be made to such designated depth only. Each designated borrow area shall be fully exploited before switching over to the next designated borrow area.
Haphazard exploitation shall not be permitted. The type of equipment used and the operations in the excavation  of materials in borrow areas shall be such as to produce the required uniformity of the mixture of the materials for the embankment/ CNS layer.
2.5.2 STRIPPING OF BORROW AREAS
(a)   Borrow areas shall be stripped of top soil, and any other objectionable materials to the required depth. Stripping operations shall be limited only to designated borrow areas. Materials from stripping shall be disposed of in the exhausted borrow areas or in the approved adjacent areas.
(b)  Stripping of borrow area shall not be measured and paid for separately. The cost of stripping is to be included in the unit rate for the respective embankment / CNS layer item in Schedule B.
2.5.3 BORROW AREA WATERING
(a)    Borrow areas watering shall be done by the Contractor wherever necessary and in the manner specified by the Engineer-in-charge.
(b)  The initial moisture content of the material in the borrow areas shall be estimated with the help of laboratory tests. The optimum moisture content for the material in the particular borrow areas shall be determined by field tests.  The additional moisture requirements if any shall be introduced into the borrow areas by watering well in advance of the excavation to ensure uniformity of moisture content.  All care shall be taken to reduce excessive moisture in any of the locations of a borrow area before or during excavation to secure the materials with
moisture contents close to the optimum. To avoid formation of pools in the borrow areas during excavation operation, drainage ditches from borrow areas to suitable outlets shall be excavated, wherever necessary. On exhausting all useful materials or abandoning borrow areas, the pits shall be fully drained to ensure no ponding of water.
2.5.4 MEASUREMENT AND  PAYMENT
(a)  The material required for the construction of embankments, shall be transported from approved borrow areas after all available suitable material form excavation is fully utilised. The quantity of bank work executed, utilising the borrow area material shall be arrived at by corss- sectional measurements of the bank work as mentioned under para 2.6.7.  The payment shall be made on the volumetric basis under relevant item of Schedule B adopting the sliding scale for rate and the shrinkage allowance for quantities as given in para 2.6.7
2.6   EMBANKMENT
2.6.1.  GENERAL
The embankment may comprise of different zones viz
(i) impervious zone of earth fill of controlled compaction at controlled moisture content.
(ii) Semi pervious/pervious earth fill of controlled compaction at controlled moisture content and
(iii) All in fill of controlled compaction at random moisture content.
2.6.2  EARTH FILL
1.  Bushes, roots, sods or other organic or unsuitable materials shall not be placed in the embankment. The suitability of each part of the foundation for placing embankment materials thereon and of all materials for use in embankment construction will be determined by the Engineer-in-charge on the basis of field laboratory test. The difference in elevation of the canal embankment within each working length of not less than 50 mtrs. shall not exceed 1.2 mtrs. anywhere in cross section unless specifically permitted by the Engineer -in-charge.  Placing of
the layers for the embankment portion programmed for construction in the season shall be continuous and approximately horizontal. 
 2.   Placement of fill within the zones as shown on the drawings shall be performed in an orderly sequence and in an efficient and workmanlike manner.
3.   Chemical and physical tests of the soil in the embankment shall be carried out by the Quality Control Organization of the Department to ensure that the soil does not contain soluble lime, soluble salts or cohesion less fines and alterable and unsound materials in quantities harmful to the embankments. Useful materials from canal excavation and excavation of structures and form borrow areas shall be classified, transported and placed in the specified zones of embankment as directed by the Engineer-in-charge. 

4.   Normally, the Contractor shall utilise not less than 80% of suitable excavated material form the canal and structures to construct embankment, whenever such utilization is economical in the opinion n of the Engineer by conveying from the spoil heaps with all leads and lifts as mentioned in Schedule B and he will not be authorised to obtain material from borrow areas until he does so. The balance of soils shall be obtained from borrow areas approved by the Engineer-in-charge. If the Contractor fails to utilise at least 80% of the usable excavated materials from the canal and structures and obtains instead material from the borrow area, payment for this material shall be made as if obtained from canal excavation within the leads mentioned in Schedule B. The decision of Engineer about the usability of soils available from the canal excavation shall be final and binding upon the Contractor.
5.   Embankment materials shall be spread in successive horizontal layers extending to full width of the embankment plus 45 cms. in either side to facilitate satisfactory compaction in the full designed width. No payment shall be made for placing the additional 45 cms. widths or for their subsequent removal. No addition shall be allowed to the slopes of the bank after the bank is raised. Trimming of inside slopes to final dimensions, lines and grades shall precede the lining work. This shall be done not more than two days prior to lining. 

6.   Thickness of embankment layers may be adjusted by the Engineer-in-charge with contractors by carrying out trial compaction and requisite test satisfies that the type of compactors used  provide required density. The thickness of loose layers in embankment shall be normally as under
	Sl.No.
	Type of Compacting Machine
	Weight
	Thickness of loose layer

	1
	1.5 Mtrs. dia. drum sheep foot 

	6,000 kgs /rmtr.
	25 cms. to 30 cms.

	2
	1 mtrs. dia. drum sheep foot roller
	3,000 kgs /rmtr
	20 cms. to 22 cms

	3
	Pnenumatic tamper
	------------
	7.5 cms. to 10 cms.

	4
	D.R.R.
	10,000 kgs
	20 cms. to 25 cms.

	5
	Vibratory roller
	---------------
	30 cms. to 45 cms.


7.  No embankment  layer shall  be laid until  the previous layer is  properly  watered, compacted and tested as per requirement. The work of spreading and compaction shall be so adjusted as not to interfere with each other and in such a way that neither of the operation is held up because of non-completion of the rolling and watering. If the work is held up due to failure of machinery, no claim whatsoever will be entertained even in case the machinery is supplied by the Department. The surface of embankments shall at time of construction be maintained true to required cross section.
8.  The distribution of materials in each layer shall be such that the compacted materials will be homogeneous and free from lenses, pockets or other imperfections.  The excavation and placing operations  shall  be  such  that the  materials when  compacted  will be  blended sufficiently to secure the best practicable degree of compaction, impermeability and stability.
9.   The material of the earth fill zones of controlled compaction and moisture content shall be compacted to a density as specified on the drawings but not less than 96% of the standard proctor density. The material having less than 1.5 gms/cc. standard proctor density shall not be used unless specifically permitted by the Engineer-in-charge. 

10.  In the above zones, no lumps or stone or pebbles having larger dimension than 7.5 cms in impervious core and 13 cms. in previous/semi pervious zones shall be permitted. The total percentage of lumps or stones or pebbles of permissible size shall not exceed 5% in the case of impervious core and 15% elsewhere in Zone 'A'. The percentage is in respect of every  cubic metre of batch material conveyed to the site of placement.
11.  The homogeneous section for canal embankment shall be provided in the reaches where design requirements are met with without hearting. The homogeneous zone shall be formed of materials, with a permeability of less than 3 mtrs. per year and with a standard proctor's dry density not less than 1.5 gms/cc. The soil for the embankment shall generally be in accordance with recommendations contained in IS : 8826-1978 (para 8). The available coarser and more previous material shall be placed near the outer slopes in order to have increasing permeability from inner to outer side.
12.   The impervious hearting zone wherever shown in the drawings shall be constructed of material having required percentage of clay so that it can be compacted at optimum moisture content by suitable compacting equipment to achieve not less than 96% of the standard proctor density. Water tightness of material shall be checked by carrying  out permeability tests both at site and laboratory.  Permeability of impervious materials shall not be greater than 3 cms/year. 

13.  The casing zone shall consist of material which provides support to impervious core under various conditions of saturation and drawdown. The distribution of material shall be such that the compacted material shall be homogeneous, free from cracks, pockets or other imperfections. The excavating and placing operations shall be such that the material when compacted shall be blended sufficiently to secure the best practicable degree of compaction, impermeability and stability. The casing material should normally have a standard proctor density not less than 1.75 gms/cc.
14.  All suitable material with dry density greater than 1.35 gms/cc. shall be used in all-in- fill zone. Suitable sub-zones shall be formed within the all-in-fill if so directed by the Engineer- in-charge, by depositing materials of different type, texture and particle size in different sub- zones. In general, fragments of smaller size shall be deposited towards the outer slope of all-in- fill . Formation of service roads and inspection paths in reaches of full cutting will be treated as all-in-fill and will be paid for accordingly.
15.  The top surface of the bank shall be leveled with a gradient of 1 in 80 away from the inner edge to facilitate proper drainage. The canal embankment shall be constructed to the top width and height equal to designed height shown on the drawing, plus 2.5% of the designed height to allow for settlement. The embankment width, at various levels should be regulated accordingly. However, the bottom width of embankment shall be as shown on the drawing or as directed by the Engineer-in-charge. 

16.  For proper bond between embankment placed in a previous season with the current embankment, work shall be carried out and finished as under : 

i.  Where an existing embankment is to be extended horizontally it shall be cut to a slope not steeper than 1 in 3 and the surface so prepared shall be scarified loosened at least to a depth of 15 cms. and wetted. Following, the embankment material shall be laid in layer and compacted to the required degree of compaction.
ii.  If the old bank is to be raised vertically, vegetation shall be cleared followed by scarifying , and watering and placing of the new earth layer as specified above.  Raising shall be done after the bottom layer is tested. No extra payment will be made in this regard for the operations of clearing, scarifying and watering etc.
iii.  The surfaces which are damaged due to rain shall be repaired by filling with proper material duly compacted by tampers.
17.  The finished fill shall be free from lenses, pockets, streak of layers of materials differing substantially in texture or gradation from the surrounding material.  Successive loads of the materials shall be dumped on the earth fill so as to produce best practicable distribution of the materials subject to the approval of the Engineer -in-charge.
2.6.3 MOISTURE  CONTROL
i. Prior to and during compacting operations the material in each layer of earth fill zones of controlled compaction and moisture content shall have optimum moisture content. The permissible variation in the OMC is +/- 3%. ii.  As far as possible, the material excavated from the borrow area shall have adequate moisture content. If additional moisture is required, it shall be added preferably at the borrow area, and only to a limited extent, if required, on the embankment by sprinkling water before placement. If moisture content is more than required, the material shall be allowed to dry before compaction. The moisture content shall be uniform throughout the layer of material for which plough, disc harrowing or other methods of mixing shall be applied. If the moisture content is more than the required moisture content more than the required moisture content specified above or if it is not uniformly distributed throughout the layer, rolling shall be stopped and shall be started again only when the above conditions are satisfied.  

2.6.4 COMPACTION
i.  Material shall be placed in layers of specified thickness as shown in the table under para 2.6.2.6 . The proper moisture content where prescribed shall be uniformly distributed through out the material, before it is compacted. Compaction shall be done in strips overlapping not less than 0.30 mtr. The compacting equipment shall travel in a direction parallel to the axis of the canal. Turns shall be made carefully to ensure uniform compaction. Each layer of soil placed on the bank as specified above shall be compacted with 8 to 10 tones power rollers or suitable crawler tractor drawn, heavy sheep foot rollers. The compaction shall have to be uniform over the full width of the bank. The roller shall be made to travel over the entire designed width of each layer so that the soil is uniformly compacted to the required degree and it leaves no visible marks on the surface, where flat roller are used, the surface of each layer of compacted materials shall be roughened with a harrow or thoroughly furrowed / pick-marked as directed before depositing the succeeding layer of material and care shall be exercised to avoid the occurrence of horizontal seams. 

ii.  In those parts of the structure which are inaccessible to the specified rolling equipments, or  around and  in contact with structures and  in proximity  to structures, where the rolling equipment is not permitted to operate, compaction shall be accomplished by mechanical or pneumatic rammers of approved type as directed.  Rollers shall not be permitted to operate within 0.60 metre of concrete or masonry structures and the earth fill within this distance shall be tamped by mechanical or pneumatic rammers. All materials to be so tamped shall be spread in layers 7.5 cms to 10 cms. thick when loose and the moisture content of the material and the amount of tamping shall be such as to produce a degree of compaction equal to the specified degree of compaction for rolled fill portion. Special care shall be exercised to obtain good
contact and bond with surface of concrete or masonry structures. 

iii.   Where canal embankment covers barrels of cross drainage structures first 45 cms. Of the embankment shall be compacted with pneumatic hand tampers in loose layers 7.5 cms. To 10 cms. thick. Further fill shall be compacted by using suitable light rollers to avoid damage to the structures, by adjusting the thickness of layers until sufficient height is achieved to permit compaction by heavy rollers. Density test shall be conducted from time to time on site to ascertain whether the compaction is attained as specified above. Separate tests shall be conducted for
each layer of hearting and casing zone of the embankment. At least one field density test shall be taken in each zone for every 30 mtrs. or less of compacted earth work. A minimum of three density tests one in hearting, one in inner casing and one in outer casing shall be taken per day. In case the specified densities are not attained, suitable measures shall be taken by the contractor either by moisture correction or by removal and relaying of layer or by additional rolling so as to obtain the specified density which shall be checked again at the same locations. In addition, tests shall also be carried out at the limits of the embankment and adjacent to filters at the discretion of the Engineer-in-charge.  Necessary labour required for collection of samples shall be provided by the contractor  at his  cost. However, testing charges shall be borne by the Department. 

iv.  At least three standard proctor tests shall be carried out at regular intervals for the material to be used to account for variations in the borrow area material as well as excavated material. Wherever material from different sources are used for embankment i.e. material from borrow areas or from excavation, at least three tests shall be carried out to determine standard proctor density of each material.
v.  The department might review the design if necessary on examination of density and other test results and the Contractor shall have no claim arising out of such a review and consequent change if any in the design. 

vi.  Where compaction of cohesion less free draining materials such as gravel is required, the materials shall be deposited in horizontal layers and compacted to the specified relative density. The excavating and placing operations shall be such that the material, when compacted, shall be blended sufficiently to secure that highest practicable unit weight and best stability. Water shall be added to the materials as may be required to obtain the specified density by method of compaction being used.
COMPACTION OF ALL IN-FILL
The All-in-fill Zone of the bank wherever shown in the drawings or instructed to provide, shall be formed in layers of uniform thickness and for the full width of zone.  The thickness of loose layer shall not be more than that given in the table in para 7 in Clause 2.6.2. When construction of controlled earth fill zone precedes the formation of the all-in-fill zone, the slope of the earth fill zone at the junction shall be stepped if so directed to ensure proper bonding between the two zones.
All clods and lumps of soil shall be broken to a size not exceeding 7.5 cms. The finer of the materials available shall be deposited on the inner side and the coarser materials towards the outside of the embankment. Each layer shall be well compacted by flat rollers, sheep foot rollers, vibratory rollers, crawler tractor or by combination of any of the above as is best suited to the type of the fill materials, as directed. The minimum relative density of the compacted material shall not be less than 70% of the dry density as determined in laboratory tests in the case of cohesion less materials. In the case of cohesive materials, the degree of compaction
should not be less than 90% of the proctor's density. A minimum number of passes of the compacting equipment would be prescribed and followed to obtain optimum compaction. 

2.6.6 LAYING AND COMPACTING COHESIVE NON-SWELLING MATE RIAL
i. Where the canal is excavated through expansive soils, a layer of cohesive non-swelling (CNS) material shall be placed between the expansive soil and the concrete lining in accordance with paragraph 5.2 of IS : 9451-1985. The CNS material shall have the properties as specified in IS 9451-1985. 

ii.   If the CNS material does not conform to above properties, it should be suitable blended with suitable soils to achieve the properties as directed by the Engineer-in-charge.
iii.   Immediately prior to placing the first layer of CNS material, the surface of the excavation and embankment to receive the material shall be adequately wetted, as approved by the Engineer- in-charge.
iv.   After the canal prism has been shaped to a reasonably true and even surface, CNS material shall be placed and compacted to not less than 96% of Standard Proctor Density unless otherwise specified, on adequately wet surface in specified layers depending upon the type of compacting equipment employed. Each layer of CNS material shall be moistened before compaction.
v.   In case of distributaries with smaller bed width in cutting reaches it may not be possible to compact the CNS layer by Power rollers. In such cases the CNS material filled up in the excavated section shall be hand temped in suitable layers till adequate width is available for compaction by power rollers. Further layers shall be compacted by power rollers. In case of wider sections of the distributaries, the placing and compaction of the CNS layers  shall  be  done on both the side slopes independently.  After compaction is done, the canal section shall be cut to the required neat lines and the excavated CNS material shall be re-used in further reaches. Laying and compaction of CNS layers shall be done as per drawings to achieve specified field densities.
2.6.7 MEASUREMENT AND PAYMENT
i. Levels of the stripped base of the bank/ CNS layers shall be taken before forming the compacted embankment/CNS layer at intervals of 30 mtrs. or at closer intervals as may be considered necessary  by the  Engineer-in-charge.  The  bank/CNS  layer  quantities shall  be calculated with reference to these levels. Levels shall be taken for the compacted embankment/ CNS layer to evaluate the quantity of work done. 
ii. The bank/CNS layer quantities shall be calculated on the basis of area and distances of these cross sections by prismatic formula by deduction of quantity of bank work and payment to the bank / CNS layer shall be limited to neat line profile excluding filter, filter drains and rock toe.  The Govt. order regarding shrinkage shall also be adopted.
iii.   In case of curves the quantities will be evaluated along the centroid of sub-zones of cross section and quantities worked out accordingly.
iv.   The unit rate for forming embankment / CNS layer shall include setting out, clearing site, preparation of base for embankment / CNS layer including dewatering and desilting, if necessary, removal of top soil in the borrow area, sorting out materials, dewatering and desilting if required, conveying soil with all leads and all lifts including loading and unloading spreading in  layers,  breaking  clods,  watering  to  optimum  moisture  content  wherever  prescribed, compacting, hand packing where specified, sectioning, neat finishing of the bank, maintenance of haul roads, maintenance of embankment / CNS layers during construction, final clearance of work site etc.
v. In case of the intermediate running payment bills and the final bill deductions shall be made in the quantity of embankment / CNS layer towards settlement and shrinkage in accordance with the proceedings of the Govt. of Karnataka given in Annexure D. 
vi.  Further, the running bills will be paid at reduced rates as per scale given below depending upon on the percentage of the quantity of work turned out.
	Sl.No.
	Percentage of cumulative total quantities payable under running bills to the total tender qnty.
	Percentage of quoted rates.

	1
	0 to 50
	95.00

	2
	50 to 80
	97.00

	3
	Final bill on completion of work
	100.00


2.7      ROCKFILL
2.7.1 GENERAL
Rock fragments available from the canal excavating shall be used in All-in-fill embankment if found suitable, as per the directions of the Engineer-in-charge. The thickness of loose layer of rock fill shall not be more than 60 cms. using well graded rock fragments varying from 0.014 cum. ( 1/2  cf t)  to  0.75 cum. ( 1 cubic  yard).  The  rock fill  shall  be placed or  dumped in approximately horizontal layers with finer materials in the interior of the embankment and larger materials towards the outer edge. Voids in the rock fill shall be filled and packed with smaller stones of not less than 7.5 cms. in size, in such a manner as to obtain a dense fill with minimum of voids to the satisfaction of the Engineer-in-charge. Compaction shall be done by movement of crawler tractor or loaded tippers. The relative density of the hand packed and compacted rock fill shall not be less than 70%.

2.7.2 MEASUREMENT AND  PAYMENT
Payment for construction of rock fill sections will be made at the unit price per cubic metre quoted in Schedule B. The measurements will be on cross sectional basis of the finished compacted rock fill section taken at an interval of 30 mtrs. or closer as directed by the Engineer- in-charge. In case of curves, the quantities will be evaluated along the centroid of each sub-zone of the cross section and the quantities worked out accordingly. In case of intermediate payments, 50% deduction in the volume of the rock fill actually constructed shall be made towards shrinkage and settlement. Further, the intermediate payments will be made at reduced rates as per the table given below:
	Sl.No.
	Percentage of cumulative total quantities payable under running bills to the total tender qnty.
	Percentage of quoted rates.

	1
	0 to 50
	95.00

	2
	50 to 80
	97.00

	3
	Final bill on completion of work
	100.00


2.8  ROCK TOE
(a) Materials for rock to be shall consist of suitable free draining rock fragments cobbles and boulders. The stones / rubble available from the excavation shall be used.  If the material is not sufficient, stones / rubbles shall be brought from the approved quarries.  The material shall be got approved by the Engineer-in-charge prior to being brought to site. The material shall be clean and well graded consisting principally of rock fragments. Fragments less than 0.01 cum. shall not be used. Sufficient fine material such as rock spalls, cobbles and coarse gravel to fill the voids among the larger stone shall be used. Use of stones above 0.028 cum. is not obligatory. The material shall be selected and placed in such a way that the larger stones shall be placed near the outer slope and the smaller ones adjacent to the inner slope. The stones shall be properly hand packed, so as to produce a dense and well graded fill with no large voids and cavities. The surface of the outer slope shall be fairly even and uniform. 
(b)  Suitable outfall for draining the seepage water collected in the rock toe shall be provided depending upon the site conditions.
(c)   The dimensions of the rock toe Zone shown in the drawings are tentative and if required modifications may be ordered by the Engineer during execution of the work.  The Contractor shall work according to such modifications without any increase in unit rates. 

2.8.1 MEASUREMENT AND  PAYMENT
The item shall be paid on quantity basis for the cubic contents laid at the rate quoted in Schedule B. the quantities for payment shall be worked out from cross sections taken at an interval of 30 mtrs. or closer. The payment will be restricted to the quantities within the lines as shown on the drawings including the authorised modifications thereof. 

2.9  LAYING OF FILTERS
Filter media shall be provided to the dimensions shown in the drawing or as directed by the Engineer-in-charge. The number of layers, the thickness of each layer and gradation of filter material shall be as specified in drawing or as directed by the Engineer-in-charge. The placing of a filter layer shall be such that the segregation within the layer is prevented. Filter materials shall be watered and compacted so as to achieve a relative density of not less than 70%. Care shall be taken not to mix up the filter materials of a layer with soil or with filter materials of adjoining layer. Suitable transition filter is intended to be provided between earth  fill and all-in-fill if the all- in-fill zone consists of less than 50% of minus 80 mm. material. The Contractor shall provide the transition filter as shown in the drawing or as directed by the Engineer-in-charge for which payment will be made at quoted rates. Horizontal filter blanket shall be provided, wherever prescribed, connecting the inclined filters as shown in the drawings or as directed by the Engineer- in-charge. Before placing the horizontal filter layers, the foundation therefore shall be cleared and brought to level by filling  in depressions (if any) with selected impervious materials compacted at OMC. Each layer of filter media shall be adequately watered and compacted by moving the hauling and spreading equipment over it or by other means approved by the Engineer- in-charge. The rock toe, if prescribed, shall then be laid in such a way as not a damage the filter blanket in any way. Inclined filters abutting the outer slope of the impervious core shall be provided, as per approved drawings or as directed by the Engineer-in-charge. Filter materials shall be so placed that it conforms to the position indicated in the drawing and the continuity of each layer is ensured. The thickness and the location of each individual filter layer shall be maintained by placing the material between temporarily placed mild steel sheets or wooden boards which shall be withdrawn before compaction. The inclined filter and the embankment material adjacent to it shall be raised together with a maximum difference in height of 0.6 mtr. between filter and the adjacent embankment.
2.9.1  FILTER DRAINS
Filter drains shall be provided at suitable locations and to the dimensions shown in the drawing to collect seepage from the embankment and to discharge the same away from the embankment by suitable means according to the site conditions as directed by the Engineer-in- charge.
 2.9.2 FILTER  MATERIALS
(a) The filter materials shall consists of well graded sand, gravel or crusher broken aggregate. The material shall be free from debris, brush wood, vegetable matter, decomposed rock and other deleterious matter. Sand in filter media shall confirm to the specifications is IS : 383-1970 or its latest version. Silt and clay content in sand shall be less than 5% (IS : 1498-1970)
(b) Filter materials shall not be placed until the sub-grade has been inspected and finally approved by the Engineer-in-charge. The filter material shall be laid in layers not exceeding 15 cms. in thickness or as prescribed by the Engineer-in-charge. The number of layers, the thickness of each layer and the size of ingredients shall be as per the final design which will be furnished to the contractor based on the laboratory test satisfying primarily the following filter criteria.
I
 D 15 (F)                                 


   D15 (f)
------------------< 


4 to 5 < -----------------------
D85 (b)                              



   D15 (b)
ii 
D 15(F)
------------------ 



= Between 5 and 40
D 15 (b)
where D15 and D85 are particle diameter corresponding to 15% and 85% passing.
'F' denotes filter material, 'b' denotes base material. The percentage being determined by weight after mechanical analysis.
(c)   The gradation curves of the filter material shall be nearly parallel to the gradation curves of the base materials.
(d)   The requirement for grading of the filter shall be established by the field laboratory on the basis of mechanical analysis of adjacent materials.
(e)    The size and grading of filter material shall generally be as indicated in the drawing. The Engineer-in-charge may at his discretion modify the gradation in the filter layer to satisfy the filter criteria. The Contractor shall do the necessary processing of filter materials at his own cost.
(f)  The material brought by the Contractor to the site shall be tested by the quality control organisation of the Department in the laboratory at the project site. The result thereof shall be final and binding. All material not conforming to the requirement so determined shall not be permitted for use on the said work.
2.9.3 MEASUREMENT AND  PAYMENTS
The quantity of the filter material shall be calculated from initial levels taken at 30 mtrs. Or even closer interval if warranted by unevenness of the ground, before and after laying filter material. Payment shall be made on volumetric basis separately for each layer as per the rate quoted in Schedule B. The rate includes cost of procuring, handling, placing, watering and compacting the filter material and all incidental operations with all leads and lifts etc. complete.
2.10 BACKFILL IN FOUNDATION TRENCHES AND AROUND STRUCTURES
2.10.1 GENERAL
(a) The type of material used for backfill and the manner of depositing the material, shall be subject to approval. As far as practicable, backfill material shall be obtained from the excavation for structures or from adjacent canal excavation, or from excavation of other ancillary works.
(b) Backfill material shall contain no stones larger than 7.5 cms size, or as prescribed by Engineer-in-charge.
(c) The backfill material shall be placed to the lines and grades as shown on the drawings or as prescribed in this paragraph or as directed by the Engineer-in-charge.
(d) The backfill material shall be placed carefully and spread in uniform layers of specified thickness and each layer will be moistened and compacted to required degree of compaction at specified moisture contents. The backfill shall be brought up as uniformly as practicable on both sides of walls and all sides of structures to prevent unequal loading. The backfill material shall be placed at about the same eleveation on both sides of the pipe portions of the structures and culverts and difference in elevation shall not exceed 15 cms. at any time. The Contractor shall be responsible for providing adequate earth cover wherever necessary such as over the pipes or pipe culverts, to prevent damage due to loads of construction equipments. 

(e) If a haul road is built over a pipe, all backfill around and over the pipe shall be placed to a uniform surface and no humps or depressions shall be permitted at the pipe crossings.

2.10.2 COMPACTION OF BACKFILL
When compacting soil against abutment of masonry or concrete structures, width to an extent of 0.6 mtr. shall be compacted with pneumatic tampers. Roller shall not be used close to structures to avoid damage. The size and weight of compacting equipment, shall depend on nature of material, the height and load assumed in design of a structure. The backfill close to the structure up to the rolled layer shall be compacted in suitable uniform layers, using pneumatic tampers to a dry density of at least 96% of Standard Proctor. The moisture content of earth fill
placed against the rock or the structures shall be about 2% higher than OMC to allow for penetration into cavities. Compaction at joints of earthwork and backfill around structures shall be carried out with special care without claiming any extra cost.
2.10.3 MEASUREMENT AND  PAYMENT
(a) Measurement for payment, for backfill in foundation trenches and around structures shall be made restricting to the pay lines shown on the drawings. Any over excavation and consequent extra backfill outside pay lines will be at the cost of the Contractor. The payment shall be made on a volumetric basis under the relevant items of Schedule B.

(b) The first 45 cms. of canal embankment compacted with pneumatic  / hand tampers over the barrels of cross drainage structures shall be paid at the rate quoted for backfill around structures.
2.11 WEATHER CONDITIONS
(a) Embankment material shall be placed only when weather conditions are satisfactory to permit accurate control of the moisture content in the embankment material. Before closing the work on embankment, in any continuous reach prior to monsoon, the tip surface shall be graded away from the canal and rolled with a smooth wheeled roller to facilitate run-off. Prior to resuming work, the top surface shall be scarified and moistened or allowed to dry as the case may require.
(b) The Contractor shall provide suitable protection works to protect the slopes form erosion due to rain. No payment whatsoever shall be made for providing such protection work and repairing any monsoon damages.
2.12 INSPECTION AND TESTS
2.12.1 GENERAL
(a) The Engineer-in-charge would exercise a thorough check on the quality of fill material delivered to the embankment and on the degree of compaction. He would further arrange to obtain and record the data of in-situ properties of the high banks after compaction, for comparison with design assumptions. To achieve these objectives, a programme of field testing and inspection shall be planned.
(b) The scope of testing and inspection is as under :
(i) The quality of materials used for bank work will be checked periodically.
(ii) Checks on the effectiveness of placement and compaction procedures shall be
made by field density tests at prescribed intervals and
(iii) Record tests of compacted fill shall be made at regular intervals.
2.12.2  BEFORE COMPACTION
(a) Materials delivered to the fill shall be visually examined and their properties estimated by way of inspection. Borrow Area
i. Excavation of borrow areas shall be limited in extent and depth as indicated on
plans.
ii. Estimation of moisture content of materials shall be made by visual examination and feel.
iii. Samples shall be taken for laboratory analysis in case the soil is of different
characteristics.
(b) These inspection/checks shall be supplemented by sampling the materials at prescribed intervals and by testing samples in the laboratory for gradation and moisture content etc.
Embankment
i. Moisture content tests shall be carried out in the laboratory while placing the fill
materials.
ii. Moisture content shall be controlled by adding water or allowing the soil to dry
up to the extent required.
iii. It shall be ensured that the methods of dumping, spreading and moisture conditions are such as will result in reducing segregation and variation of moisture content to a minimum.
2.12.3 DURING  COMPACTION
Inspection during compaction shall ensure :
i. That the layer thickness of the material is as specified.
ii. That the fill is compacted at least up to 96% of Standard Proctor density or as
otherwise specified or 70% relative density as the case may be.
iii. That no excessive rutting, waving or scaling of the fill occurs during compaction.
2.12.4.  AFTER COMPACTION
The condition of the fill after compaction shall be observed and recorded particularly with respect to rutting or waving. However, the properties of materials after compaction shall be determined primarily by field density tests. Routine tests on samples taken from constructed embankment shall include, density tests, and moisture content tests. The record tests shall include grain size distribution Atterburg limits, permeability and consolidation characteristics.
2.12.5  FREQUENCY  OF  TESTING
(a) Before and after compaction, the sampling and testing of materials shall be done at sufficient frequencies so that effective checks on the full operations are maintained. Testing frequencies shall be adjusted to suit to the nature and variability of materials placed and the rate of fill placement as per the directions of the Engineer-in-charge.
(b) Testing shall be performed at higher frequencies than those specified above during initial stages of construction in order to establish control and testing techniques. Testing shall be conducted additionally, as and when required in case of special problems such as variation in the construction materials, in equipment performance and weather.
(c) In addition, these tests shall be made.
i. In areas where the degree of compaction is doubtful and
ii. In areas where embankment operations are concentrated.
(d) Locations of likely insufficient compaction shall cover the following or any other areas so determined by the Engineer-in-charge.
i. The junction between areas of mechanical tamping and rolled embankment along structures.
ii. Areas where rollers turn.
iii. Areas where improper water content has been encountered.
iv. Areas where dirt clogged rollers have been encountered.
v. Areas containing materials differing substantially from the average.
2.12.6  RECORD AND REPORT
The contractor shall maintain chronological and location wise record of the source of materials and the embankment placing operations in order to have a continuous check on the works. Thus, it should be possible to have a complete description of materials that has gone into any portion of the embankment.
2.13 PROTECTION
The Contractor shall take all precautions necessary for the protection of all works by diversion of adjacent streams, surface drainage, rain water etc. Any damage to earth work due to any reason whatsoever shall be repaired by the contractor at his cost till the work is certified as completed and taken over by the department.
SECTION - III
CONCRETE LINING
3.1  SCOPE OF WORK
(a)   Concrete lining shall be done by laying unreinforced cement concrete of  required grade with maximum size of aggregate of 20 mm. The concrete used shall be of controlled grade the mix proportion being decided by the preliminary tests. The thickness of lining shall be as shown in the drawing. The thickness of lining generally varies from 7.5 cms to 10 cms. depending upon the section of the canal. The canal sections shall be as shown on the drawings. If during construction it is found necessary to alter the canal sections and side slopes or the thickness of  lining, the Contractor shall be informed in writing of such changes, and he shall
execute the work accordingly  at the rates quoted in Schedule B without any extra claim on account of the changes in the section of the canal and thickness of lining.
(b) The scope of work also includes the following :
i Preparing the base for lining and laying the concrete lining including dewatering
and desilting. 

ii. Providing grooves for joints to required depth and width at specified intervals as per drawings and as directed by the Engineer-in-charge.
iii. Providing filter materials of approved quality, where specified, as per drawings.
iv. Trimming the canal section for preparing sub-grade for concrete lining, in all
sorts of soil, murrum and rock and back filling the over excavated sections with
suitable material including watering and compacting the bed and slopes using suitable compacting equipment and dewatering and desilting where required.
3.2  APPLICABLE PUBLICATIONS
All concrete, its constituents, methods and procedure of manufacture shall conform to the latest versions of the Indian standard specifications and other publications listed below unless otherwise specified.

3.2.1 INDIAN STANDARDS  FOR  REFERENCE
1. IS : 8112-1989 : 46 grade ordinary portland cement specification
(First Revision)
2. IS : 383-1970 : Coarse and fine aggregates from natural sources for concrete.
(Reaffirmed 1980)
3. IS : 456-2000 : Code of practice for plain and reinforced concrete.
4. IS : 460-1978 : Test sieves.
5. IS : 516-1959 : Method of tests for strength of concrete.
6. IS : 650-1966 : Standard for testing of cement
(Reaffirmed 1980)
7. IS : 1199-1959 : Methods of sampling and analysis of concrete.
8. IS : 1489-1991 : Portland Puzzolona cement.
9. IS : 1791-1968 : Batch type concrete mixtures.
10. IS : 2386-1963 : Methods of tests for aggregate for concrete.
11. IS : 2430-1969 : Methods for sampling of aggregates for concrete.
12. IS : 2505-1980 : Concrete Vibrators, immersion type.
13. IS : 2506-1964 : Screed board concrete vibrators.
14. IS : 2580-1965 : Jute bags for packing cement.
15. IS : 2722-1964 : Portable swing weigh - batchers for concrete.
(single and double bucket type)
16. IS : 3085-1965 : Methods  of   test for  permeability of  cement, mortar  and concrete.
17. IS : 3873-1993 : Code of practice for laying in-situ cement concrete lining on the canals.
18. IS : 4031-1968 : Methods of physical tests for hydraulic cement.
19. IS : 4032-1968 : Methods of chemical analysis of hydraulic cement.
(Reffirmed 1980)
20. IS : 4558-1995 : Code of practice for under drainage of lined canal.
21. IS : 4634-1968 : Method for testing performance of batch type concrete mixers.
22. IS : 4656-1968 : Form vibrators for concrete.
23. IS : 4845-1968 : Definitions and terminology relating to hydraulic cement.
24. IS : 4925-1968 : Concrete batching and mixing plant.
25. IS : 4926-1976 : Ready mixed concrete.
26. IS : 5256-1992 : Code of practice for sealing joints in concrete lining on canals.
27. IS : 5512-1983 : Flow table for use in tests of hydraulic cement and pozzolonic materials.
28. IS : 5513-1976 : Vicat apparatus.
29. IS : 5515-1983 : Compaction factor apparatus.
30. IS : 5529 : Code of practice for in-situ permeability tests.
31. IS : 5640-1970 : Method of test for determining aggregates impact value of soft coarse aggregates.
32. IS : 5816-1999 : Method of test for splitting tensile strength of concrete cylinders.
33. IS : 5889-1970 : Vibratory plate compactor.
34. IS : 5892-1970 : Concrete transit mixers and agitators.
35. IS : 6461-1972 : Glossary of terms relating to cement concrete aggregates (All parts) materials etc.
36. IS : 13143-1991 : Joints in concrete lining of canals, sealing compound specification.
37. IS : 9451-1994 : Guide lines for terms of canals in expausive soil.
38. IS : 12379-1988 : Code of practice for lining water courses and field channels.
38A IS : 3370-1995 : Code of practice for concrete structures for the storage of liquids.
39. IS : 6923-1973 : Method of test for performance of screed board concrete vibrator.
40. IS : 6925-1973 : Method for test for determination of water soluble chlorides in concrete admixtures.
40. IS : 7245-1974 : Concrete Pavers.
41. IS : 7320-1974 : Concrete slump test apparatus.
42. IS : 7861 : Code of practice for extreme weather concerting.
43. IS : 7861-1971 : Recommended practice for hot weather concreting.
(Part-I)
- 1981 (Part II) : Recommended practice for cold weather concerting.
44. IS : 8041-1978 : Rapid hardening Portland cement.
45. IS : 8043-1970 : Hydrophobic Portland cement.
46. IS : 8112-1976 : High strength ordinary portland cement.
47. IS : 8142-1976 : Method of test for determining setting time of concrete by penetration resistance.
48. IS : 9013-1978 : Method of making curing and determining compressive strength of accelerated cured concrete test specimen.
49. IS : 9103-1979 : Admixtures for concrete.
50.  IS  :  9284-1979  : Method of test for abrasion resistance of concrete.
51. IS : 4969-1968 : Method of test for determining flexural strength of pre-cast concrete slabs for canal lining.
52. IS : 10430-2000 : Criteria for designs of lined canals and guide lines for selection of type of lining.

3.2.   OTHER PUBLICATIONS
1. Concrete Manual (Latest Edition) U.S.B.R.
2. American Society for Testing of Materials C-491-80 water reducing agent.
3. Manual of Canal Lining C.B.I. & P.
3.3  CLEARING SITE
The area proposed for lining the canal as a whole shall be cleared of all objectionable material. Any waste material obtained from such site clearance shall be disposed off in a manner directed by the Engineer-in-charge. The cost of this operation shall be deemed to have been covered under the rates quoted for canal lining.  

3.4 PREPARATION OF SUB-GRADE FOR CONCRETE LINING
3.4.1 GENERAL
A sound and firm bed for lining shall be obtained by suitably preparing the sub-grade as follows:
(a)   As specified in para 1.9.1 the last 200 mm of excavation in soils and soft rock will be carried out immediately before placing the concrete lining. Prior to this excavation, the sub- grade soil will be scarified and wetted if necessary and compacted at optimum moisture content. The compacted sub-grade, thereafter shall be trimmed and dressed to required profile. 
(b)  If there are over excavations, the back filling will be carried out as specified in para 1.9.4 which gives suitable procedure of back filing the over excavation of soils and of rock. If at any point the sub-grade consisting of earth is disturbed or loosened, it shall be moistened, as required, and thoroughly compacted by tamping, rolling or other approved methods to form firm foundations for placing the concrete lining. In case of excavation in soft or hard rock, all loosened and disturbed sub-grade will be knocked out and removed and the over excavation, if any, so caused shall be treated as specified in para 1.9.4 
(c)   All loose materials shall be removed at the end panels of existing lining against which lining is to be placed under these specifications, and all voids beneath the existing lining shall be refilled and thoroughly compacted.
(d)   Suitable material trimmed from the canal shall be used for canal embankments, for road embankments, for backfill around structures or for bedding material.  Where material suitable for bedding as determined by the Engineer-in-charge is encountered during trimming operations and cannot be placed in one continuous operations, such material shall be stock piled along the right-of-way where designated by the Engineer-in-charge.

3.4.2 TOLERANCE IN  PREPARATION OF  SUB-GRADE
Excavated profile provides the final base for lining and departure from the lines shown on the drawings shall not exceed :
Alignment
+-20 mm on straight section
+- 50 mm on tangents
+- 100 mm on curves
Departure from levels shown on the drawings.
+- 20 mm
The above tolerance shall be negotiated gradually smooth transition in a length of 30 mtrs.
3.5 MATERIALS
3.5.1 CEMENT
(a) Cement shall be 43 grade ordinary portland cement.
(b) Sampling and testing will be done by and at the expenses of the Nigam.
No Cement shall be used until has been given that the test results are satisfactory. Cement older than 90 days shall not be used unless test results satisfy the minimum strength requirements. The 43 grade ordinary portland cement shall, for its physical and chemical requirement conform to IS: 8112-1989 ordinary portland cement (First Revision).
3.5.2. FINE AGGREGATE
I.  GENERAL
All aggregates shall conform to IS: 383-1970, and its latest and shall be processed as directed by the Engineer-in-charge. Sand shall be natural sand from river bed, and the maximum size shall be limited to 4.75 mm (3/16"). Fine aggregates will be tested by the Engineer-in- charge for their gradation, specific gravity, water obsorbption, finess modules soundness.
II.  QUALITY
(a)   Sand shall consist of hard, dense, durable and uncoated siliceous gritty materials. It shall be free from injurious amount of dust, lumps, soft and flaky particles, shale, alkali, organic matter,  loam and other  deleterious substances.  The  maximum  percentage of  each  of the deleterious substances in sand as delivered to the mixer shall not exceed the following values :                            Materials passing: IS: 8
(BSS No. 200) 



: 3.0 Percent by weight
Clay lumps 




: 1.0 Percent by weight
Cinders and clinkers 


: 0.5 Percent by weight
Mica 




: 2.0 Percent by weight

Total of all deleterious 

substances including alkali, 

mica coated grains, soft and 

flaky particles, loams etc

 
: 5.0 Percent by weight
(c) Sand shall be free from injurious amount of organic impurities and sand producing a colour darker than the standard in the calorimetric test for organic impurities shall be rejected.
III  GRADING
(a) Sand shall be well graded soas to impart good workability and good finishing. Sieve analysis of natural sand shall conform to the following limits of gradation.
	IS Sieve
Designation
	Percentage Passing for

	
	Grading

Zone I
	Grading

Zone II
	Grading

Zone III
	Grading

Zone IV

	10 mm
	100
	100
	100
	100

	4.75 mm
	90-100
	90-100
	90-100
	95-100

	2.36 mm
	60-95
	75-100
	85-100
	95-100

	1.18 mm
	30-70
	35-59
	60-79
	80-100

	600 micron
	15-34
	35-59
	60-79
	80-100

	300 micron
	5-20
	8-30
	12-40
	15-50

	150 micron
	0-10
	0-10
	0-10
	0-15


The grading of fine aggregates, when determined as described in IS: 2386 9 Part I)- 1963 shall be within the limits given in Table 4 of IS: 383 and shall be described as fine aggregates, Grading Zones I, II, III and IV. Where the grading falls outside the limits of any particular grading zone of sieves other than 600 micron IS sieve by a total amount not exceeding 5%, it shall be regarded as falling within that grading zone. This tolerance shall not be applied to percentage passing the 600 micron IS. Sieve or to percentage passing any other sieve size on the coarse limit of Grading Zone I or the finer limit of Grading Zone IV.
IV  STORAGE
All sand shall be stored on the site of work in such a manner as to prevent instruction of foreign matter.
3.5.3 COURSE AGGREGATE
i.  GENERAL
(a)   Coarse aggregate for concrete shall consist of clean, hard, dense, free from vegetation and durable, crushed metal or gravel, Predominantly flaky aggregates shall not be used. All coarse aggregates shall be washed and/or screened by the contractor, if required. The percentage of deleterious substance in coarse aggregate shall not exceed the following values.

	Sl.

No.
	Deleterious

Substance
	Method of test
	Fine Aggregate Percentage by weight max
	Course Aggregate Percentage by weight Max

	
	
	
	Uncrushed
	Crushed
	Uncrushed
	Crushed

	1
	2
	3
	4
	5
	6
	7

	i.
	Coal & Lignite
	IS: 2386

(Part II) 1963
	1.00
	1.00
	1.00
	1.00

	ii.
	Clay lumps
	IS: 2386

(Part II) 1963
	1.00
	1.00
	1.00
	1.00

	iii.
	Materials finer than 75-/1 IS Sieve
	IS: 2386

(Part II) 1963
	3.00
	
	3.00
	3.00

	iv.
	Soft fragments
	IS: 2386

(Part II) 1963
	
	
	3.00
	

	v.
	Shale
	IS: 2386

(Part II) 1963
	1.00
	
	
	

	vi.
	Total Percentages of all deleterious materials (except mica) including Sl. No. I to v col. 4,6,7 and Serial no. 1 and 2 for column 5 only.
	
	5.00
	
	5.00
	5.00


Coasrse aggregate will be tested by the Engineer-in-charge for their gradation, specific gravity, water  absorption,  impact and  abrasion  values, soundness,  petrographic analysis, deleterious constituents, flakiness, and elongaion indices, and alkali aggregate reactivity.
(b) The sum of the percentage of all the deleterious substances shall, however, notexceed 5 percent by weight. The coarse aggregate shall satisfy abrasion, soundness, crushing and alkali aggregate reactivity test and water absorption results as laid down in IS: 383-1970 and other relevant Indian standard specifications.
ii.  GRADING :
(a)   Coarse aggregate shall be well graded and shall have a max. size of 20 mm.
(b)    The gradation shall give a dense concrete of the specified strength and consistency that will work readily into position  without segregation and without the use of any excessive water content.
(c)    The grading of coarse aggregate shall be in the nominal size as mentioned in Table-II of IS: 383-1979 reproduced below :-
	I.S. Sieve Designation
	Passing for graded

	80.00 mm
	-

	63.00 mm
	-

	40.00 mm
	100

	20.00 mm
	95-100

	16.00 mm
	-

	12.50 mm
	-

	10.00 mm
	25-55

	4.75 mm
	0-10

	2.36 mm
	-


However, the exact gradation required to produce a dense concrete of specified strength and desired workability shall be decided by the Engineer-in-charge.
(d)  The aggregate should be collected in separate stock piles for the gradation 20 to 10 mm and downsize. Testing for gradation and  batching will be carried out only when the collection is done in the above manner.
iii.  STORAGE
(a)   Aggregate shall be stacked in such a way as to prevent the admixture of foreign materials such as soil, vegetable matter etc. Heaps of fine and coarse aggregates shall be kept separate. When different sizes of fine or coarse aggregates are procured separately, they shall be stored in separate stock piles, sufficiently away from each other to prevent the materials at the edge of the piles from getting intermixed.
(b)   The aggregates shall be stock-piled adjacent to the mixer site so as to require minimum rehandling and labour when conveyed in the mixer.
(c)   The aggregates shall be placed on a dry hard patch of ground if available otherwise a platform of planks or plain galvanized iron sheets or alternatively on a floor of dry bricks or a thin layer of lean concrete.
(d)    The aggregates shall be kept free from getting dirty by people through rubbish like papers, vegetable matter and biddy etc.
(e)   To minimise moisture variation, the stock piles shall be as large in area as possible but low and fairly uniform in height preferably 1.25 to 1.50 metre and the lowest layer of about 30 cms. shall be allowed to act as drainage layer and not used till the end. Generally not less than 10 day’s requirement shall be stock piled. 
3.5.4 WATER
(a)  Water used for mixing of concrete and mortar should be free from injurious amounts of deleterious materials, Potable water is generally considered satisfactory for mixing and curing. 
(b)  Where water is found to contain any sugar or acid, alkali or salt, the Engineer-in- charge will refuse to permit its use. As a guide the following table represents the maximum permissible values. Quality of water shall be as per IS 456-2000
	
	Percent

	Organic
	0.02

	Inorganic
	0.30

	Sulphate
	0.04

	Alkali Chlorates
	0.20

	Suspended matter
	0.20

	PH Value
	6 to 8


3.5.5 AIR  ENTRAINING  ADMIXTURES
i.  GENERAL
Air entraining admixture when approved for being used as an admixture, shall be added to the concrete batch in solution when directed by the Engineer-in-charge. It shall be batched by means of mechanical batcher capable of correct measurement and in such manner as will ensure uniform distribution of the agent throughout the batch during the specified mixing period. The amount of air entraining agent used shall be such as to effect air entertainment of 6 percent by volume in that portion of the concrete containing aggregate smaller than the 20 mm, square mesh sieve after its placement and vibration in the forms. The actual percentage of air shall be
as fixed by the  Engineer-in-charge and will be changed whenever such change is deemed necessary to meet the varying conditions encountered during construction. The admixture shall be supplied by the contractor himself, at his cost for use in the concrete mix. Charges for labour, transport, storage and mixing shall be borne by the contractor. No claim on any account for use of this admixture or any other admixtures in the concrete shall be entertained by the Department.
ii.  TESTS FOR DETERMINING MIX PROPORTIONS:
Samples required for evolving design mix of concrete have to be furnished by the contractor 3 months in advance of the concrete placement programme. Samples shall be collected from approved quarries relevant to the portion of work. Contractor shall provide satisfactory facilities for easy and quick collection of adequate test samples. All tests for deciding the mix proportions for the evaluation and approval of admixtures, if any, shall be made by and at the expense of the Department.  The  cement  content  of the  mix  design  would be decided  not  only from the considerations of strength requirements but also from durability.
3.6 CAST-IN-SITU CONCRETE LINING
3.6.1 GENERAL
This work shall generally conform to I.S. 3873-1979 or its latest version. All concrete for lining work shall be governed by I.S. 456: 2000. Concrete for lining works shall be of controlled grade with suitable admixtures of approved air entraining agents, using well graded aggregate with maximum size of aggregate of 20 mm
3.6.2 BATCHING
(a)   The contractor shall provide such means and equipments as are required to accurately determine and control the relative amounts of the various materials including water, cement, admixtures, sand and each specified size of coarse aggregate for the concrete. Such means and the equipment and its operation shall be subjected, at all times, to the approval of the Engineer- in-charge. The amount of cement, fly ash if required, sand and each size of coarse aggregate entering each batch of concrete shall be determined by weighing and the amount of water shall
be determined by weighing or volumetric measurement. 

(b)   The measuring and weighing equipment shall operate  within the limits of accuracy specified. Standard sets of weights required for checking the satisfactory performance shall be provided by the Department.
(c)    The equipment shall be capable of controlling the delivery of material so that the combined inaccuracies in feeding and , measuring during normal operations do not exceed 1% for water, and 2% for all aggregates. Periodical tests shall be made at least once in every two weeks in the case of equipment for measuring water, cement and admixtures and at least once in every month in case of equipment measuring sand and coarse aggregate. However, this shall not obstruct  any surprise checking and testing at any time as desired by the Engineer-in - charge. Repairs, replacement, or adjustment shall be made, as necessary, to secure satisfactory performance.
(d)   The weighing equipment shall conform to the requirement of IS: 2722-1964, and the batching and mixing plant to the requirement of IS: 4925-1968. The contractor may provide central batching plant for supplying concrete.
(e)    In case uniformity in the materials used for concrete has been established over a period of time, proportioning may be done by volume batching, provided periodical checks are made on Mass/Volume relationship of the material. When weigh batching is not practicable, quantities of fine and coarse aggregate (not cement) may be determined by volume. If fine aggregate is moist and volume batching is adopted, allowance should be made for bulking in accordance IS 2386- part III-1963.
3.6.3 MIXING
(a) A mixes should comply with IS 1791 and IS 12119.
(b)   Concrete shall be mixed in a mechanical mixer and shall be as dense as possible, plastic enough to consolidate well and stiff enough to stay in place on the slopes.
(c)   Mixing shall be continued until there is a uniform distribution of materials and the concrete is uniform in colour and consistency. The time of mixing shall be as shown in Table 1 of IS : 457-1957 reproduced below:
	Capacity of mixer
	Minimum time of mixing

	
	Natural

Aggregates
	Manufactured

Aggregates

	3 Cum. (or cu.yd.) or larger
	2 minutes
	2 minutes 30 secs.

	2 Cum. (or 2 cu.yd.)
	1 Minutes 30 secs.
	2 minutes

	1 Cum. (or 1 cu.yd.)
	1 minutes 15 secs.
	1 minutes 50secs.


3.6.4 CONSISTENCY
The amount of water used in the concrete shall be fixed as required from time to time during the course of concreting work to secure concrete of the proper consistency and to adjust for any variation in the moisture content or grading of the aggregates as it enters the mixer. Addition  of  water  to compensate  the  stiffening  concrete  resulting  from over  mixing  or objectionable drying before placing shall not be permitted. Uniformity in concrete consistency from batch to batch shall be required. Where  concrete is laid from the bottom to the top of the
slope. The consistency shall be such that the concrete will just to stay in place on the slope. A slump 50-70 mm shall be allowed for Lining. Where canal lining machines are used, the slump shall be 50 mm. To have a close control of the consistency and workability of concrete, the slumps of concrete shall not vary by more than 20 mm. which would, otherwise, interfere with the progress and quality of the work.
3.6.5 CONVEYANCE
Concrete shall be conveyed from the place of batching to the place of Final deposit as rapidly as practicable so that is may be laid and compacted before the initial setting time.
3.6.6 PLACING AND  COMPACTION
(a)   Concrete shall be placed only in the presence of a duly authorised representative of the Department.  Concrete shall be placed and compacted before initial setting time and should not be subsequently disturbed.
(b)   Placing of concrete shall not be started until all formwork is completed and all parts to the embedded are placed, and preparation of surface upon which concrete is to be laid, has been completely inspected and then so directed by the Engineer-in-charge.  All absorptive surface against which concrete which to be laid shall be moistened adequately so that moisture not be withdrawn from freshly placed concrete. The surfaces, however, shall be free from standing water and mud.
(c)   Concrete shall be deposited and spread on the bed and sides of the canal as indicated on the drawings, in alternate panels. It shall be well compacted by using tampers, vibrators and screeds and finished smooth by wooden floats and trowel to get smooth, hard and even surface. For lining of side slopes, concrete shall be screeded up the slope, and vibrated ahead of the screed. Concrete required for keys as shown on drawings shall be laid integrally with side- slope lining. Slip forms shall be used for the side slopes of the canal.
(d)  As an alternative to hand placing, or the slip forms, the Contractor may choose to use longitudinally operating self aligning, slip form machine with built in vibrators attached the side forms as to effectively compact and finish concrete.
(e)  When concrete is being conveyed through chute or belts, the free fall drop shall be limited to 1.50 metres.
(f)  Concrete shall be deposited in continues horizontal layers varying in thickness from approximately 30 cm. is ordinary works to 45 cm. in mass concrete works.
3.6.7 SLIP FORM FOR SIDE SLOPES OF THE CANAL
     The slip form used for placing concrete to the side slopes of the canal shall comprise of a weighted steel-faced slip form screed, about 70 centimeter wide, pulled up the slope by hoisting equipment placed on the canal berms or on the top of the service road/inspection path. The screed travels up over the screed guides which are firmly laid over the sub grade of the side slopes, at the two ends of the panel being concreted, and are correctly positioned to serve, in addition, as formwork for those two sides. When the adjacent panels are already concreted, the screed guides are dispensed with and the slip form screed travels supported over the adjacent panels at its two ends. The screed guides may comprise rolled steel channels the heights of which corresponds to the thickness of the lining. The screed guides shall be correctly aligned, transverse to the canal alignment and shall be correctly positioned conforming to the designed side slopes of the canal.
     The slip form screeds shall be of rigid construction and shall not deflect during the concreting operations. The weights placed over the slip form screed shall be adequate and uniformly placed so as to exert enough pressure on the concrete and to ensure smooth operation without being lifted or otherwise disturbed during the concreting operations. The screed shall be steel faced and unvibrated. The concrete shall be vibrated ahead of the slip form screed using immersion type vibrators.  The construction of the slip form including the pulling ropes, the hoists and the hoisting arrangements shall be such as to ensure that these slip form screed would move up the  slope evenly and slowly. Labourers vibrating the concrete would be positioned over the top of the traveling slip form screed and would ensure that the concrete is well vibrated and dense as it is slipped under the screed. To gather enough concrete for being vibrated and fed under the slip from screed, a steel plate lip is provided at the rising end of the concrete and the concreting operation including the vibrating arrangements shall be such as to ensure that the surface made by the slip form will require no further screeding and very little finishing. The slip forms of above description shall be employed without fail in all main canals, branch canals and major distributaries. The concreting method in smaller channels like laterals may comprise of manually moving up the screeds over the screed guides laid on the sub grade. The size of the screed, in such cases would be smaller. Consolidation of concrete lining is accomplished mainly in the screeding operation. Three meter screed panels should be quite practicable for two men operation of the screed.
3.6.8 FINISHING
(a) All exposed concrete surfaces shall be cleaned of impurities, lumps of mortar or grout and unsightly stains. Finished surface shall be even, smooth and free from pockets and equivalent to that obtainable by effective use of a long handle steel trowel. Surface irregularities shall not exceed 6 mm for bottom slab and 12 mm for side slopes, when tested with a straight edge of 1.5 metre length.
(b) The surface of concrete finished against from shall be smooth and shall be free from projections, honey combing an other objectionable defects. Immediately on the removal of forms all unsightly ridges or lips shall be remedied by tooling and rubbing.
(c) Repairs to concrete surface and additions where required shall be made by cutting regular openings into the concrete and placing fresh concrete to the required lines. Chipped openings shall be sharp and not be less than 75 mm in depth. Plastering of concrete surface will not be allowed.
(d) The unformed surface of lining shall conform to U4 finish as described in para 4.14.2 iv. The form surface of lining shall conform to (F4) finish as described in para 4.14.4 e.iv.
3.6.9 CURING
(A)   WATER CURING
Subsequent to laying of concrete lining and after a period of 24 to 36 hours, the lining should be cured for at least 21 days, On bed, this may be done by constructing 15 cms, deep earthen bunds across the bed so that a small depth of water will stand on the bed. The curing of side slopes may be done by constructing masonry drains with weep holes or perforated pipes on the coping at the top of the lining or by sprinklers, such that the surface is always kept wet. If the surface is covered with gunny bags or straw, intermittent sprinkling may also be allowed provided that the underneath of the gunny bags and straw are always wet.
(B )   MEMBRANE CURING
     As an  alternative to water curing,  membrane  curing may  also  be  done  using curing compounds of approved manufacture conforming to specifications ASTM designation cx 309- 38. Curing compounds should not be used on surfaces that are to receive additional concrete, paint or tile that requires a positive bond, unless it has been demonstrated that the membrane can be  satisfactorily removed before a subsequent application or that the membrane can serve satisfactorily as a base for the application. The compound shall be applied at a uniform rate sufficient to comply with the requirement of the test for water retention (ASTMC 156-65). The usual values for water retention coverage range from 3.5 to 5.2 per litre.
(c) Curing compound can be applied by hand spray or mechanical distributors at about 75 to 100 psi (5 to 7 kgs/cm  ). On small areas such as patches curing compounds may be 2 brushed with a wire or bristled brush.
(d) On formed concrete surfaces the curing compound shall be applied immediately upon removal of the form. If there is any drying or appreciable loss of moisture the surface should be sprayed with water and allowed to reach a uniformly damp appearance with no free water on the surface when the compound is applied.
(e) The contractor shall demonstrate the effectiveness of the curing compound he intends to utilize. Such compounds shall be used on the work only after successful demonstration to the satisfaction of the Engineer-in-charge. The Contractor shall also produce a test certificate to show that the material conforms to stated specifications.
(f) Application of the curing compound shall be strictly as per manufacture's specifications. After application of the curing compound the membrane shall be protected by covering of sand or earth of not less that 25 mm, in thickness or by other means, if concrete is subjected to foot traffic or other construction activity. Protective covering shall not be  placed  until the  sealing membrane  is thoroughly dry and shall be removed by the Contractor after the final acceptance of the work. The curing compound shall be used only if it has been tested and approved by the Engineer-in-charge. The cost of furnishing transporting, handling and supplying all materials including labour etc., used for curing of concrete shall be included in the unit rate tended for the concrete. The contractor shall maintain adequate and appropriate curing material and means of applications at site of work failing which his work may have to be halted and for which the Contractor shall not be entitled for any claim whatsoever.
3.7 TESTS  OF CONCRETE AND ACCEPTANCE  CRITERIA.
3.7.1. GENERAL
Testing of concrete shall be carried out at the cost of the Nigam by the Quality Control Division on representative samples taken at the site of laying the concrete in accordance with relevant Indian Standard Specifications.
3.7.2 SAMPLING  PROCEDURE AND  FREQUENCY
(a)   SAMPLING PROCEDURE
A random sampling procedure shall be adopted to ensure that each concrete batch has a reasonable chance of being tested, i.e., the sampling should be spread over the entire period  of concreting and should cover all mixing units.
(B )   FREQUENCY
(b)  The minimum frequency of sampling of concrete of each grade shall be in accordance with following:
	Quantity of Concrete Per shift Cum.
	Number of Samples

	1 to 5
	1

	6 to 15
	2

	16 to 30
	3

	31 to 50
	4

	51 and above
	4 plus one additional sample for each additional 50 cum. or part thereof.


Note :  At least one sample shall be taken during each shift, at each placement location.
3.7.3. SAMPLING AND STRENGTH TEST OF CONCRETE
Samples from fresh concrete shall be taken as per IS: 1199-1959, and cubes shall be made, cured and tested at 28 days in accordance with IS: 516-1959
3.7.4. TEST  SPECIMEN
(a) There test specimen shall be made from each sample for testing at 28 days. Additional samples may be required for various purposes, such as to determine the strength of concrete 17 days or at the time of striking form work, or to determine the duration of curing or to check the testing error by accelerated methods as described in IS: 9103-1978. The specimen shall be tested as described in IS: 516-1959.
(b) Test results of Samples.
(i) The test results of the sample shall be the strength of average of three specimen. The individual variation should not be more than 15% of the average. If more the test results  of sample an are invalid.
ii) Contractor shall provide necessary unskilled labour and facilities for transport for collection of samples, cores, etc., and shall be present at the time when the samples, cores etc. are taken, Testing shall be carried out at the testing laboratories set up at the site or at any other laboratory that the Engineer-in-charge may decide upon and the results given thereby shall be considered as correct and authentic and acceptable to the Contractor. The Contractor shall be given access to all operations and tests that may be carried out as aforesaid. All testing charges are to be borne by the Department.

3.7.5 STANDARD  DEVIATION
i)   Standard Deviation based on Test Results.
(a) Number of test results- The total number of test results required to constitute an acceptable record for calculation of standard deviation shall not be less than 30. Attempts should be made to obtain the 30 test results, as early as possible, when a mix is used for the first time.
(b) Standard Deviation to be brought up to date. The calculation of the standard deviation shall be brought up to date after every change of mix design and at least once a month.
ii)    Determination of  standard Deviation.
(a) Concrete of each grade shall be analyzed separately to determine its standard deviation. 

(b) The standard Deviation of concrete of a given grade shall be calculated using the following formula from the results of individual tests of concrete of that grade obtained as specified in 14.4; of IS: 456-1978 or its latest version.
Estimated Standard Deviation =

[image: image3.png]



Where,     Δ = deviation of the individual test strength from the average strength of no, of samples and            n = number of sample test results.
(c) When significant changes are made in the production of concrete batches (for example changes in he materials used, mix design, equipment or technical control) the standard deviation value shall be separately calculated for such batches of concrete.
iii) Assumed Standard Deviation:
Where sufficient test results for a particular grade of concrete are not available the value of standard deviation given in table 8 of IS: 456-2000 may be assumed.
 TABLE - 8
Assumed Standard Deviation (Clause 9.2.4.2 as Table II IS: 456-2000)
	Grade of Concrete
	Assumed Standard Deviation (N/mm2)

	M10
	3.5

	M15
	3.5

	M20
	4.0

	M25
	4.0

	M30
	5.0

	M35
	5.0

	M40
	5.0

	M45
	5.0

	M50
	5.0


However, when adequate past records for a similar grade exist and justify to the designer a value of standard deviation different from  that shown above/
3.7.6 ACCEPTANCE  CRITERIA
The Concrete shall be deemed to comply with the strength requirements if:
(a) Every sample has a test strength not less than the characteristic value; or
(b) The strength of one or more samples though less than the characteristic value, is in each case not less than the greater of;
(1) The characteristic strength minus 1.35 times the standard deviation; and
(2) 0.80 times the characteristic strength; and the average strength of all the samples not less than the characteristic strength.
 1.65) plus (1.65           - - - - - - - - - - - - - - - - - - - )      times the Standard Deviation.
                               (Number of samples) 1/2
Concrete which does not meet the strength requirements as specified in 15.1 of IS: 456-
1978 but has a strength greater than that required by 15.2 of IS: 456-1978 may, at the discretion of the designer, be accepted as being structurally adequate without further testing. If  the concrete is deemed not to comply prersuant to 15.2 of IS: 456-1978 the structural adequacy  of  the  parts  affected shall  be  investigated  (Sec  16  of IS: 456-1978) and  any consequential action as needed shall be taken.
Concrete of each grade shall be assessed separately. Concrete shall be assessed daily for compliance. Concrete is liable to be rejected if it is porous or honey combed; its placing has been interrupted without providing a proper construction joint; the reinforcement has been displaced beyond the tolerances specified; or construction tolerance have not been met. However, the hardened concrete may be accepted after carrying  out  suitable remedial  measures to the satisfaction of the Engineer-in-charge.
3.7.7. CORE TEST
Core/Samples may also be taken by drilling the hardened concrete of the lining for testing the compressive strength. Cores shall be of diameter 7.5 cms, and tested as per IS: 516-1959. Three test cores taken at any cross section will constitute one sample. Test samples shall be taken for branch canals, distributaries etc., at intervals, as indicated below or at closer intervals, if considered necessary.
	
	Discharging Capacity
	Approx. average intervals

	1.
	Above 14 cumecs.
	250 mtrs.

	2.
	Greater than 3 to 14 cumecs
	500 mtrs.

	3.
	Above 0.30 cumecs, up to 3 cumecs
	750 mtrs.

	4.
	0.3 cumecs, & below
	1000 mtrs.


The points from which cores are to be taken and the number of cores required shall be at the discretion of the Engineer-in-charge and shall be representative of the whole of concrete concerned. in no case, however, shall fewer than three cores be tested. Cores shall be prepared and tested as described in IS: 1199-1959 and IS: 516-1959. Concrete in the member represented by a core test shall be considered acceptable if the average equivalent cube strength of the cores is equal to at least 85% of the cube strength of the grade of concrete specified for the corresponding age and no individual core has a strength less than 75%. Cored holes shall be refilled with the same grade of concrete without any extra cost.
3.8  JOINTS
Joints shall be spaced and located as shown in the drawing or as directed by the Engineer- in-charge, the joints shall be formed in the manner as specified below when the concrete is hand placed. In-situ sleepers, in case bed and pre-cast in case of sides shall be provided under the joints.  The sleeper shall be of sizes shown on the drawing, Concrete used for sleeper shall be of the same grade as for lining. Before laying cement concrete, the top of the sleeper both in bed and side slopes shall be treated with two layers of sealing compound as prescribed in Clause 9 of
IS; 5256-1992 and as shown in the drawing. Slabs shall be laid in alternate compartment with an interval of at least one day for setting and contraction. The faces of the previously placed concrete shall be painted with sealing compound as prescribed in Is; 5256-1992 to ensure that no bonding takes place. The grooves at the joints shall be size and shape as shown on the drawing, and filled with hot applied sealing compound. Filling of the joint with hot applied sealing compound should be taken up after completion of all other canal work. In the mean time the groove shall be filled with clean coarse sand.
          (i)   E xpansion Joints
Expansion joint shall not be provided except where structures intersect the canal.
At intersecting structures an expansion joint of 25 mm width filled with sealing compound conforming to IS: 5256-1992 or IS 13143-1991 or with P.V.C . water stops shall be provided.
          (ii)  Construction Joints.
Construction Joints  is placed at any  location where  it is  suited  as an exigency  to construction (interruption of work). It alter performs the function of a transverse longitudinal or expansion joint.
          (iii)  Contraction Joints
Contraction Joints shall be provided at places shown on the drawings or directed by the Engineer-in-charge in accordance with the provisions laid down in 6.2.1 & 6.22 of IS: 3873 - 1993. Where lining operations are continuous transverse grooves or longitudinal and transverse grooves both in cases of concrete lined caals with lined perimeter more than 10 mtrs. Shall be formed as shown in Fig. (1) in accordance with Table 2 of IS: 3873-1993.  Deviations from established lines, grades and dimensions shall be tolerated to the extent set forth herein provided that the Department reserves the right to diminish the tolerance set forth herein if tolerances impair the structural action or operational function of the lining. 
(b) 1. Departure from established 20 mm on straight reaches 50 mm alignment on tangents.
ii.   Departure from established grade 100 mm on curves, 20 mm on straight reaches,
iii.  Variation in concrete lining 10% of lining thickness provided &
      thickness average thickness is not less than specified thickness. Any departure from alignment or grade shall be uniform and no corrections in alignment be made in less than 30 mts.
3.9  DEWATERING
Canal  reaches  where water is encountered  above  canal bed level  shall be  dewatered continuously during preparation of sub-grades and placing of concrete for lining till the concrete has attained necessary strength. No separate payment shall be made for dewatering operations, as the same shall be deemed to have been included in rate of related finished items of work in the Schedule B.
3.10 DESILTING
Whenever, desilting is encountered in canal reaches during preparation of sub-grades and placing of concrete for lining, it shall be done by the Contractor. No separate payment shall be made for this operation as the same be deemed to have been included in the rate of the concerned finished items of work in the Schedule B.
 3.11 MEASUREMENT AND  PAYMENT
1.  PLAIN CEMENT CONCRETE LINING
(a) Measurement will be on the basis of volume of concrete lining for the thickness specified on the drawing, and payment will be at the unit rate quoted in Schedule-B. The correct thickness shall be maintained at the time of concreting by taking necessary care at the time of setting up form works and the placement, compaction and finishing of concrete. The thickness shall be cross checked by   

i) volume of concrete placed and area covered,
ii) use of probe when concrete is green and 

iii) coring. No separate payment will be made for filling up any over breakages, and preparation of sub-grade for lining of canals.
(b) The unit rate for lining also includes cutting or forming of grooves to specified depth in panels and filling with sealants, as directed by the Engineer-in-charge, costs of all materials including sleepers for joints, all leads and lifts, all tools, plant and labour for mixing, formwork, conveying, placing, compacting, finishing, curing and also for dewatering and desilting during placing of concrete lining and all incidental charges.
(c) Adjustments in payment towards authorised variations in cement content : -
The contractor shall quote his rates for the concrete lining assuming a cement content as per S.R. in vogue If the cement content of the mix designed and authorised for adoption by the department is in variance. It shall be suitably compensated.
           ii)   CONCRETE LINING WITH NOMINAL REINFORCEMENT
The quantity of cement concrete lining with nominal reinforcement will be measured on volumetric basis on the same lines as of plain concrete lining. Payment shall be made at the unit rate quoted in Schedule 'B'. The rate excludes reinforcement to be provided in lining, but is  inclusive of costs of all materials transport with all leads and lifts, all tools, plant and labour for mixing conveying, placing, compacting, finishing, curing etc., and also for dewatering and desilting during the placing of the reinforcement and the concrete. Reinforcement is payable separately.
3.12   KILOMETER STONES AND HECTOMETRE STONES.
Kilometre stones/Hectometre stones shall be obtained from approved quarries. Stones shall be dense, hard and free from any defect. The exposed stones shall be well dressed and rectangular. Dressing shall be two line dressing. The dimensions of the stones shall be as shown in the drawing. All exposed faces shall be provided with three coats of enamel paints of approved make and shade. Lettering shall be done as shown in the drawing. Hectometer stones and Kilometre stones are to be located on the left hand side of the service road and I.P. as one proceeds from the station from which the Kilometre count starts. The stones should be fixed in position with cement concrete of required grade, a minimum of 150 mm all round and extended to full depth of the stone below the surface They should be planted securely near the edge of the formation with their faces at right angles to the center line of the road.
3.12.1 MEASUREMENTS AND  PAYMENTS.
Payment for Kilometre and Hectometre stones shall be made at unit rate or the respective item. The rate shall include the cost and conveyance of stones, all labour charges for conveyance of stones, fixing in concrete, painting, printing and figuring etc., and all other incidental charges.
SECTION-IV
PLAIN AND REINFORCED CONCRETE
4.1   SCOPE OF WORK
The specification cover the requirements of plain and reinforced concrete for use in various components of the structures. The work covered under this section consists of furnishing all materials including formwork, equipment, labour for the manufacture, transport, placing , vibrating, finishing and curing of the concrete for the structures and performing all the operations necessary and ancillary thereto including dewatering and desilting etc., as required. For the reinforced concrete structures, granite, quartzite, dolorite trap shall only be used as coarse aggregate.
4.2 APPLICABLE  PUBLICATIONS
All concrete, its constituents, methods and procedures of manufacture, placement etc. shall conform to Indian Standard Specifications and other publications listed below unless otherwise specified.

4.2.1 INDIAN STANDARDS  FOR  REFERENCE
1. IS: 456-2000 Plain and R.C.C. code of practice
2 IS: 303-1975 Plywood general purposes
3. IS; 432-1966 Mild steel and medium tensile steel bars
(Part-I)
4. IS: 516-1976 Portland slag cement
5. IS: 516-1959 Methods of test for strength of concrete
6. IS: 2505-1980 Concrete Vibratos immersion type.
7. IS: 2506-1964 Screed board concrete vibrators.
8. IS: 3370-1965-1967 Code of practice for concrete structures for the storage (All parts) of liquids
9. IS: 3558-1983 Code practice for the use of immersion vibrators for consolidating concrete.
10. IS: 4656-1968 From vibrators concrete
11. IS: 4990-1981 Plywood for concrete shuttering works.
12. IS: 5242-1979 Method of test for determining shear strength of mild steel
13. IS: 8989-1978 Safety code for creation of concrete framed structure.
14. IS: 9077-1979 Code of practice for corrosion protection of steel reinforcement in R.B. and R.C.C. construction.
In addition to the above, relevant Indian Standards referred in Section-IV shall also apply.
4.2.2 OTHER PUBLICATIONS
1. Indian Road Congress Standard Specifications and Code of practice for Road bridges -    Section I, Section II and Section III
2. Concrete Manual (Latest Edition) U.S.B.R .
American Society for testing of materials C. 494,80
Design aids to IS. 456-1978 SP 16 (S &T) for reinforced concrete. 1980 

4.3 COMPOSITION
(a) Concrete shall be composed of cement, fine aggregate (natural) sand or manufactured sand or both), coarse aggregates (manufactured or natural gravel), admixtures and water well mixed in proportion and brought to the proper consistency. The design mix proportions shall be adjusted to produce a durable and workable concrete, suitable for specified conditions of placement and design strength.
(b) For all items of concrete in any portion of the structure or its associated works, controlled concrete shall be used where specified.
4.4 MATERIALS
             4.4.1 CEMENT
(a) Only 43-grade ordinary Portland Cement shall be used for R.C.C. constructions while Puzzolona Portland C ement (P.P.C.) shall be allowed to be used for plain concrete.
(b) Immediately, upon receipt at the site of the work, cement shal be stored separately in dry, water tight and properly ventilated structures.  All storage facilities shall be subject to approval and shall be such as to permit easy access for inspection and identification. Sufficient cement shall be kept in stock for completion of concreting undertaken.  Cement shall be used in order of receipt and cement older than 90 days shall not be used unless the  test results satisfy the minimu strength requirements.  The provisions made in para  3.5.1 shall also apply.
4.4.2 FINE AGGREGATES
The provisions made under para 3.5.2 shall apply.
4.4.3 COARSE AGGREGATES
(a) Coarse aggregates shall consist of hard, strong, durable particles of crushed stone or gravel and shall be free from thin  elongated soft pieces, organic or other deleterious matter.  It shall have no adherent coating.  It shall be from a source approved by the Engineer-in-charge.  C oarse aggregates shall conform to IS : 383-1970 and IS : 515- 1959.
(b) Coarse aggregates shall be washed if necessary to remove all vegetations and other perishable substances and objectinable amounts of other foreign matter. The cost of washing and screening shall be borne by the contractor.
(c) Following table gives an indication of the maximum size of coarse aggregate for the different items of work.  However maximum size of coarse aggregate shall be adopted as indicated on the drawings.  

	Sl. No.
	Item of work
	Maximum Nominal Size of Coarse Aggregate (MSA)

	(i)
	Foundation floor and gravity retaining walls (mass concrete)
	40 mm

	(ii)
	R.C.C. Rafts, Piers, Abutments, Barrels, Cutoff walls, Breast walls Staunching rings etc.
	40 mm

	(iii)
	R.C.C. work in Main and Cross Girders, Deck slab, Wearing coat, Kerb, Parapet walls, Approach slab, Pier caps, Diaphragm wall and other thin walled members and in zones of congestion
	20 mm


(d) For heavily reinforced concrete members, as in the case of ribs of main beams, maximum size of aggregate shall usually be restricted to 5 mm.  less than the minimum lateral clear distance between the main bars or 5 mm.  less than the minimum cover to the reinforcement, whichever is smaller.  However, if required under special circumstances, the Engineer may permit an aggregate of maximum size 25% more than this / critical spacing / cover, provided that proper vibration is ensured.  The other provision of section 3.5.3 shall apply.
4.4.4 REINFORCING  STEEL
The provisions of Section 5 shall apply.
4.4.5 WATER
The provisions of para 3.5.4 shall apply.
4.4.6 Admixtures
Admixtures like water reducing agents, Air entraining agents, water proofing agents etc shall be used only if permitted by the Engineer.  The kind of admixtures its make and quality, the proportion and the manner of mixing shall be subject to Engineer's approval.
4.4.7 Epoxy
Use of Epoxy for bonding fresh concrete for repairs shall be permitted on written approval of the Engineer.  Epoxy shall be applied in accordance with the instructions of the manufacturers. The cost of such repair shall be borne by the Contractor.
4.5  Concrete for Structures
Controlled concrete shall be used for the structures in grades designated as M-15 and M-20 etc.  The mix shall be designed using representative samples of available coarse and fine aggregate as well as cement and water to achieve  the required workability strength and durability standards.  Mix design studies and test will be made by the CNNL. 

4.6  Strength requirements of Concrete
The compressive strength requirements for the various grades of controlled concrete shall be as per Table No. 1 given, below.
TABLE NO. 1
	Grade of Concrete
	Compressive test strength in N/Sqmm. of 150 mm. cube conducted in accordance with IS : 516-1959

	
	Min. at 7 days.
	Min. at 28 days.

	M-10
	7
	10

	M-15
	10
	15

	M-20
	13.5
	20

	M-25
	17
	25


Note :   In all cases, the 28 days compressive strength specified in Table shall alone be the criterion for acceptance or rejection of the concrete on the basis of its strength.  Where the strength of a concrete mix as indicated by tests lies in between the strength for the two grades specified in Table, such concrete shall be classified for all purposes as concrete belonging to the lower of the two grades between which its strength lies.
4.7  PROPORTIONING CONCRETE
(a) Concrete mix shall be designed on the basis of preliminary tests.  The proportion of ingredients shall be such that concrete has adequate workability for conditions prevailing on the work in question, and can be properly compacted with the means available. Samples of construction material required for avolving design mix shall be supplied 3 months in advance.
(b) Unless it can be shown to the satisfaction of the Engineer-in-charge that supply or properly graded aggregates of uniform quality can be maintained till the completion of the work, grading of aggregate shall be controlled by obtaining the coarse aggregate in different sizes and blending them in the right proportions as required.  Different sizes shall be stacked in separate stockpiles.  Required quantity of material shall be stock-piled atleast 3 days in advance before use.  Grading of coarse and fine aggregates shall be checked as frequently as possible, frequency for a given job being determined by the Engineer-in- charge to ensure that the supplies are maintain the uniform grading as approved for samples used in the preliminary tests.  In proportioning concrete, the quantity of both cement and aggregate shall be determined by weight.  Water shall either be measured by volume in calibrated tank or weighed.  All measuring equipment shall be maintained in a clean and serviceable condition.  Their accuracy shall be periodically checked. 

(c) It is most important to maintain the specified water cement ration.  To this end, moisture content in both fine and coarse aggregates shall be periodically determined and the amount of mixing water shall be adjusted to compensate for any variations in the moisture content. For the determination of moisture content in the aggregate IS; 2386-1963 (Part III) shall be referred to.  Suitable adjustments shall also be made in the batched weight of the aggregate depending upon the variations in their moisture content.

 (d) The quantity of  Cement for various grade shall  be as per S. R. for quoting rates in Schedule - B
TABLE
	Sl.No
	Grade of Concrete
	Cement Approximate Content required in Kg for one cum Concrete

	1
	20 M-10
	250

	2
	20 M-15
	270

	3
	20 M-20
	330

	4
	40 M-10
	220

	5
	40 M-15
	240

	6
	40 M-15 (with plums)
	210

	7
	40 M-20 (Foundation)
	270

	8
	40 M-20 (Sub Structure)
	300

	9
	80 M-10
	190

	10
	80 M-15
	210

	11
	80 mm thick paver lining with 20 M-15
	23.30 Kg per Sq.M

	12
	100 mm thick paver lining with 20 M-15
	28.90 Kg per Sq.M

	13
	80 mm thick paver lining with 20 M-20
	28.40 Kg per Sq.M

	14
	100 mm thick paver lining with 20 M-20
	35.20 Kg per Sq.M


e) Actual cement level  required for the aggregates to be used shall be determined by Laboratory tests.  The mix proportions shall be selected to ensure that the work ability of the fresh concrete is suitable for the conditions of handling and placing, so that after compaction it surrounds all reinforcements and completely fills the form work.  When concrete is hardened, it shall have the required strength, durability and surface finish.  A mix shall be designed to produce the grade of concrete having the required workability and characteristic strength not less than that stipulated in table under para 4.6 above. Due to the change in design mix, if it becomes necessary to use less or more cement per cubic metre of concrete than specified in S.R . the contractors payment will be adjusted as under.
(i) In case of actual use being more than that specified S.R. the Contractor will be paid for the in creased use of cement at Rs. .................... per M.T.
(ii) In case of actual use being less than that specified S.R. the Nigama will deduct
towards decreased use of cement at Rs. ............................ per M.T.
(f) The quantity of water shall be just sufficient to produce a dense concrete of required workability and strength for the job.  An accurate and strict control shall be kept on the quantity of water.
(g) In case of reinforced concrete work, workability shall be such that the concrete
surrounds and properly grips all reinforcement.  The degree of consistency, which
shall depend upon the nature of work and methods of vibration of concrete, shall be controlled by regular slumps tests.  Following slumps shall be adopted for different types of works.

Type of Work Slumps Allowed
i) Mass concrete for R.C.C. foundations, footings
and retaining walls. 40 mm. to 50 mm
ii) Beams, slabs and columns 40 mm. to 50 mm.
iii) Thin R.C.C. section with congested steel. 50 mm. to 60 mm.
4.8 PRODUCTION  OF  CONCRETE
4.8.1. PRODUCTION OF AGGREGATES
Production of aggregates may include quarrying of the raw material and processing viz., transporting, crushing, screening and washing.  Water used for washing aggregates shall be clean and free from alkali, salts and other impurities.  After washing, fine aggregates must be stored in stockpiles with a free draining base for at least 3 days to ensure that sand delivered to the batching plant will have a reasonably uniform moisture content.  The storage and handling shall be in such a manner as to prevent inter-mingling of various sizes of aggregates required separately  for grading purposes.  No foreign matter shall be allowed to mix with aggregate.
4.8.2 BATCHING
(a) The prescribed amount of the various materials of concrete, including water, cement, admixtures and  the groupings of fine aggregates  and each individual size of coarse aggregates shall be measured and controlled within the specified limits of accuracy.  The amount of water, cement and aggregate shall be determined by weighing.  In the case of fine aggregates, the surface moisture shall be determined in accordance with the method prescribed in Appendix D of IS : 456-1978 and its subsequent amendment or publications. In the case of coarse aggregates, percentage of free water shall be determined by weighing a representative sample, then surface drying each particle individually with a clean piece of cloth and re-weighing.
(b) The batching equipment  shall  be  constructed and operated so  that  the  combined inaccuracies in feeding and measuring the materials shall not exeed one percent for water and cement and 2 percent for each size of aggregate.     
(c) The operating performance of each scale or other measuring device shall be checked by test weight, and the tests shall cover the ranges of measurements involved in the Batching operations.
(d) Tests of equipment in operation shall be made atleast once every fortnight and adjustments, repairs or replacement, be made as necessary to meet the specified requirement for accuracy of measurement.
(e) Aggregate shall not be batched for concrete or mortar when free water is dripping from the aggregate.
(f) In case uniformity in the materials used for concrete has been established over a period of time, proportioning may be done by volume batching, provided periodical checks are made on Mass  / Volume relationship of the material.   When  weigh batching is  not practicable, quantities of fine and coarse aggregate (not cement) may be determined by volume.  If fine aggregate is moist and volume batching is adopted, allowance should be made for bulking in accordance with IS : 2386 - part III - 1963.
4.8.3 MIXING
(a) The concrete ingredients shall be mixed thoroughly in batch mixers of satisfactory type and size, which are so designed as to ensure uniform distribution of all the constituent materials throughout the mass at the end of mixing period.  The plant shall be so designed and operated that all materials entering the mixer can be accurately proportioned and readily controlled.  The entire batch within the mixer shall be discharged before - re- charging.  The volume of mixed materials per batch shall not exceed the rated capacity. A mixer will be considered unsatisfactory, if from three tests of any one batch, a range in slump exceeding 25 mm or a range in air content exceeding one percent is noticed between representative samples taken at different portions of the mixer discharge.
(b) For any one batch, uniformity of fresh concrete weight of air free mortar of two samples one taken at the front and one at the end of the mixer discharges, when determined in accordance with the provisions of the mixer performance test, designation 26 in the appendix of the seventh edition of the United States Bureau of Reclamation Concrete Manual, shall not exceed 1.6 percent of the mean value.  The adequacy of mixing shall also be determined in accordance with "Method of sampling and analysis of concrete" as per IS : 1199-1959 and its subsequent amendments.  Excessive variation on the unit weight of air free mortar indicates that mixing tim should be increased.  Mixer efficiency tests shall be made at the start of a job land at such intervals as may be necessary to ensure compliance with the requirements for effective mixing.  The minimum mixing time specified herein may be reduced if mixer efficiency tests confirm that the reduced time permits satisfactory mixing. 

(c) The first concrete batch at the start of continuous mixing operation or after a lapse of 30 minutes in continuous mixing operation shall be made richer by the addition of extra cement as directed.
(d) For any one batch, the difference between the unit weight of coarse aggregate from concrete samples from the front and end of the mixer or mixer discharge, when determined in accordance with the above mentioned mixer performance test shall not exceed 10 percent of the mean value.
(e) The mixing of each batch shall continue, for not less than the period stated in Table 1 of IS : 457-1957 reproduced at para 3.6.3 unless tests of mixer performance show that variation in the prescribed time is necessary or acceptable.  Each mixer shall have a timing device for indicating the completion of the required mixing period.
(f) The actual time of mixing shall be checked at least twice during each shift and in the case of Central batching plant where the timing device is provided, the same shall be adjusted if there is error.  The timing device shall be so interlocked with the discharge gate of the batch hopper that timing does not start until the discharge gate is fully closed and all ingredients are in the drum.  A suitable record shall be kept of the average time consumed in charging, mixing and discharging a batch during each run.
(g) The full contents of the drum shall be discharged quickly to avoid segregation.
(h) The minimum periods specified are conditional on the materials being fed into the mixer in a manner which will facilitate efficient mixing and an operation of the mixer at its designed speed.  The following sequence of charging the mixer may be adopted.
(i) Five to ten percent of the total quantity of water required for mixing, adequate to wet the drum thoroughly, shall be introduced before the other ingredients in order to prevent any caulking of the cement on the blades or sides of the mixer.
(ii) All  dry  ingredients  (Cement and  the  fine  and  coarse  aggregate)  shall  be
simultaneously fed into the mixer in such a manner that the period of flow for each ingredient is about the same.  Eighty to Ninety percent of the total quantity of
water required for mixing shall be added uniformly along with the dry ingredients.
(iii) The remaining quantity of water shall be added after all the other ingredients are in the mixer.
(iv) Portion of the coarse aggregate, however, may be added last.  This will facilitate clearance of the chutes and removes any fine aggregate or cement adhering to the sides.
(i) Excessive mixing,  requiring additions  of  water  to  preserve  the required  concrete consistency will not be permitted.
(j) When the mixer is stopped, before placing again any ingredients in the mixer, all hardened concrete or mortar shall be removed from the inner surface of the mixer.
(k) The retampering of partially hardened concrete or mortar requiring renewed mixing with or without the addition of cement aggregate or water shall not be permitted.
4.9  TEMPERATURE OF CONCRETE AND WEATHER CONDITIONS
The time  of placement shall not  exceed 35 degree C. Concreting  operations shall  be temporarily suspended during excessively hot weather when the air temperature inside the form exceeds 45 degree C or when conditions are such that the concrete cannot be placed at the required temperature.  Wherever necessary, exposed surfaces of fresh or green concrete shall be adequately shaded from the direct rays of the sun and protected against premature setting or drying by curing under continuous fine spray of water.

4.10  TRANSPORTING  CONCRETE
(a) Concrete shall be transported from the mixing plant to the placing position as rapidly as practicable by methods that will prevent segregation or loss of ingredients, or slumps loss in excess of 25 mm. and or a loss in air content of more than one percent before the concrete is placed in the works.  Whenever the length of haul, from the mixing plant to the place of deposit is such that the concrete unduly compacts or segregates, suitable agitators or transit mixers shall be used for conveying concrete.
(b) Where the time of haul exceeds 20 minutes, mixed concrete shall be transported in suitable  agitators or transit mixers as stated herein above.
(c) If buckets are used for conveying  low-slump concrete, they shall be capable of promoting discharge in controlled quantities without splashing or segregation and shall be of such capacity that there is no splitting of batches in loading buckets.  Buckets shall be of the  bottom dump type permitting an even, controlled flow into  the forms or hopper without undue splashing or segregation.  Conveying vehicles shall be designed to facilitate uniform delivery rather than quick dumping.
(d) Chutes used for conveying concrete shall be such size  and shape as to ensure a steady uniform flow of concrete in a compact mass without separation or loss of ingredients and shall  be protected  from wind and sun  where necessary to  prevent loss  of slump by evaporation, and shall be furnished with a discharge hopper.  Free fall or drop of concrete shall be limited to 150 cms.  Chute sections shall be made of, or lined with metal and all runs shall have approximately the same slopes not flatter than 1 vertical to 2.5 horizontal. The required consistency of concrete shall not be changed in order to facilitate chuting. Where it  becomes  necessary  to  change the  consistency,  the concrete  mix shall  be completely redesigned.  Wherever there is a free fall within the conveying system, suitable
baffle plates, splash boards, or down spouts shall be provided to prevent segregation, splashing or loss of ingredients.  When ever it is necessary to hold the discharge end of a chute more than 3 meters above the level of the fresh concrete, a flexible down spout shall be used to break the fall and confine the flow.  The lower end of the spout shall be held close to the place of deposit.  Whenever depositing is intermittent, a discharge hopper shall be provided.  All chutes shall be thoroughly cleaned before and after each run.  All wash water and debris shall be disposed off outside the forms.
(e) Equipment used for transporting concrete from the mixer to the forms shall be maintained free from deposits of stiff concrete and leakage of mortar.  Batch containers, transit mixers, agitators, chutes, concrete pumps, pipe lines and discharge hoppers shall be thoroughly cleaned after each run.  All wash water and debris shall be disposed of outside the forms.
4.11 PREPARATION FOR PLACING CONCRETE
4.11.1GENERAL REQUIREMENT
(a) Concrete shall not be placed until all form work required is completed, embedded parts if any installed and checked and surfaces prepared for placing.  No concrete shall be deposited until the foundation has been inspected and approved.
(b) All surfaces of forms and embedded materials that have become encrusted with dried mortar or grout from concrete previously placed shall be cleaned of all such mortar or grout before fresh concrete  is placed and shall be oiled with a commercial form oil or alternatively covered with LDPE Film as specified para 4.13.4.
4.11.2  FOUNDATION SURFACES
(a) Immediately before placing concrete, all surfaces of foundations upon or against which the concrete is to be placed, shall be free from standing water, mud and debris.  All surfaces of rocks upon or against which concrete is to be placed shall in addition to the foregoing requirements be cleaned and free from all lubricants, objectionable coating and loose semi-detached or unsound fragments.  The surface of absorptive foundations upon or against which concrete is to be placed shall be moistened thoroughly and kept sufficiently wet for at least 24 hours prior to placing concrete so that moisture will not be drawn from the freshly placed concrete.  The cleaning and roughening of the surfaces of rock shall be performed by the use of high velocity air water jets, wet sand blasting, stiff brooms, picks or by other effective means.  The washing and scrubbing process shall be continued
until the wash water collected in puddles is clear and free from dirt.  In the final cleaning process the wash water may have to be removed by sponges.  If any drilled holes are left in the foundation surface which are no longer needed, the same shall be cleaned with air water jetting and filled up completely with cement slurry.
(b) In the case of earth or shale foundations, all soft or loose mud and surface debris shall be scraped and removed.  The surface shall be moistened to a depth about 15 cms.  (6 inches) to prevent the sub grade from absorbing water from the fresh concrete.  Just before  placing  the concrete, the  surface  of the  earth shall  be  tamped  or otherwise consolidated sufficiently to prevent contamination of concrete during placing.  If subsoil water is met within the foundation, it shall be dewatered as directed till the placing and setting of concrete.  All concrete shall be placed upon clean damp surface free from standing water and never upon soft mud, dried porous earth or upon fills that have not been subjected to approved rolling and desired compaction. 
(c) Foundation of porous or free draining material shall be thoroughly compacted by flushing and by subsequent tamping or rolling, if necessary.  The finished foundation surface shall then be blanketed with a layer of tar paper or closely woven burlap carefully lapped and fastened down along the seems so as to prevent the loss of mortar from the concrete.
4.11.3. SURFACE OF CONSTRUCTION AND CONTRACTION JOINTS
(a) The surface of construction / contraction joints shall be clean, rough and damp but free from standing pools of water when receiving the next lift.  Clean up shall comprise removal of all laitance, lose of defective concrete coating, sand, curing compounds, if used, and other foreign materials, if necessary by scrapping, chipping or other suitable means.
(b) The surface of construction / contraction joints shall be cleaned by use of high pressure water jet or by wet sand blasting and washed thoroughly.  Water jetting and blasting and washing shall be performed just prior to the placing of concrete.
(c) The method used in disposing of water employed in cutting, washing and rinsing of concrete surface shall be such that the waste water does not stain, discolour or effect exposed surfaces of the structures.  Methods of disposal of waste water shall be subject to approval.
4.12  PLACING AND COMPACTING CONCRETE
(a) After the surfaces have been cleaned and dampened as specified, surfaces of rock and construction  joints shall  be  covered,  wherever practicable, with  a layer  of  mortar approximately 10 mm.  to 15 mm.  thick.  The mortar shall have the same proportions of water, air entraining agent if any, cement and fine aggregate as the concrete mixture which is to be placed upon it.  The water cement ratio of the mortar which is placed shall not exceed that of the concrete to be placed upon it, and the consistency of the mortar shall be suitable for being spread uniformly and worked thoroughly into all irregularities of the surface.
(b) In so far as it is practicable, concrete shall be placed directly in its final position and shall not be caused to flow in a manner to permit or cause segregation.  Methods and equipments employed in placing concrete will ensure that aggregate is not separated from the concrete mass.
(c) In placing mass concrete in a lift successive batching of concrete shall be placed in a systematic arrangement in order to avoid long exposure of parts of the live surface of a concrete layer.
(d) In mass concrete placement, delay may occur resulting in cold joints within a lift.  When placement is resumed while concrete is so green (and therefore capable of ready bonding) that it can be dug out with a hand pick, the usual contractor joint treatment will not be required if the surfaces are kept moist and the concrete placed against the surface is thoroughly and systematically vibrated over the entire area adjacent to the older concrete. If the delay is short enough to permit penetration of the vibrator into the lower layer during routine vibration of successive layers, the vibration will assure necessary bonding. 

 (e) If  for any cause, the working surface is left exposed until it has hardened to a considerable extent, it shall be left to set and cured for not less than 56 hours or longer.  If for any reason a strength greater than 15.2 kg/sqcm.  (500 PSI) has been attained before completing the lift, the surface thus interrupted shall be given a thorough clean up as for normal lift joint surface and the work shall be commenced with a mortar layer as specified.
(f) In placing mass concrete, the exposed area of fresh concrete shall be maintained at the practical minimum by first building up the concrete in successive approximately horizontal layers to the full width of the block and to full height of the lift over a restricted area at the downstream end of the block and then continuing upstream in similar progressive stages to the full area.  The slope formed by the unconfined up stream edge of the successive layers of concrete shall be kept as steep as practicable in  order to keep its area minimum. Concrete along these edges shall not be vibrated until adjacent concrete in the layer is placed, except that it shall be vibrated immediately when weather conditions are such that the concrete will harden to an extent the later vibration may not fully consolidate and integrate in with more recently placed adjacent concrete. 

(g) Re-tampering of concrete shall not be permitted.  Any concrete which has become so stiff that proper placing without re-tampering cannot be ensured shall be wasted.
(h) In formed work, structural concrete placement shall generally be started with an over sanded mix containing 20 mm maximum size aggregate and an extra sack of cement for one cubic metre and having a 125 mm slump placed several centimeters deep on the joints at the bottom of the form.  Concrete placement shall commence immediately thereafter.

(i) Concrete shall be compacted to the maximum practicable density, in such a manner that it is free from pockets of coarse aggregate and is in intimate contact with surface of forms and embedded materials.  Unless otherwise permitted, all concrete shall be compacted by mechanical vibrator.
(j) Compaction of concrete shall whenever practicable be carried out by the use of immersion type vibrators.  Vibrators having vibrating heads of 100 mm.  or more lin diameter shall be operated at speed of at least 6,000 revolutions per minute when immersed in the concrete. (of concrete to shall be such as to prevent loss of slurring for the concrete.  This shall be as per IS : 14687 as IS : 456-2000)
(k) Vibrators having vibrating heads less than 100 mm. in diameter shall be operated at speed of at least 7,000 revolutions per minute in the concrete.  Normally formwork shall be designed to provide for the insertion ad operation of mechanical vibrators in the placed concrete.  Form vibrator shall be used wherever internal vibration is not possible or would be inadequate. 

(l) In compacting each layer of concrete, the vibrator shall be operated in almost vertical position and the vibrating head shall be allowed to penetrate and re-vibrate the concrete in the upper portion of the underlying layer.  In the area where freshly placed concrete in each layer joins previously placed concrete, more vibration than usual shall be performed, the vibrators penetrating deeply at close intervals along these contacts.  Layers of concrete shall not be placed until layers previously placed have been vibrated thoroughly as specified.  Contracts of the vibrating head with surface of the forms shall be avoided.
(m) During placing and until curing is completed, the concrete shall be protected against the harmful effect of exposure to sunlight, wind and rain as directed.
4.13   FORM  WORK
4.13.1 GENERAL
The form work shall be designed & constructed so as to remain sufficiently rigid during placing of compaction of  concrete and shall be such as to prevent loss of slurry from concrete. This shall be as per IS 14687 and IS 456-2000 para II.
(a) Forms shall be used wherever necessary to confine the concrete and shape it to the required lines, or to ensure against contamination of the concrete by material caving or sloughing from adjacent surface left by excavation or other features of the work.  All exposed concrete surfaces having slope steeper than of one horizontal to one vertical shall be formed.
(b) Form work may be of timber, steel or pre-cast concrete panels or such other suitable materials or combination of such materials as may be directed by the Engineer.  Form work shall be substantially and rigidly constructed to the shapes, lines and dimensions required, efficiently propped and braced to prevent deformation due to placing, vibrating and compacting concrete, other incidental loads or the effect of weather.
(c) The surfaces of form work shall be made such as to produce surface finishes as specified and form work joint space be tight enough to prevent loss of liquid from concrete.  Joints between the formwork and existing concrete structures shall also be "grout tight".  The form work shall be arranged to facilitate easing and removing of the various parts in correct sequence, without jarring or damaging the concrete.  Fixing blocks, bolts or similar devices may be embedded in the concrete, provided they do not reduce the strength or effective cover of any part of the structure below the required standard but the use of through bolts shall  be avoided as far as possible.  Temporary opening shall be provided at all points necessary in the forms to facilitate cleaning and inspection immediately before placing of the concrete.

(d) Forms shall overlap the hardened concrete in the lift previously placed by not less than 75 mm.  and shall be tightened snugly against the hardened concrete so that when concrete placement is resumed, the forms will not spread and allow off-set or loss of mortar at construction joints.  Additional bolts or form ties shall be used as necessary to hold forms tight against hardened concrete.  Particular attention shall be paid in setting and tightening the forms for construction joints so as to get a smooth joint free from sharp deviations or projections.
(e) Moulding strips shall be placed in the corners of forms so as to produce chamfered edges as required on permanently exposed concrete surface. 
4.13.2  MATERIALS TO BE USED
(a) Materials used for form sheathing and lining shall conform to the following requirements: 
	Required Finish
	Timber sheathing or lining
	Steel sheathing or lining

	F1
	Any type and grade meeting the dimensional requirement of surface finish except that metal form shall be used on surfaces of internal transverse and longitudinal joints in mass concrete gravity walls.
	Steel Sheathing permitted, steel lining permitted except on surfaces of internal transverse and longitudinal joint in the structure component where steel sheathing is required.

	F2
	Common grade timber or plywood sheathing or lining
	Steel sheathing permitted, steel lining permitted if strongly supported.

	F3
	For plain surface common grade timber or plywood.
	Steel sheathing permitted, steel lining not permitted.

	F4
	For warped surfaces timber which if free from knots and other Imperfections and which can be cut and bent accurately to the required curvatures without splintering or splitting.
	Steel sheathing permitted, steel lining not permitted.


Steel sheathing denotes steel sheets not supported by a backing of timber boards, steel lining denotes steel sheets supported by a back of timber boards.
(b) Timber sheathing or lining shall be of such kind and quality or shall be so treated or coated that there will be no chemical deterioration or discolouration of the formed concrete surfaces.  The type and condition of form sheathing and lining and the ability of forms to withstand  disortion caused  by placement  and  vibration of the concrete, and  the workmanship used in the form constrction shall be such that the formed surfaces will conform to applicable requirements of this specification pertaining to finish or formed surfaces. (c) Forms for concrete surfaces required to receive F2 and F3 finished shall be constructed so as to produce uniform and consistent texture and pattern on the concrete faces.  Metalpatches on forms for these faces will not be permitted.  The form sheathing or lining shall be so placed that all horizontal form marks are continuous across the entire surface. Where finish F2 is specified the sheathing of lining shall be placed so that the joint marks  on the concrete surfaces will be in general alignment both horizontally vertically and the form sheathing material used for such surfaces shall be restricted to one type in any one major feature of the work.
(d) Forms for surfaces required to receive F4 finish shall be constructed so as to conform accurately to the required curvature of the section. Where necessary to meet requirements for curvature the form sheathing shall be built up of laminated splices cut to make right, smooth form surface. The forms shall be so constructed that the joint marks on the concrete surface  shall  in  general, follow  the line of  water  flow.  After  the forms have been constructed, all surface imperfections shall be corrected.  All the nails shall be hidden, and any roughness and all angles on the surface of the forms caused by matching the forms materials shall be dressed to curvature. 

(e) Embedded ties for holding forms shall remain embedded and except where F1 finish is permitted, they shall terminate not less  than two  diameters  or twice  the  minimum dimension of the tie or ten millimeters, whichever is greater from the formed faces of the concrete. The use of metal rods or other similar devices embedded in the concrete for holding forms shall be permitted if the ends of the rods are omitted or subsequently removed to a depth as specified above from the surface of the concrete without injury to the concrete, provided that for walls subjected to water pressure on one side and required to be water tight the rods shall not be taken through the wall. Complete removal of embedded rod shall not be permissible.  Removal of embedded fasteners on the ends of the rods shall be done so as to leave holes of regular shape for reaming. All holes left by the removal of fasteners from the ends of the rods shall be immediately reamed withsuitable toothed reamers so as to leave the surfaces of the holes clean and rough and completely filled with dry patching mortar, and the surfaces shall be finished to match the adjacent concrete. Wire ties shall be permitted only where specifically approved and shall be cut off flush with the surface of the concrete after the forms are removed. Wire ties shall not be used when permanently exposed finished surfaces are required. Where F1 finish is permitted, ties may be cut off flush with formed surface.
(f) The  ties shall be  constructed so that removal of the end  or end of fasteners can  be accomplished without causing appreciable spalling at the faces of the concrete.  Recesses resulting from removal of the ends of the form ties shall be filled in accordance with the provision for repair of concretes as per para 4.15.
4.13.3 FORM, CENTERING AND TEMPORARY WORKS
(a) All centering, form work and temporary works shall be constructed according to the approved drawings and specifications. The IS : 883 : 1970 code of practice for design of structure timber in building shall be applicable for this work.
(b) As soon as practicable, after acceptance of his tender, the contractor shall submit a scheme showing the order procedure and method by which he proposes to carryout the work,  together with such details as are necessary to demonstrate the adequacy, stability and safety of the methods.
(c) Necessary data for the general scheme of centering shall be obtained well in time. 

(d) After approval of the general scheme, the contractor shall prepare detailed design and drawings for execution of the form work, centering and temporary works.  These shall be forwarded to the Engineer-in-charge for approval. No work shall be carried out without prior approval of the Engineer-in-charge.
(e) Not withstanding the approval given to the design criteria and loading and the general scheme for the centering, the entire responsibility for the satisfactory execution of the centering and all temporary works shall rest with the contractor and he shall be liable to pay all claims and compensation arising from any loss or damage to life and property due to any deficiency, failure or malfunctioning of the centering or the temporary works.
(f) All centering and supports shall be properly braced and cross braced in 2 directions. The supports shall be strong enough to withstand the weight or pressure when considerable quantity of wet concrete is poured. When the centering posts rest on soft ground, their load shall be distributed by means of scantlings / planks of not less than 5 cms thickness / short piles. Wherever the stage of centering is more than 3 mtrs. invariably steel centering shall be restored to.
(g) Reuse of forms etc.
Forms required to be used more than once shall be maintained in serviceable condition and shall be thoroughly cleaned and repaired before reuse. Where metal sheets are used for lining forms, the sheets shall be placed and maintained in the forms without humps and other imperfections. All forms shall be checked for shape and strength before reuse.
4.13.4 CLEANING AND TREATMENT OF FORMS
At the time the concrete is placed in the forms, the surface of the forms shall be free from encrustations of mortar, grout or other foreign material. Before concrete is placed, the surfaces of the forms designated to produce F-1, F-2, F-3 and F-4 finishes shall be oiled with a commercial form oil, that will effectively prevent sticking and will not stain the concrete surface. For timber forms, from oil shall consist of pure, refined, pale paraffin mineral oil or other approved form oil. For steel forms, form oil shall consist of refined mineral oil suitably compounded with one or more ingredients which are appropriate for the purpose. Care shall be taken to keep form oil out of contact with reinforcement. In the alternative the surfaces of the forms designated to produce formed surfaces shall be overlaid with LDPE film of 200 microns. 
4.13.5  REMOVAL OF FORMS
(a) Except as otherwise provided in this Sub-Clause forms shall be removed as soon as the concrete  has hardened  sufficiently, thus  facilitating satisfactory curing and earliest practicable repair of surface imperfections.
(b) Forms on upper sloping surfaces of concrete, such as forms on the water sides of wrapped transition, shall be removed as soon as the concrete has attained sufficient stiffness to prevent sagging. Any needed repair or treatment required on such sloping surface shall be performed at once and be followed immediately by the specified curing.
(c) In order to avoid excessive stresses in the concrete that might result from swelling of the forms, timber forms shall be loosened as soon as this can be accomplished without damage to the concrete.
(d) Subject to approval, forms on concrete surface close to excavated rock surface may be left in place provided that the distance between the concrete surface and the rock is less than 400 mm and that the forms are not exposed to view after completion of the works. 

(e) Forms shall be removed with care so as to avoid damage to the concrete.  Concrete damaged if any in form removal shall be repaired in accordance with the provisions for repair of concrete as per para 4.15.
(f) The following minimum intervals of time will generally be allowed when using ordinary Portland cement between placing concrete and striking form work but the period shall be modified in case of wet weather and also as per direction of the Engineer-in-charge.
(i) Walls, columns and 



24 to 48 hours or as may be
     vertical faces 




decided by the Engineer-in-charge.
(ii) Slabs 





14 days.
(iii) Beam soffits 




14 days.
(iv) Slabs spanning up to 6.0 mtrs. 

14 days.
(v) Slabs Spanning over 6.0 mtrs. 

21 days.
Note :  In normal circumstances and where ordinary portland cement is used forms may generally be removed after expiry of the above period. For other cements, the stripping time recommended for ordinary portland cement may be suitably modified. Where the shape of the element is such that the formwork has re-entrant angles, the formwork shall be removed as soon as possible after the concrete has set-to avoid shrinkage cracking, occurring due to the restraint imposed.
4.14 FINISHES AND FINISHING OF CONCRETE SURFACES
4.14.1 FORMED SURFACES
(a) Allowable deviation from plumb or level and from the alignment, profile, grades and dimensions shown on the drawings is defined as "tolerance" and is to distinguished from the irregularities in finishes as described herein. The tolerance in concrete construction is  specified in para 4.21.
(b) The classes of finish and requirements for finishing of concrete surface shall be as shown on the drawing or as hereinafter specified. In the event of finishing not being definitely specified herein or on the drawings the finishes to be used shall be as directed by the Engineer-in-charge. Finishing of concrete surface shall be performed only by skilled workmen.
(c) Completed concrete surfaces will be tested where necessary to determine whether surface irregularities are within the limits hereinafter specified.
(d) Surface irregularities are classified as "Abrupt" or "gradual" offsets caused by displaced or misplaced form sheathing, or lining or form sections or by loose knots or otherwise defective timber form will be considered as abrupt irregularities, and shall be tested by direct measurements. All other irregularities shall be considered as gradual irregularities and will be tested by use of template, consisting of a straight edge or the equivalent thereof for curved surfaces. The length of the template shall be 150 cms for testing of formed surfaces and 300 cms for testing unformed surfaces.
(e) The classes of finish for formed concreted surfaces are designated by one of the symbols F1, F2, F3 and F4. The jute bags rubbing or sand blasting will not be required on formed surfaces and grinding will not be required on formed surfaces other than that necessary for the repair of surface imperfections. Unless otherwise specified or indicated on the drawings, the classes of finish which will apply are as follows :
I)  FINISH F1
This finish applies to surfaces where roughness is not objectionable, such as those upon or against which fill material, masonry or concrete will be placed, the upstream face of the structure that will permanently be under water or surface that will otherwise be permanently concealed. The surface treatment shall be the repair of defective concrete, correction of surface depressions deeper than 25 mm and filling of the tie rod holes. Form sheathing will not leak mortar when the concrete is vibrated.  Forms may be built with a minimum of refinement.
II)  FINISH F2
This finish is required on all permanently exposed surface for which other finishes are not specified, such as  in Head  Regulators, Cross  Regulators, Drainage Syphons, Bridges  and Retaining  Walls not prominently exposed to public view  except  wherein F1 finishes are permitted.  Forms shall be built in  a workmanlike manner to the required dimensions  and alignment, without conspicuous offsets or bulge. Surface irregularities shall not exceed 5 mm for abrupt irregularities and 10 mm for gradual irregularities measured with 1.5 mtrs template.
III)  FINISH F3
This finish is designated for surface of structures prominently exposed to public view where appearance is also of special importance. This shall include inside of drainage barrels, piers of bridges and beams and slabs of cross regulators, syphons, aqua ducts, drops, parapets, railings and decorative features on the structures and on the bridges. To meet with the requirements for the F3 finish forms shall be built in a skillful, workman like manner, accurately to dimensions.
There should be no visible offsets, bulges, or misalignment of the concrete. At construction joints the forms shall be tightly set and securely anchored close to the joint abrupt irregularities shall not exceed 5 mm for irregularities parallel to the directions of flow and 2.5 mm for irregularities in other directions. Gradual irregularities shall not exceed 5 mm.  Irregularities exceeding this limit shall be reduced by grinding on a bevel of 1 to 20 ratio of height to length. 

IV)  FINISH F4
This finish is required for formed concrete surface at the cut and ease waters of the pipers portions of outlets, drafts tubs, high velocity flow surfaces of outlet work downstream from gates and spillway tunnels of dams and where evenness of surface is essential. The forms must be strong and held rigidly and accurately to the prescribed alignment. For wrapped surface the forms shall be built up in section cut to make tight smooth form surfaces after which the form surfaces are dressed and sanded to the required curvature. Gradual irregularities shall not exceed 5 mm.  abrupt irregularities shall not be permitted. Formations of Air holes on the surface of the concrete designated to receive finish shall be minimized and where such air holes are found, they shall be repair in accordance with the provisions of relevant paragraph.
4.14.2 UNFORMED  SURFACES
(a) The classes of finish for unformed concrete surfaces are designated by the symbols U1, U2, U3 and U4. Unless otherwise specified or indicated on the drawings, these classes of finish shall apply as follows :
I)  FINISH U1
This finish applies to unformed surfaces that will be covered by fill material, masonry or concrete, or where a screeded surface meets the functional requirements. Finish U1 is also used as the first stage of finishes for U2 and U3. Finishing operations shall consists of sufficient leveling and screeding to produce an even uniform surface.  Surface irregularities measured, as described in this section, shall not exceed 10 mm.
II)  Finish U2
(a) This is a floated finish, and used on all out door unformed surfaces not specified to receive finishes U1 or 1U3. It may be used for such surfaces as apron and floors of cross Regulators and Head Regulators, Drainage Barrels, Aqueducts and Escapes and inside  of sloping Aqueduct Troughs.
(b) Finish U2 is also used as the second stage of finish for U3. Floating may be performed by and or power driven equipment. Floating shall be started as soon as the screeded surface has stiffened sufficiently to prevent the formation of laitance, and shall be the minimum necessary to produce a surface that is free from screed marks and is uniform, in texture. If finish U3 is to be applied, floating shall be continued until a small amount of 1 mortar without excess water is brought to the surface, so as to permit effective trowelling. Surface irregularities measured as described in this section shall be removed as directed.
III) FINISH U3
This is a trowelled finish and may be specified for tops of parapets prominently exposed to view, and conduit invert immediately downstream of regulating gates an valves. When the floated surface has hardened sufficiently to prevent excess of fine material from being drawn to the surface, steel trowelling shall be started. Steel trowelling shall be performed with firm pressure, that will flatten the sandy texture of the floated surface and produce a dense uniform surface free from blemishes and trowel marks. Surface irregularities, measured as described in relevant parts of this section, shall not exceed 5 mm where a hard steel trowelled finish is specified, the regular U3 finish shall be trowelled again after the surface has nearly hardened using firm pressure and trowelling until the surface is hard and has a slightly glossy appearance.
IV)  FINISH U4
(a) This is a steel trowelled finish similar to finish U3 except that light surface pitting and light trowel marks such as obtain from the use of machine trowelling or lining maching  will be acceptable, provided the surface irregularities do not exceed the limits specified for finish U3. 
(b) Unformed surfaces which are nominally level shall be sloped for drainage as shown on the drawings or as directed, unless the use of other slopes or level surface is indicated on the drawings, narrow surface such as tops of parapets, tops of walls and kerbs shall be sloped approximately half centimeter per 30 cms of width. For canal lining the Finish U4 shall be adopted.
4.15 REPAIR OF CONCRETE
4.15.1 GENERAL
(a) Repair of concrete shall be performed by skilled workers and in the presence of an experienced Engineer. The Contractor shall correct all imperfections on the concrete surfaces as necessary to produce surfaces that confirm with requirements of the paragraph "Finishes and Finishing of Concrete Surfaces". Repairs on formed concrete shall be completed as soon as practicable after removal of forms and within 24 hrs after removal of  forms. Concrete that is damaged from any cause and concrete that is honeycombed, fractured or  otherwise defective  and  concrete  which because of excessive  surface depressions has to be excavated and built up to bring the surface to the prescribed lines, shall be removed and replaced by dry pack mortar or concrete as hereinafter specified. Where bulges and abrupt irregularities protrude outside the limits specified in the paragraph "Finishes and Finishing of Concrete Surfaces", the protrusions shall be reduced by bush hammering and grinding so that the surfaces are within the specified limits. 
(b) Before repair is to commence, he methods proposed for the repair shall be approved by the Engineer-in-charge routine curing should be interrupted only in the area of repair operations.
4.15.2  METHODS OF REPAIRS
For new works four methods are used as under :
I.  DRY PACK METHOD
This method should be used for holes having a depth nearly equal to, or greater than the least surface dimenstions, for cone bolt, she bold and grout insert holes and narrow bolts curt for the repair of cracks. Dry pack should not be used for relatively shallow depressions where lateral restraint cannot be obtained, for filling in  back of considerable lengths  of exposed reinforcement; nor for filling holes which extend entirely through the wall, beam etc.,
II. CONCRETE REPLACEMENT METHOD
Concrete replacement should be used when holes extend entirely through the concrete section; when holes in un-reinforced concrete are more than 1,000 sqcms in area and 100 cms or more in depths and when holes in reinforced concrete are more than 500 sqcms in area and deeper than the reinforcement steel.
III. MORTAR REPLACEMENT  METHOD
This should be used for holes too wide to dry pack and too shallow for concrete replacement, and for all comparatively shallow depressions, large or small, which extend no deeper than for side of the reinforcement bars nearest to surface.
IV. EPOXY METHOD
A thermosetting plastic known as epoxy can be used as a bonding medium when ever long time curing of conventional concrete cannot be assured. Also epoxy mortars of fine sand as well as plain epoxy are suitable for concrete repair work and should be used whenever very thin patches are to be placed or immediate reuse of the area is required or where moist curing cannot be effectively accomplished. Preparation for epoxy bonded repairs should in general be identical to that for other concrete repairs except that every efforts should be made to provide surfaces thoroughly dry. Drying of the immediate surface for at least 24 hrs and warming to temperature between 18 degree C to 27 degree C are essential for proper allocation of epoxy bonded repairs.  Preparation for the use of epoxy mortars should include thorough cleaning and drying of the area so to be repaired. A wash of dilute 1:4 muriatic acid rinsing with clean water and subsequent drying is desirable, where feasible. If acid wash is not reasible, preparation may be accomplished as for other concrete repairs with final cleanup being by means of sandblast method, followed by air water jet washing and thorough drying, Epoxy repairs shall be carried out only by attained personnel. The type of epoxy to be used shall be got approved by the Engineer-in-charge.
4.15.3 PREPARATION OF CONCRETE FOR  REPAIRS
All Concrete of questionable quality should be removed. It is better to remove too much concrete than too little because affected concrete generally continues to disintegrate and while the work is being done it costs but little more to excavate to ample depth. Moistening, cleaning, surface drying and complete curing are of utmost importance when making repairs which must be thoroughly bonded, watertight and permanent. Surfaces within trimmed holes should be kept continuously  wet  for  sever al  hours,  preferably  over night  prior to  placing  new  concrete. Immediately before placement of the filling, the holes should be cleaned so as to leave a surface completely free from chipping dust, dried grout and all other foreign materials. Preliminary washing as soon as the chipping and trimming are completed is desirable to remove loose material. Final cleaning of the surfaces to which the new concrete is to be bonded should be done by wet sandblasting followed by washing with air water jet for thorough cleaning and
drying with an air jet. Care should be taken to remove any loose materials embedded in the surface by chisels during the trimming and to eliminate all shiny spots indicating free surface moisture. Cleaning of the steel if necessary should be accomplished by sand blasting. The prepared surface shall be approved by the Engineer-in-charge.
I.  DRY PACKING OF CONCRETE
For this method of repair, the holes should be sharp and square to the surface edges, but the corners within the holes should be rounded, especially when water tightness is required. The interior surfaces of holes left by cone bolts, she bolts etc., should be roughened to develop an effective bond. Other holes should be under-cut slightly in several places. Holes for dry pack should have a minimum depth of 25 mm.
II.  CONCRETE REPLACE MENT
Preparation for this method should be as follows :
(a) Holes should have minimum depth of 100 mm. In new concrete and the minimum area of repair should be 500 sqcms for reinforced and 1,000 sqcms for unreinforced concrete.

(b) Reinforcement bars should not be left partially embedded. There should be a clearance of atleast 25 mm around each exposed bar.
(c) The top edge of the holes at the face of the structure should be cut to a fairly horizontal line. It the shape of the defect makes it advisable, the top of the cut may be stepped down and continued on a horizontal line. The top of the hole should be cut to 1 to 3 upward slope from the back towards the face of the wall or beam. It may be necessary to fill the hole from both sides, in which case the slope of the top of the cut should be modified accordingly.
(d)  The bottom and sides of he holes should be cut sharp and approximately square with the face of the wall when the hole goes entirely through concrete section, spalling or feather edges shall be avoided by having chippers worked from both faces.  All interior corners should be rounded to a minimum radius of 25 mm.
III. MORTAR  REPLACEMENT
When mortar gun is used with this method, comparatively shallow holes should be flared outwardly at about 1 to 1 slope to avoid inclusion of rebound. Corner within the holes should be rounded. Shallow imperfections in concrete may be repaired by mortar replacement if the work is done promptly after removal of the forms and while the concrete is still green for instance, when it is considered necessary to repair the peeled areas resulting from surface material sticking to steel forms the surfaces may be filled using mortar gun without further trimming or cutting. Whenever hand placed mortar replacement is used, edges of chipped out areas should be squared with the surface leaving no feather-edges.
IV. USE OF DRY PACK MORTAR
The surface after preparing should be thoroughly brushed with a stiff mortar or grout barely wet enough to thoroughly wet the surface after which the dry pack materials should be immediately packed into place before the bonding grout has dried.  The mix of bonding grout shall  be 1  to  1 cement and  fine  sand mixed  to a consistency like  thick cream.  Under no circumstances should bonding coat be wet enough or applied heavily enough to make the dry material more than very slightly rubbery. Dry pack is usually a mix (by dry volume or weight) of one part of cement to 1.50 parts of sand that will pass No. 16 ASTM Screen.
4.15.4 PROCEDURE  OF  REPLACEMENT  OF  CONCRETE ,  CURING  OF REPAIRS  ETC.,
All procedures for replacement of concrete, mortar replacement, use of epoxies and curing of repairs  shall  be  according  to the  provisions  laid down in  Chapter  VII  "Repairs and Maintenance of Concrete". Concrete Manual the United States Bureau of Reclamation, Seventh Edition 1963.

4.16 CURING OF CONCRETE
4.16.1 GENERAL
(a) All equipment, material etc. needed for curing and protection of concrete shall be at hand and ready for installing before actual, concreting begins. Detailed plans, methods and procedures whereby the various phases of curing and protection shall be firmly established, shall be settled and got approved in writing from the Engineer-in-charge sufficiently in advance of the actual concreting. The equipment and method proposed to be utilized shall provide for adequate control and avoid interruption or damage to the work of other agencies.
(b) All Concrete shall be cured by water in accordance with the requirement of sub clause (3) of this Clause of membrane curing in accordance with the requirement of sub-clause (4) of this Clause. Concrete surfaces to be painted shall not be cured by membrane curing.
4.16.2 WATER CURING
(a) Uniform top surfaces of walls and piers shall be moistened by covering with water saturated material or by other effective means as soon as the concrete has hardened sufficiently to prevent damage by water i.e., normally after 24 to 36 hrs of placement of concrete. Exposed finished surfaces of concrete shall be roteeted against heating and drying from the Sun for at least 72 hrs after placement in location. When finishing or repairs are involved, concrete shall not be disturbed by workmen walking on it or by storing materials on the surface or otherwise for at least ten hours after placing. These surfaces and steeply sloping and vertical formed surfaces shall be kept completely and continuously moist, prior to and during from removal, by water applied n the unformed top surfaces and allowed to pass down between the forms and the formed concrete faces. The procedure shall be followed by the specified water curing the membrane curing.
(b) Concrete cured with water shall be kept wet for at least 21 days immediately following placement of the concrete or until covered with fresh concrete by covering with water saturated material or by a system of perforated pipes, or mechanical sprinklers or porous hoses or by any other suitable method, which will keep all surfaces continuously (not periodically) wet. For covered portions curing should continue for specified period. (c) The contractor shall make arrangements at work site for storing the water required for at least three days curing. The concrete work shall not be started until the water required for three days curing is stored in advance.
4.16.3 MEMBRANE  CURING
(a) Membrane curing shall be by application of a suitable type of white/pigmented curing compound which forms a water retaining membrane on the surface of concrete, provided that on  concrete  surfaces which will be permanently exposed to  view  clear curing compound shall be applied to the concrete to the concrete surfaces after demonstrating its effectiveness as per para 3.5.10 by spraying one coat to provide a continuous uniform membrane over  all area, with a maximum coverage per gallon as prescribed by the manufacturer's instructions according to the roughness of the surface to be covered. If necessary to cover the surface adequately, a second coat of curing compound shall be applied by spraying at right angle to the direction at which finish F4 is specified shall be removed prior to application of curing compound shall be applied to all areas of concrete surface except that those areas with surface imperfections which shall be omitted until repaired.
(b) When curing compound is to be used for unformed concrete surfaces, application of the compound shall commence immediately after the finishing operations are completed.
(c) When curing compound is to be used for unformed concrete surfaces, application of the compound shall commence immediately after the forms are removed and shall be kept wet until the surfaces do not absorb more moisture. As soon as the surface film of moisture disappears but while the surface still has damp appearance, the curing shall be applied. There must be ample coverage with compound at edge, corners and rough spots of formed surface. After application of curing compound has been completed and the coating is dry to the touch, any required repairs of has been completed and the coating is dry to the touch, any required repairs of concrete surfaces shall be performed. Each repair, after being finished, shall be moistened and coated with curing compound in accordance with
the foregoing requirements.
(d) Traffic and other construction operations shall be such as to avoid damage to coating of curing compound for a period of not less than 28 days after application of the curing compound. Where it is impossible because of construction operations to avoid traffic over surfaces coated with  curing compound, the membrane  shall  be protected by  a covering of sand or earth not less than 25 mm in thickness or by other effective means. The protective covering shall not be placed until the sealing membrane is completely dry. Any sealing membrane, that is damaged or that peels from concrete surface within 28 days after application, shall be repaired without delay.
(e) Curing compound shall be approved quality.

4.17 REQUIREMENT OF CONCRETE CONSTRUCTION
4.17.1 GENERAL
All concrete construction shall conform to the permissible tolerance and technical provisions as described in this section and to the detailed requirements of the following paragraphs. All structures shall be built in a workmanlike manner or to the lines, grades and dimensions shown in the drawings or as prescribed by the Engineer-in-charge. The location of all the constructions joints shall be subject to the approval of the Engineer - in - charge. The dimensions of each structure shown on the drawings are tentative and shall be subject to such change as may be
found necessary by the Engineer-in-charge due to design considerations.
4.17.2 CONCRETE IN VARIOUS COMPONENTS OF BRIDGES, DRAINAGE  SYPHON AQUEDUCTS, ETC.,
(a) The items of the schedule B for concrete in aforesaid structures include all concrete in the various components of the structure and blockouts. 
 (b) Expansion joints shall be constructed as shown on the drawing or as directed.  Premoulded bituminous fibre type expansion joint material shall be placed in the expansion joints. Lighting recesses shall be constructed in the parapets as directed by the Engineer-in- charge. Open joints or false joints shall be constructed as shown on the drawings or as directed by the Engineer-in-charge. Performed expansion joint filler 1 shall be placed in the road way and side walls where shown on the drawings or as directed by the Engineer- in-charge.
4.17.3. CONCRETE IN BLOCKOUTS
(a) All concrete required to be placed in blackouts to permit the installation and adjustment of mechanical and  other equipments shall be included in the respective concrete as described above. The concrete surface of the block outs shall be chipped and roughened as described hereinafter before the concrete is placed in block outs.
(b) Exceptional care shall be taken in placing the concrete in block outs in order to ensure satisfactory bond with the concrete previously placed and to secure complete contact with all metal work in the block outs.
(c) The roughening of the concrete surface of the block outs shall be performed chipping or sand blasting as approved by the Engineer-in-charge and in such a manner as not to loosen, crack or shatter any part of the concrete beyond the roughened surface. After being roughened  the surface  of the  concrete shall  be  cleaned thoroughly  of loose fragments, dirt and other objectionable substances and shall be sound and hard to ensure good mechanical bond between the existing and new concrete. All concrete which is not hard, dense and durable shall be removed to the depth required to the satisfaction of the Engineer-in-charge.

4.17.4 EMBEDMENT IN CONCRETE
In some of the locations of structures as shown on the relevant drawings a few conduits or openings shall have to be provided through R.C.C. / P. C. C. / Masonry work. Construction of the surface for either placement of concrete or for laying of masonry shall have to be suitably carried outs as to meet with the placement of such conduits or openings. No extra claim for such construction shall be entertained.

4.18 CONSTRUCTION JOINTS IN UNREINFORCED CONCRETE WALLS
(a) Concreting shall be carried out continuously up to the construction joints, the position and details of which shall be as  shown on approved drawings or as directed by the Engineer-in-charge.
(b) For vertical construction joints stopping boards shall be fixed previously at a predetermined position and  shall  be properly stayed  for  sufficient  lateral rigidity  to  prevent its displacement or bulgling when concreting is completed against it.  Concreting shall be continued right up to the board. The board shall not be removed before expiry of the specified period for removal of vertical forms.
(c) Before resuming work at any construction joint when concrete has not yet fully hardened, all laitance shall be removed thoroughly, care being taken to avoid dislodgement of coarse aggregates. The surface shall be thoroughly wetted and free water removed. The surface shall then be coated with cement slurry. On this surface, layer of concrete not exceeding 150 mm in thickness shall first be placed and shall be well rammed against old work; particular attention being paid to corners and closed spots, work thereafter shall proceed in a normal way.
(d) When work has to be resumed on a surface which has hardened, it shall be thoroughly raked, swept clean, wetted and covered with a layer of near cement grout.  The neat cement grout shall be followed by at least 15 mm thick layer of mortar mixed on the same proportion as in concrete and concreting resumed immediately thereafter.  The batch of concrete shall be rammed against the old work to avoid formation of any stone pockets, particular attention being paid to corners and close spots. In all cases, the position  and detailed arrangements of all construction joints shall be predetermined and got approved by the Engineer-in-charge.
4.19  TEST AND ACCEPTANCE  CRITERIA
GENERAL
Samples from fresh concrete shall be taken as per IS : 1199-1959 and Cubes shall be made, cured and tested at 28 days in accordance with IS : 516-1959.
Note :   For relatively small and isolated works in which quantity of concrete is less than 15 cum the strength tests may be waived by the Engineer-in-charge at his discretion. In order to get a relatively quicker ideas of the quality of concrete, optional tests on beams for modulus of rupture at 72+- hrs or at 7 days, or compressive strength tests at 7 days may be carried out in addition to 28 days compressive strength tests. For this purpose the values given in Table 5 may be taken for general guidance in the case  of  concrete made with ordinary portland cement. In all cases, the 28 days compressive strength specified in Table 2 shall one be the criteria for acceptance or rejection of the concrete. If however, from tests carried out in a particular 1 job over a reasonably long period, it has been established to the satisfaction of the Engineer-in-charge that a suitable ration between 28 days compressive strength 7 days may be accepted, the Engineer-in-charge may suitably relax the frequency of 28 days compressive strength specified in 14.2 of IS : 456-2000 provided the expected strength values at the specified early age are consistently met.
TABLE 5 OPTIONAL REQUIREMENTS OF CONCRETE
(CLAUSE 14.1.1 OF IS : 456-2000)
	Grade of Concrete
	Compressive strength on 15 Cms. Cubes Min. at 7 days

N/Sq.mm
	Modulus of rupture by Min. at 72+ hrs.

N/Sq.mm
	Beam test Min. at 7 days

N/Sq.mm

	1
	2
	3
	4

	M-10
	7.0
	1.2
	1.7

	M-15
	10.0
	1.5
	2.1

	M-20
	13.5
	1.7
	2.4

	M-25
	17.0
	1.9
	2.7

	M-30
	20.0
	2.1
	3.0

	M-35
	23.5
	2.3
	3.2

	M-40
	27.0
	2.5
	3.4


FREQUENCY  OF  SAMPLING
Sampling Procedure
A random sampling procedure shall be adopted to ensure that each concrete batch shall have a reasonable chance of being tested; that is, the sampling should be spread over the entire period of concreting and cover all mixing units.
FREQUENCY:
The minimum frequency of sampling of concrete of each grade shall be in accordance with the following :
	Quantity of concrete per shift in the work (Cum)
	Number of samples

	1 to 5
	1

	6 to 15
	2

	16 to 30
	3

	31 to 50
	4

	51 and above
	4 plus one additional sample for each additional 50 cum or part thereof


Note :  At least one sample shall be taken from each shift, at each placement location.
TEST  SPECIMEN:
Three test specimens shall be made from each sample for testing at 28 days.  Additional cubes may be required for various purpose. Such as to be determine the strength of concrete at 7 days or at the time of striking the formwork, or to determine the duration of curing, or to check  the  testing  error. Additional cubes may also be  required  for testing cubes cured by accelerated methods as described in IS : 9103-1978.  The specimen shall be tested as described in IS : 516-1959.
 TEST STRENGTH OF SAMPLE:
The test strength of the sample shall be the average of the strength of three specimen.  The individual variation should not be more than + 15 percent of the average. If more, the test results of samples are invalid.
STANDARD DEVIATION:
Provision made under para 3.7.5  shall apply.
ACCEPTANCE CRITERIA:
The provision made under para 3.7.6 apply.
CORE TEST:
The locations at which cores are to be taken and the number of cores required shall be at the discretion of the Engineer-in-charge and shall be representative of the whole of concrete concrened. In no case, however, fewer than three cores shall be tested. Cores shall be prepared and tested as described in IS : 516-1959. Concrete in the member represented by a core test shall be considered acceptable if the average equivalent cube strength of the cores is equal to atleast 85 per cent of the cube strength of the grade of concrete specified for the corresponding age and no individual core has a strength less than 75 percent. Cored holes shall be refilled with the same grade. Concrete without any extra cost. In case the core the core est results do not satisfy the requirements of IS : 456-2000 or where such tests have not been done, load test (as per IS : 456-2000) may be resorted to.
HYDRAULIC TEST
After curing period of the water retaining structure is over a hydralic test shall be carried out. Water should be filled in the structure to the designed depth and maintained for a period of 7 days. Starting from the end of 7 days, observations of water level will be made for a period of 7 days. The drop in the water level observed should correspond to evaporation loss applicable to circumstances. There should also be no visible dampness or sweating on the exposed surfaces. In case of leakage, rectification work shall be carried out to achieve the desired water tightness .After rectification is done hydraulic tests shall be repeated.
4.20 STEEL  REINFORCE MENT
The provision made under Section No. 5 shall apply.
4.21 TOLERANCE IN CONCRETE CONSTRUCTION
4.21.1  GENERAL
(a) Permissible surface irregularities for the various classes of concrete surface finishes specified in the relevant portion of the paragraph of "Finishes and Finishing of Concrete  Surfaces", are defined as "finishes" and are to be distinguished form "Tolerance" as described in this section. Deviation from the established lines, grades and dimensions shall be permitted to the extent set forth in this clause, provided that lesser tolerance than that set forth in this Clause may be prescribed at site if such tolerances are considered to impair the structural action or operational action or operational function of the structure. 

(b) Where tolerances are not stated in the specifications or drawings for any individual structure of feature thereof, permissible deviations shall be interpreted in conformity with the provisions of this Clause.

(c) Concrete work that exceeds the tolerance limits specified in this section shall be either remedied satisfactory or removed.
4.21.2 TOLERANCE  FOR CANAL STRUCTURE
Variation  in  alignment,  grade  and  dimensions of  the  structures from the established alignment, grade and dimensions shown on the drawings shall be within the tolerances specified in Table below. Variation shall not be cumulative. Where the provisions of paragraph 4.14,finishes and finishing of concrete surfaces, as specified herein before, would permit greater variations than those allowed in the table, provisions of the table given on the following page shall apply.
T ABLE
a. Pipe Culverts, float wells, and similar structures
i. Departure from established alignment 



25 mm
ii. Departure from established grade 




25 mm
iii. Variation from plumb or specified batter forlines and surfaces of columns, piers and walls and for arises.
When overall length of line or surface is :
3 mtrs or less                                 


Exposed 

10 mm
Buried 

20 mm
More than 3 mtrs 




Exposed 

12 mm
Buried 

25 mm
iv. For any two successive intermediate points on the line or surface separated by 
3 mtrs or less                        



 Exposed 

10 mm
 Buried 

20 mm
      More than 3 mtrs 




 Exposed 

12 mm
 Buried 

25 mm
b. Variation from level or specified grades for slabs.
 

i. When overall length of line or surface is :
3 mtrs or less 




Exposed 

10 mm
 Buried 

20 mm
More than 3 mtrs 




 Exposed 

12 mm
 Buried 

25 mm
ii. For any two successive intermediate points on the line or surface separated by :
3 mtrs or less                       


 Buried 

12 mm
 Exposed 

25 mm
c. Variation in cross-sectional dimensions of columns, beams, slabs, walls land similar members of
...................................................... minus





 6 mm
........................................................ plus 





12 mm
d. Variation in sizes and locations from those specified  for slab and wall openings 
12 mm
e. Variation from plumb or pipe erected vertically in any length of 3 mtrs               12 mm
i. Departure from established alignment 





  6 mm
g. Footings
i. Variation of dimensions
in plain ................................ minus 






 12 mm
................................................... plus 






  50 mm
ii. Misplacement of eccentricity




 2 percent of the width footing
in the direction of misplacement
but not more than 50 mm
iii. Reduction in thickness ............. 



5 percent of specified thickness
h. Variation from plumb or specified batter for lines and surfaces of piers and walls.
i. Exposed construction :
when overall height of line or surface is :
3 mtrs or less ..............                                 




 10 mm
more than 3 mtrs ............. 







 12 mm
for any two successive intermediate points on the line or surface separated by :
3 mtrs of less .................................................. 




10 mm
more than 3 mtrs. ........................................... 




12 mm
ii. Buried construction ............... 



Twice the value listed in the above.
i. Variation from level of specified grades for beams Horizontal grooves, railing off sets, and diaphragms :
i. Exposed Construction :
When overall length of line or surface is :








3 mtrs or less ..............                                  





10 mm
More than 3 mtrs ................ 







12 mm
For any two successive intermediate points on the line or surface separated by :
 
3 mtrs or less ................................................. 





10 mm
More than 3 mtrs ........................................... 





12 mm
ii. For buried construction .................. Twice the amounts listed in I (I) above.
j. Departure of bridge deck and rails fromspecified grades ................................ 

6 mm
k. Variation in cross-sectional dimensions from those specified for piers. walls, beams and similar parts of bridge structures.
................................................. minus 






6 mm
................................................... plus 






12 mm
l. Variation from theat specified in the thickness of bridge slabs
.............................................. minus 






3 mm
.............................................. plus 







6 mm
4.21.3 (A) GENERAL
Bulges, Depressions and offsets are defined as concrete surface irregularities.  Concrete surface irregularities are classified as "abrupt" or "gradual" & are measured relative to the actual concrete surface.
(B )  Abrupt surface irregularities :
Abrupt surface irregularities are defined herein as offsets such as those caused by misplaced or  loose forms, loose knots in  form lumber, or the similar  forming faults. Abrupt  surface irregularities are measured using a short straight edge, at least 15 cms. Long held firmly against the concrete surface over the irregularity and the magnitude of the offset is determined by direct measurement.
(C)  Gradual Surface Irregularities :
Gradual surface irregularities are defined herein as bules and depressions resulting in gradual changes on the concrete surface. Gradual surface irregularities are measured using a template conforming to the  design  profile of the concrete  surface being examined. Templates  for measuring gradual surface irregularities shall be provided by the contractor,  Templates shall be at least 2.5 mtrs. in length. The magnitude of gradual surface irregularities is defined herein as a measure of the rate of change in slope of the concrete surface.
(D) The magnitude of gradual surface irrgularities on concrete surface shall be checked by the contractor to ensure that the surface are within specified tolerances.  The department will also make such checks of hardened concrete surfaces as determined necessary to ensure compliance with these specifications. Templates for these surface shall be furnished by the Contractor free of charge and shall be available for use by the department at all  times.
 4.22  UNACCEPTABLE WORK
All defective concreting work, including those due to honey combing udersizing, under- strength etc. shall be demolished and rebuilt by the contractor at his cost. In exceptional cases where such work is accepted by the Engineer-in-charge after the contractor has made specified repairs, all cost of repairs 1 shall be borne by the contractor. Acceptance of such works will be in accordance with the provisions of IS : 456-1978. In the event of the work being accepted, allowing undersizing commensurate with higher materials strength and accepting materials not
fully meeting the specifications etc. the contractor shall be paid for the work actually carried out by him at a reduced rate derived from the tendered rate as approved by the Engineer-in-charge.
4.23 MEASUREMENT AND PAYMENTS
(a) Except otherwise specially provided for in the specifications, measurements of concrete for payment shall be made on the basis of the volume of concrete measured and calculated as being contained within the prescribed concrete outlines shown on the relevant drawings.
(b) Measurement, for payment, for the concrete laid in pockets in the foundation shall be made on the basis of the volume of the pockets filled.
(c) No measurements shall be made for the concrete backfill beyond the minimum lines of excavation shown on the drawings except where such payment is specifically authorised. Measurement of concrete shall be made after deducting the volume of all recesses, passage ways, chambers, openings, cavities and depression but without deductions for round or bevelled edges or space occupied by electrical conduits and reinforcement.
(d) Concrete in bridge side walls, kerbs and parapets in full length of the structure and block outs etc. shall be measured on the basis of volume of concrete calculated as being contained within the concrete outlines shown on the relevant drawings.
(e) The unit rate of concrete shall include the cost of all materials, labour, tools and plant required for mixing placing in position, vibrating and compacting, finishing as per directions of the Engineer-in-charge, curing and all other incidental expenses for producing concrete of specified strength to complete the structure or its components as shown on the drawings and according to these specifications. The rate shall also include the cost of providing, fixing and removing of all centering and form work required for the work unless otherwise specified in the contract.
(f) The unit rate also includes the cost of dewatering, desilting, diversion and protection work as may be necessary during and after concreting work.
(g) All expenses likely to be incurred by the Contractor in transporting materials supplied to him, if any, to the site of work, the expenses incurred in improving the quality of materials to acceptable levels (such as screening, washing, etc.) and the expenses incurred in proper storage of materials as directed by the Engineer-in-charge etc. are deemed to be included in the unit rate.
(h) Payment for the various classes of concrete shall be made on the basis of unit rate per cubic metre entered in respect of items in Schedule B.
(i) Adjustments in payment shall be made towards authorised variations in cement content per cubic metre of concrete as prescribed in para 4.7 (d) and (e) above.
SECTION - V
REINFORCEMENT
5.1  SCOPE OF WORK
The work includes supplying cutting bending welding and erecting in position high yield strength deformed (H.Y.S.D.) steel bars as reinforcement for concrete of various components of drainage syphons, syphon aqueducts, road bridges, cross regulators, head regulators, escapes, lining and other structures.
5.2  INDIAN STANDARDS FOR REFERENCE
1. IS : 226-1975 Structural Steel (Standard Quality)
2. IS : 280-1978 Mild Steel wire for general Engineering purpose.
3. IS : 432-1966 Mild steel land medium tensile bars and drawn stead wires for concrete reinforcement.
4. IS : 432-1966 (Part - I) Mild Steel and medium tensile steel bars.
5. IS : 432-1966 (Part - V) Hard drawn steel wire.
6. IS : 814-1974 Covered electrodes for metal or welding of structural steel.
7. IS : 814-1974 (Part-I) For welding products other than sheets.
8. IS : 814-1974 (Part - II) For welding sheets.
9. IS : 1139-1966 Hot rolled mild steel medium tensile steel and high yield steel deformed bars for concrete reinforcement.
10. IS : 1278-1972 Filler rods and wires for gas welding.
11. IS : 1281-1970 Metric steel scales for Engineers.
12. IS : 1521-1972 Method for tensile testing of steel wires.
13. IS : 1566-1971 Hard drawn steel wire fabrics for concrete reinforcement.
14. IS : 1608-1972 Method for tensile testing of steel products.
15. IS : 1786-1985 Cold twisted steel bars for concrette reinforcement.
16. IS : 2502-1963 Code of practice for bending and fixing of bars for concrete reinforcement.
17. IS : 2751-1979 Code of practice for welding of mild steel bars used for reinforced concrete construction.
18. IS : 5525-1969 Recommendations for detailing of reinforcement in reinforced concrete works.
19. IS : 9417-1979 Recommendations for welding cold worked steel bars for reinforced concrete construction.
In addition to the above the relevant Indian Standard codes referred to in Section IV shall also apply.
 5.3 STEEL  REINFORCING  BARS
5.3.1 GENERAL
(a) Steel reinforcing bars shall be placed in concrete where shown on the drawings or as directed by the Engineer-in-charge. The drawings issued with these specifications show only in part the requirement of reinforcement and further drawings shall be issued by the Engineer-in-charge during the course of the contract.
(b) As far as possible, high yield strength deformed bars conforming to IS : 1786-1985 shall be used as reinforcement. However, incase of Non-availability of such bars other steel bars conforming to IS : 432-1966 and / or IS : 1139-1966 shall be used as per the directions of the Engineer-in-charge.
5.3.2 CUTTING,  BENDING AND  BINDING
(a) The contractor shall be responsible for the accuracy of the cutting bending and placing of  the reinforcement. Reinforcement shall  be inspected for  compliance  with the requirement of grade, size, shape, length splicing and locations after it has been placed. No concreting shall be started unless the reinforcement as placed in the work is finally checked recorded and certified by the Engineer-in-charge.
(b) Before the reinforcement is placed, he surface the bars and the surfaces of any metal bar supports  shall be cleaned of  the rust,  loose  mill scale, dir, grease  and  other objectionable foreign substances. After being placed, the reinforcing  bars  shall  be maintained in a clean condition until they are completely embedded in the concrete.
(c) Reinforcing bars shall be accurately placed and secured in positions as shown in the drawing so that the bars and fabric shall not be displaced during the placing of concrete. The contractor shall also ensure that there is no disturbance of reinforcing bars already placed.
(d) Wire for binding reinforcement shall be of soft and annealed mild steel and shall conform to IS 280-1978. The binding wire shall have tensile strength of not less than 56 kg/ sqmm. The wire shall have minimum diameter of 1 mm. Chairs hangers, spacers and other supports for reinforcement, may be of concrete, metal or other approved material. Where portions of such supports will be exposed on concrete surfaces designated to receive F2 or F3 finish the exposed portion of support shall be galvanized or coated with other corrosion resistant material without which the concrete will not be permitted such supports shall not be exposed on surfaces of F4 finish unless otherwise shown on the drawings. The minimum allowable clearance between parallel round bars shall not be less than 1.50 times and diameter of the larger bars and for square bars shall not be less
than twice the side dimensions of the larger bars. In no case the minimum clearance between the bars shall be less than 1.5 times the maximum size of aggregate irrespective of the shape of the reinforcing bar.  Bars crossing each other where required shall be  secured by binding wire in such a manner that they do not slip over each other at the time of fixing and concreting.  Wire used for binding reinforcement shall not be measured for payment.
5.3.3 SPLICING
(a) Where it is necessary to splice reinforcement the splices shall be made by lapping, by welding or by mechanical means. 
(b) Joints or splices in reinforcing bar shall generally be made at the locations where neither shear nor bending moment is maximum, but the contractor would be permitted to take joins or splices at other position provided that such positions are approved by the Engineer- in-charge and joint and splices in adjacent bars are staggered as directed by the Engineer- in-charge. Approval of such additional splices will generally be restricted to splices not closer than 8 mtrs in horizontal bars and 4 mtrs in vertical bars measured between midpoint of laps.
(c) If the contractor proposes to use welded splices in reinforcing bars the equipment the material and all welding and testing procedures shall be subject to the approval of the Engineer-in-charge. The contractor shall also carry out test welds as required by the Engineer-in-charge.
(d) For welded splices for reinforcing bars conforming to IS : 1786-1985 welding shall be done in accordance with IS : 9419-1979. For reinforcing bars conforming to IS : 432 (part-I) 1966 and IS : 1139-1966 welding shall be done in accordance with IS : 2571- 1966. Electrodes for manumental are welding shall confirm to IS : 814 (Part I) 1974 and IS : 814 (Part II) 1974, mild steel filler rods for oxy-acetylene welding shall conform to IS : 1278-1972 provided they are capable of giving a minimum but weld  tensile strength of 41 kg / sqmm.
(e) Reinforcing  bars  28 mm in diameter and larger may be connected by but welding provided that lapped splices will permitted if found to be more practicable than but welding and if lapping does not encroach on cover limitation or hinder concrete or reinforcement placing.
(f) Reinforcing bars 25 mm diameter and less may be either lapped or but welded, whichever is most practicable.
(g) But welding of reinforcing bars shall be performed under cover from weather and may be performed either by the gas pressure or flash pressure welding process, or by the electric arc  methods. The following requirements shall apply to all welding of reinforcing bars including butt welding and the preparation of welded reinforcement mats.
(h) Welded pieces of reinforcement shall be tested at the rate of 5% of total number of joints welded. Specimen shall be taken from the actual site of work. Strength of the weld provided shall be at least 25% higher than the strength of bar.
(i) If the contractor proposes to use mechanical couplings for reinforcing bars he shall submit samples of the proposed coupling to the Engineer-in-charge for approval not less than 60 days prior to their proposed use. 
 5.3.4 CARE  OF  PLACED  REINFORCEMENT AND  CONCRETE
Where reinforcement bars are bent aside at construction joints and afterwards bent back into their original position, care shall be taken to ensure that at no time the radius of the bend is less than 6 diameters for deformed bars and 4 diameters for plain mild steel bars. Care shall also be taken, when bending such bars, to ensure that the concrete around the bars is not damaged.
5.4 MEASUREMENT AND  PAYMENT
Measurement for payment for furnishing and placing reinforcing bars will be made only on the calculated weight of the bars places in concrete, in accordance with the drawings or as directed by the Engineer-in-charge. The calculated weight for reinforcing bars shall be determined as follows :
i. The calculated weight / meter of reinforcing bars used shall be based on the standard weight and the corresponding lengths of bars placed in concrete by the contractor.
ii.  All other joints or splices shown on the drawings or as directed by the Engineer-in- charge shall be measured as laps. Mechanical coupling and welded joints approved by the Engineer-in-charge, shall be measured for payment in terms of length of equivalent lap joint. Except as provided in paragraph 5.3.3 additional joints or splices shall not be measured for payment. Payment for furnishing and placing reinforcement bars shall be made at the rate tendered thereof in Schedule B. The rate shall include the cost of preparing reinforcement as per detailed drawings, including furnishing and attaching wire ties and cutting, bending, lapping, painting etc.  cleaning, securing and maintaining in position all reinforcing bars as shown on the drawings or as directed by Engineer-in- charge. The unit rate shall also include cost of all incidental operations necessary to complete the work as per specifications.

iii.  The position and  dimension  of  lapped  splices  will  normally be  shown  on  the reinforcement drawings. Where splices are required for the work the following minimum overlap of spliced bars shall be used for the various sizes and grades shown.  Hooks will not normally be prescribed for splices in structural grade deformed bars.
LAPPED SPLICES
	Diameter

Of bar
	Grade of Bar
	Minimum length of overlap in straight splice

	6 mm
	Structural Plain
	30 cm

	10 mm
	Structural Plain
	46 cm

	12 mm
	Structural deformed
	38 cm

	16 mm
	Structural deformed
	48 cm

	20 mm
	Structural deformed
	58 cm

	22 mm
	Structural deformed
	66 cm

	25 mm
	Structural deformed
	86 cm

	30 mm
	Structural deformed
	97 cm

	35 mm
	Structural deformed
	107 cm


(vi) Rate shall be inclusive of lapping and wastage of lapping will be measured and not to be paid for, wastage of steel shall not be measured and paid for separately as the unit rate quoted covers the same.
SECTION - VI
6.0 GATES
INDIAN STANDARDS RELEVANT TO L OW HEAD GATE.
IS - 4622 : Design of  Fixed wheel Gates
IS - 5620 : Structural design Criteria for Low head slide gate.
IS - 6938 : Design of Rope Drum
IS - 7718 : Inspection during Fabrication Erection and maintance of Gate
IS - 814 : Specifications for metal are Electrode
IS - 816 : Metal are welding for General construction in M.S.
IS - 210 : Specifications for Cast Iron
IS - 1030 : Specification for Cast Steel
IS - 226 : Specification for  Mild Steel for Structural use
IS - 2062 : Specification for weldable steel
IS - 28 : Phosphor Bronze C asting
IS - 1068 : Electroplating
IS - 7814 : Phosphor Bronze Sheet & Stripes
IS - 1520 : Specification for Stainless steel
IS - 807 : Design, Maintanance, Erection & Testing of Cranes & Hoists
(Structural Portion)
IS - 10096 : Ispection, Testing & Maintenance of Radial Gates & their Hoists
IS - 11228 : Design of Screw Hoists for Hydraulic Gates.
6.1 GENERAL CONDITIONS OF TENDER FOR SCHEDULE "B "
Attention of the tendered is invited to the following paragraphs of the tender conditions and specifications. This is only by way of advice and any errors or omissions in those will not absolve the contractor from his responsibilities and duties in connection with the contract. 

Para 6.2 of Additional General conditions and specifications regarding obligatory dates for completion of component parts.
Para 6.3 dealing with General Description of Work  
Para 6.5.4 regarding design loads

Para for test loads

Para 6.1 for acceptance test

     Any variations  which a tendered purpose to do in the specification, requirements of designs, design stresses shall be clearly stated while tendering for the  work. If the contractor intends to follow a standard code of practice other then IS.4622-1992 and IS.11228-1985 for the designs, he shall submit a statement showing the code of practice he intends to follow for various items in question.

    The tenderer must submit along with this tender the details about ratings and efficiencies of the various types of equipment along with names of manufactures, patent  numbers, trade marks and any other relevant details of such equipment to obtain a clear idea of the equipment proposed to be used.

   The contractor shall submit along with his tender the following details in regard to the gate design, manufacture and erection.

(i)Design computation of the gates including all major component parts, embedded parts, gate leaf, hoists and hoist bridges, platform etc. which will enable the purchaser to form a broad idea of the design procedure, code of practice and standards followed by the contractor.

ii) The outline drawings in regard to manufacture and erection of gates which shall be generally be to such details as to enable the purchaser to form an idea of the arrangements for general installation of the gates. The broad details of the gates including layout for the skin plate with horizontal and vertical stiffeners, rollers, rubber  seals, hoisting arrangements etc.,  and the erection  sequence  and procedure have to be furnished .
The drawings generally consists of the following :
1) General installation drawing (Both service and emergency gates)
ii) Leaf assembly drawings (Both service and emergency gates)
iii) Embedded parts drawings (Both service and emergency gates)
iv) Operation platform & general arrangements of hoists for service and emergency gates
6.2 ADDITIONAL GENERAL  CONDITIONS AND  SPECIFICATIONS
6.2.1 START OF WORK :
The Contractor shall not enter upon or commence any portion of work except with the written authority of the Engineer-in-charge, failing which the contractor shall have no claim to ask for measurement or payment for the work done. The Department is not responsible for any claim or damages that may arise due to such unauthorised commencement or entry.
6.2.2 CONTRACT DRAWINGS & SPECIFICATIONS:
When the contractor's tender is accepted, the contractor shall submit, in duplicate, to the Engineer for the approval within fifteen days of the intimation of the acceptance of his tender, drawings of the general arrangement of the works to be carried out and such detailed drawings (other than shop drawings) and full sign calculations. Within fifteen days of the receipt by the contractor the notification by the Engineer of his approval of such drawings, three sets in ink on tracing cloth and 10 sets Ferro Gallic prints mounted on  cloth of the drawings as approved shall be dispatched to the Engineer by the contractor and be signed by the Engineer and by the contractor respectively and these drawings are deemed to be the "Contract Drawings". These drawings when so signed and the design calculations shall become the property of the Government and be deposited with the Engineer, and shall be departed from in any way whatsoever except by the written permission of the Engineer as hereinafter provided. In the event of the contractor desiring to possess a signed set of drawings, he shall supply extra set and the Engineer shall sign the extra set and return the same to the contractor. The contractor, if required by the Engineer, shall supply in addition copies of any drawings
other than shop drawings which may reasonably be required for the purpose of the contract at his cost. The Engineer or his duly authorised representative, whose name shall have been previously communicated in writing to the contractor, shall have right at all responsible times, to drawings, of any portion of the work.
The contractor shall submit to the Engineer for approval five copies on white ammonia paper, of size 40' x 27' or 20' x 13 1/2' as may be suitable, of all shop drawings containing all required detailed information. One copy of the drawing will be returned to the contractor either approved or with remarks for compliance the above procedure if and so directed. The approval of the drawings, however, will not relieve the contractor of any errors and omissions as he is responsible for the dimensions and designs of the adequate connections, details and satisfactory constructions.
6.2.3 MISTAKES IN DRAWINGS:
The contractor shall be responsible for any discrepancies, errors or ommissions in the drawings or other particulars supplied by him and shall pay all the costs of the alternations in the work necessitated thereby not withstanding the fact that such drawings or particulars have been approved by the Engineer provided that such discrepancies, errors or omissions be not due to inaccurate information or particulars furnished to the contractor by the Engineer. The purchaser shall be responsible for the drawings and particulars supplied by the Engineer and the purchaser shall pay all the cost of any alternations in the work necessitated by the reasons of inaccurate information supplied by the Engineer to the contractor. In case of errors, omissions or disagreement between written and scaled dimensions on the drawings or between the drawings and specifications, the later shall apply. Between the quantities shown in the Schedule of quantities and those arrived from the drawings, the later shall be preferred. Between the written description of the item in the schedule of quantities and the detailed description in the specifications of the same item, the later shall be adopted. In all cases of omissions, doubts or discrepancies in the dimensions and descriptions in the drawings and items of work, reference shall be made to the Executive Engineer whose elucidation shall be considered as authoritative. The contractor shall be held responsible for any error that may occur through lack of the work. The contractor shall be responsible for accuracy of all shapes, dimensions and alignments etc., of all the components of the work.
6.2.4 CONTRACT  DOCUMENTS AND MATTERS TO  BE TREATED AS CONFIDENTIAL:   All documents, correspondence, decisions and other matters concerning contact shall be considered as in confidential and of restricted nature by the contractor and he shall not divulge or allow access there to any unauthorised persons of any kind.
6.2.5 WORKMANSHIP AND MATERIALS    The equipment shall be manufactured, constructed, provided, put in position, carried out as mentioned in all respects with workmanship and materials of the best and most substantial and approved quality to the entire satisfaction of the Engineer who may reject may plant, apparatus, materials or workmanship which in his opinion is defective in quality. Any such rejection to be final and conclusive.
6.2.6 ENGINEER'S DECISION:  In respect of all matter which are left to the decision of the Engineer, including the granting or withholding of certificates, the Engineer shall, if required to do by the tenderer, give in writing a decision thereon and his reasons for such decisions.
6.2.7 ENGINEER'S SUPERVISION:       All works shall be carried out under the direction and to the satisfaction of the Engineer-in-charge. Reference lines and reference bench marks will have been set upon the site by the Engineer-in-charge. The contractor shall at his own cost and responsibility, locate and establish lines for all other structures, grades etc., as may be required for the execution of the works according to the drawings and specifications as required by the Engineer. Such setting out will be subject to a check by the Engineer-in-charge and his staff. The contractor shall provide at his own cost all labour, materials and instruments
that may be required for carrying out the check.  Such a check shall not, however, absolve the contractor of his responsibility from carrying out the works strictly according to drawings and specifications and as per instruction issued to him from the Engineer-in-charger during the execution of the work.
6.2.8   REJECTION AND  REPLACEMENT  OF  DEFECTIVE  PLANT  / MATERIALS   OR WORKMANSHIP:  If during the progress of the  work  or any part thereof before it is taken over as per para (6.2.11), the Engineer shall decide and notify in writing to the contractor that the contractor has executed any unsound or imperfect work he has supplied any plant or materials inferior quality and or quantity to those specified, the contractor on receiving details of such defects or deficiency shall be at his own expenses, within seven days of his receiving notice or otherwise, within such time as may be reasonably necessary for making it good, proceed to alter, reconstruct or supply fresh materials up to the standards of the specifications and in case the contractor shall fail to do so, the Engineer may, on giving the contractor seven days notice in writing of his intention to do so proceed to remove the work or materials completed of and at the cost of contractor, perform all the work or supply all such materials provided that nothing in this para shall be deemed to deprive the purchaser of any right under the contract which he may otherwise have in respect of such defects or deficient.
Any payments which may have been made on account of the plant or materials delivered or work executed shall not be looked upon as acceptance of such plant, materials or work. Should the contractor not so replace the rejected plant nor work within a reasonable time, the contractor's full and extreme liability under this para shall be satisfied by the payment of all money paid by the purchaser to him in respect of such plant or work.
6.2.9 INSPECTION AND TESTING:
a) The Engineer or his duly authorised representative shall have at all reasonable time, access to the contractor's premises or work and shall have the power at all reasonable time to inspect and examine the materials and workmanship of the plant during manufacture or erection and if part of the plant being manufactured or erected at other premises of work, the contractor shall obtain from the Engineer or his duly authorised representative permission to inspect as if the plant or materials were manufactured or erected at the contractor's own premises of works. 

b) If the fabrication is intended to be done outside India, the fabrication shall comply such of the conditions as the Engineer may impose for testing the equipment welds, X-rays, hydraulic tests etc., The inspection of such tests will normally be carried out through either the India stores Department or an international agency or agencies of repute dealing with such materials. Payment for such independent inspection shall be borne by the purchaser, but the costs of the actual tests, however, shall be considered included in the various unit rates accepted in the tender.
c) The contractor shall given the Engineer notice of any materials being ready for testing and the Engineer or his said representative shall, on giving twenty four hours prior notice in writing to the contractor attended at the contractor's premises of works within fifteen days of the date on which the materials are notified as being ready, failing which visit, the contractor may proceed with the tests, which shall be deemed to have been made in the Engineer's presence and he shall forthwith forward to the Engineer duly certified copies of the tests in duplicate.
d) The contractor shall provide free of charge such labour, materials, electricity, fuel water, stores, apparatus and instruments as may reasonably be deemed necessary to carry out efficiently such tests of the plant, in accordance with the contract and shall give facilities to the Engineer or his authorised representative to accomplish such testing.
e) If special tests other than specified in the contract are required they shall be paid for by the Engineer as "Variations".
f) When the tests have been satisfactory completed at the contractor's premises of works, the Engineer or his duly authorised representative shall issue a certificate to that effect and no plant shall be transported before such certificate has been issued.  The satisfactory completion of these tests, on the issue of this certificate shall not bind the Engineer to accept the plant so passed for shipment, should it on further tests after erection be found not to comply with the specifications.
g) The Engineer or his duly authorised representative shall on giving seven days' notice in writing to the contractor setting out any grounds of objections which he may have in respect of the work, be at liberty to reject all or any materials, plant or workmanship the subject of any of the said grounds of objection which is in his opinion are not in accordance with the contract or are in his opinion defective for any reasons whatsoever. Unless specifically provided otherwise  all tests shall be made at the contractor's works before shipment.
 6.2.10. TESTS, AT SITE:   After receipt of the equipment or any integral part thereof the engineer may ask for any test to be carried out such as water tightness, prescribed tolerance etc., and the tenderer shall arrange to carryout the same at his cost.
6.2.10. TESTS ON COMPLETION:  Whenever possible all tests shall be carried out before transportation, should however, it be necessary for the final tests as to performance and guarantee to be held over until the equipment is erected at site, they shall be carried out by the contractor with three months of completion of erection (excluding the monsoon period) or at a subsequent date as may be directed by the engineer. In case the testings is delayed beyond three months (excluding monsoon period) under specific order of the Engineer, the tenderer shall be paid for the extra cost incurred on his personnel either on account of detention or fares and passengers if they have to return again. Should the results of these tests not come within the margin specified, the tests, shall if required by the Engineer, be repeated within one month from the date of equipment is ready for retest, and the contractor shall repay to the purchaser all reasonable expenses to which he may be put by such test. The responsibility of correct erection and performance  of the equipment shall rest with the tenderer and any defects therein shall be made good by him at his cost.
6.2.11 TAKING OVER:   In the event of the final or any outstanding tests being held until the plant is erected, the acceptance certificate shall be issued subject to the results of such final or outstanding tests which shall be carried out in accordance with para (6.2.10) above. If for any reason other than the fault of the contractor such test or tests, as the case may be are not carried out, the plant shall be deemed to have been taken over and payments due to the contractor on taking over shall be made our nevertheless the contractor shall, if called upon to do so by the purchaser, make the said tests during maintenance period and except as aforesaid under the same obligations as specified in para (13) below.
6.2.12.  RIGHT  OPERATE  UNSATISFACTORY EQUIPMENT:   The  purchaser shall have the right to operate any and all equipment as soon as long as, it is in operating condition whether or not such equipment has been accepted as complete and satisfactory, except that it shall not be materially damaged by such operation before any required alterations or repairs have been made. All repairs or alterations required of the contractor shall be made by him at such time as directed by the Engineer. The repairs or alterations shall be made in such a manner and in such a time it will cause the least interruption in the use of the equipment.
 6.2.13. MAINTANANCE:   For a period of 12 (twelve) calendar months commencing immediately upon the satisfactory completion of the final test after erection at site, the contractor's liability shall be limited to the replacement of the defective parts that may develop in the equipment under proper use and arising solely from faulty design, materials or workmanship, provided always that such defective parts as are not repairable at site, and are not essential in the meantime in commercial use of the plant are promptly allowed to be removed unless otherwise arranged. If during maintenance period of 12 months, it is not possible to test the gates and hoists under full load conditions, due to non-filling of the reservoir, the guarantee period shall get extended until the reservoir is full and the gates are tested under full load conditions. If it becomes necessary for the contractor to replace or renew any defective portion of the plant under this para, the provisions of this para shall apply to the portions or the plant so replaced or renewed or until the expiry of six months form the date of such replacement or renewal or until the end of the above mentioned period of twelve months whichever may be later. If any defects be not remedied within a reasonable time, the purchaser may proceed to do the work at the contractor's risk and expense, but without prejudice to any other rights which the purchaser may have against the contractor in respect of such defects. The fitting of the replaced parts will also be done by the contractor. If any repair, replacement or removal of the defective parts is carried out on his behalf by the Department at site the contractor shall bear the cost of such repairs, replacement or removal.
6.2.14. NOTICE HOW TO BE GIVEN:
Where any legal or other notice or any other document or any other directions is to be given to or served upon the contractor, it shall be deemed to be duly given or to served upon the contractor or shall have been either delivered to him personally or to his recognised agent (including in the case of company, the secretary of that company) or delivered at or sent through the post addressed to the contractor at the contractor's office in the site or the last known place of business or abode of the contractor or in the name of the company, to its Registered Office. In the case of a firm or contractors a notice or other documents, which shall be so given to or so served on any one of the partners in such firms, shall be deemed to have been given to or served on all of them.
6.2.15 PATENTS, RIGHTS ETC.,:
The contractor shall duly indemnity the Government against all actions, suits claims, demands, costs, charges and expenses arising from or incurred by reason of any infringement or alleged infringement of any patient rights, trade mark or name, machinery, plant, work, materials thing or system or method of using, fixing, working, arrangement used or fixed or supplied by the contractor. But this indemnity shall not extend or apply to any action, suit claim demand, cost charges or expenses arising from or incurred by reason of the use of the work or any part thereof otherwise than in the manner or the purpose contemplated by the contract. All royalties  and  other  similar payments which may  have  to  be paid for  the  use of  any such machinery, plant, work, materials, thing or system or method as aforesaid (whether payable in one sum or by installments or otherwise) shall be covered by the contract and be payable by the contractor. In the event of any claims or demand being made or action or suit brought against the Government in respect of any such matter or matters aforesaid, the contractor shall be duly notified there or and he shall conduct negotiations for the settlement of such claim or demand and such action or suit shall also be conducted by him, subject if and so far as the purchaser shall think proper, to the supervision and control through the officer duly authorised in this behalf. 

6.2.16 INSURANCE:
The contractor shall unless otherwise specified insure the plant and shall keep it insured against destruction or damage during transit from the place of manufacture to the site of the work and thereafter by fire, earthquake, flood, storm, undue exposure to the weather or through riot, civil commotion, war or rebellion for full value of the plant and materials until the plants is taken over at site by the Engineer.  In case damages are got assessed by the surveyors, the surveyors report should be sent to the purchaser. The cost on account of such insurance and surveys shall be deemed to be included in the price tendered and accepted for the equipment.
6.2.17. OBLIGATORY COMPLETION TIME LIMITS:
The obligatory time limits for the supply at site and complete installation of the gate parts after the issue of work order are as specified below :
	Sl. No
	Item
	Supply and installation at site

	1
	Embedded parts such as sill beam, roller, tracks, side and top seal seats, guides etc. and installation.
	The work of design, fabrication supply at site should be completed within 4 months including rainy season. Details under Clause 2 of Schedule of Contract form.

	2
	Gate leaves with rollers, rubber seal etc.,
	

	3
	Gate, hoisting mechanism including hoist platform etc, complete.
	


These time limits shall be adhered to subject to such extensions of period as may be granted by the purchaser as per clause 5 of PWG form 65. If due to unavoidable circumstances, the Department is unable to make available the site for erection by the time the supply of parts are completed, no extra charges for erection will be paid for delay in handling over the site for erection.
6.2.18 TERMS OF PAYMENT :
Subject to any deductions which the purchaser may be authorised to make under the contract the contractor shall on the certificates of the engineer be entitled to payment as follows in the running and final bills in Indian currency.
i) 80% of the  tendered rates for Item Nos ..................  of part II of schedule B  on safe deposit at site of works, provided it forms one unit such as embedded parts, gates, hoisting equipment etc. and further 13 1/2% payment being made after satisfactorily erection as per Item Nos ................... of part III of schedule B and the balance of 6.1/2% being deducted towards security deposit as per clause 1 of condition of contract.
ii) Payment for erection for Item Nos. of part II of Schedule - B made at 93 1/2% of tendered rate after completion of concreting etc., required for embedment, the balance 6 1/2% being deducted towards security deposit as per clause 1 of condition of contract.
iii) The balance payment at the expiry of maintanance period subject to provision in para 13 above.
iv) Payments for spare parts at full tendered rates after delivery at site after deducting towards  SD.
6.2.19. CERTIFICATE OF THE ENGINEER:
Every application to the Engineer for a certificate regarding completion of the work or a particular item thereof must be accompanied by a detailed invoice (in duplicate) setting forth in the order of the Schedule - B particulars of the work executed and the certificate as to such plant and work as in the reasonable opinion of the Engineer, is in accordance with the contract shall be issued within 14 days if possible or within such time of application for the same as is reasonably necessary. No applications for a certificate shall be made within 30 days of the
previous application. The Engineer may in any certificate make any correction or modification in any previous certificate which shall have been issued by him and payments shall be regulated and adjusted accordingly. No certificate of the Engineer on account of any sum paid nor extension of time for the execution of the works by the contractors under the powers granted by these terms, shall effect
or prejudice the rights of the purchaser against the contractor or relieve the contractor of his obligations for due performance of the contract be interpreted as approval of the work done or the  materials supplied and  no certificate shall create liability  on the purchaser to  pay for alternations, amendments, variations or additional work not ordered in writing by the Engineer discharge the liability of the contractor for payment of the damage whether due, ascertained or certified nor of any sum against the payment of which he is bound to indemnify the purchaser,
nor shall any such certificate nor the acceptance by him of any sum paid on account of or otherwise shall effect or prejudice the rights of the purchaser against the contractor.
6.2.20.  GOVERNMENT AUTHORISED TO WITH OUT PAYMENT DUE TO THE   CONTRACTOR:
CNNL shall have lien on all money, payable to the contractor under this contract and also over his security deposits withheld or recoveries made under relevant pares of this con-tract, in respect of any Government tax or taxes or other money which may become payable to the government by the contractor either along or joint with another, under the provisions of the Government acts on work as any other statutory enactments in force or in modification or substitution there of. Government shall at all times be entitled to deduct the said sum or tax due from the contractor  from the money securities or deposits  which may  become payable or  returnable to the contractor under this contract.
 6.2.21.   TITLE OF PARAS:
The titles of the paras do not form part of the same and shall not effect their legal construction.
6.2.22.   JURISDICTION:
The contract shall be governed by the law as of Indian Union for the time being in force and be subject to the jurisdiction of Indian courts.
6.2.23.   LIABILITY FOR ACCIDENT AND DAMAGES:
The Contractor shall be entirely responsible for all loss or damages to the government equipment until the plant has been erected at site and taken over by the Engineer.  Until the plant shall be or be deemed to be taken over as aforesaid, the contractor shall also be liable for and shall be deemed to have indemnified the purchaser in respect of all damage or injury to any person or to any property to the purchaser or of the others occurred by negligence of the contractor or his workmen by defective designs, work or material but not otherwise. The contractor shall indemnify and save harmless the purchaser against all action suits, claims, demands, costs or expenses arising in connection with injuries suffered prior to the date when the plant shall have been taken over by persons employed by the contractor on the work whether under the general law or the workers compensation act or any other statutory in force during the period of contract dealing with the question of liability of employees for injuries suffered by the employees and shall also take steps properly to issue against any claims there under. On the occurrence of an accident which results in the death of any of the workmen employed by the contractor or which is so serious as to be likely to result in death of any such workmen the contractor shall within 24 hours of the happening of such accident intimate in writing to the Engineer the fact of such accident. The contractor shall indemnify Government against all loss or damage sustained by the government resulting directly or indirectly from his failure to give intimation in the matter aforesaid  including  the penalties or  fines  of any  payable by notice under the Workmen's Compensation Act or otherwise conform to the provision of the said Act in regard to such accident. In the event of the accident in respect of which compensation may become payable under workmen's Compensation act whether by the contractor or by the government as principal it shall be lawful for the Engineer to retain out of money due and payable to the contractor such sum of sums of money, as may be in the opinion of Engineer, be sufficient to meet such liability. The opinion of Engineer in charge shall be final in regard to all matters arising under this Para. 

6.2.24. LOCAL LAWS:
a) All local laws in force at the time of entering into the agreement and those enacted thereafter during the currency of contract shall be binding on the contractor and he shall abide by the same. 

b) All import duties, sales tax and other local taxes or levy shall be borne by the contractor and they shall be deemed to have been covered by his quoted tender rates.  The contractor shall maintain a regular account of the receipts and use of such materials as directed by the Engineer-in-charge and furnish monthly statement of such accounts to the Engineer-in-charge.
c) The contractor shall be liable to all relevant provisions of the Indian Income Tax Law which may be applicable to him.
6.2.25. TRAINING OF GOVERNMENT PERSONNEL:
The contractor shall if and so directed by the Engineers provide free of any charge, adequate facilities for training of government officers, supervisors, foreman, skilled workman etc, not exceeding two in number at any one time at the contractor's works.  Their salaries, allowances, etc., will be borne by the Government and training scheme will be arranged by the Engineer in consultation with the contractor.
6.3.0. SPECIFICATIONS:
6.3.1 General Description of Works:
6.3.1.1 Embedded parts
The embedding parts consists of seat seal, guide frame, sill beam, wheel tracks, etc.,
6.3.1.2 TRACKS:
Tracks upon which the gate wheel will roll and the base through which the loads will be distributed to corners. The track shall be corrosion resistant steel. The wheel and track dimension shall be such that even after allowing for gate and wheel drifts, gate deflection, allowable tolerance and fillet, the radius and the width of wheel and track are sufficient to avoid stress concentration. The track shall be mounted on a suitable track base so that stees in the track base and concrete on concrete base are within allowable limits as specified in IS 4622-1992. The tracks shall extend from cill to platform level for regulator and escape sluice. 

6.3.1.3 B) THE GUIDE  FRAMES
These shall be of structural steel and shall in conjunction with guide shoes of the gate, limit the transverse and lateral movement of the gates in either direction from the normal position. The guide frames shall extend from the sill to dry well level or (twice the gate height + 0.3 M) whichever is higher.
6.3.1.4  SEAL SEATS
Seal seats shall be of stainless steel of at least 5 mm thick. The side seal seats shall be of sufficient width to provide an adequate surface against which the gate seals will bear after into consideration the maximum lateral movement permitted by the guides. The top seal of the gate shall be in contact with the sealing surface until the bottom of the gate reaches the top of the vent (i.e., breast wall lining of sides shall be provided). The side seals also shall  extend up to the same level. The top edges of the seal seats shall be chamfered as necessary to prevent tearing of the gate seal. The top edges of the seal shall be fastened to the structural seal seat in such a way that the entire sealing area has smooth and flush surface.
6.3.1.5  SILL BEAM
The sill beam consists of rolled steel grider of sutable steel flat welded on the top falnge to provide a suitable surface for the gate bottom seal seat.
6.3.1.6 GATE LEAF:
The gate shall be of either fixed wheel or flexible type, having either anti friction of self aligning roller bearig, seals on the up stream side. Each gate section shall consists of skin plates on the upstream face of the gate supproted by horizontal beams which will transfer the load to the two end vertical girders forming a box sections and the wheels shall be so type. The wheels shall be mounted within these box sections and the wheels shall be so spaced that the transmission of loads to the  concrete trhough tracks is equally distributed. The regulator gate leaf shall be at least 0.30m (F.B) over the F.S.D. in main canal. The tender may adopt riveted constructions or use rolled or built up sections for beams and girders instead of entirely made up welded section. He may also adopt any different arrangements
for girders and splicing etc., and may even make the gate completely rigid, provided the gate is capable of being easily transported to site and designed to give satisfactory performances after errection. The friction force shall be computed as per IS 4622-1992. In case of semi-flexible gate leaf having 4 wheels only, the wheels shall be designed for normal loading assuming that all the wheels remain in contract with the track. In arrangement with rigid girders, the design shall be safe for the emergency condition when any one wheel may go off the track causing adjacent wheels to become overhauled. The rollers shall be cast steel and heir axles shall be of corrosion resistant steel. Anti friction bearing, if used, shall have their chambers filled with waterproof grease and shall be secured by special seal rings against penetration of dirt and water. The grease chamber shall be capable of  being refilled in the closed position of the gate. The pin shall be made of corrosion resisting steel. For accurate alignment of the wheels, the pins shall be slightly eccentric. Metal clad rubber seals shall be provided all round the skin plate to bear against seal to prevent leakage of water. The sealing arrangement should be such that it may effectively seal to prevent leakage of water. The sealing arrangement should be such that it may effectively seal the sluices when the gate is closed. The IS 4622-1992 shall be satisfied.
6.3.1.7 HOIST:
The gate shall be operated by a suitable capacity manually operated screw hoist for cross regulator and escape sluice gate. Hoist platform to be provided shall be at suitable height to enable the gate to be lifted through its entire height without any difficulty. Necessary hoist bridge at required level is also to be provided with structural steel / rolled steel sections, chequerred plates, hand.
6.3.2 COMPLETENESS OF SUPPLIES:
All fittings, accessories or apparatus which may not have been specially mentioned herewith or shown in the drawings and which are useful usually or necessary in the equipment of similar installation or for efficient working of the equipment shall be deemed to have been included in the contract and shall be provided by the tenderer without any extra charge. A list of such items shall be submitted by the tenderer while tendering for the work. All equipment and apparatus shall be complete in all details whether such details mentioned in the specifications or not. The contractor shall not be eligible for any extra claims in respect of minor accessories even though they may not have been specified here or included in the contract documents.
6.3.3 INSTRUCTIONS FOR OPERATIONS AND MAINTENANCE:
A set of instructions and drawing for the operation and maintenance of the equipment of shall be supplied in quadruplicate and one set of these shall be suitable mounted in the operator's cabin/ control room as the case may be for ready reference. 

6.3.4 GUARANTEES:
The contractor shall guarantee among other things the following :
a) The quality and strength of materials used.
b) Satisfactory operation during the period specified in the general conditions as maintenance period.
c) Performance figures specified by the tender for all the parts under severest conditions of operations. He shall also sign warranty clause as perform.
6.3.5 INSPECTION AND TESTS:
The work done in the workshop shall be subject to inspection from time to time by the Engineer-in- charge or the authorised representative on his behalf. The tenders shall provide all facilities required for such inspection of the materials, fabrication of component parts at the place of manufacture and erection. The tender shall at his  expense  prepare  specimens and  perform  tests and analysis  in accordance with standard practice or as mentioned elsewhere in these specifications.  All tests
and analysis shall be made under the direction and in the presence of the Engineer or his authorised representatives. Certified copies of test reports of all tests and analysis, shall be furnished to the Engineer by the tenderer in quadruplicate.
It shall  be open  for  the Engineer- in-charge to  carry  out  tests  on  the  materials and manufactured products of the gate. The test pieces and samples required to carry out independent  tests shall be furnished by the tenderer when so desired by the Engineer-in-charge at no extra cost.
6.3.6 ERECTION, ERECTION PERSONNEL AND  ERECTION EQUIPMENT:
The contractor shall be fully responsible for the correct and accurate erection of equipment offered by him and shall furnish all the erection personnel, skilled or unskilled for the installation or for the embedded parts, gates and hoists. The contractor shall furnish his tools and the tackles and other special equipment such as cranes etc., for the erection.

6.4.1 GUARANTEE AND  FORM OF WARRANTY CLAUSE:
The warranty to be signed by the contractor as per provisions of clause shall be in the following form : The tenderer shall declare that the goods /stores article sold to the purchaser under this contract shall be of the best quality (workmanship) and shall be strictly in accordance with the specifications and particulars contained / mentioned in the clauses hereof and the tenderer guarantee that the said goods / stores articles would continue to conform to the description and quality aforesaid for the period specified under clause -13 of additional general conditions and specifications as maintenance period, and that not withstanding the fact that the purchaser (inspector) may have inspected and / or approved said goods / stores / articles if during the aforesaid  period and the said  goods / stores articles, be discovered  not to conform  to the description and quality aforesaid or have deteriorated (and the decision of the purchaser in that behalf will be final and conclusive.) The purchaser will be discovered, not to conform to the said description and quality. On such rejection the goods / stores / articles will be at the contractor risk and all the provisions hereby contained to rejection or goods, etc., shall apply. The contractor shall, if so called upon, replace the goods etc., of such portion thereof as is rejected by the purchaser, otherwise, the contractor shall pay to purchaser such damage as may be arise by reason of the breach of the condition herein contained. Nothing herein contained shall prejudice any other right or the purchaser in that behalf under this contract or otherwise. 

6.4.2 MATERIALS:
The materials used in the works shall be now and shall be of the kind composition and physical properties best adopted to the several purposes in accordance with accepted Engineering practice. The materials shall at all times be kept clean and protected from weather and shall be free from scale and rust.
6.4.3 MATERIALS SPECIFICATIONS:
The materials required for the various components shall generally conform to the standard specifications as laid down under specifications. The tenderer shall provide a list of the materials and the parts where he intends to use them and the specifications to which they shall conform. All such specifications and standards shall be subject to the approval of the Engineer.
6.4.4 RUBBER FOR SEALS: (AS PER IS 11855-1986)
Rubber for the seals shall be natural or synthetic containing not less than I by weight of copper inhibitors and shall have the following physical properties.
Shore A durameter hardness 60 to 70 Minimum elongation 45% Ultimate Tensile Strength 150 Kg / cm 

6.5 DESIGN AND DRAWING:
6.5.1 LIMITATION OF LAYOUT:
The tenderer should quote for the work on his design subject to the specifications, materials and design criteria specified therein. He shall have no attitude to make any alteration in the clear opening of the gates, the height and location of the gates, alignment of the centre line of the road bridge, the road bridge and the various clearance specified in the drawings. It shall be given for him to suggest minor modifications in the layout of the pier to suit his design. Such modifications shall be clearly brought out by the tenderer in inviting and shall always be subject
to approval of the Engineer. The gates are required to regulate the discharge at part openings of the gates and shall be designed for trouble free operations at such part openings.
6.5.2 DESIGN STRESSES:
For the structual design the premessible stresses in structural steel and other type of steel shall be specified in IS 4622 / IS 11228. When any part of structural steel is submerged in water or likely to remain submerged for prolongated period an extra thickness of 1.5 mm shall be added to the designed thickness for corrosion in each face, in case specially non-corrosive steel is not used. For parts like RSJ
channels etc., where a direct deduction of 1.5 mm thickness for stresses shall complicate the computations, the permissible stresses shall be as specified in Annexure of IS 4622. Steel skin plate shall not have thickness including the thickness for corrosion allowance, of less than 8 mm.
6.5.3 DENSITY OF WATER:
As the water is likely to be silt laden the density of water may be assumed as 1.01 T/M3 for design purpose.
6.5.4 DESIGN LOAD:
Gates are required to regulate the discharge at part or full opening, either single or in combination with adjacent gates, without exceeding normal permissible stresses in all the gates parts including anchorage, hoists etc., when the water is at the full reservoir level at R L. The gates shall also ensure trouble free operations to all such openings.
6.6  WORKMANSHIP:
All works shall be performed and completed in a thorough workmanlike manner conforming to accepted modern practice in the manufacture and fabrication of material of the types covered by these specifications. The work shall in all cases be of high grade and carefully performed to the satisfaction of the Engineer. The contractor shall warrant all materials and workmanship  furnished by him to be free from injurious effects.
6.6.1 FIELD RIVETS AND ERECTION BOLTS:
15% more field rivets shall be furnished in addition to the number required for each size and length. Adequate number of temporary erection and fitting up bolts of appropriate length and with steel washer shall be furnished for field erection.
6.6.2 BOLT HOLES IN RUBBER SEALS:
Bolt holes in rubber seals shall be accurately located from the corresponding holes in the gates. The inside surface of all holes in the seals, shall be given three heavy coats of rubber cement to seal the exposed fabric from moisture.
6.6.3 WELDING:
All welding shall be done by Electric  arc method by process which will exclude the atmosphere from the molten metal except where specifically permitted otherwise. If the welding electrodes shall be of the heavily coated type de-signed for all position welding and the size, type and manufacture of the rods shall be as per standard procedure. The weld metal shall conform to I.S..814andI.S 815 and welding shall carried out as per IS 816, IS 9595-1980 and IS 1024-1979. In assembling and during welding, the component parts of built up members shall be held in place by sufficient clamps or other adequate means to help all parts in proper position, particular .care shall be taken in aligning and separating the edges of plates and shakes to be joined by butt welding, so that the complete preparation and fusion at the bottom of the joint will be altered. When sections of different thickness have to be butt weld and the surface are six mm or more out of plane, the thicker sections shall be leveled off so that the slope of a surface from one part to the other shall not be more than 1 in 5. Alternatively, the weld metal shall be built up at the junction with the thicker part to a thickness at leas 25% greater than the thickness of thinner parts. But welds shall not be intermittent. At welded butt joints when the weld metal is required to be deposited on both sides of the joints, the weld materials originally deposited at the bottom of the weld material shall be chipped or metalled to obtain a clear surface, prior to the application of the first head of the welding. On the opposite side of the joint, where closely and shall hold together during the welding operations. Surface to be welded shall be cleaned of loose scales, slag’s, rust, paint and other foreign matter. In all cases where welded joints are likely to be exposed to the weather, the joining edges of the contact surface shall be carefully sealed by welding or the parts shall be effectively connected by welding so that the contact surfaces are severely held in contact to prevent the entry of moisture. When welded metal is deposited in two
or more layers shall be brushed with a wire brush otherwise cleaned before the subsequent layers are deposited. In welding precaution shall be taken by adopting proper sequences, in welding by pooling the weld while hot or by other satisfactory method. Correction of distortion by blow, after welding is completed and piece is cold, shall not be permitted upon completion, the welds shall be brushed with wire brush and shall show uniform erection, smoothness of weld metal feather edges and edges of fillets and butt joints welds shall indicate good fusion and penetration into the base metal. No undercut shall be allowed. Welds shall not be painted until they have been inspected and approved, the materials to
be welded shall be preferably uncoated but if protection is considered necessary to prevent corrosion a coating of pure linseed oil without admixture of paint may be applied, before leaving the works. The coating shall be removed carefully by burning of or wire brushing or other suitable means before welding. All welds shall be tested by X-Ray, sonic and similar other tests. All defective welds shall be chipped off and redone as directed by the Engineer.

6.7  SHOP ASSEMBLING:
6.7.1 GENERAL
All the gates shall be completely assembled in the shop to ensure that all parts fit properly. Before assembling, the surface of metal to be in contact shall be cleaned. The parts shall be adjusted to line and fit and they will be pinned and bolted or otherwise tightly held together so that surfaces are in close contact before and after reaming, drilling and riveting. The member shall be free from twists, bends or other deformities. Drilling done during assembling shall be only when necessary to bring the parts into position and not sufficient to enlarge the hole or distort the metal. Enlargement of holes if any, as needed to admit rivets, shall be done by reaming. Checking of all parts and their over all dimensions accuracy of alignment and to tolerance shall be done carefully. After checking, if any errors are discovered, they shall be corrected to the satisfaction of the Engineer. All the gate parts shall then be separated into suitable pieces for transportation.
6.7.2 SHOP  CLEANING AND PAINTING:
All metal work furnished under these specifications shall be cleaned and given one coat of priming paint as herein after stated. Paint to be used shall be of  best quality suitable for the purpose and should be got approved from the Engineer before use. The coating of the various portion of the gates shall be as per the following schedule : 

6.8  EMBEDDED PARTS:
All surface of the embedded parts which are to come in contact with concrete shall be cleaned as mentioned above and left unpainted. All unfinished surface of the embedded parts exposes to atmosphere of water shall be given coat of cold applied coal tar paint by brushing. 

6.8.1 GATES:
All the unfinished surface of the gate shall be given a coat of dust inhibitive wash by brush immediately following the cleaning operations and the surface shall be thoroughly wetted with the rust inhibitive wash and allowed to dry. Proper reaction will be evidence by the appearance after drying, of a dully grey Phosphate coating.  Finishing after application is not required but react residue shall be removed by the wiping the inhibited surface with damp clothes. Within one hour after the rust inhibitive wash has dried thoroughly, one coat of Sino chromate aluminum priming paint shall be applied by brushing without thinning.
6.8.2 HOISTS :
All unfinished surface of the hoist shall be given one coat of alkalized priming paint by brushing. An additional painting coat shall be applied over all irregularities such as rivets, welds, bolts, seams etc., without thinning. Hoist bridge shall have operating schedule as per gate leaf. All machined surfaces which are to be rolling or sliding contact shall be coated with gasoline soluble rust preventive compound. 
6.9   VARIATION PROCEDURE AND SCHEDULE:
Depending on the quantity and specifications for the paint materials which shall be got approved from the Engineer, it would be permissible to alter the application procedure and painting schedule. All such alternations shall be subject to the prior approval of the Engineer.
6.10 LOAD TESTS:
6.10.1 SHOP ASSEMBLY TEST:
All gates, gate frames, hoists and appurtenances shall be assembled at that shops to assure accurate fit and proper alignment of all parts and that the overall dimensions and clearance are as covered by these specifications. All the shop connections which are required to be water tight shall be tested for water tightness prior to shop painting. The hoists shall be tested for 120% of the designed load.
    All these  tests  shall  be carried  out  in the presence  of  the  Engineer or  his authorized representatives.
6.10.12   ERECTION:
All parts shall be accurately assembled and erected as shown on the drawings and instruct accordance with the erection diagrams or as directed, and all the match marks of manufactures shall be followed carefully. the materials shall be handled carefully so that no part will be bent, broken or otherwise damaged. Hammering that  will injure or distort the members shall not be permitted. The members shall not be over stressed during the process of erection. Bearing surface and surface to be in permanent contact shall be cleaned carefully before the members are assembled or recited. Temporary bracing shall be provided to take care of all temporary stresses from erection equipment, piles of materials or other construction loads. As the work or erection progress, the structure shall be belted and braced or guyed to take care of all dead load, wind and erection stresses and to hold members securely in position and in line. The alignment of the structure shall be checked before any connections are reverted ; before riveting any rivets, the connection to be riveted shall be tightly drawn up by means of erection bolts, so that all holes are equally matched and the surfaces of contact fit sufficiently sunk so that no hot metal can squeeze out or flow between the plates or causes any distortion in the joint. In bolted connection, the bolts shall be drawn tight and where required the threads shall be buried so that nuts cannot become loosened. Where riveting is required, the field connection shall have not less than on half of the holes fitted with cylindrical erection pin before being riveted. Fitting up bolts shall be of the same nominal diameter as the rivets and the cylindrical erection pins, shall be one thirty second of an inch (1/32) larger in diameter than the rivets.
Holes which can be drawn into lines by drift pins without distortion of the member need not be reamed. Cutting of excess stock from rivets will be permitted up to 5% of the rivets used. Cutting torch will not be permitted.

6.11 INSTALLING OF EMBEDDED METAL WORK  (INCLUDING VENT LINING)
Metal work including anchor bolts shall be assembled in the concrete when the concrete is being placed.   If shown in the drawings and approved, block outs shall be provided in the concrete & the concreting shall be done after metal work has been installed in place. Embedded metal work shall be placed accurately and firmly hold in correct position while the concrete is being placed. The surfaces of all metal work to be in contact with or embedded in concrete shall be cleaned thoroughly of all rust, dirt, grease, loose, seals, grout water and other foreign substances immediately before the concrete is placed. All guides, seal and roller,tracks, sill beam and other fixed metal work shall be installed in exact position and alignment and all machinery shall be in the proper position relative to the equipment that it will operate. Machinery bases and all machinery unit not mounted on bases shall be leveled carefully on steel wedges and packing plates and adjusted to correct alignment and grade.
6.12     FIELD RIVETING:
All fields riveting shall be done in accordance with the standard practice and relevant specifications. Field rivets shall not be painted until inspected and approved by the purchaser.
6.13    FIELD WELDING:
All welding shall be performed in accordance with the standard practice and relevant specification and in such a manner as to cause a minimum amount of distortion.  When assembled, each gate shall be free from twist, bends and other deformation.

6.14   RUBBER SEALS:
The rubber seals for gates shall be fixed as shown in the drawings or as directed. The tenderer shall carefully spot and accurately drill the holes in the rubber seals. In order to effects a water seal at the junction of the side seal and bottom seal, a special corner piece of any other suitable device shall be used.
6.15 FIELDING PAINTING:
Paint to be used shall be best quality suitable for the purpose and should be got approved from the Engineer before use.
6.16 REPAINT OF SHOP COATS:
Metal work which has been shop painted shall be handled with care so as to preserve the shop coat in the best practicable condition. Before proceeding with any paint operation, the contractor shall clean the base material and repaint all areas of shop paint which are defective or damaged. Paint applied to such areas shall be of the same type as used for the original shop coat.
6.17 PAINTING SCHEDULE :
The following schedule of painting shall be adopted for the various portion of the gate.
6.17.1    EMBEDDED PARTS:
All surfaces of embedded parts in contract with concrete shall not be painted. All unfinished surfaces or embedded parts exposed to atmosphere and water shall be given two or more coats of cold applied epoxy coat tar paint or any other paint of approved quality and specifications by brush or by spray. The spray shall be permitted only if the contractor uses the special type of spray equipment designed for spraying heavy bodied materials. Thinning will be permitted.
6.17.2.  GATES:
All surfaces of the gate except the upstream face of skin plate shall be give two coats of the special aluminum paint or any other paint of approved quality and specifications. On upstream face of the skin plate, second coat of zinc chromate aluminum paint or any other paint of approved quality and specification shall be applied without thinning, by brushing or spraying. While this priming coat is still wet (within 5 minutes after application) a heavy uniform coat of specified sand shall be brushed or blown down with compressed air to remove sand particles. Two coats of aluminum finish paint then shall be applied by spraying withoutthinning. A minimum of 24 hours drying time shall be allowed between application of the various coats.
6.17.3  HOISTS:
All unfinished surfaces of the hoist shall be given two coats of machinery paint, by brushing or spraying. All mechanical surfaces which are to be in rolling or sliding contact shall be coated with gasoline soluble rust preventive compound.
6.17.4   VARIATION IN PROCEDURE AND SCHEDULE:
Depending on the quality and specification of the paint  materials  which shall be got approved from the Engineer, it would be permissible to alter the application procedure and painting schedule. All such alternations shall be subject to the prior approval of the Engineer.
6.17.5   FINAL PAINTING:
The final painting after sand blasting will consists of two coats of spray coal tar paint  for the gates and embedded parts and two coats of machinery grey paint for the hoist covers and hoist equipment. Final painting of hoist plat-form, etc., after erection shall be done.
6.18 SCREW  HOISTS (GENERAL ARRANGEMENTS)
All the specifications hither to mentioned will be applicable to the hoist wherever they are relevant. In addition, the following specifications will be applicable.
6.18.1   SCREW ROD OR STEM ROD:
Stem Rod shall be M.S./ Forged steel/ corrosion resistant steel conforming to relevant I.S.I. Standard Nut shall be of phosphor bronze conforming to I.S.I. 28-1975. The bearing pressure on nut shall not exceed 70 kg/ cm2. Gear rings shall be of forged steel, shaft keys shall be of M.S. Gear box, hoist bridge, pedestal bonnet, bonnet covers etc., shall be structural steel.  The stem rod may be galvanized or nickel chrome plated in the unthreaded portion.  The stem rod may be provided with standard metric thread conforming to I.S. I. 4218.   At  one end for connection with the gate the stem rod shall be connected to the horizontal griders and shall be required to be tightened against a minimum of two griders on gate leaf, the bottom and shall be provided with an additional lock nut. Standard square threads conforming to I.S. 4649 shall be cut of the stem rod at the other end for transmission of power. Minimum length for which the threads may be provided shall be the sum of the following : Total gate lift length of the nut in contact with stem extra allowances of 300 mm more than one on one start of the screw thread shall be provided in order to achieve the quick linear movement. The stem rod shall be designed for direct torsinal compressive load.
6.19 DESIGN:
The design of the hoist shall be done according to the accetped practice of design of machine members & IS 11228-1975 which shall be clearlly indicated. The hoist shall a reserve capacity of not less than 20% over the calculated hoist capacity and it shall enable the gate to be raised at speed of 20 to 70 cm per minute under the design conditions. The hoist also shall be provided with arrangement for manual operation in the event of failure of electric supply. Since the tenderer is to quote on his own designs he shall give comprehensive specifications for the various machanisms of the hoist and shall clearly bring out the deviations if any, from the specifications hereinafter specified. The hoist shall be assembled as shown in the approved drawings. All parts of the gate hoists shall be maufactured in accordance with these specifications and the drawings. The clearance, tolerance and finish specified in the drawings shall be adhered to strictly. All accessories and equipment shown on the drawings or required by the specifications, shall be high class equipment suitable and applicable for the duty or functions that the particular accessory will be required to perform to the general dimensions of the associated parts, within sufficiently close limits to avoid other than minor changes approved by the purchaser to permit them to be introduced into the assemblies.
6.20 GEARS:
Any of the following gear systems or a suitable combination of these may be made in the screw hoist.
i) Spur gears,
ii) Bevel gears
iii) Worm and worm wheel
At the option of the contractor, blocks for spur gear may be stock pattern provided that face widths, lengths and diameter of hubs and thickness of the rims are not less those shown on the drawings. All gear teeth shall be cut accurately from the solid and  shall be free from the tool marks and other imperfections. When assembled, the teeth shall engage evenly over their full widths and shall be run freely without excessive backlash. The end spur gears case shall be housed in gear case and grease shall be used for lubrication. The gear case shall have a leak proof cover with an opening at the  top for inspection. The shaft openings in the gear case cover shall be provided with dust proof seals.
6.21 FLEXIBLE COUPLINGS:
All flexible couplings shall be of metallic, fully enclosed, dust proof, self sealing type and shall be bored for tight fits on the shafts and shall be fitted with straight square keys. All couplings shall be of the size rated for the shafts which they connect and shall have torque rating suitable for the load transmitted. The  flexible couplings between the worm gear reducers and the drive shafts shall each provide for angular misalignment only and the axis of the couple shaft shall intersect.
6.22 LUBRICATION:
The lubrication of the motor gear reduces and roller/ ball bearings shall be as specified by the manufactures of the respective equipment. The points of lubrications of the bearings and journals shall be readily accessible. Grease grooves shall be provided in the bearing surface for satisfactory distribution of lubricant. A lever to hand compressor for forcing the lubricant to the bearings shall be provided at no extra cost. Hand compressor shall be equipped with heavy duty flexible metallic hose and coupling suitable for the industrial button type fittings.
6.23 ACCEPTANCE  TESTS:
After each gate has been completely  erected in position, it shall be lowered and raised several times through its full operating range to observe alignment of side seals, wheel tracks, side girders and to make sure that it will operate properly and without undue friction and harmful vibrations. It shall also be operated under designed conditions, and when so operated, shall operate without undue friction and harmful vibrations, remain at the designed speed without unduly straining the various mechanisms. The gates shall be operated manually under design condition and it shall be easy for operation at the designed speed. In closed position the seals shall ensure water-tightness. In case it is not possible to operate the gates for the extreme designed conditions, the Engineer may direct this acceptance test to be carried out under near-design conditions which  shall always be in writing and accept the gate and mechanical equipment after satisfactory operations under design conditions.
SECTION - VII
                                                      RUBBLE MASONRY
7.1  SCOPE OF WORK :
The work covered under this section consists of furnishing all material, equipment and labour for providing any laying uncoursed rubble masonry in substructure and superstructure and performing all functions necessary and ancillary there to and including pointing of exposed surfaces and curing. This also includes dewatering if required.

7.2 INDIAN  STANDARDS  FOR REFERENCE  :
1. IS : 1121-1974
: Method of test for determination of strength (All parts) properties of natural building stones.
2. IS : 1122-1974 
: Methods of test for determination of true specific gravity of natural building stones.
3. IS : 1123-1975 
: Method of identification of natural building stones.
4. IS : 1124-1974 
: Method of test for determination of water absorption, apparent specific gravity and porosity of natural building stones.
5. IS : 1125-1974 
: Method of test for determination of weathering of natural building stones.
6. IS : 1126-1974 
: Method of test for determination of durability of natural building stones.
7. IS : 1127-1970 
: Recommendations for dimensions and workmanship natural building stones for masonry work.
8. IS : 1129-1972 
: Recommendation of dressing natural building stones.
9. IS : 1542-1977 
: Sand for plaster.
10. IS : 1597-1967 
: Code of practice for construction of stone masonry.
11. IS : 1597-1967 
: Rubble stone masonry.
   (Part I)
12.IS : 1706-1972 
: Method for determination of resistance to wear by absortion of natural building stones.
13.IS : 2216-1980 


: Sand for masonry mortars.
14.IS : 2250-1981 


: Code of practice for preparation and use of masonry mortars.
15.IS : 4101-1967 


: Stone facing   (Part I)
16.IS :  4121-1967 
: Method of test for determination of water transmission rate by capillary action through actural building stones.
17. IS :  4122-1967 
: Method of test surface softening of natural building stones by exposure to acidic atmosphere.
18. IS :4348-1973 
: Methods of test for determination of permeability natural building stones.
19. IS :  5218-1969 
: Method of test for toughness of natural building stones.
20. IS :  7779 
: Engineering properties of building stones.
21. IS :8381-1977 
: Recommended practice for quarrying stones for construction purposes.
7.3 MATERIAL:
7.3.1 CEMENT
The provisions of sub-para 3.5.1 shall apply.
7.3.2 WATER
The provisions of sub-para 3.5.4 shall apply.
7.3.3 SAND
(a) Sand to be used in mortar shall conform to IS : 2116-1980 and the gradation limits given below.
	I.S. Sieve designation
	Percentage by weight passing I.S. Sieve

	4.75 mm
	100

	2.36 mm
	90-100

	1.18 mm
	70-100

	600 Micron
	40-100

	300 Micron
	5-70

	150 Micron
	0-15


 (b) The provisions of sub-para 3.5.2 shall also apply.
(c) Before collecting the sand required for mortar for the masonry work, the contractor shall ensure that the sample of sand proposed to be used are supplied to the project laboratory for casting the mortar cubes, and material shall be collected only after ascertaining the results of the test on the mortar cubes. During the execution of the work, sand collected at site shall also be tested for all specification requirements. 

7.3.4 RUBBLE  (STONES)
Stone shall be hard, sound free from cracks, decay and weathering. Stone shall be used from surplus usable excavated rubble or from the approved quarries if required.  Stone with round surface shall not be used. Stones when immersed in for 24 hours shall not absorb water by more than one percent of their dry weight when tested in accordance with IS : 1125-1974. The length of stone shall not exceed three times its height and the breadth on base shall not be greater then three fourth of the thickness of wall and in any case not less than 15 cms. Minimum crushing strength of stones shall not be less than 600 Kg./ sq.cm.
7.4 U.C.R.  MASONRY
7.4.1 MORTAR
The mortar shall consist of cement, sand and water thoroughly mixed in the proportion as specified. Proportion of cement and sand shall be on weight basis as specifed in Schedule-B. Due allowance shall be made for the moisture content in sand. Mixing water shall be added to achieve required workability.
7.4.2 MIXING
(a) The mortar shall be mixed in mechanical mixers of tilting type having calibrated water tank for storing water. The first batch of the mortar at the commencement of work with any mixer shall be made richer by adding 10 percent more cement over and above that required for the particular mix. In case of mechanical mixing, the mortar shall be mixed for at least 3 minutes after addition of water, hand mixing shall not be allowed. However, in exceptional circumstances such as mechanical breakdown of mixer, work in remote areas or when the quantity of work is very small, mixing in hand operated mixers shall be permitted.
(b) All ingredients shall be fed to the mixer simultaneously. The quantity of water to achieve the required consistency shall be predetermined by trial mixes, and proportion of water from 5 to 10 percent shall precede and the like quantity shall follow the introduction of other materials. The reminder of water quantity shall be added during mixing operation.
(c) The wet mortar shall be used within 30 minutes of mixing, mortar, remaining unused, after above time shall be rejected and shall not be allowed to be used.
7.4.3 MODE OF LAYING
(a) The dressing of stone shall conform to the general requirements covered in IS : 1129-1972. Stone shall be sufficiently wetted before laying to prevent absorption of water from mortar. The bed width to receive the stones shall be cleaned, wetted and covered with a layer of fresh mortar. All stones shall be laid full in mortar both in bed and in vertical  joints  and settled carefully in place with a wooden  mallet immediately on placement so that it is firmly bedded in before the same has set. Clean chips and spalls shall be wedged into the mortar joints and beds wherever necessary to avoid thick beds or joints of mortar. Whenever foundation masonry is laid directly on rock, the face stones of the first course shall be dressed to fit in to the rock strongly when pressed down in the mortar bedding over the rock. No dry or hollow space shall be left anywhere in the masonry and each stone have all the embedded faces completely covered with mortar. Vertical joints shall be staggered. Transverse bond shall be provided by the use of bond stones extending from the front to the back of the masonry. In case of thick walls beyond 60 cms bond stone shall overlap each other in their arrangement. Overlap shall not be less than 15 cms. Bell shaped bond stones or headers shall not be used.
Bond stone, shall be stocked separately and marked to distinguish it from other stones. Masonry work shall be started after sufficient number of bond stones are collected on site as directed by the Engineer-in-charge. Bond stones shall be inserted at the rate of one per square meter and shall be staggered.
(b) At all angular junctions, stones at each alternate course shall be well bonded into the respective course of the adjacent wall. All connected masonry in structures shall be carried up at one uniform level throughout as far as possible,  but when breaks are unavoidable the masonry shall be in sufficient long steps to facilitate jointing of new work with old. Stepping shall not be more than 45 degrees with the horizontal.  Masonry work shall be carried out to truly plumb or the specified batter. Face work and hearting shall be brought up evenly. The top of each course, however, shall not be leveled up by use of flat chips. Chips and spalls of stones may be used wherever necessary to avoid thick mortar beds or joints and it is shall also be ensured that no hollow spaces are left any where in the masonry. Chips shall not be used below harting stones to bring these up to the level of face stones. Use of chips shall be restricted to filling of interstices between the adjacent stones in hearting and they shall not exceed 20 percent of the quantity of stone masonry.
(c) Hearting or interior filling of water face shall consist of rubble stones, not less than 15 cms. in any direction carefully laid, hammered down with a wooden mallet into the position and firmly bedded in mortar. Hearting should be laid nearly level with facing and backing.
(d) The joints shall not be more than 25 mm thick but shall be sufficiently thick to prevent stone to stone contact and shall be completely filled with mortar. The total content of mortar in masonry shall not be less than 40% and not more than 48% of the volume of masonry.
(e) When fresh masonry is to be placed against existing surface of structure, the old surface shall be cleaned of all loose material, roughened and wetted as directed by the Engineer- in-charge so as to achieve a good bond with the new work.
(f) The scaffolding shall be sound and strong to withstand all loads likely to come upon it. The holes which provide resting space for horizontal members shall not be left in masonry. The holes left in the masonry work for supporting the scaffolding shall be filled.
(g) Green work shall be protected from rain suitable cover. Masonry work in cement mortar shall be kept consistently moist on all faces for a minimum period of twenty one days after 24 hours of construction and continuous for 21 days. Watering should be done carefully so as not to washout the mortar, joints or disturb the masonry in any manner. During hot weather all finished or partly completed work shall be covered or wetted in such a manner as to prevent drying. The ranking of joints, where necessary, shall be done at the end of day's work when mortar is green.
7.4.4 MEASUREMENT AND  PAYMENT
(a) Cross section at 3 mtrs. or closer intervals shall be taken to determine the quantity of masonry. Payment shall be made on  the basis  of the volume of the masonry work calculated as being contained within the pay lines shown on the drawing.
(b) No allowance shall be made for the masonry backfill beyond the pay lines of excavation shown on the drawings except where such payment is specifically authorized. Payment for masonry shall be made on the basis of the unit rate for the respective items in the Bill of Quantities. The unit rate for stone masonry shall include the cost of all labour, materials, tools, plant, scaffolding, curing etc. and other expenses incidental to the work. The unit rate also includes dewatering and desilting required if any.
7.5  POINTING
7.5.1 GENEREAL
(a) For a surface which is to be subsequently pointed, the joints shall be squarely raked out to a depth of 20 mm. while the mortar is stir green. The raked joints shall be well brushed to remove dust and loose particles and the surface shall be thoroughly washed and cleaned.
(b) Mortar required for pointing shall be prepared in accordance with the provisions of para NO. 7.4.1 and 7.4.2 . The cement and sand shall be used in proportion as specified in the respective items or as directed by the Engineer-in-charge.
(c) For pointing, mortar shall be filled and pressed into the raked out joints before giving the required finish. Superfluous mortar shall be cut off from the edges of the lines and the surfaces of the masonry shall also be cleared of all mortar.
(d) Curing shall be stared as soon as the mortar used for finishing has hardened sufficiently not to be damaged when watered. It shall be kept wet for a period of at least 21 days. During this period it shall be suitably from all damages.
7.5.2 MEASUREMENT AND  PAYMENT
Measurement, for payment, of the pointing work shall be on square meter basis.  Payment will be made at the unit rate for pointing which shall include the cost of all labour, materials, tools, scaffolding, curing and other expenses incidental to the work. 
7.6 TESTS FOR MORTAR FOR CONSTRUCTION OF MASONRY
(a) At least one set of test cubes of cement mortar used shall be taken for each days work and it shall be tested for 28 days strength.
(b) From the design mortar mix, cubes using the approved material shall be cast in the laboratory at suitable intervals and their strength shall be determined. This strength shall be deemed as the standard strength for the mortar. The strength of the test cubes shall be found out and shall not be less than 80% of the standard strength mentioned above. For acceptance, the 28 days strength of test cubes shall be the criterion. 80 percent of the test cubes should satisfy the above criteria. All laboratory testing work shall be carried out the Departement as per relevant Indian Standards and the contractor shall be permitted to watch the test  if  he so desire. The cost of testing shall be home by the Department. 

7.7 CONTROLLING  PAYMENT
The unit rate in Schedule B for masonry work shall represent the rate for the work to be done under the item to its full height. Part payment shall, however, be made on intermediate bills as shown below.
	Percentage of work done
	Percentage of tendered rate to be paid for the work

	Until 50% of masonry is done
	95%

	More than 50% but less than 100% of masonry is done
	98%

	When 100% of masonry is done
	100%


The above percentage shall be applied to each component of individual structure separately. 

SECTION -VIII
REVETMENT AND PITCHING
8.1 The bed or slope to receive the pitching or revetment shall be prepared true to line and grade and shall be moistened and well rammed so as to present a clear uniform compact surface.
8.2 The stones shall be hard, sound and durable and as regular in shaped as possible and with length not less than specified. Each stone shall not be less in size than 0.015 cum unless otherwise specified or ordered by the Engineer-in-charge, having regard to nature of the stone obtainable in the approved source. 

8.3 The stones shall be laid closely in position on the prepared bed and firmly set with their narrowest end down wards,  and level with the finished surface of the pitching. The stones shall be laid breaking join as far as possible, in the direction of flow of water.  The  stones  are  to  be placed  perpendicular  to  the finished  surface i.e. perpendicular to the slope for revetments and to the specified thickness.
8.4 The interstices between adjacent stones shall be filed in with stone spalls of the proper size, well driven in with crowbars to ensure tight packing and complete filling of all interstices. Such filling shall be carried on simultaneously with the placing in position of the large stones and shall in no case be permitted to fall behind. The final wedging shall be done only after obtaining the orders of the Engineer-in-charge. The final wedging shall be done with the largest sized chips practicable, each ship being well driven with a hammer so that no chip is possible at being picked up or removed by hand. 8.5 Profiles of strings and pegs are to be put up to ensure that the pitching is done true, straight, and to the proper slope throughout and revetments shall be even through out, free from irregularities, to the required length, breadth and slope specified or as shown in the drawings.
8.5 Profiles of strings and pegs are to be put up to ensure that the pitching is done true, straight  and to the proper slope throughout and revetments shall be even throughout, free from irregularities, to the required length, breadth and slope specified or as shown in the drawings.
8.7 When use of rubble of canal spoils is specified, rubble required for the work shall be issued at the nearest available stacks of the excavated materials of the canal in the reach concerned or in any of the adjoining reaches if available. The contractor shall sort out useful rubble, hammer dress to the required size,  shape and convey the same to the work spot at his cost.
8.8 MEASUREMENT AND PAYMENT
Payment shall be made on basis of volume of the pitching and revetment. The unit rate quoted shall include the cost and conveyance of rubble, preparation of  bed, laying and packing of rubble in accordance with the above specification to the specified thickness, and all other incidental charges.
SECTION – IX
SUPPLYING AND LAYING AND JOINTING  HUME (PRE-CAST) PIPES
9.1 Pipes and collars of specified classes shall be produced by the contractor at the site of work. No pipe shall be placed in position until the foundations have been approved by the Engineer-in-charge. Where two or more rows of pipes are to be laid adjacent to each other they shall be separated by a distance equal to at least half the diameter of the pipe subject to a minimum of 450 mm.
9.2 The laying pipes on the prepared foundation shall start from the outlet proceed towards the inlet and shall be completed to the specified lines and grades. The pipes shall be fitted and matched so that when laid in work, they form a culvert with a smooth uniform invert.
9.3 Any pipe found defective or damaged during laying shall be removed and replaced by the contractor at his cost.
9.4 JOINTING
9.4.1 One collar shall be provided at each joint. The collar shall be of R.C.C. having the same strength as the pipes to be joined. Caulking space shall be between 13 and 20 mm according to the diameter of the pipes. Caulking material shall be slightly wet mix of cement and sand in the ratio of 1:3 rammed with caulking irons. Before caulking the collar shall be so placed that its centre coincides with the centre of the joint and an even annular space is left between the collar and the pipe.
9.4.2 All joints shall be made with care so that their interior surfaces is smooth and consistent with the interior surface of the pipes. After finishing, the joints shall kept covered and damp for at least 14 days.
9.5 BEDDING FOR PIPE
The bedding shall provide a firm foundation of uniform density throughout the length of the culvert and shall conform to the specified levels and grade. Concrete cradle bedding or first class bedding shall be provided, as specified in the drawing.  The specifications of concrete cradle bedding and first class bedding shall conform to IS: 783-1959 or its latest version.
9.6 BACK FILLING
Specifications for back filling shall be as per para 2.10
Backfilling will be separately paid as mentioned in para 2.10.3
9.7 OPENING TO TRAFFIC
No traffic shall be permitted to cross the pipe lines unless the earth filling above the latter is at least 0.6 meter.
9.8 MEASUREMENTS AND PAYMENT
R.C.C. pipes as laid shall be measured along their centre between the inlet and outlet ends in running meters.
9.9 RATE
The rate shall include the cost of pipes and collars, transportation, handling, storing, laying in position and jointing pipes and also the cost of preparing specified bedding.
SECTION -X
WATER  STOPPER
10.1 Water bars are performed strips of impermeable material which are to be embedded in the concrete during construction so as to span across the joint and provide a permanent watertight seal during the whole range of joint movement. The most useful forms of water bars are strip with a central longitudinal corrugation and a central longitudinal hollow tube with thin walls with stiff wings. The material used for the water bar are synthetic rubbers and plastics have very considerable advantage in handling, splicing and in making intersections.
With all water bars, it is important to ensure proper compaction of the concrete. The bar should have such shape and width that  the water path through the concrete round the bar should not be unduly short. The water bar should either be placed centrally in the thickness of the wall or the distances from either side of the wall should not be less than half the width of the bar. The full concrete cover to all reinforcement should be maintained. 

10.2 Joint sealing compound : Joint sealing compounds are impermeable ductile materials which are required to provide a watertight seal by adhesion to the concrete throughout the range of joint movement. The commonly used materials are based on asphalt, bitumen, or coal tar pitch with or without filters, such as lime stone or slate dust, asbestos fibre, chopped  hemp,  rubber  or other suitable  material.  These  are  usually  supplied  after construction or just before the reservoir / delivery chamber is put into service by pouring in the hot or cold state. These may also be applied during construction such as by packing round the corrugation of water bar. For detailed specification refer IS 3370-(Part - I) - 1965.
10.3 MEASUREMENT AND  PAYMENT
Payment shall be made on running meter of the water stopper. The unit rate quoted shall include the cost and conveyance of all materials such as water stopper, joint sealing compound and placing and providing joint sealing compound in accordance with the above specification and all other incidental charges.
SECTION - XI
G.I. PIPE  HAND RAILS AND  ELASTOMERIC  BEARING
11.1 G.I. Pipes of approved quality, confirming to the relevant IS code of 40 mm diameter in three rows shall be fixed to R.C.C. posts of CCM-15 grade of size 100 mm x 100 mm at top and 150 mm x 150 mm at bottom placed at a distance of 2 mtr. intervals at a height of 750 mm . including, finishing etc. Hand rails shall be properly jointed and installed and painted with two coats of paint as approved by Engineer-in-charge. 

11.1.1 MEASUREMENT AND  PAYMENT
The measurement of hand rails including posts shall be made on running meter basis.  The rates quoted for the item shall include supplying, transporting, casting, installing and painting and other incidental charges. 

11.2 ELASTOMERIC  BEARING
Elastomeric  bear ing  conforming  to  IRC-83 (Part  -II) Section  -I  and  as  per  MOST specification 2005 is to be used.
11.2.1 PLACING
Elastomeric bearing pads of required size shall be fixed in position true to line and level as directed by Engineer-in-charge. It includes cost and conveyance of all materials, labour and fabrication machining inputs, gas cutting, straightening, mixing neoprene with respect to nodules with chemicals, vulcanizing of Elastomeric compound with reinforcement plates etc. as per drawing and as directed by Engineer-in-charge. 

11.2.2 TESTING
The cost per cubic centimeters shall be inclusive of one extra bearing for testing for which no separate payment will be made and also for testing.
11.2.3 MEASUREMENT AND  PAYMENT
The elastomeric bearing will be measured on volumetric basis in cubic centimeter as provided and fixed and payment will be made as per the rates quoted in Schedule-B, it is inclusive of testing charges.
SECTION XII
12.A CUTTING AND CLEARING LIGHT JUNGLE:     

After per measurements for the area bushes an jungle to be removed is recorded by the Engineer-in-charge of the work, the work of clearing of jungle including bushes and plants to be done as per directions, the useful parts of the jungle so cleared should be stacked as per directions and at places as directed. The useless materials shall be disposes off as directed by the Engineer-in-charge. The payment  will  be  made  as per pre measurements  already recorded before the execution of the work and at the unit rate quoted by the contractor in schedule 'B'
12. B Clearing and Grubbing Heavy Jungle:
Scope:  Work shall consist of removing and disposing off all materials such as trees, bamboos, bush, shrubs, stumps, rubbish etc., which in the opinion of the Engineer are unsuitable for incorporation in the works, from within the work spot and such other areas as specified on the drawings or by the Engineer, clearing and grubbing shall be performed in advance of earthwork operations and in accordance with the requirements of these specifications.
12.1 Preservations of property / Amenity:     Trees, Shrubs any other plants, pole lines, fences, signs, monuments, buildings, pipelines, sewers etc., within or adjustment to the work spot which are not to be disturbed shall be protected from injury or damage. The contractor shall provide and install at his own expense, suitable safeguards approved by the Engineer for this purpose.
During clearing and grubbing, the contractor shall take all adequate precautions against soil erosion, water pollution etc., and where required undertake additional works to that effect. Before start of operations, the contractor shall submit to the Engineer of approval, his work plan including the procedure to be followed for disposal of waste materials etc., and the schedules for carrying out temporary and permanent erosion control works.
1.2 Methods, tools and Equipment:     Only such methods, tools and equipments as are approved by the Engineer and which will not affect the property to be preserved shall be adopted for the work, if the area has thick vegetation / roots / trees, a crawler or pneumatic tyre dozer of adequate capacity may be used for clearing purposes. The dozer shall have ripper attachments for removal of tree stumps. All trees, shrubs etc., falling within the excavation and fill lines shall be cut to such depth below ground level that in no case these fall within 500 mm of the sub grade bottom.
 Also, all vegetation such as roots, under growth, grass and other deleterious matter unsuitable for incorporation in the embankment/sub grade shall be removed between fill lines to the satisfaction of the Engineer. On the areas beyond these limits, trees and stumps required to be removed shall be cut down to below ground level so that these do not present an unsightly appearance.
All branches of trees extending above the roadway shall be trimmed as directed by the Engineer.
 All Excavations below the ground level arising out of the removal of trees, sumps, etc, shall be filled with suitable material and compacted thoroughly so as to make the surface at these points conform to the surrounding areas.
12.3 Disposal of materials:   All materials arising from clearing and grubbing operations shall be property of the Government and be disposed off by the contractor as herein after provided or as directed by the Engineer. Trunks and branches shall be cleaned of  limbs and tops and stackes neatly within the places indicated by the Engineer. Also, boulders, stones, and other materials useable for construction shall be neatly stacked. All products of clearing and grubbing, which in the opinion of the Engineer can not be used or auctioned shall be cleared away to waste areas or burnt, if so desired, at locations away from road wise, in a manner as directed by the Engineer. Care shall be taken to see that unsuitable waste materials are disposed off in such a manner that there is no likelihood of these getting up with the materials meant for embankment etc.
12.4 Measurements and Payment:   Clearing and grubbing shall be measured on area basis in terms of sqm. Cutting of trees less than 30 mm in girth and removal of stumps shall be considered incidental to the clearing and grubbing operations, payments shall be made as per rate quoted by the contractor in Schedule B.

SECTION XIII
13.1 Removal of wet silt or silt mixed with sand :      The silt accumulated in dry or wet form with or without admixture for sand should be removed by excavation and conveyed through pan or bucket or any type of conveyance, deposited and stacked in neat heaps at the place as directed to enable taking measurements. The stack shall not obstruct the transportation or in carrying out any other operation connected with the work.
13.2 Measurement and Pavements:    The measurement may made based on the levels at the place of deposit as well as stack measurement. After measurements, stacks should be removed and dumped on the spoil bank. No separate charges will be paid for stacking. Payment shall be made for unit rate quoted by the contractor in Schedule 'B'.
SECTION XIV
14.0 Turfing:   The slopes of the embankment shall be protected by turfing, after the slopes are dressed to the lined as per the drawing or as per the instructions of the Engineer-in-charge. The sodded slopes shall be watered and the surface shall be kept moist. The entire slope surface shall be then covered with a layer consisting  of  blocks or strips of dense living growth of approved species. The sod shall include a mat of roots and earth at least  50 mm  thick. Sod  obtained from and excessive amount of obnoxious growth shall be excluded. Sod shall be carefully handled in transportation and transplanting so that minimum amount of earth will  be lost from the root mass. The strips or blocks of sod shall be laid on the slope in close contact and then tamped firmly in place so as to fill and close the joints between the blocks. The interval of time between cutting and laying shall be kept practically minimum and sod shall not be permitted to for 15 days. Sufficient quantities of sand shall be spread over the sod and tamped properly so that the cervises are filled in and there will be no joint between blocks, and slopes should be got approved by the Engineer-in-charge before use. The rate quoted shall be inclusive of all costs of material and the sodded slope shall be moistened periodically for sufficient period to reestablish the plant growth.  Sod shall be transported only during an approved, season which in general will be from June to October. 

14.1 Measurement and Payment:   The payment shall be made on surface area basis. The slope length shall be measured at intervals of 30 m or at closer intervals as may be directed by the Engineer-in-charge. Payment shall be made after the sod re-establishes its growth. Payments for this item shall be made on the basis of rate quoted in  Schedule 'B'. 
SECTION XV
15.0 Providing selected Boulder filling with sand:      The hand boulders and rubble shall be conveyed from the approved quarry and after careful selection shall be used. The work includes laying of boulders and rubble, hand packing so as to produce a compact filling minimum voids and shall be carried out as directed by the Engineer-in-charge. All the voids shall be completely filled with good sand conveyed from approved quart with all lead and lift by packing with red sand by flooding with water.
15.1 Measurement for payment shall be as per cubic contect of the fill in plan. Payment shall be as per the rate quoted by the contractor in Schedule 'B'.
SECTION XVI
16.0 Guard Stone:  The work comprises of supplying and fixing new guard stones as per design and specifications. They shall be fixed at locations as shown in the drawing and as directed by the Engineer-in-charge. Stones shall be fixed firmly into the ground and painted with approved quality paint as directed by the Engineer-in-charge.

16.1 Measurement and Payment:  The measurement shall be made in numbers of guard stones fixed at site. The payment shall be made as per the unit rate quoted in Schedule B for the item which includes furnishing of labour, materials, tools, equipment for preparing supplying and fixing an all other incidental costs necessary to complete the work satisfactorily.
SECTION   XVII
17.0 Hectometer Stones:  The work includes providing and fitting Hectometer stones of granite/ trap size 0.75 m x 0.20 m x 0.20 m with two line dressing including painting the surface with two coats of paint of approved colour and shade and lettering with black paint of approved quality including embedding the stone in CC M-10 grade block of size 0.50 m x 0.45 m x 0.40 m. The stones used shall be of approved quality. The stone shall be firmly anchored in the concrete block as per the directions of the Engineer-in-charge. The concrete block shall be cured properly.  Painting lettering shall be done as directed by the Engineer-in-charge.                 
17.1 Hectometer stones are measured in Nos. and the payment shall be made as per the unit rate quoted in Schedule B.
SECTION   XVIII
18.0 Kilometer Stones:   The work includes providing and fixing K.M. Stones of IRC of granite / trap size 0.75 m x 0.35 x 0.15 m with two line dressing and top rounding, painting the surface with two coats of paint of approved colour and shade and lettering with black paint of approved quality including embedding the stone to a depth of 0.30 m in CC block of grade M-10 of size 0.70 m x 0.45 m x 0.40 m. The stone used shall be of approved quality. The stone shall be firmly anchored in concrete block as per the directions of the  Engineer-in-charge. The concrete block  shall  be  cured properly. Painting and lettering shall be done as directed by the Engineer-in-charge.
18.1 Kilometer Stones are measured in Nos. and the payment shall be made as per the unit rate quoted in Schedule B.
SECTION   XIX
19.0 Providing C.N.S. Layer:     Construction procedure shall be as per IS 9451-1994. In cutting, special care must be exercised to compact the CNS material to the excavated surface of cuts. The material shall be taken in obtaining good joint between the two materials by thoroughly wetting the excavate surface. While excavating, provision should be made for accommodating required thickness of CNS layer in bed and sides. The sub grade on which CNS layers is to be laid should not generally be kept exposed for more than four days prior to placement of CNS layer Serrations should be provided to prevent contact slides. Proper moisture should be added to the material.  CNS material should be compacted in layers by appropriate equipment to ensure required Proctor density. CNS on side slopes should be trimmed to the required thickness. The thickness is measured perpendicular to the surface of expansive soil.  The excavated soil must by dumped away from cuts to prevent in inducing slips by surcharge. The CNS material properties shall conform to relevant IS and as described in clause 1.1.0 under Materials Specifications.

19.1 Measurement of the work shall be cubic meters. Payment shall be made at the unit rate quoted by the contractor in Schedule 'B'.
SECTION  XX
20.0 Fixing Anchor Rods:  The exact location of the holes to be drilled for embedded anchor rod shall be as directed by the Engineer-in-charge. The holes shall be 35/ 50 mm in diameter shall be drilled for a depth in foundation rock as shown in the drawings. The rod shall be split into two halves for a length of 15 cms at one end and hooked at the other. A tapering mild steel wedge 15/20 m thick at one end and 150 mm long shall be inserted in the split end of the rod. The anchor rods shall be thoroughly cleaned before being placed in position. The drilled holes shall thoroughly cleaned and washed with water. The anchor rod shall be introduced into hole with the split end of the rod and the wedge in position. When the wedge touches the bottom of the hole, the rod is hammered from the top so that the split end of the rod open out and holds the surrorunding rock tightly. the angular space between anchor rod and the hole shall then be filled with cement mortar / cement slurry of reuqired consis tency as directed by the Engineer-in-charge using minimum quantity of water.
20.1 Measurement and Payment :  The measurement for the anchor rods shall be based on the number of rods to position as per the directions of the Engineer-in-charge. Payment for this item of work shall be made at the unit rate quoted by the contractor in Schedule 'B'.
SECTION XXI
21.0 Dismantling of B.S. Slab works
Commencement of  Dismantling:   

(i)  Before commencing dismantling, the nature and condition of the structure should be ascertained. The contractor shall ensure that the overall stability of the structure is not affected.
(ii) The existing B.S. slabs in good conditions shall be identified.
(iii) The service lines, if any, shall be disconnected / diverted before the dismantling work starts. Dismantling shall be carried out using mechanical or suitable manual methods as approved by the Engineer. Care should be taken to avoid any damage to the existing structure near the structure under dismantling.
21.1. Precautions during Dismantling :   Dismantling work shall not be carried out at night, or during storm or heavy rain. A warning device shall be installed in the area to be used to warn the workers in case of mishap / emergency. Safety helmets conforming to IS 2925 shall be used by the workmen  engaged in dismantling work. The sheds and tool boxes should be located away from the work site. Goggles, preferably made up of celluloid and gas masks shall be worn at the time of dismantling, especially where tools like jack hammers are deployed to protect eyes from injuries from flying pieces, dirt, dust etc.,  Screens made up of GI sheets shall be placed wherever necessary to prevent the flying pieces from injuries to the workers. Water should be sprayed to reduce the dust while removing the rubbles. No work shall be taken up under the span when dismantling work is in progress. The B.S. slabs which are in good conditions and which can be reused shall be carefully removed and  stacked as directed by the Engineer-in-charge. Vehicular/ pedestrian movement shall not be hindered during the dismantling work or due to stacking of materials .  The debris  shall be disposed off  at the  place  sown  by the  Engineer-in-charge. Measurement of the work shall be in cubical content. Payment shall be made at the unit rate quoted by the contractor in Schedule 'B'. The pre measurement shall be taken before dismantling begins.
1.1  Dismantling of Brick / Stone Masonry :
Commencement of  dismantling:  

 (i)  Before commencing dismantling, the nature and condition of the structure should be ascertained. The contractor shall ensure that the overall stability of the structure is not affected.
(ii) The existing stones / bricks in good conditions shall be identified.
(iii) The service lines, if any, shall be disconnected / diverted before the dismantling work starts. Dismantling shall be carried out using mechanical or suitable manual methods as approved by the Engineer. Care should be taken to avoid any damage to the existing structure near the structure under dismantling.
1.2  Precautions during dismantling:
Dismantling work shall not be carried out at night, or during storm or heavy rain. A warning device shall be installed in the area to be used to warn the workers in case of mishap/ emergency. Safety helmets conforming to IS 2925 shall be used by the workmen engaged in dismantling work. The  Sheds and tools  boxes should be located away form the  work site. Goggles, preferably made up of celluloid and gas masks shall be worn at the time of dismantling especially, where tools like jack hammers are deployed to protect eyes from injuries from flying pieces, dirt, dust etc., Screens are deployed to protect eyes places wherever necessary to prevent the flying pieces from injuries to the workers.  Water should be sprayed to reduce the dust while removing the rubbles. No work shall be taken up under the span when dismantling work is in progress. The stones / bricks which are in good conditions and which can be reused shall be carefully removed and stacked as directed by the Engineer-in-charge. Vehicular / pedestrian movement shall not be hindered during the dismantling work or due to stacking of materials. The debris shall be disposed off at the place shown by the Engineer-in-charge.
Measurement of the work shall be in cubical content. Payment shall be made at the unit rate quoted  by  the contractor  in  Shedule  'B'. The  premeasurement shall  be taken before dismantling begins.
21.1 Dismantling of Brick / Stone Masonry : Commencement of  Dismantling  :
(i) Before commencing dismantling, the nature and condition of the structure should be ascertained. The contractor shall ensure that the overall stability of the structure is not affected.
(ii) The existing stones /bricks in good conditions shall be identified.
(iii) The service lines, if any, shall be disconnected / device shall be installed in the area to be used to warn the workers in case of mishap / emergency. Safety helmets conforming to IS 2925 shall be used by the workmen engaged in dismantling work. The sheds and tool boxes should be located away from the work site. Goggles, preferably made up of celluloid and gas masks shall be worn at the time of dismantling especially where tools like jack hammers are deployed to protect eyes from injuries from flying pieces, dirt, dust etc., Screens made up of GI sheets shall be placed wherever necessary to prevent the flying pieces from injuries to the workers.  Water should be sprayed to reduce the dust while removing the rubbles. No work shall be taken up under the span when dismantling work is in progress. The stones / bricks which are in good conditions and which can be reused shall be carefully removed and stacked as directed by hte Engineer-in-charge. Vehicular / pedestrian movement shall not be hindered during the dismantling work of due to stacking of materials. The debris shall be disposed off at the place shown by the Engineer-in-charge. Measurement of the work shall be in cubical content. Payment shall be made at the unit rate  quoted  by the contractor in  Schedule 'B'.  The  pre measurement shall be taken before dismantling begins.
SECTION XXII
22.0 Cement Mortar Grouting:
The  materials  such  as cement, sand and  water  used  for  the mortar shall  be  as per specifications. The cement and sand shall be mixed thoroughly in dry condition and water shall be gradually added and mixed till the mortar becomes workable. The surface of the uncoursed rubble masonry to be grouted shall be thoroughly cleaned and the joints thoroughly racked. The mortar shall be filled into the joints with force till the mortar zones out. The oozes out mortar shall be neatly collected and after adding sufficient water, reused at the earliest. The mortar shall be grouted into the joints as directed by the Engineer-in-charge and to his satisfaction. The unit of measurement is square meter. Payment shall be made as per the unit rate quoted Schedule 'B'.
SECTION XXIII
23.0 Supplying, Lowering, Aligning & Jointing NP-3 Pipes :   The work shall be carried out in accordance with the specifications mentioned under each item in Schedule 'B' as per relevant Indian Standards mentioned therein. Following are some additional specifications.
23.1 Excavation of Trench:   The trench shall be excavated to the grade, line and depth as shown in the drawings. Width of trench shall be normally diameter of pipe plus 40 cm to 55 cm minimum in all types of soils and should not be less than 1.00 meter in case of rock. The trench should be sufficiently wide to provide allowance for timbering where required. The sides of the trench shall be as vertical as possible. If rock is met with, it shall be removed to 15 cm below the level of the pipe and the trench refilled with excavated materials and consolidated (prefer and to make as a cushion under the pipe).  Any extra depths cut at the bottom of the pipe line should be made good with cement mortar not weaker than 1: 10 in the case of heavy pipes. 

23.2 Preparation of Pipes:  The pipes before being laid shall be brushed thoroughly to remove any soil or stones that may have been accumulated therein.
23.3 Laying:   Pipes upto 250 mm dia may be handles without mechanical equipment but in no case pipes shall be rolled and dropped into the trench. For laying large pipe set in position of small in deep trenches some of derrick or tripod lowering the pipes shall be adjusted to the level required.
23.4 Jointing Pipes:   A concrete collar sufficiently wide to cover and overlap the joint be fixed. The space between the pipe and the collar shall be rammed with cement slurry with water cement ratio not exceeding 1 part of water 3 parts of cement (by weight). Joints should be kept wet of 24 hours after making. Measurement of the work shall be in Running meter for laying and aligning and in terms of joints for jointing. Payment shall be made at the rate quoted by the contractor in Schedule 'B'.
23.5 Refiling the Trenches:  The trench shall be refilled by placing the excavated stuff in layers of 15 cm watering and compacting. The filling should be free from sharp stones and the filling material shall be thrown from a distance so as not to injure the pipes. Measurement of the work shall be in cubic meter. Payment shall be made at the rate quoted by the contractor in Schedule 'B'.
23.6  IMPORTANT NOTES
All the above said specifications for all the items are to be strictly followed. For any additional information or clarifications, the related IS codes of latest version are to be followed. 

SECTION XXIV
24.0 Graded Filter Media:   Where indicated in the drawings, filter media shall be laid as shown therein and as directed by the Engineer-in-charge. The number of layers in the filter media and the thickness of each layer shall be as specified and as directed by the Engineer-in-charge. The compaction of the inclined shall be done by tamping as directed by the Engineer-in-charge. Measurement  of  the  work shall be in cubical. Payment shall be made at the unit rate quoted b y the contractor in Schedule 'B'. Size stone Masonry with Uncoursed Rubble Masonry for Hearting :  All specifications of cement mortar shall be as specified in relevant item in Schedule 'B'.

SECTION XXV
SIZE STONE MASONRY WITH  UCRS FOR HEARTING
25.0 RUBBLE :
Rubble shall conform to specifications vide 1-01 of  the detailed specifications.
The rubble stones satisfying the specifications form shall be set in the work in sort other that knocking out weak corners and edges with masons hummers. All stones, chips, spall etc., shall be washed clean with wire brush and water before use, so as to ensure a clean surface for the mortar adhere to and shall be sprinkled with water before actually placing in the work to prevent absorption of water from the mortar.  The stones shall be carefully laid so as to break joints. Suitable steps in masonry parallel to the axis of the structures shall be constructed as directed by the Engineer-in-charge so as to provide proper bonding in masonry. It is advantageous to use stone of different size. Mortar shall be laid on fresh surface, cleaned after wire brushing flushing with water under pressure and removing all mortar washing etc.  The mortar shall be worked by trowel to a quaky mess and the selected rubble laid on this bed and shaken to sink into by squeezing it out at the sides. The stones shall be then the adjacent stones and at the same time without touching it. The stones shall be then the adjacent stones and at the same time without touching it. Additional mortar shall then be added to fill the intervening places and will worked by trowel and light and bar 1½ dia. Bullet pointed and 2" long to mix-up well all excess mortar and any entrapped air in the mortar. When mortars is in the state of quacking mass the biggest suitable spalls shall be driven into intervening space, thus consolidating the mortar and squeezing all excess mortar for use near by again and prevailing thick joints. Care shall be taken not to disturb the stones already laid while driving the spalls or chips between the stones.
The mortar content rubble masonry is expected to vary between 42 cft. per 100 cft.  and it must be possible to approach 40% in construction by making the joint as possible.
Laitance at the top surface shall be removed. The top courses when finished should present as many hollows and ridges as could be managed to get a grip for the next course.

Traffic or placing cross and other personnel over the surface before the masonry sets, shall be avoided. Stacking of stones, chips on fresh masonry shall be avoided and the chips shall be preferably kept in suitable containers within easy reach of the work spot. 

25.1 The following rules shall be observed to ensure better workmanship.
1. Clean the old masonry surface prior to starting on it by wire brushing wet sand washing, chipping should be resorted to only in extreme case.
2. Do not place which bleeds excessively.
3. Thoroughly and efficiently place on the surface a layer of mortar and build masonry on it immediately.
4. Shake the mortar well by vibrating the stone by hand bar to ensure that the excess mortar and the trapped air come out trapped at the bottom before driving in chips. The stones shall then be hammered down by a wooden mallet 10 to 12 lbs weight and pressed towards the adjacent stone and at the same time without touching it.
5. Inadequate supply of spalls in different sizes would lead to excessive use of mortar.
6. Avoid putting chips in the intervening space between stones before filling with mortar shaking it to the full depth to quarry mass.
7. Avoid under pinning at all costs after a stone is laid.
8. Avoid putting flat chips at top. Drive in all the chips on ends only which will further squeeze and compact the mortar at the joints.
9. Keep the masonry surface as possible to secure good bond between successible layers.
10. After the masonry is done once, do not permit it to be distributed until it had attained sufficient strength to withstand traffic, and omit the initial clean up consisting of cutting the surface layers and exposing a clean surface before the fine set in attained. Hammering or breaking of stones on fresh masonry shall not be permitted Green mortar should not be disturbed by workmen working over it.
11. Wire brush the masonry surface after the mortar has set finally, i.e., after 8 to 10 hours to remove laitance excess mortar etc.
12. Work shall be distributed such that fresh layers of masonry every alternate day. In any one place not more than one layer of masonry shall be laid in 24 hours.
13. Keep the surface continuously most until the next layer is placed the exposed surface shall be kept moist for a period of not less than 21 days.
14. After monsoon, before starting the masonry the surface of the old masonry shall be cleaned off dirt, silt etc., by wire brush, sand blast and compressed air and water under pressure or by chiseling. The entire surface of the masonry shall be coated with a thick layer of cement slurry of proportion of cement to of water.
25.2 Face Stone:
Face stones shall confirm to specifications vide 1.02 of the detailed specifications.
The face stone work shall be constructed out of selected stones, confirming to specification described under materials. The exposed face of stone shall be hammer dressed. The face work shall be built in parallel courses of  30 cms.  minimum height and all the stones in each courses shall be equal height and all courses shall of the same height. In each course the stones will be built up of headers and joints shall break in the courses above and below by at least 1/2 the height of the course which they occur. The stones should be laid on their natural bed with strata perpendicular to the pressure.  In battered face work the beds to stones and the plane of courses shall be at straight angles to the batter. The random rubble masonry for hearing shall be carried on simultaneously with the face work. Great care shall be taken to ensure proper bond between face masonry and the heating masonry. The ½ joints in face work shall not be more than  " thick. Bond stone of length not less than 1 meter at the rate of one 2 meters length of face work in each courses shall be provided. The position of bond stones shall be staggered for different courses and the bond stones shall be marked on the face for easy identification. No under pinning of any description will be allowed and hallow bedding and flushing such gaps with mortar shall be avoided. The mortar content 100 cft. of the size masonry is expected to vary between 25 cft. to 35 cft. The average is assumed to 30 cft. per 100 cft. and it should be possible to approach 25 cft. In construction by making joints as small as possible.
25.3 Dressing of Stones:
After quarrying stones to be brought are dressed to varying degrees depending on the kind of work on which they are used. If blocks of stones which are of put into the masonry should be dressed with horizontal beds and vertical faces. If not, carefully superintended, masons will chip off the edges of stone with a hammer leaving full  joint for perhaps half inch from the face.Dressing is classified ordinary as : Single line, two line or three line according to the degree of fineness to which they have to be dressed. In single line dressing the maximum projection or depression with reference to the mean plane should not be more than (1/8 inches) 3 mm and (1/6 inches) 2 mm in double line and (1/24) mm in inch three line dressing. Dressing of stones finer than three lines dressing is known as plamane, which is adopted in special cases and specially where better to be match dressing as is possible at the quarry.
25.4 Dressing of stone is done in three operations:
i. While sorting out stone for different useful purposes such as base caps of pillars, each stones, corner, stones, coping etc., stones are roughly between with a quarry hammer of about 7 lbs. Weight to reduce its weight to minimum by knocking out unwanted materials.

ii. It is than hauled up and it is given the rough shape ( by a mason's hammer of weight, 2 to 3 lbs) of a rectangular block of  khandki for which to was originally sorted out.
iii. Final dressing is done on the site of works by tools such as pitching tool, point chisel, plane or toothed chisels. The surfaces are not to the plane desired ever of item fine dressing.
One line dressing (1/8 inch) 



3 mm
Two lines dressing (1/6 inch) 



2 mm
Three lines dressing (1/24 inch) 



1 mm
according to the degree of fineness required.

25.5 Measurement and Payment:
Measurement of this item of work shall be taken inclusive of the sizes stone masonry and the total quantity of the work will be arrived at payment shall be made for the item of work as per the scale given below :
	Percentage of cumulative total quantity of the items payable under any running bill to the total quantity of that item.
	Percentage of the quoted rate

	0 to 50%
	95%

	50% to 100%
	97%

	Final bill on completion of work
	100%


 SECTION XXVII

DETAILED SPECIFICATIONS FOR ROAD WORKS

300.5 SPECIFICATIONS FOR EMBANKEMNT CONSTRUCTION

300.5.1: General description:  These specifications shall apply to the construction of embankments including subgrades earthen shoulders and miscellaneous backfills with approved material obtained from roadway and drain excavation borrow pits or other sources.  All embankments subgrades earthen shoulders and miscellaneous back fills shall be constructed in accordance with the requirements of these specification and in conformity with liens, grades and cross sections shown on the drawings or as directed by the engineer.

300.5 Material and general requirements

300.5.2.1 Physical requirements

300.5.2.1.1 The materials used in embankments sub grades earthen shoulders and miscellaneous backfills shall be soil murrum gravel a mixture of these  or any other material approved by the engineer.  Such materials shall be free   of logs stumps roots, rubbish or any other ingredient likely to deteriorate or affect the stability of the embankment/subgrade.

The following types of material shall be considered unsuitable for embankment

i. Materials from swamps marshes and bogs 

ii. Peat log stump and perishable material any soil that classifies at OL OI OH or Pt in accordance with IS 1498 copy enclosed vide Annexure 300-A.2

iii. Material susceptible to spontaneous combusion

iv. Material in a frozen condition

v. Clay having liquid limit exceeding 70 and plasticity index exceeding 45 and

vi. Materials with salts resulting in leaching in the embankment

300.5.2.1.2 Expansive clay exhibiting marked swell and shrinkage properties(free swelling index exceeding 50 per cent when tested as per IS 2720- Part 40 shall not be used as a fill materials sub grade and top 500 mmportion of the embankment just below subgrade shall be non expansive in nature.

300.5.2.1: Any fill material with a soluble sulphate content exceeding 1.9 grams of sulphate (expressed as SO3)  per liter when tested in accordance with BS 1377 test 10 but using a 2:1 water soil ration shall not be deposited within 500 mm or other distance described in the contract, of concrete cement bound materials or other cementitious materials forming part of the permanent works.

Materials with a total sulphate content (expressed as SO3) exceeding 0.5 per cent by mass. When tested in accordance with BS 1377 test 9 shall be deposited within 500 mm or  other distances described in the contract, of metallic items forming part of the permanent works.

300.5.2 1:4 The size of the course material in the mixture of earth shall ordinarily not exceed 75mm when being placed in the embankment and 50mm when placed in the sub grade. However the engineer may at his discretion permit the use of material courser than this also if he is satisfied that the same will not present any difficulty as regards the placement of fill material and its compaction to the requirements of these specification.  The maximum particle size shall not be more than two thirds of the compacted layer thickness.

300.5.2.1.5: Ordinarily, only the materials satisfying the density requirements given  in table 300-1 shall be employed for the construction of the embankment and sub grade.

Table 300-1 Density requirements of embankment and subgrade materials

	Sl.No.
	Type of work
	Maximum laboratory dry unit weight when tested asper IS 2720 (part 8)

	1
	Embankment upto 3  meters Height not subjected to extensive flooding
	Not less than 15.2 kN/Cum

	2
	Embankemnts exceeding 3 meters height or embankments of any height subject to long periods of inundation
	Notless than 16.0 kN/cum

	3
	Sub-grade and earthen shoulders verges/backfill
	Not less than 17.5 kN/cum


Note: (1) This table is not applicable for lightweight fill material e.g. cinder fly ash etc

(2) The engineer may relax these requirements at his discretion taking into account the availability of materials for construction andother relevant factors

(3) Thematerial to be used in sub grade should also satisfy design CBR at the dry nuit weight applicable as per table 300-2.

300.5.2.2  General requirements”   The materials for embankment shall be obtained from approved sources with performances given to materials becoming available from nearby roadway excavation or any other excavation under the same contract.

    The work shall be so planned and executed that the best available materials are saved for the subgrade and the embankment portion just below the sub grade.

300.5.2.2 Borrow materials:   Where the materials to be obtained from designated borrow areas the location size and shape of these areas shall be as indicated by the engineer and the same shall not be without his written permission where specific borrow areas are not designated by the employer/ the engineer, arrangement for locating the source of supply of materials for embankment and sub grade as well as compliance to environment requirements in respect of excavation and borrow areas as stipulated from time to time by the Ministry of Environment and Forests Government of India and the local bodies as applicable shall be sole responsibility of the contractor.

     Heaulage of material to embankment or other areas of fill shall proceed only when  sufficient spreading and compaction plant is operating at the place of deposition.

    No excavated acceptable material other than surplus to requirements of the contract shall be removed from the site should the contractor be permitted to remove acceptable material from the site to suit his operational procedure, then he shall make good any consequent deficit of material arising there from.

     Where the excavation reveals a combination of acceptable and unacceptable materials the contractor shall unless otherwise agreed by the engineer carry out the excavation in such a manner that the acceptable materials are excavated separately for use in the permanent works without contamination by the unacceptable materials.  The acceptable materials shall be stockpiled separately.

      The contractor shall ensure that he does not adversely affect the design dimension so that surplus material may be trimmed ensuring that the remaining material is to be density and in position specified and conforms to the specified side slopes.

The contractor shall obtain representative samples from each of the identified borrow areas and have these tested at the site laboratory following a testing programme approved by the engineer it shall be ensured that the subgrade material when compacted to the density requirements as in Table 300-2 shall yield the design CBR value of the sub grade.

300.5.2.2.4. Dewatering: If the foundation of the embankment is in an area with stagnant water and in the opinion of the engineer it is feasible to remove it, the same shall be removed by bailing out or pumping as directed by the engineer and the area of the embankment foundation shall be kept dry care shall be taken to discharge the drained water so as not to cause damage to the works crops or any other property. Due to any negligence on the part of the contractor, if any such damage is caused, it shall be the sole responsibility of the contractor to repair/restore it to original condition or compensate the damage at his own cost.
If the embankment is to be constructed under water clause 300.5.4.6 shall apply.

300.5.2.2.4 Stripping and storing topsoil:    In localities where most of the available embankment materials are not conducive to plant growth, or when so directed by the engineer, the topsoil from all areas of cutting and from all areas to be covered by embankment foundations shall be stripped to specified depths not exceeding 150mm and stores in stockpiles of height not exceeding 2 m for covering embankment slopes cut slopes and other disturbed areas where re-vegetation is desired. Top soil shall not be un necessarily trafficked either before stripping or when in a stockpile. Stockpiles shall not be surcharged or otherwise loaded and multiple handing shall be kept to a minimum.

300.5.2.2.5. Compacting ground supporting embankment./ sub grade: Where necessary the original ground shall be leveled to facilitate placement of first layer of embnkment scarified  mixed with water and then compacted by rolling so as to achieve minimum dry density as given in Table 300-2.

   In case where the difference between the sub grade level (top of the sub grade on which pavement rests) and ground level is less than 0.5m and the ground does not have 97 percent relative compaction with respect to the dry density as given in Table 300-2, the ground shall be loosened upto a level 0.5m below the subgrade level, watered and compacted in layers in accordance with clauses 300.5.3.5 and 300.5.3.6 to not less than 97 percent of dry density as given in Table 300-2.

  Where so directed by the engineer, any unsuitable material occurring in the embankment foundation shall be removed and replaced by approved materials laid in layers to the required degree of compaction.

  Table 300-2 Compaction requirements for embankment and sub grade

	Sl.No.
	Type of work/ material
	Relative compaction as percentage of max laboratory dry density as per IS 2720 (Part-B)

	1
	Sub-grade and earthen shoulders
	Not less than 97

	2
	Embankment
	Not less than 95

	3
	Expansive clays

a) Sub grade and 500mm portion just below the sub grade

b) Remaining portion of embankment
	Not allowed

Not less than 90


The contractor shall at least 7 working days before commencement of compaction submit the following to the engineer for approval.

1) The values of maximum dry density and optimum moisture content obtained in accoradance with IS 2720 (Part-7) of (Part-B) as the case may be appropriate for each of the full materials he intends to use.

2) A graph of density plotted against moisture content from, which each of the values in (1) above of maximum dry density and optimum moisture content were determined.

3) The dry density – moisture content CBR relationship for light intermediate and heavy comp active efforts (light corresponding to IS 2720 (Part 7) heavy corresponding to IS 2720 (Part B) and intermediate in between the two) for each of the fill materials he intends to use in the sub grade.

Once the above information has been approved by the engineer it shall form the basis for compaction.

300.5.3. Construction operations

300.5.3.1. Setting out:

   After the site has been cleared to clause 200.1 the work shall be set out to clause 300.1.3.1   The limits of embankments/ sub-grade shall be marked by fixing batter pegs on both sides at regular intervals as guides before commencing the earthwork. The embankment/ sub grade shall be built sufficiently wider than the design dimension. So that surplus material may be trimmed ensuring that the desired materials to the required density and in position specified and confirms to the specified side slopes.’

Embankment or sub-grade work shall not proceed until the foundations for embankment sub-grade have been inspected by the engineer for satisfactorily condition and approved.

   300.5.3.4. Any foundation treatment specified for embankments especially high embankments resting on suspect foundations as revealed by borehole logs shall be carried out in a manner and to the depth as desired by the engineer where the ground on which an embankment is to be built has any of the materials types (a) to (f) clause 300.5.2.1 at least 500mm of such material must be removed and replaced by acceptable fill material before embankment construction commences.

300.5.3.5 Spreading material in layers and bringing to appropriate moisture content.

300.5.3.5.1 The embankment and sub grade material shall be spread in layers o uniform thickness not exceeding 200mm compacted thickness over the entire width of embankment by mechanical means finished by a motor grader and compacted as per clause 305.3.6 The Motor grader blade shall have hydraulic control suitable for initial adjustment and maintain the same so as to achieve the specific slope and grade successive layers shall not be placed until the layer under construction has been thoroughly  compacted to the requirements as in Table 300-2 and got approved by the engineer. Each compacted layer shall be finished parallel to the final cross section of the embankment.

300.5.3.5.2. Moisture content of the material shall be checked at the site of  placement prior to commencement of compaction, if found to be out of aged limits, the same shall be made good, where water is required to be added in such construction water shall be sprinkled from a water tanker fitted with sprinkler capable of applying water uniformly with a controllable ate of flow to a variable widths of surface but without any flooding. The water shall be added uniformly thoroughly mixed in soil by blading discing or harrowing until a uniform moisture content is obtained throughout, the depth of the layer if the material delivered to the roadbed is too wet. It shall be dried by aeration and exposure to the sun till the moisture content is acceptable for compaction should circumstances arise, where owing to wet  weather, the moisture content cannot be reduced to the required amount by the above procedure compaction work shall be suspended.

   Moisture content of each layer of soil shall be checked in accordance with IS 2720 (Part 2) and unless otherwise mentioned, shall be so adjusted making due allowance for evaporation losses, that at the time of compaction it is in the range of 1 percent above to 2 percent below the optimum moisture content determined in accordance with IS 2720 (Part-7) or IS 2720 (Part-B) as the case may be expansive clays shall however be compacted at moisture  content corresponding to the  specified dry density but on the wet wide of the optimum moisture content obtained from the laboratory compaction curve.

      After adding the required amount of water, the soil shall be processed by means of grader harrows rotary mixers or as other wise approved by the engineer until the layer is uniformly wet

Clods or hard lumps or earth shall be broken to have a maximum size of 75mm when being placed in the embankment and a maximum size of 50mm when being placed in the sub grade.

300.5.3.5.3 Embankment and other areas of fill shall unless otherwise required in the contract or permitted by the engineer, be constructed evenly over their full width and their fullest possible extent and the contractor shall control and direct construction plant  and other vehicular traffic uniformly over them.  Damage by construction plant and other vehicular traffic shall be made good by the contractor with material having the same characteristics and strength as the material had before it was damaged.

   Embankment and other areas of unsupported fills shall not be constructed with steeper side slopes or to greater widths than those shown in the contract except to permit adequate compaction at the edges before trimming back, or to obtain the final profile following any settlement of the fill and the underlying material.

     Whenever fill is to be deposited against the face of a natural slope, or sloping earthworks face including embankments cuttings, other fills and excavation steeper than 1 vertical on 4 horizontal such faces shall be benched as per clause 300.5.4.1 immediately before placing the subsequent fill.

   All permanent faces of side slopes of embankments and other areas of fill formed shall subsequent to any trimming operations be reworked and sealed to the satisfaction of the engineer by tracking a tracked vehicle considered suitable by the engineer on the slope or any other method approved by the engineer.

300.5.3.6 Compaction: Only the compaction equipment approved by the engineer shall be employed to compact the different material types encountered during  construction smooth wheeled vibratory pneumatic tyred sheeps foot or pad foot rollers etc. Of suitable size and capacity as approved by the engineer shall be used for the different types and grades of materials required to be compacted either individually or in suitable combinations.

   The compaction shall be done with the help of vibratory roller of 80 to 100 KN static weight with plain or pad foot drum or heavy pneumatic tyred  roller of adequate capacity capable of achieving required compaction

    The contractor shall demonstrate the efficacy of the equipment he intends to use by carrying out compaction trials, the procedure to be adopted for these site trails shall first be submitted to the engineer for approval.

Earthmoving plant shall not be accepted as compaction equipment not shall the use of a lighter category of plant to provide any preliminary compaction to assist the use of heavier plant be taken into account.

Each layer of the material shall be thoroughly compacted to the densities specified in  Table 300-2 Subsequent layers shall be placed only after the finished layer has been tested according to clause 900.3.2.2. and accepted by the engineer.  The engineer may permit measurement of filed dry density by a nuclear moisture/ density gauge used in accordance with agreed procedure and the gauge is calibrated to provide results identical to that obtained from tests in accordance with IS 2720 (Part 28) copy enclosed as Annexure 300-A.7 A record of the same shall be maintained by the contractor.

    When density measurements reveal any soft areas in the embankment/ sub grade / earthen shoulders further compaction shall be carried out as directed by the engineer if inspite of that the specified compaction is not achieved the material in the soft areas shall be removed and replaced by approved material compacted to the density requirements and satisfaction of the engineer

  300.5.5.3.7 Drainage:

    The surface of the embankment/ sub-grade at all times during construction shall be maintained at such a cross fail ( not flatter than that required or effective drainage of an earthen  surface) as will shed water and prevent ponding.
300.5.3.8 Repairing of damages caused by rain/spillage of water:

     The soil in the effected portion shall be removed in such areas as directed by the engineer before next layer is laid and refilled inlayers and compacted using appropriate mechanical means layer is laid and refilled in layers and compacted using appropriate mechanical means such as small vibratory roller plate compactor or power rammer to achieve the required density in accordance with clause 300.5.3.6 if the cut is not sufficiently wide for use of required mechanical means for compaction the same shall be widened suitably to permit their use for proper compaction. Tests shall be carried out as directed by the engineer to ascertain the density requirements of the repaired area. The work of repairing the damages including widening of the cut, if any shall be carried out by the contractor at his own cost including the arranging of machinery / equipments for the purpose.

300.5.3.9 Finishing operations

     Finishing operations shall include the work of shading and dressing the shoulders/ verge/ roadbed and side slopes to conform to the alignment, levels cross sections and dimensions shown on the drawings or as directed by the engineer subject to the surface tolerance described in clause 900.2 Both the upper and lower ends of the side slopes  shall be rounded off to improve appearance and to merge the embankment with the adjacent terrain.

The top soil, removed and conserved earlier (clause 300.1.3.2. and 300.5.3.3) shall be spread over the fill slopes as per directions of the engineer to facilitate the growth of vegetation slopes shall be roughened  and moistened slightly prior to the application of the topsoil to sustain plant growth the usual thickness being from 75mmto 150mm.  Where directed the slopes shall be turned with sods in accordance with clause 300.7 if seeding and mulching of slopes is prescribed this shall be done to the requirement of clause 300.8

When earthwork operations have been substantially completed, the road area shall be cleared of all debris and ugly scars in the construction area responsible for objectionable appearance eliminated.

400.4. SPECIFICATION FOR WATER BOUND MACADAM SUB BASE/BASE

400.4.1. SCOPE

404.4.1.1 This work shall consist of clean crushed aggregates mechanically/ interlocked by rolling and bonding together with screening binding material where necessary and water laid on a properly prepared subgrade/ sub base/ base of existing pavement as the case may be and finished in accordance with the requirements of these specifications and in close conformity with the lines grades cross sections and thickness as per approved plans or as directed by the engineer.

400.4.1.2 It is however, not desirable to lay water bound macadam on an existing thin black topped surface without providing adequate drainage facility for water that would get accumulated at the interface of existing bituminous surface and water bound macadam.

400.4.2. Materials:

400.4.2.1. Course aggregates:   Course aggregates shall be either crushed or broken stone crushed slag, over burnt (Jhama) brick aggregates or any other naturally occurring aggregates such as kankar and laterite of suitable  quality materials other than crushed or broken stone and crushed slag shall be used in sub base courses only. If crushed gravel/ shingle is used not less than 90 per cent by weight of the gravel/ shingle pieces retained on 4.7mm sieve shall have at least two fractured faces The aggregates shall confirm to the physical requirements set forth on Table 400-6. The type and size range of the aggregate shall be specified in the contract or shall be as specified by the engineer, if the water absorption value of the course aggregate is greater than 2 per cent the soundness test shall be carried out on the material delivered to site as per IS 2386 (Part-5) copy enclosed as Annexure.

400.4.2.2. Crushed or broken stone: The crushed or broken stone shall be hard durable and free from excess flat, elongated soft and distinguished particles dirt and other deleterious material.

Table 400-6 Physical requirements of course aggregate for water bound macadam for sub base courses.

	
	Test
	Test Method
	Requirements

	1
	.Los Angles abrasion value Or Aggregate impact value
	IS 2386

Is 2386 (Part-4) or

IS 5640..
	40 percent (Maxi)

30 percent(maxi)



	2
	Combined Flakiness and Elongation indices (Total)…
	IS 2386 (Part-I
	30 percent (maxi)


. Aggregate may satisfy requirements of either of the two sets.

.. Aggregate like brick metal kankar, laterite etc. which get softened in presence of water shall be tested for impact value under wet condition in accordance with IS 5640.

… The requirement of flakiness index and elongation index shall be enforced only in the case of crushed broken stone and crushed slag.

400.4.2.3. Crushed slag: Crushed slag shall be from air cooled blast furnace slag it shall be of angular reasonably uniform in quality and density and generally free from thin., elongated and soft pieces dirt or other deleterious materials. The weight of crushed slag shall not be less than 11.2 kN per m3 and the percentage of glossy material shall not be more  than 20 it should also comply with the following requirements.

	(i)
	Chemical stability
	To comply with requirements of appendix of BS 1047

	(ii)
	Sulpher content
	Maximum per cent

	(iii)
	Water absorption
	Maximum 10 per cent


400.4.2.4. Over burnt brick aggregate: Brick aggregate shall be made from over burnt bricks or brick bats and be free from dust and other objectionable and deleterious materials

400.4.2.5 Grading requirement of course aggregates: The course aggregates shall conform to one of the Gradings given in Table 400-7 as specified provided however the use of Grading No.1 shall be restricted to sub base course only

Table 400-7 Grading requirements of course aggregates

	Gradation
	Size range
	I.S. Seive designation
	Percent by weight passing

	1
	900 mm to 45 mm
	125mm
	100

	2
	
	90mm
	90-100

	
	
	63mm
	25-60

	
	
	45mm
	0-15

	
	
	22.4 mm
	0-5

	2
	63 to 45mm
	90 mm
	100

	
	
	63 mm
	90-100

	
	
	53 mm
	25-75

	
	
	45 mm
	0-15

	
	
	22.4 mm
	0-5

	
	
	
	

	3
	53 to 22.4 mm
	63 mm
	100

	
	
	53 mm
	95-100

	
	
	45 mm
	65-90

	
	
	22.4 mm
	0-10

	
	
	11.2 mm
	0-5

	
	
	
	


Note: The compacted thickness for a layer with grading 1 shall be 100 mm while for layer with other grading  i. e, 2 & 3 shall be 75mm

400.4.2.6 Screenings: Screening to fill voids in the course aggregate shall generally consist of the came material as the course aggregate However where permitted.

Predominantly non plastic material such as murrum or gravel (other than rounded river bome material) may be used for this purpose provided liquid limit and plasticity index of such material are below 20 and 6 respectively and  fraction passing 75 micron sieve does not exceed  10 percent.

Screening shall conform to the grading set forth in Table 400-8. The consolidated details of quantity of screening required for various grades of stone aggregates are given in table 400-9. The tables also gives the quantities of materials (loose) required for 10 m2 for sub base compacted thickness of 100/75 mm.  The use of screening shall be omitted in the case of such aggregates such as brick metal kankar lateries etc. as they are likely to get crushed to a certain extent under rollers.

Table 400 –8 Grading for screening

	Grading classification
	Size of screenings
	IS Sieve designation
	Percent by weight passing the IS sieve

	A
	13.2mm
	13.2mm
	100

	
	
	11.2 mm
	95-100

	
	
	5.6 mm
	15-35

	
	
	180 mm
	0-10

	B
	11.2mm
	11.2 mm
	100

	
	
	5.6 mm
	90-100

	
	
	180 mm
	15-35


Table 400-9 approximate quantities of course aggregates and screening required for 100 / 175 mm compacted thickness of water bound macadam (wbm) sub-base base course for 10 to 12 area.

	Classifi

Cation
	Size range
	Compact

Thickness
	Loose

Qnty
	Stone screening
	Crushable type such as murrum or gravel

	
	
	
	
	Grading classification and size
	For WBM

Sub base base course(llose Qnty
	Grading classification and size
	Loose qnty

	Grading1
	90mm to 45mm
	100 mm
	1.21 to 1.43 m3
	Type A 13.2 mm
	0.27 to 0.30 m3
	Not uniform
	0.30 to 0.32 m3

	Grading2
	63mm to 45 mm
	75 mm
	0.91 to 1.07 m3
	Type A 13.2 mm
	0.12 to 0.15 m3
	-do-
	0.22 to 0.24

	-do-
	-do-
	-do-
	-do-
	Type B 11.2 mm
	0.20 to0.22 m3
	-do-
	-do-

	Grading3
	53 to 22.4 mm
	75 mm
	-do-
	-do-
	0.18 to 0.21 m3
	-do-
	-do-


400.4.2.7 Binding material: Binding material to be used for water bound macadam as a filter material meant for preventing reveling shall comprise of a suitable material approved by the engineer having a plasticity index (PI) value of less than 6 as determined in accordance with IS 2720 (Part-5).

     The quantity of binding material where it  is to be used will depend on the type of screening Generally the quantity required for 75 mm compacted thickness of water bound macadam will be 0.06 – 0.09 m3 / 10 m2 and 0.08 – 0.10 m3/ 10 m2 for 100 compacted thickness.

The above mentioned quantities should be taken as a guide only for estimation of quantities for construction etc.

Application of binding materials may not be necessary when the screening used are of crushable type such as murrum or gravel.

400.4. Construction operations

400.4.3.1 Preparation of base: The surface of the sub grade/ sub base/base to the specified liens and cross fall (camber) and made free of dust and other extraneous.  Material. Any ruts or soft yielding places shall be corrected in an approved manner and rolled until firm surface is obtained if necessary by sprinking water any sub base / base/ surface firm surface where predominant shall be made good by providing appropriate type of profile corrective course (leveling course) to clause 500.1 of these specifications

    As far as possible laying water bound macadam course over an existing thick bituminous layer may be avoided since it will cause problems of internal drainage of the pavement at the interface of two courses. It is desirable to completely pick out the existing thin bituminous wearing course where water bound macadam is proposed to be laid over it  However where the intensity of rain is low and the interface drainage facility is efficient water bound macadam can be laid over the existing thin bituminous surface by cutting 50 mm x 50mm furrow at an angle of 45 degrees to the center line of the pavement at one meter intervals in the existing road. The directions and depth of furrows shall be such that they provide adequate bondage and also serve to drain water to the existing granular base course beneath the existing thin bituminous surface

400.4.3.2. Inverted choke: If water bound macadam is to be laid directly over the sub grade without any other intervening pavement course a. 25 mm course or screening (Grading B) of course sand shall be spread on the prepared sub-grade before application of the aggregates is taken up in case of a fine sand or silty or clayey sub grade. It is advisable to lay 100 mm insulating layer of screening of course sand on top of fine grained soil the gradation of which will depend upon weather it is intended to act as a drainage layer as well.  As a preferred alternative to inverted choke appropriate geosynthetics performing functions of separation and drainage may be used over the prepared sub grade as directed by the engineer section 700 shall be applicable for use of geosynthetics.

400.4.3.3. Spreading course aggregates: The course aggregates shall be spread uniformly and evenly upon the prepared sub grade/ sub base/ base to proper profile by using templates placed across the road about 6 m apart in such quantities that the thickness of  each compacted layer is not more than 100mm for Grading 1 and 75 mm for Grading 2 and 3 as specified in clause 400.4.2.5. Wherever possible approved mechanical devices such as aggregates spreader shall be used spread the aggregates uniformly so as to minimize line need for manual rectification afterwards.  Aggregates placed at spread in one or more layers by any approved means so as to achieve the specified results.

    The spreading shall be done from stockpiles along the side of the roadway or directly from vehicle No segregation of large or line aggregates shall be allowed and the course aggregate as spread shall be uniform gradation with no pockets of line material. 

    The surface of the aggregates spread shall be carefully checked with templates and all high or low spots remedied by removing or adding aggregates as may be required. The surface shall be checked frequently with a straight edge while spreading and rolling so as to ensure a finished surface as per approved drawings.

     The course aggregate shall not normally be spread more than 3 days in advance of the subsequent construction operations.

400.4.3.4 Rolling: Immediately following the spreading of the course aggregate rolling shall be started with three wheeled power rollers  of 80 to 100 kN capacity of tandem or vibratory rollers of 80 to 100 kN static weight. The type of roller to be used shall be approved by the Engineer based on trial run.

Except on super elevated portion where the rolling shall proceed from inner edge to the outer, rolling shall began from the edges gradually progressing towards the center First the edge/ edges shall be compacted with roller running forward and backward the roller shall them move inward parallel to the center line of the road in successive passes uniformly lapping preceding tracks by at least one half width.

Rolling shall be discontinued when the aggregates are partially compacted with sufficient void space in them to permit application of screenings However, where screenings are not to be applied as in the case of crushed aggregates like brick metal laterite and kankar compaction shall be continued until the aggregates are thoroughly keyed during rolling slight sprinkling of water may be done if necessary rolling shall not be done when the sub grade in soft or yielding or when it causes a wave like motion in the sub grade or sub base course.

The rolled surface shall be checked transversely and longitudinally with templates and any irrgularieis corrected by loosening the surface adding or removing necessary amount of aggregates and re-rolling until the entire surface conforms to desired cross fall (camber) and grade in no case shall the use of screenings be permitted to make up depressions.

Material which gets crushed excessively during compaction or becomes segregated shall be removed and replaced with suitable aggregates.

It shall be ensured that shoulders are built up simultaneously along with water bound macadam courses as per clause 400.7.4

400.4.3.5. application of screenings: After the course aggregate has been rolled to clause 400.4.3.4 screening to completely fill the interstices shall be applied gradually over the surface. These shall not be damp or wet at the time of application. Dry rolling shall be done while the screening are being spread so that vibrations of the roller cause them to settle into the voids of the course aggregates.

The Screenings shall not be dumped in piles but be spread uniformly in successive thin layers either by the spreading motions of hand shoves or by mechanical spreaders or directly from tipper with suitable grit spreading arrangement. Tipper operating for spreading the screenings shall be so driven as not to disturb the course aggregate.

The screenings shall be applied at a slow and uniform rate( in three or more applications) so as to ensure filling of all voids.  This shall be accompanied by dry rolling and becoming with mechanical brooms hand brooms or both in no case shall be screenings be applied so fast and thick as to form cakes or ridges on the surface in such a manner as would prevent filling of voids or prevent the direct bearing of the roller on the course aggregate. These operations shall continue until no more screenings can be forced into the voids of the course aggregates.

The spreading rolling and brooming of screenings shall be carried out in only such lengths of the  road which could be completed within one days operations

400.4.3.6. Sprinking of water and grouting: After the screening have been applied the surface shall be copiously sprinkled with water swept and rolled. Hand brooms shall be used to sweep the wet  screenings into voids and to distribute them evenly.  The sprinking sweeping and rolling operation shall be continued with additional screenings applied as necessary until the course aggregates has been thoroughly keyed well boned and firmly set on its full depth and a grout has been formed of screenings care shall be taken to see that the base or sub grade does not get damaged due to the addition of excessive quantities of water during construction.

In case of lime treated soil sub-base construction of water bound macadam on top of it can cause excessive water to flow down to the lime treated sub base it has picked up enough strength ( is still green) and thus cause damage to the sub base layer the laying o water bound macadam layer in such cases shall be done after the sub base attains adequate strength as directed by the engineer.

400.4.3.7 Application of binding material: After the application of screening in accordance with clauses 400.4.3.5. and 400.4.3.6 the binding material where it is required  to be used (clause 400.4.2.7) shall be applied successively in two or more thin layers at a slow and uniform rate.  After each application the surface shall be copiously sprinkled with water the resulting slurry swept in with hand brooms or mechanical brooms to fill the voids properly and rolled during which water shall be applied to the wheels of the rollers if necessary to wash down the binding material sticking to them.  These operations shall continue   until the resulting slurry after filling of voids forms of wave ahead of the wheels of the moving roller.

400.4.3.8 Setting and drying: after the final compaction of water bound macadam course the pavement shall be allowed to dry overnight. Next morning hungly spots  shall be filled with screening or binding materials as directed lightly sprinkled with water if necessary and rolled No traffic shall be allowed on the road until the macadam has set. The engineer shall have the discretion to stop hauling traffic from using the completed water bound macadam course if in his opinion it would cause excessive damage to the surface.

The compacted water bound macadam course should be allowed to completely dry and set before the next pavement course is laid over it.

400.4.4. Surface finish and quality control work

400.4.4.1 The surface finish of construction shall conform to the requirements of clauses 900.2

400.4.4.2 Control on the quantity of materials and works shall be exercised by the engineer in accordance with section 900.

400.4.4.3. The water bound macadam work shall not be carried out when the atmospheric temperature is less than 0 deg, C, in the shade.

400.4.4.4 Reconstruction of defective macadam: The finished surface of water bound macadam shall conform to the tolerance of surface regularity as prescribed in clause 900.2  However where the surface irregularity of the course exceeds the tolerances or where the course is otherwise defective due to sub grade soil mixing with the aggregates the course to its full thickness shall be scarified over the affected area reshaped  with added material or removed and replaced with fresh material as applicable and re-compacted in no case shall depressions be filled up with screenings of binding material

400.4. Arrangements for traffic: During the period of construction the arrangements of traffic shall be done as per clause 100.12

400.4.6 Measurements : for payment  Water bound macadam shall be measured as finished work in position in cubic meters.

400.4.7. Rate: The contract unit rate for water bound macadam sub base/ base course shall be payable in full compensation for all components listed in clause 400.1.8 (1) (v) including arrangements of water used in the work as approved by the engineer.

Chapter 3

Section 300
Earthwork, Erosion Control and Drainage

301. EXCAVATION FOR ROADWAY AND DRAINS

301.1. Scope

This work shall consist of excavation, removal and satisfactory disposal of all materials necessary for the construction of roadway, side drains and waterways in accordance with requirements of these Specifications and the lines, grades and cross-sections shown in the drawings or as indicated by the Engineer, It shall include the hauling and stacking of or hauling to sites of embankment and subgrade construction, suitable cut materials as required, as also the disposal of unsuitable cut materials in specified manner, trimming and finishing of the road to specified dimensions or as directed by the Engineer,

301.2. Classification of Excavated Material

301.2.1. Classification: All materials involved in excavation shall be classified by the Engineer in the following manner:

(a) Soil

This shall comprise topsoil, turf, land, sill, loon, day, mud, peat. Mack cotton toil, loft shale or loose moorum, a mixture of these and similar material which yields to the ordinary application of pick, spade and/or shovel, rake or other ordinary digging implement. Removal of gravel or any other nodular material having dimension in any one direction not exceeding 75 mm occurring in such strata shall be deemed to be covered under mil category.

(b) Ordinary Rock (not requiring blasting this shall include:

(i) rock types such as lalerites, shales and conglomerates, varieties of limestone and sandstone etc., which may be quarried or split with crow ban, also including any rock which in dry state may be hard, requiring- blasting but  which, when wet, becomes soft and manageable by means other than blasting;

(ii) macadam surfaces such as water bound and bitumen Air bound; soling of roads, paths etc. and hard core; compact' moorum or stabilized soil requiring grafting tool or pick or both and shovel, closely applied; gravel and cobble stone having maximum dimension in any one direction between 75 and 300 mm;

(iii) lime concrete, stone masonry in lime mortar and brick work in lime/cement mortar below ground level, reinforced cement concrete which may be broken up with crow bars or picks and stone masonry in cement mortar below ground level; and

(iv) boulders which do not require blasting having maximum dimension in any direction of more than 300 mm, found lying loose on (he surface or embedded in river bed, soil, talus, slope wash and terrace material of dissimilar origin.

 (c) Hard Rock (requiring blasting)

This shall comprise:

(i) any rock or cement concrete for the excavation of which the use of mechanical plant and/or blasting is required;

(ii) reinforced cement concrete (reinforcement cut through but not separated from the concrete) below ground level; and

(iii) boulders requiring blasting.

(d) Hard Rock (blasting prohibited)

Hard rock requiring blasting as described under (c) but where blasting is prohibited for any reason and excavation has to be carried out by chiselling, wedging or any other agreed method.

(e) Marshy Soil

This shall include soils like soft clays and peats excavated below the original ground level of marshes and swamps and soil) excavated fromother areas requiring continuous pumping or bailing out of water.

301.2.2. Authority For classification: The classification of excavation shall be decided by the Engineer and his decision shall be final and binding on the Contractor. Merely the use of explosives in excavation will not be considered as a reason for higher classification unless blasting is clearly necessary in the opinion of the Engineer.

301.3. Construction Operations

301.3.1. Setting out: After the site has been cleared as per Clause 201, the limits of excavation shall be set out true to tines, curves, slopes, grades and sections as shown on the drawings or as directed by the Engineer. The Contractor shall provide all labour, survey instruments and materials such as strings, pegs, nails, bamboos, stones, lime, mortar, concrete, etc., required in connection with the setting out of works and the establishment of bench marks. The Contractor shall be responsible for the maintenance of bench marks and other marks and stakes as long as in the opinion of the Engineer, they are required for the work.

301.3.2. Stripping and storing topsoil: When so directed by the Engineer, the topsoil existing over the sites of excavation shall be stripped to specified depths constituting Horizon "A" and stockpiled at designated locations^ for re -use in covering embankment slopes, cut slopes, berms and other disturbed areas where re-vegetation is desired. Prior to stripping the topsoil, all trees, shrubs etc. shall be removed along with their roots, with approval of the Engineer.

301.3.3. Excavation - General: All excavations shall be carried out in conformity with the directions laid here-in -under and in a manner approved by the Engineer. The work.shall be so done that the suitable materials available from excavation are satisfactorily utilized as decided upon beforehand.
While planning or executing excavations, the Contractor shall take all adequate precautions against soil erosion, water pollution etc. as per Clause 306, and take appropriate drainage measures to keep the site free of water in accordance with Clause 311.
The excavations shall conform to the lines, grades, side slopes and levels shown on the drawings or as directed by the Engineer. The Contractor shall not excavate outside the limits of excavation. Subject to the permitted tolerances, any excess depth/ width excavated beyond the specified levels/dimensions on the drawings shall be made good at the cost of the Contractor with suitable material of characteristics similar to that removed and compacted to the requirements of Clause 305.

All debris and loose material on the slopes of cuttings shall be removed. No backfilling shall be allowed to obtain required slopes excepting that when boulders or soft materials are encountered in cut slopes, these shall be excavated to approved depth on instructions of the Engineer and the resulting cavities filled with suitable material and thoroughly compacted in an approved manner.

After excavation, the sides of excavated area shall be trimmed and the area contoured to minimise erosion and ponding, allowing for natural drainage to take place. If trees were removed, new trees shall be planted, as directed by the Engineer. The cost of planting new trees shall be deemed to be incidental to the work.

301.3.4. Methods, tools and equipment: Only such methods, tools and equipment as approved by the Engineer shall be adopted/used in the work. If so desired by the Engineer, the Contractor shall demonstrate the efficacy of the type of equipment to be used before the commencement of work.

301.3.5. Rock excavation: Rock, when encountered in road excavation, shall be removed upto the formation level or as otherwise indicated on the drawings. Where, however, unstable shales or other unsuitable materials are encountered at the formation level, these shall be excavated to the extent of 500 mm below the formation level or as otherwise specified. In all cases, 'the excavation operations shall be so carried out that at no point on cut formation the rock protrudes above the specified levels. Rocks and large boulders which are likely to cause differential settlement and also local drainage problems should be removed to the extent of 500 mm below the formation level in full formation width including drains and cut through the side drains.

Where excavation is done to levels lower than those specified, the excess excavation shall be made good as per Clauses 301.3.3 and 301.6 to the satisfaction of the Engineer.

Slopes in rock cutting shall be finished to uniform lines corresponding to slope lines shown on the drawings or as directed by the Engineer. Notwithstanding the foregoing, all loose pieces of rock on excavated slope surface which move when pierced by a crowbar shall be removed. Where blasting is to be resorted to, the same shall be carried out to Clause 302 and all precautions indicated therein observed.

Where presplitting is prescribed to be done for the establishment of a specified slope in rock excavation, the same shall be carried out to Clause 303.

301.3.6. Marsh excavation: The excavation of soils from marshes/swamps shall be carried out as per the programme approved by the Engineer.

Excavation of marshes shall begin at one end and proceed in one direction across the entire marsh immediately ahead of backfilling. The method and sequence of excavating and backfilling shall be such as to ensure, to the extent practicable, the complete removal or displacement of all muck from within the lateral limits called for on the drawings or as slaked by the Engineer, and to the bottom of the marsh, firm support or levels indicated.

301.3.7. Excavation of road shoulders/verge/median for widening of pavement or providing treated shoulders: In works involving widening of existing pavements or providing treated shoulders, unless otherwise specified, the shoulder/verge/median shall be removed to their full width and to levels shown on drawings or as indicated by the Engineer. White doing so, care shall be taken to see that no portion of the existing pavement designated for retention is loosened or disturbed. If the existing pavement gets disturbed or loosened, it shall be dismantled and cut to a regular shape with sides vertical and the disturbed/loosened portion removed completely and relaid as directed by the Engineer, at the cost of the Contractor.

301.3.8. Excavation for surface/sub-surface drains: Where the Contract provides for construction of surface/sub-surface drains to Clause 309, excavation for these shall be carried out in proper sequence with other works as approved by the Engineer.

301.3.9. Slides: If slips, slides, over-breaks or subsidence occur in cuttings during the process of construction, they shall be removed at the cost of the Contractor as ordered by the Engineer. Adequate precautions shall be taken to ensure that during construction, the slopes are not rendered unstable or give rise to recurrent slides after construction. If finished slopes slide into the roadway subsequently, such slides shall be removed and paid for at the Contract rate for the class of excavation involved, provided the slides are not due to any negligence on the part of the Contractor. The classification of the debris material from the slips, slides etc. shall conform to its condition at the time of removal and payment made accordingly regardless of its condition earlier.

301.3.10. Dewatering: If water is met with in the excavations due to springs, seepage, rain or other causes, it shall be removed by suitable diversions, pumping or bailing out and the excavation kept dry whenever so required or directed b y the Engineer. Care shall be taken to discharge the drained water into suitable outlets as not to cause damage to the works, crops or any other property. Due to any negligence on the part of the Contractor, if any such damage is caused, it shall be the sole responsibility of the Contractor to repair/restore to the original condition at his own cost or compensate for the damage.

301.3.11. Disposal of excavated materials: All the excavated materials shall be the property of the Employer. The material obtained from the excavation of roadway, shoulders, verges, drains, cross drainage works etc., shall be used for filling up of (i) roadway embankment, (ii) the existing pits in the right -of-way and (iii) for landscaping of the road as directed by the Engineer, including levelling and spreading with all lifts and lead upto 1000 m and no extra payment shall be made for the same.

All hard materials, such as hard moorum, rubble, etc., not intended for use as above shall be stacked neatly on specified land as directed by the Engineer with all lifts and lead upto 1000 m.

Unsuitable and surplus material not intended for use within the lead specified above shall also, if necessary, be transported with all lifts and lead beyond initial 1000 m, disposed of or used as directed by the Engineer.

3013.12, Backfilling: Backfilling of masonry /concrete/hume pipe drain excavation shall be done with approved material after concrete/ masonry/hume pipe is fully set and carried out in such a way as not to cause undue thrust on any part of the structure and/or not to cause differential settlement. All space between the drain walls and the side of the excavation shall be refilled to the original surface making due allowance for settlement, in layers generally not exceeding 150 mm compacted thickness to the required density, using suitable compaction equipment such as mechanical tamper, rammer or plate compactor as directed by the Engineer.

301.4. Plying of Construction Traffic

Construction traffic shall not use the cut formation and finished subgrade without the prior permission of the Engineer. Any damage arising out of such use shall be made good by the Contractor at his own expense.

301.5. Preservation of Property

The Contractor shall undertake all reasonable precautions for the protection and preservation of any or all existing roadside trees, drains,  sewers or. other sub -surface drains, pipes, conduits and any other structures under or above ground, which may be affected by construction operations and which, in the opinion of the Engineer, shall be continued in use without any change. Safety measures taken by the Contractor in this respect, shall be got approved from the Engineer. However, if any of these objects is damaged by reason of the Contractor's negligence, it shall be replaced or restored to the original condition at his expense. If the Contractor fails to do so, within the required time as directed-by the Engineer or if, in th e opinion of the Engineer, the actions initiated by 'the Contractor to replace/restore the damaged objects are not satisfactory, the Engineer shall arrange the replacement/restoration directly through any other agency at the risk and cost of the Contractor after issuing a prior notice to the effect.

301.6. Preparation of Cut Formation

The cut formation, which serves as a sub grade, shall be prepared to receive the" sub-base/base course as directed by the Engineer. Where the material in the subgrade (t hat is within 500 mm from the lowest level of the pavement) has a density less than specified in Table 300-2, the same shall be loosened to a depth of 500 mm and compacted in layers in accordance with the requirements of Clause 305. Any unsuitable material encountered in the subgrade level shall be removed as directed by the Engineer and replaced with suitable material compacted in accordance with Clause 305.

In rocky formations, the surface irregularities shall be corrected and the levels brought up to the specified elevation with granular base material as directed by the Engineer, laid and compacted in accordance with the respective Specifications for these materials. The unsuitable material shall be disposed of in accordance with Clause 301.3.11. After satisfying the density requirements, the cut formation shall be prepared to receive the subbase/base course in accordance with Clauses 310 and 311 to receive the sub-base/basc course.

301.7. Finishing Operations

Finishing operations shall include the work of properly shaping and dressing all excavated surfaces.

When completed, no point on the slopes shall vary from the designated slopes by more than 150 mm measured at right angles to the slope, except where excavation is in rock (hard or soft) where no point shall vary more than 300 mm from the designated slope. In no case shall any portion of the slope encroach on the roadway.

The finished cut formation shall satisfy the surface tolerances described in Clause 902.

Where directed, 'the topsoil removed earlier and conserved (Clauses 301.3.2 and 305.3.3) shall be spread over cut slopes, where feasible, berms and other disturbed areas. Slopes may be roughened and moistened slightly, prior to the application of topsoil, in order to provide satisfactory bond. The depth of topsoil shall be sufficient to sustain plant growth, the usual thickness being from 75 mm to 100 mm.

301.8. Measurements for Payment

Excavation for roadway shall be measured by taking cross sections at suitable intervals in the original position before the work starts and after its completion and computing the volumes in cu. m. by the method of average end areas for each class of material encountered. Where it is not feasible to compute volumes by this method because of erratic location of isolated deposits, the volumes shall be computed by other accepted methods.

At the option of the Engineer, the Contractor shall leave depth indicators during excavations of such shape and size and in such positions as directed so as to indicate the original ground level as accurately as possible. The Contractor shall see that these remain intact till the final measurements are taken.

For rock excavation, the overburden shall be removed first so that necessary cross-sections could be taken for measurement. Where cross sectional measurements could not be taken due to irregular configuration or where the rock is admixed with other classes of materials, the volumes shall be computed on the basis of stacks of excavated rubble after making 35 per cent deduction therefrom. When volumes are calculated in this manner for excavated material other than rock, deduction made will be to the extent of 16 per cent of stacked volumes.

Works involved in 'the preparation of cut formation shall be measured in units indicated below:

(i) (j) Loosening and recompacting the loosened material at subgrsde ... cu. m.

(ii) Loosening and removal of unsuitable material and replacing with a suitable material and compacting to required density  ... cu. m.

(iii) Preparing rocky subgrade ... sq. m,

(iv) Stripping including storing and reapplication of topsoil ... cu. m.

(v) Disposal of surplus material beyond initial 1000 m lead ... cu. m,

301.9. Rates

301.9.1. The Contract unit rates for the items of roadway and drain excavation shall be payment in full for carrying out the operations required for the individual items including full compensation for: 
(i) selling out;

(ii) transporting the excavated materials and depositing the same on sites of embankments, spoil banks or stacking as directed within all lifts and lead upto 1000 m or as otherwise specified;

(iii) trimming bottoms and slopes of excavation;

(iv) dewatering;

(v) keeping the work free of water as per Clause 311; and

(vi) all labour, materials, tools, equipment, safety measures, testing and incidentals necessary to complete the work to Specifications. 
Provided, however, where presplitting is prescribed to achieve a specified slope in rock excavation, the same shall be paid for vide Clause 303.5.

301.9.2. The Contract unit rate for loosening and recompacting the loosened materials at iubgrade shall include full compensation for loosening to the specified depth, including breaking clods, spreading in layers, watering where necessary and compacting to the requirements.

301.9.3. Clauses 301.9.1 and 305.8 shall apply as regards Contract unit rate for item of removal of unsuitable material and replacement with suitable material respectively.

301.9.4. The Contract unit rate for item of preparing rocky subgrade as per Clause 301.6 shall be full compensation for providing, laying and compacting granular base material for correcting surface irregularities including all materials, labour and incidentals necessary to complete the work and all leads and lifts.

301.9.5. The Contract unit rate for the items of stripping and storing topsoil and of reapplication of topsoil shall include full compensation for all the necessary operations including ail lifts, but leads upto 1000 m.

301.9.6. The Contract unit rate for disposal of surplus earth from roadway and drain excavation shall be full compensation for all labour, equipment, tools and incidentals necessary on account of the additional haul or transportation involved beyond the initial lead of 1000 m.

302. BLASTING OPERATIONS

302.1. General

Blasting shall be carried out in a. manner that completes the excavation to the lines indicated in drawings, with the least disturbance to adjacent material. It shall be done only with the written permission of the Engineer. All the statutory laws, regulations, rules, etc., pertaining to the acquisition, transport, storage, handling and use of explosives shall be strictly followed.

The Contractor may adopt any method or methods of blasting consistent with the safety and job requirements. Prior to starting any phase of the operation the Contractor shall provide information describing pertinent blasting procedures, dimensions and notes.

The magazine for the storage of explosives shall be built to the designs and specifications of the Explosives Department concerned and located at the approved site. No unauthorized person shall be admitted into the magazine which when not in use shall be kept securely locked. No matches or inflammable material shall be allowed in the magazine. The magazine shall have an effective lightning conductor.

The following shall be hung in the lobby of the magazine:

(a) A copy of the relevant rules regarding safe storage both in English and in the language with which the workers concerned are familiar.

(b) A statement of up-to-date stock in the magazine.

(c) A certificate showing the last date of testing of the lightning conductor.

(d) A notice that smoking Is strictly prohibited.

All explosives shall be stored in a secure manner in compliance with all laws and ordinances, and all such storage places shall be clearly marked. Where no local laws or ordinances apply, storage shall be provided to the satisfaction of the Engineer and in general not closer than 300 m from the road or from any building or camping area or place of human occupancy. In addition to these, the Contractor shall also observe the following instructions and any further additional instructions which may be given by the Engineer and shall be responsible for damage to property and any accident which may occur to workmen or the public on account of any operations connected with the storage, handling or use of explosives and blasting. The Engineer shall frequently check the Contractor's compliance with these precautions.

302.2. Materials, Tools and Equipment

All the materials, tools and equipment used for blasting operations shall be of approved type. The Engineer may specify the type of explosives to be allowed in special cases. The fuse to be used in wet locations shall be sufficiently water-resistant as to be unaffected when immersed in water for 30 minutes. The rate of burning of the fuse shall be uniform and definitely known to permit such a length being cut as will permit sufficient time to the firer to reach safety before explosion takes place. Detonators shall be c apable of giving effective blasting of the explosives. The blasting powder, explosives, detonators, fuses, etc., shall be fresh and not damaged due to dampness, moisture or any other cause. They shall be inspected before use and damaged articles shall be discarded totally and removed from the site immediately.

302.3. Personnel

The blasting operation shall remain in the charge of competent and experienced supervisor and workmen who are thoroughly acquainted with the details of handling explosives and blasting operations.

302.4. Blasting Operations

The blasting shall be carried out during fixed hours of the day preferably during the mid-day luncheon hour or at the close of the work as ordered in writing by the Engineer. The hours shall be made known to the people in the vicinity. All the charges shall be prepared by the man in charge only. 
The Contractor shall notify each public utility company having structures in proximity to the site of the work of his intention to use explosives. Such notice shall be given sufficiently in advance to enable the companies to take such steps as they may deem necessary to protect their property from injury. In advance of any blasting work within 50 m of any railway track or structures, the Contractor shall notify the concerned Railway Authority of the location, date, time and approximate duration of such blasting operations.

Red danger flags shall be displayed prominently in all directions during the blasting operations. The flags shall be planted 200 m from the blasting site in all directions. People, except those who actually light the fuse, shall be prohibited from entering this area, and all persons including workmen shall be excluded from the flagged area at least 10 minutes before the firing, a warning siren being sounded for the purpose.

The charge holes shall be drilled to required depths and at suitable places. Blasting should be as light as possible consistent with thorough breakage of the material necessary for economic loading and hauling. Any method of blasting which leads to overshooting shall be discontinued.
When blasting is done with powder, the fuse cut to the required length shall be inserted into the hole and the powder dropped in. The powder shall be gently tamped with copper rods with rounded ends. The explosive powder shall then be covered with tamping material which shall be tamped lightly but firmly.

When blasting is done with dynamite and other high explosives, dynamite cartridges shall be prepared by inserting the square cut end of a fuse into the detonator and finishing it with nippers at the open end, the detonator gently pushed into the primer leaving l/3rd of the copper tube exposed outside. The paper of the cartridge shall then be closed up and securely bound with wire or twine. The primer shall be housed into the explosive. Boreholes shall be of such size that the cartridge can easily go down. The holes shall be cleared of all debris and explosive inserted. The space of about 200 mm above the charge shall then be gently filled with dry clay, pressed home and the rest of the tamping formed of any convenient material gently packed with a wooden rammer.

At a time, not more than 10 such charges will be prepared and fired. The man in charge shall blow a siren in a recognised manner for cautioning the people. All the people shall then be required to move to safe distances. The charges shall be lighted by the man-in-charge only. The man-in-charge shall count the number of explosions. He shall satisfy himself that all the charges have been exploded before allowing the workmen to go back to the work site. 
After blasting operations, the Contractor shall compact the loose residual material below subgrade and replace die material removed below subgrade with suitable material.
302.5. Misfire

In case of misfire, the following procedure shall be observed:

(a) Sufficient lime shall be allowed to account for the delayed blast. The man-incharge shall inspect all the charges and determine the missed charge.

(b) If it is the blasting powder charge, it shall be completely flooded with water. A new hole shall be drilled at about 450 mm from the old hole and fired. This should blast the old charge. Should it not blast the old charge, the procedure shall be repeated till the old charge is blasted.

(c) In case of charges of gelignite, dynamite, etc., the man-in-charge shall gently remove the tamping and the primer with the detonator. A fresh detonator and primer shall then be used to blast the charge. Alternatively, the hole may be cleared of 300 mm of tamping and the direction then ascertained by placing a stick in [he hole. Another hole may then be drilled 150 mm away and parallel to ii. This hole shall then be charged and fired when the misfired hole should explode at the same lime. The man-in-charge shall at once report to the Contractor's office and the Engineer all cases of misfire, the cause of the same and what steps were taken in connection therewith.

If a misfire has been found to be due to defective detonator or dynamite, the whole quantity in the box from which defective article was taken must be sent to the authority directed by the Engineer for inspection to ascertain whether all the remaining materials in the box are also defective.

302.6. Account

A careful and day to day account of the explosive shall be maintained by the Contractor in an approved register and manner which shall be open to inspection by the Engineer at all times.

303. PRESPLITTING ROCK EXCAVATION SLOPES

303.1. General

Presplitting is defined as the establishment of a specified excavation slope in rock by the controlled use of explosives and blasting accessories in properly aligned and spaced drill holes.

The presplitling technique shall be used for forming rock excavation slopes at locations shown on the plans or as otherwise decided by the Engineer.

303.2. Construction Operations

Prior to starting drilling operations for presplitting, the Contractor shall furnish the Engineer a plan outlining the position of all drill, holes, depth of drilling, type of explosives to be used, loading pattern and sequence of firing. The drilling and blasting plan is for record purposes only and will not absolve the Contractor of his responsibility for using proper drilling and blasting procedures. Controlled blasting shall begin with a short test section of a length approved by the Engineer, The test section shall be presplit, production drilled and blasted and sufficient material excavated whereby the Engineer can determine if the Contractor’s methods have produced an acceptable slope.

All overburden soil and weathered rock along the top of the excavation for a distance of about 5 to 15 m beyond the drilling limits, or to the end of the excavation, as decided by Engineer shall be removed before drilling the presplitting holes. Particular care and attention shall be directed to the beginning and end of excavations to ensure complete removal of all overburden soil and weathered rock and to expose fresh rock to an elevation equal to the bottom of the adjacent lift of the presplitting holes being drilled.

Slope holes for presplitting shall be drilled along the line of the planned slope within the specified tolerances. The drill holes shall be not less than 60 mm nor more than 75 mm in diameter. Drilling operations shall be controlled by the use of proper equipment and technique to ensure that no hole shall deviate from the plane of the planned slope by more than 300 mm nor shall any hole deviate from being parallel to an adjacent hole by more than two -third of the planned horizontal spacing between holes.

The length of presplit holes for any individual lift shall not exceed 9 m.

The spacing of presplit holes shall not exceed 900 mm on centres and shall be adjusted to result in a uniform shear face between holes.

Auxiliary drill holes along the presplit line, not loaded or stemmed, may be ordered by the Engineer. Except for spacing, auxiliary drill holes shall conform to the provisions for presplit holes.

The line of production holes shall be placed inside the presplit lines in such a manner as to avoid damage to the presplit face.

If necessary, to reduce shatter and overbreak of the presplit surface, the first line of the production holes shall be drilled parallel to the slope line at the top of the cut and at each bench level thereafter. Any blasting technique, which results in damage to the presplit surface, shall be immediately discontinued.

No portion of any production hole shall be drilled within 2.5 m of a presplit plane except as approved by the Engineer. The bottom of the production holes shall not be lower than the bottom of the presplit holes.

A maximum offset of 600 mm will be permitted for a construction working bench at the bottom of each lift for use in drilling t he next lower presplitting pattern. The drilling operations shall be adjusted to compensate for drift of previous levels and for the offset at the start of new levels to maintain the specified slope plane.

The maximum diameter of explosives used in presplit holes shall not be greater than one -half the diameter of the presplit hole.

Only standard cartridge explosives prepared and packaged by explosive manufacturing firms shall be used in presplit holes. These shall be fired as recommended by the manufacturer. Ammonium nitrate composition blasting agents will not be permitted in presplit ting operations.

Stemming may be required to achieve a satisfactory presplit face. Stemming material shall be dry free-running material all of which passes 11.2 mm sieve and 90 per cent of which is retained on 2.80 mm sieve. Stemmed presplit holes shall be completely filled to the collar.
All charges in each presplitting pattern shall be detonated simultaneously.

303.3. Tolerances

The presplit face shall not deviate more than 300 mm from the plane passing through adjacent drill holes, except where the character of the rock is such that, as determined by the Engineer, irregularities are unavoidable. When completed, the average plane of the slopes shall conform to the slopes indicated on the plans and no point on the completed slopes shall vary from the designated slopes by more than 300 mm. These tolerances shall be measured perpendicular to the plane of the slope. In no case shall any portion of the slope encroach on the side drains.

As long as equally satisfactory presplit slopes are obtained, then either the slope face may be presplit before drilling for production blasting or presplitting the slope face and production blasting may be done at the same time, provided that the presplitting drill holes are fired with zero delay and the production holes are delayed starting at the row of holes farthest from the slope and progressing in steps to the row of holes nearest the presplit line, which row shall be delayed at least 50 milliseconds. In either case the presplhting holes shall extend either to the end of the excavation or for a distance of not less than 15 m beyond the limits of the production holes to be detonated.

303.4. Measurements for Payment

The area of presplitting to be paid for will be measured as square metres of acceptable presplit slope surface.

303.5. Rates

The Contract unit rate for presplitting work shall be payment in full for carrying out the required operations for obtaining acceptable presplit slope surfaces. The quantity of rock excavated through the production/presplit holes shall be paid for as per Clause 301.9.1.
304. EXCAVATION FOR STRUCTURES

304.1. Scope

Excavation for structures shall consist of the removal of material for the construction of foundations for bridges, culverts, retaining walls, headwalls, cutoff wails, pipe culverts and other similar structures, in accordance with the requirements of these Specifications and the lines and dimensions shown on the drawings or as indicated by the Engineer. The work shall include construction of the necessary cofferdams and cribs and their subsequent removal; all necessary sheeting, shoring, bracing, draining and pumping; the removal of all logs, stumps, grubs and other deleterious matter and obstructions, necessary for placing the foundations; trimming bottoms of excavations; backfilling and clearing up the site and the disposal of all surplus material.

304.2. Classification of Excavation

All materials involved in excavation shall be classified in accordance with Clause 301.2.

304.3. Construction Operations

304.3.1. Setting out: After the site has been cleared according to Clause 201, the limits of excavation shall be set out true to lines, curves and slopes to Clause 301.3.1.

304.3.2. Excavation: Excavation shall be taken to the width of the lowest step of the footing and the sides shall be left plumb where the nature of soil allows it. Where the nature of soil or the depth of the trench and season of the year do not permit vertical sides, the Contractor at his own expense shall put up necessary shoring, strutting and planking or cut slopes to a safer angle or both with due regard to the safety of personnel and works and to the satisfaction of the Engineer.

The depth to which the excavation is to be carried out shall be as shown on the drawings, unless the type of material encountered is such as to require changes, in which case the depth shall be as ordered by the Engineer. Propping shall be "undertaken when any foundation or stressed zone from an adjoining structure is within a line of 1 vertical to 2 horizontal from the bottom of the excavation.

Where blasting is to be resorted to, the same shall be carried out in accordance with Clause 302 and all precautions indicated therein observed. Where blasting is likely to endanger adjoining foundations or other structures, necessary precautions such as controlled blasting, providing rubber mat cover to prevent flying of debris etc. shall be taken to prevent any damage.

304.3.3. Dewatering and protection: Normally, open foundations shall be laid dry. Where water is met with in excavation due to stream flow, seepage, springs, rain or other reasons, the Contractor shall take adequate measures such as bailing, pumping, constructing diversion channels, drainage channels, bunds, depression of water level by well point system, cofferdams and other necessary works to keep the foundation trenches dry when so required and to protect the green concrete/masonry against damage by erosion or sudden rising of water level. The methods to be adopted in this regard and other details thereof shall be left to the choice of the Contractor but subject to approval of the Engineer. Approval of the Engineer shall, however, not relieve the Contractor of the responsibility for the adequacy of dewatering and protection arrangements and for the quality and safety of the works.

Where cofferdams are required, these shall be carried to adequate depths and heights, be safely designed and constructed and be made as watertight as is necessary for facilitating construction to be "carried out inside them. The interior dimensions of the cofferdams shall be such as to give sufficient clearance for the construction and inspection and to permit installation of pumping equipments, etc., inside the enclosed area.

If it is determined beforehand that the foundations cannot be laid dry or the situation is found that the percolation is too heavy for keeping the foundation dry, the foundation concrete shall be laid under water by tremie pipe only. In case of flowing water or artesian springs, the flow shall be stopped or reduced as far as possible at the time of placing the concrete.

Pumping from the interior of any foundation enclosure shall be done in such a manner as to preclude the possibility .of the movement of water through any fresh concrete. No pumping shall be permitted during the placing of concrete or for any period of at least 24 hours thereafter, unless it is done from a suitable sump separated from the concrete work by a watertight wall or other similar means.

At the discretion of the Contractor, cement grouting or other approved methods may be used to prevent or reduce seepage and to protect the excavation area.

The Contractor shall take all precautions in diverting channels and in discharging die drained water as not to cause damage to die works, crops or any other property.

304.3.4. Preparation of foundation: The bottom of the foundation shall be levelled both longitudinally and transversely or stepped as directed by the Engineer. Before footing is laid, the surface shall be slightly watered and rammed. In the event of excavation having been made deeper than that shown on the drawings or as otherwise ordered by the Engineer, the extra depth shall be made up with concrete or masonry of the foundation at the cost of the Contractor as per Clause 2104.1. Ordinary filling shall not be used for the purpose to bring the foundation to level.

When rock or other hard strata is encountered, it shall be freed of all soft and loose material, cleaned and cut to a firm surface either level and stepped as directed by the Engineer. All seams shall be cleaned out and filled with cement mortar or grout to the satisfaction of the Engineer. In the case of excavation in rock, annular space around footing shall be filled with lean concrete (1:3:6 nominal mix) upto the top level of rock.

if the depth of the fill required is more than 1.5n above the top of the footing, filling upto 1.5m above top of footing shall be done with lean concrete (1:3:6 nominal mix) followed by bulders grouted with cement.

When foundation piles are used, the excavation of each pit shall be substantially completed before beginning pile-driving operations therein. After pile driving operations in a given pit are completed, all loose and displaced materials therein shall be removed to the elevation of the bottom of the footings.

304.3.5. Slips and slip-outs: If there are any slips are slip-outs in the excavation, these shall be removed by the contractor at his own cost.

304.3.6. Public safety: Near towns, villages and all frequented places, trenches and foundation pits shall be securely fenced, provided with proper caution signs and marked with red lights at night to avoid accidents. The Contractor shall take adequate protective measures to see that the excavation operations do not affect or damage adjoining structures. For safety precautions, guidance may be taken from IS: 3764.

304.3.7. Backfilling: Backfilling shall be done with approved material after concrete or masonry is fully set and carried out in such a way as not to cause undue thrust on any part of the structure. All space between foundation masonry or concrete and the sides of excavation shall be refilled to the original surface in layers not exceeding 150 mm compacted thickness. The compaction shall be done with the help of suitable equipment such as mechanical tamper, rammer, plate vibrator etc, after necessary watering, so as to achieve a density not less than the field density before excavation.

304.3.8. Disposal of surplus excavated materials: Clause 301.3.11 shall apply.

304.4. Measurements for Payment

Excavation for structures shall be measured in cu. m. for each class of material encountered, limited to the dimensions shown on the drawings or as directed by the Engineer. Excavation over increased with, cutting of slopes, shoring, shuttering and pl anking shall be deemed as convenience for the Contractor in executing the work and shall not be measured and paid for separately.

Preparation of rock foundation shall be measured in square metres. Foundation sealing, dewatering, including pumping shall be deemed to be incidental to the work unless separate provision is made for in the Contract. In the letter case, payment shall be on lumpsum basis as provided in the Bill of Quantities.

304.5. Rates

304.5.1. The Contract unit rate for the items of excavation for structures shall be payment in full for carrying out the required operations including full compensation for:

(i) Setting out:

(ii) construction of necessary cofferdams, cribs, sheeting, shoring and bracing and their subsequent removal:

(iii) removal of all logs, stumps, grubs and other deleterious matter and obstructions, for placing the foundations including trimming of bottoms of excavations.
(iv) foundation sealing, dewatering including pumping when no separate provision for it is made in the Contractor:

(v) backfilling, clearing up the site and disposal of all surplus material within all lifts and leads upto 1000 m or as other wise specified; and

(vi) all labour, materials, tools, equipment, safety measures, diversion of traffic and incidentals necessary to complete the work to Specification.

304.5.2. The Contract unit rate for preparation of rock foundation shall be full compensation for cutting, trimming and cleaning the foundation surface and filling/sealing of all seams with cement grout or mortar including all materials, labour and incidentals required for completing the work.

304.5.3. The Contract unit rate for transporting material from the excavation for structures shall be full compensation for all labour, equipment, tools and incidentals necessary on account of the additional haul or transportation involved beyond the initial lead of 1000 m.
305. EMBANKMENT CONSTRUCTION

305.1. General

305.1.1. Description: These Specifications shall apply to the construction of embankments including subgrades, earthen shoulders and miscellaneous backfills with approved material obtained from roadway and drain excavation, borrow pits or other sources. All embankments, subgrades, earthen shoulders and miscellaneous backfills shall be constructed in accordance with the requirements of these Specifications and in conformity with the lines, grades, and cross-sections shown on the drawings or as directed by the Engineer.

305.2. Materials and General Requirements

305.2.1. Physical requirements:

305.2.1.1. The materials used in embankments, subgrades, earthen shoulders and miscellaneous backfills shall be soil, moorum, gravel, a mixture of these or any other material approved by the Engineer. Such materials shall be free of logs, stumps, roots, rubbish or any other ingredient likely to deteriorate or affect the stability of the embankment/subgrade.

The following types of material shall be considered unsuitable for embankment:

(a) Materials from swamps, marshes and bogs;

(b) Peat, log, stump and perishable material: any soil that, classifies as OL, OI,

(c) OH or Pt in accordance with IS : 1498;

(d) Materials susceptible to spontaneous combustion;

(e) Materials in a frozen condition;

(f) Clay having liquid limit exceeding 70 and plasticity index exceeding 45; and

(g) Materials with sails resulting in leaching in the embankment.

305.2.1.2. Expansive clay exhibiting marked swell and shrinkage properties ("free swelling index" exceeding 50 per cent when tested as per IS: 2720 - Part 40} shall not be used as a fill material. Where an expansive clay with acceptable "free swelling index" value is used as a fill material, subgrade and top 500 mm portion of the embankment just below subgrade shall be non-expansive in nature.

305.2.1.3. Any fill material with a soluble sulphate consent exceeding 1.9 grams of sulphate (expressed as SO3) per litre when tested in accordance with BS : 1377 Test 10, but using a 2:1 water-soil ratio shall not be deposited within 500 mm or other distance described in the Contract, of concrete, cement bound materials or other cementitious materials forming part of the Permanent Works.

Materials with a total sulphate content (expressed as SO3) exceeding 0.5 per cent by mass, when tested in accordance with BS : 1377 Test 9 shall not be deposited within 500 mm, or other distances described in the Contract, of metallic items forming part of the Permanent Works.

305.2.1.4. The size of the coarse material in the mixture of earth shall ordinarily not exceed 75 mm when being placed in the embankment and 50 mm when placed in the subgrade. However, the Engineer may at his discretion permit the use of material coarser than this also if he is satisfied that the same will not present any difficulty as regards the placement of fill material and its compaction to the requirements of these Specifications. The maximum particle, size shall not. be., more than two-thirds of the compacted layer thickness. 
305.2.1.5. Ordinarily, only the materials satisfying the density requirements given in Table 300*1 shall be employed for the construction of the embankment and the subgrade.

TABLE 300-1. DENSITY REQUIREMENTS OF EMBANKMENT AND SUBGRADE MATERIALS

	S. No
	Type of Work
	Maximum laboratory dry unit weight when tested as per IS: 2720 (Part 8)

	1
	Embankments up to 3 metres height, not subjected to extensive flooding
	Not less than 15.2 kN/cu.m. 

	2
	Embankments exceeding 3 metres height or embankments of any height subject to long periods of inundation
	Not less than 16.0 kN/cu. m

	3
	Subgrade and earthen shoulders/verges/backfill
	Not less than 17.5 kN/cu. m.


Notes: (1) This Table is not applicable for lightweight fill material e.g. cinder, fly ash etc.

(2) The Engineer may relax these requirements at his discretion taking into account the availability of materials for construction and other relevant factors.

(3) The material to be used in subgrade should also satisfy design CBR at the dry unit weight applicable as per Table 30Q-Z

305.2.2. General requirements:

305.2.2.1. The materials for embankment shall be obtained from approved sources with preference given to materials becoming available from nearby roadway excavation or any other excavation under the same Contract.

The work shall be so planned and executed that the best available materials -are saved for the subgrade and the embankment portion just below the subgrade.

305.2.2.2. Borrow materials: Where the materials are to be obtained from designated borrow areas, the location, size and shape of these areas shall be as indicated by the Engineer and the same shall not be opened without his written permission. Where specific borrow areas are not designated by the Employer/the Engineer, arrangement for locating the source of supply of material for embankment and subgrade as well as compliance to environmental requirements in respect of excavation and borrow areas as stipulated, from time to time by the Ministry of Environment and Forests, Government of India and the local bodies, as applicable, shall be the sole responsibility of the Contractor.

Borrowpits along the road shall be discouraged. If permitted by the Engineer, these shall not be dug continuously. Ridges of not less than 8 m width should be left at intervals not exceeding 300 m. Small drains shall be cut through the ridges to facilitate drainage. The depth of the pits shall be so regulated that their bottom does not cut an imaginary line having a slope of 1 vertical to 4 horizontal projected from the edge of the final section of the bank, the maximum depth in any case being limited-to 1.5 m. Also, no pit shall be dug within the offset width from the toe of the embankment required as per the consideration of stability with a minimum width of 10 m.

Haulage of material to embankments or other areas of fill shall proceed only when sufficient spreading and compaction plant is operating at the place of deposition.
No excavated acceptable material other than surplus to requirements of the Contract shall be removed-from the site. Should the Contractor be permitted to remove acceptable material from the site to suit his operational procedure, then he shall make good any consequent deficit of material arising therefrom.

Where the excavation reveals a combination of acceptable and un - acceptable materials, the Contractor shall, unless otherwise agreed by the Engineer, carry out the excavation in such a manner that the acceptable materials are excavated separately for use in the permanent works without contamination by the unacceptable materials. The acceptable materials shall be stockpiled separately.

The Contractor shall ensure that he does not adversely affect the stability of excavation or fills by the methods of stockpiling materials, use of plants or siting of temporary buildings or structures.

The Contractor shall obtain representative samples from each of the identified borrow areas and have these tested at the site laboratory following a testing programme approved by the Engineer. It shall be ensured that the subgrade material when compacted to the density requirements as in Table 300-2 shall yield the design CBR value of the subgrade.

TABLE 300-2. COMPACTION REQUIREMENTS FOR EMBANKMENT AND SUBGRADE

	
	Type of work/ material
	Relative compaction as percentage of max. laboratory dry density as per IS: 2720 (Part g)

	1
	Subgrade and earthen shoulders
	Not less than 97

	2
	Embankment
	Not less than 95



	3
	Expansive Clays

a) Subgrade and 500 mm portion just below the subgrade

b) Remaining portion of embankment
	Not allowed

Not less than 90


The Contractor shall at least 7 working days before commencement of compaction submit the following to the Engineer for approval:

(i) The values of maximum dry density and optimum moisture content obtained in accordance with IS: 2720 (Part 7) or (Part 8), as the case may be, appropriate for each of the fit! materials he intends to use.

(ii) (ii) A graph of density plotted against moisture content from which each of the values in (i) above of maximum dry density and optimum moisture content were determined.

(iii) The Dry density-moisture content -CBR relationships for light, intermediate and heavy compactive efforts (light corresponding to IS: 2720 (Part 7), heavy corresponding to IS: 2720 (Part 8) and intermediate in-between the two) for each of the fill materials he intends to use in the subgrade.

Once the above information has been approved by the Engineer, it shall form the basis for compaction.

305.3. Construction Operations

305.3.1. Setting out: After the site has been cleared to Clause 201, the work shall be set out to Clause 301.3.1, The limits of embankment/subgrade shall be marked by fixing batter pegs on both sides at regular intervals as guides before commencing the earthwork. The embankment/subgrade shall be built sufficiently wider than the design dimension so that surplus material may be trimmed, ensuring that the remaining material is to the desired density and in position specified and conforms to the specified side slopes.

305.3.2. Dewatering: If the foundation of the embankment is in an area with stagnant water, and in the opinion of the Engineer it is feasible to remove it, the same shall be removed by bailing out or pumping, as directed by the Engineer and the area of the embankment foundation shall be kept dry. Care shall be taken to discharge the drained water so as not to cause damage to the works, crops or any other property. Due to any negligence on the part of the Contractor, if any such damage is caused, it shall be the sole responsibility of the Contractor to repair/restore it to original condition or compensate the damage at his own cost.

If the embankment is to be constructed under water, Clause 305.4.6 shall apply.

305.3.3. Stripping and storing topsoil: In localities where most of the available embankment materials are not conducive to plant growth, or when so directed by the Engineer, the topsoil from all areas of cutting and from all areas to be covered by embankment foundation shall be stripped to specified depths not exceeding 150 mm and stored in stockpiles of height not exceeding 2 m for covering embankment slopes, cut slopes and other disturbed areas where re-vegetation is desired. Topsoil shall not be unnecessarily trafficked either before stripping or when in a stockpile. Stockpiles shall not be surcharged or otherwise loaded and multiple handling shall be kept to a minimum.

305.3.4. Compacting ground supporting embankment/subgrade:

Where necessary, the original ground shall be levelled to facilitate placement of first layer of embankment, scarified, mixed with water and then compacted by rolling so as to achieve minimum dry density as given in Table 300-2.

In case where the difference between the subgrade level (top of the subgrade on which pavement rests) and ground level is less than 0.5 m and the ground does not have 97 per cent relative compaction with respect to the dry density as given in Table 300-2, the ground shall be loosened upto a level 0.5 m below the subgrade level, watered and compacted in layers in accordance with Clauses 305.3,5 and 305.3.6 to not less than 97 per cent of dry density as given in Table 300-2.

Where so directed by the Engineer, any unsuitable material occurring in the embankment foundation shall be removed and replaced by approved materials laid in layers to the required degree of compaction. 
Embankment or subgrade work shall not proceed until the foundations for embankment/subgrade have been inspected by the Engineer for satisfactory condition and approved.

Any foundation treatment specified for embankments especially high embankments, resting on suspect foundations as revealed by borehole logs shall be carried out in a manner and to the depth as desired by the Engineer. Where the ground on which an embankment is to be built has any of the material types (a) to (f) in Clause 305.2.1, at least 500 mm of such material must be removed and replaced by acceptable fill material before embankment construction commences.

305.3.5. Spreading material in layers and bringing to appropriate moisture content

305.3.5.1. The embankment and subgrade material shall be spread in layers of uniform thickness not exceeding 200 mm compacted thickness over the entire width of embankment by mechanical means, finished by a motor grader and compacted as per Clause 305.3.6. The motor grader blade shall have hydraulic control suitable for initial adjustment and maintain the same so as to achieve the specific slope and grade. Successive layers shall not be p laced until the layer under construction has been thoroughly compacted to the specified requirements as in Table 300-2 and got approved by the Engineer. Each compacted layer shall be finished parallel to the final cross-section of the embankment.

305.3.5.2. Moisture content of the material shall be checked at the site of placement prior to commencement of compaction; if found to be out of agreed limits, the same shall be made good. Where water is required to be added in such constructions, water shall be sprinkled from a water tanker fitted with sprinkler capable of applying water uniformly with  controllable rate of flow to variable widths of surface but without any flooding. The water  shall be added uniformly and thoroughly mixed in soil by blading, discing or harrowing until a uniform moisture content is obtained throughout the depth of the layer.

If the material delivered to the roadbed is too wet, it shall be dried, by aeration and exposure to the sun. till the moisture content is acceptable for compaction. Should circumstances arise, where owing to wet weather, the moisture content cannot be reduced to the required amount by the above procedure, compaction work shall be suspended.

Moisture content of each layer of soil shall be checked in accordance with IS: 2720 (Part 2), and unless otherwise mentioned, shall be so adjusted, making due allowance for evaporation losses, that at the time of compaction it is in the range of 1 per cent above to 2 per cent below the optimum moisture content determined in accordance with IS:2720 (Part 7) or IS:2720 (Part 8) as the case may be. Expansive clays shall, however, be compacted at moisture content corresponding to the specified dry density, but on the wet side of the optimum moisture content obtained from the laboratory compaction curve. 
After adding the required amount of water, the soil shall be processed by means of graders, harrows, rotary mixers or as otherwise approved by the Engineer until the layer is uniformly wet. 
Clods or hard lumps of earth shall be broken to have a maximum size of 75 mm when being placed in the embankment and a maximum size of 50 mm when being placed in the subgrade.

305.3.5.3. Embankment and other areas of fill shall, unless otherwise required in the Contract or permitted by the Engineer, be constructed evenly over their full width and their fullest possible extent and the Contractor shall control and direct construction plant and other vehicular traffic uniformly over them. Damage by construction plant and other vehicular traffic shall be made good by the Contractor with material having the same characteristics and strength as the material had before it was damaged.

Embankments and other areas of unsupported fills shall not be constructed with steeper side slopes, or to greater widths than those shown in the Contract, except to permit adequate compaction at the edges before trimming back, or to obtain the final profile following any settlement of th e fill and the underlying material.

Whenever fill is to be deposited against the face of a natural slope, or sloping earthworks face including embankments, cuttings, other fills and excavations steeper than 1 vertical on 4 horizontal, such faces shall be benched as per Clause 305.4.1 immediately before placing the subsequent fill.

All permanent faces of side slopes of embankments and other areas of fill formed shall, subsequent to any trimming operations, be reworked and sealed to the satisfaction of the Engineer by tracking a tracked vehicle, considered suitable by the Engineer, on the slope or any other method approved by the Engineer.

305.3.6. Compaction: Only the compaction equipment approved by the Engineer shall be employed to compact the different material types encountered during construction. Smooth wheeled, vibratory, pneumatic tyred, sheepsfoot or pad foot rollers, etc. of suitable size and capacity as approved by the Engineer shall bt used for the different types and grades of materials required to be compacted either individually or in suitable combinations.

The compaction shall be done with the help of vibratory roller of 80 to 100 kN static weight with plain or pad foot drum or heavy pneumatic tyred roller of adequate capacity capable of achieving required compaction.
The Contractor shall demonstrate the efficacy of the equipment he intends to use by carrying out compaction trials. The procedure to be adopted for these site trials shall first be submitted to the Engineer for approval.

Earthmoving plant shall not be accepted as compaction equipment nor shall the use of a lighter category of plant to provide any preliminary compaction to assist the use of heavier plant be taken into account.

Each layer of the material shall be thoroughly compacted to the densities specified in Table 300-2. Subsequent layers shall be placed only after the finished layer has been tested according to Clause 903.2.2 and accepted by the Engineer. The Engineer may permit measurement, of field dry density by a nuclear moisture/density gauge used in accordance with agreed procedure and the gauge is calibrated to provide results identical to that obtained from tests in accordance with IS: 2720 (Part 28), A record of the same shall be maintained by the Contractor.

When density measurements reveal any soft areas in the embankment/ subgrade/earthen shoulders, further compaction shall be carried out as directed by the Engineer. If inspite of that the specified compaction is not achieved, the material in the soft areas shall be removed and replaced by approved material, compacted to the density requirements and satisfaction of the Engineer.

305.3.7. Drainage: The surface of the embankment/subgrade at all limes during construction shall be maintained at such a cross fall (not flatter than that required for effective drainage of an earthen surface) as will shed water and prevent ponding.
305.3.8. Repairing of damages caused by rain/spillage of water:

The soil in the affected portion shall be removed in such areas as directed by the Engineer before next layer is laid and refilled in layers and compacted using appropriate mechanical means such as small vibratory roller, plate compactor or power rammer to achieve the required density in accordance with Clause 305.3.6. If the cut is not sufficiently wide for use of required mechanical means for compaction, the same shall be widened suitably to permit their use for proper compaction. Tests shall be carried out as directed by the Engineer to ascertain the density requirements of the repaired area. The work of repairing the damages including widening of the cut, if any, shall be carried out by the Contractor at his own cost, including the arranging of machinery/equipment for the purpose.

305.3.9. Finishing operations: Finishing operations shall include the work of shaping and dressing the shoulders/verge/roadbed and side slopes to conform to the alignment, leve ls, cross-sections and dimensions shown on the drawings or as directed by the Engineer subject to .the surface tolerance described in Clause 902. Both the upper and lower ends of the side slopes shall be rounded off to improve appearance and to merge the embankment with the adjacent terrain.

The topsoil, removed and conserved carrier (Clause 301.3.2 and 305,3,3) shall be spread over the fill slopes as per directions of the Engineer to facilitate the growth of vegetation. Slopes shall be roughened and moistened slightly prior to the application of the topsoil in order to provide satisfactory bond. The depth of the topsoil shall be sufficient to sustain plant growth, the usual thickness being from 75 rnm to 150 mm.

Where directed, the slopes shall be turfed with sods in accordance with Clause 307. If seeding and mulching of slopes is prescribed, this shall be done to the requirement of Clause 30S, 
When earthwork operations have been substantially completed, the road area shall be cleared of all debris, and ugly scars in the construction area responsible for objectionable appearance eliminated,

305.4. Construction of Embankment and Subgrade under Special Conditions

305.4.1. Earthwork for widening existing road embankment:

When an existing embankment and/or subgrade is to be widened and its slopes are steeper than 1 vertical on 4 horizontal, continuous horizontal benches, each at least 300 mm wide, shall be cut into the old slope for ensuring adequate bond with the fresh embankment/subgrade material to be added. The material obtained from cutting of benches could be utilized in the widening of the embankment/subgrade. However, when -the existing slope against which the fresh material is to be placed is flatter than 1 vertical on 4 horizontal, the slope surface may only be ploughed or scarified instead of resorting to benching. 
Where the width of the widened portions is insufficient to permit the use of conventional rollers, compaction shall be carried out with the help of small vibratory rollers/plate compactors/power rammers or any other appropriate equipment approved by the Engineer. End dumping of material from trucks for widening operations shall be avoided except in difficult circumstances when the extra width is too narrow to permit the movement of any other types of hauling equipment.

305.4.2. Earthwork for embankment and subgrade to be placed against sloping ground: Where an embankment/subgrade is to be placed against sloping ground, the latter shall be appropriately benched or ploughed/scarified as required in Clause 305.4.1 before placing the embankment/subgrade material. Extra earthwork involved in benching or due to ploughing/scarifying etc. shall be considered incidental to the work.

For wet conditions, benches with slightly inward fall and subsoil drains at the lowest point shall be provided as per the drawings, before the fill is placed against sloping ground.

Where the Contract requires construction of transverse subsurface drain at the cut-fill interface, work on the same shall be carried out to Clause 309 in proper sequence with the embankment and subgrade work as approved by the Engineer.

305.4.3. Earthwork over existing road surface: Where the embankment is to be placed over an existing road surface, the work shall be carried out as indicated below :

(i) If the existing road surface is of granular or bituminous type and lies within 1 m of the new subgrade level, the same shall be scarified to a depth of 50 mm or more if specified, so as to provide ample bond between the old and new material ensuring that at least 500 mm portion below the top of new subgrade level is compacted to the desired density.

(ii) (ii) If the existing road surface is of cement concrete type and lies within 1 m of the new subgrade level the same shall be removed completely.

(iii) If the level difference between the existing road surface and the new formation level is more than 1m, the existing surface shall be permitted to stay in place without any modification.

305.4.4, Embankment and subgrade around structures: To avoid interference with the construction of abutments, wing walls or return walls of culvert/bridge structures, the Contractor shall, at points to be determined by the Engineer suspend work on embankment forming approaches to such structures, until such time as the construction of the latter is sufficiently advanced to permit die completion of approaches without the risk of damage to the structure.

Unless Directed otherwise, the filling around culverts, bridges and other structures upto a distance twice the height of the road from the back of die abutment shall be carried out independent of the work on the main embankment. The fill material shall not be placed against any abutment or wing wall, unless permission has been given by the Engineer but in any case not until the concrete or masonry has been in position for 14 days. The embankment and subgrade shall be brought up simultaneously in equal layers on each side of die structure to avoid displacement and unequal pressure. The sequence of work in this regard shall be got approved from the Engineer.

The material used for backfill shall not be an organic soil or highly plastic clay having plasticity index and liquid limit more than 20 and 40 respectively when tested according to 15:2720 (Part 5). Filling behind abutments and wing, walls for ail structures shall conform to the general guidelines given in Appendix 6 of IRC:78 (Standard Specifications and Code of Practice Road Bridges-Section VII) in respect of the type of material, the extent of backfill, its laying and Compaction etc. The fill material shall be deposited in horizontal layers in loose thickness and compacted thoroughly to the requirements of Table 300-2.

Where the provision of any filter medium is specified behind the abutment, the same shall be laid in layers simultaneously with the laying of fill material. The material used for filter shall conform to the requirements for filter medium spelt out in Clause 2502/309.3.2 (B) unless otherwise specified in the Contract.

Where it may be impracticable to use conventional rollers, the compaction shall be carried out by appropriate mechanical means. such as small vibratory roller, plate compactor or power rammer. Care shall be taken to see that the compaction equipment does not hit or come too close to any structural member so as to cause any damage to them or excessive pressure against the structure.

305.4.5. Construction of embankment over ground incapable of supporting construction equipment: Where embankment is to be constructed across ground which will not support the weight of repeated heavy loads of construction equipment, the first layer of the fill may be constructed by placing successive loads of material in a uniformly distributed layer of a minimum thickness required to support the construction equipment as permitted by the Engineer. The Contractor, if so desired by him, may also use suitable geosynthetic material to increase the bearing capacity of the foundation. This exception to normal procedure will not be permitted where, in the opinion of the Engineer, the embankments could be constructed in the approved manner over such ground by the use of lighter or modified equipment after proper ditching and drainage have been provided. Where this exception is permitted, the selection of the material and the construction procedure to obtain an acceptable layer shall be the responsibility of the Contractor. The cost of providing suitable traffic conditions for construction equipment over any area of the Contract will be the responsibility of the Contractor and no extra payment will be made to him. The remainder of the embankment shall be constructed as specified in Clause 305.3.

305.4.6. Embankment construction under water: Where filling or backfilling is to be placed under water, only acceptable granular material or rock shall be used unless otherwise approved by the Engineer. Acceptable granular material shall consist of graded, hard durable particles with maximum particle size not exceeding 75 mm. The material should be non-plastic having uniformity coefficient of not less than 10. The material placed in open water shall be deposited by end tipping without compaction.

305.4.7, Earthwork for high embankment: In the case of high embankments, the Contractor shall normally use the material from the specified borrow area. In case he desires to use different material for his own convenience, he shall have to carry out necessary soil investigations and redesign the high embankment at his own cost. The Contractor shall then furnish the soil test data and design of high embankment for approval of the Engineer, who reserves the right to accept or reject it.

If necessary, stage construction of fills and any controlled rates of filling shall be carried out in accordance with the Contract including installation of instruments and its monitoring.

Where required, the Contractor shall surcharge embankments or other areas of fill with approved material for the periods specified in the Contract. If settlement of surcharged fill, results in any surcharging material, which is unacceptable for use in the fill being surcharged, lying below formation level, the Contractor shall remove the unacceptable material and dispose it as per direction of the Engineer. He shall then bring the resultant level up to formation level with acceptable material.

305.4.8. Settlement period: Where settlement period is specified in the Contract, the embankment shall remain in place for the required settlement period before excavating for abutment, wingwall, retaining wall, footings, etc., or driving foundation piles. The duration of the required settlement period at each location shall be as provided for in the Contract or as directed by the Engineer.
305.5. Plying of Traffic

Construction and other vehicular traffic shall not use the prepared surface of the embankment and/or subgrade without the prior permission of the Engineer, Any damage arising out of such use shall, however, be made good by the Contractor at his own expense as directed by the Engineer.

305.6. Surface Finish and Quality Control of Work

The surface finish of construction of subgrade shall conform to the requirements of Clause 902. Control on the quality of materials and works shall be exercised in accordance with Clause 903.

305.7. Subgrade Strength

305.7.1. It shall be ensured prior to actual execution that the borrow area material to be used in the subgrade satisfies the requirements of design CBR.

305.7.2. Subgrade shall be compacted and finished to the design strength consistent with other physical requirements. The actual laboratory CBR values of constructed subgrade shall be determined on undisturbed samples cut out from the compacted sub grade in CBR mould fitted with cutting shoe or on remoulded samples, compacted to the field density at the field moisture content.

305.8. Measurements for Payment

Earth embankment/subgrade construction shall be measured separately by taking cross sections at intervals in the original position before the work starts and after its completion and computing the volumes of earthwork in cubic metres by the method of ave rage end areas.

The measurement of fill material from borrow areas shall be the difference between the net quantities of compacted fill and the net quantities of suitable material brought from roadway and drainage excavation. For this purpose, it shall be assumed that one cu.m. of suitable material brought to site from road and drainage excavation forms one cu.m. of compacted fill and all bulking or shrinkage shall be ignored.

Construction of embankment under water shall be measured in cu.m.

Construction of high embankment with specified material and in specified manner shall be measured in cu.m.

Stripping including storing and reapplication of topsoil shall be measured in cu.m.

Work involving loosening and recompacting of ground supporting embankment/subgrade shall be measured in cu. m.

Removal of unsuitable material at embankment/subgrade foundation and replacement with suitable material shall be measured in cu.m.

Scarifying existing granular/bituminous road surface shall be measured in square metres.

Dismantling and removal of existing cement concrete pavement shall be measured vide Clause 202.6.

Filter medium and backfill material behind abutments, wing walls and other retaining structures shall be measured as finished work in position in cum.
305.9. Rates

305.9.1. The Contract unit rates for the items, of embankment and subgrade construction shall be payment in full for carrying out the required operations including full compensation for:

(i) Cost of arrangement of land as a source of supply of material of required quantity for construction unless provided otherwise in the Contract;

(ii) (ii) Setting out;

(iii) Compacting ground supporting embankment/subgrade except where removal and replacement of unsuitable material or loosening and recompacting is involved; 
(iv) Scarifying or cutting continuous horizontal benches 300 mm wide on side slopes of existing embankment and subgrade as applicable;

(v) Coil of watering or drying of material in borrow areas and/or embankment and subgrade during construction as - required;

(vi) Spreading in layers, bringing to appropriate moisture content and compacting to Specification requirements;

(vii) Shaping and dressing top and slopes of the embankment and subgrade including rounding of comers;

(viii) Restricted working at sites of structures;

(ix) Working on narrow width of embankment and subgrade;

(x) Excavation in all soils from borrow pits/designated borrow areas including clearing and grubbing and transporting the material to embankment and subgrade site with all lifts and leads unless otherwise provided for in the Contract;

(xi) All labour, materials, tools, equipment and incidentals necessary to complete the work to the Specifications;

(xii) Dewatering; and

(xiii) Keeping the embankment/completed formation free of water as per Clause 311.

305.9.2. In case the Contract unit rate specified is not inclusive of all leads, the unit rate for transporting material beyond the initial lead, as specified in the Contract for construction of embankment and subgrade shall be inclusive of full compensation for all labour, equipment, tools and incidentals necessary on account of the additional haul or trans portation involved beyond the specified initial lead.

305.9.3. Clause 301.9.5 shall apply as regards Contract unit rates for items of stripping and storing top soil and of reapplication of topsoil.

305.9.4. Clause 301.9.2 shall apply as regards Contract unit rate for the item of loosening and rccompacting the embankment/subgrade foundation.

305.9.5. Clauses 301.9.1 and 305.8 shall apply as regards Contract rates for items of removal of unsuitable material and replacement with suitable material respectively.

305.9.6. The Contract unit rate for scarifying existing granular/bi tuminous road surface shall be payment in full for carrying out the required operations including full compensation for all labour, materials, tools, equipment and incidentals necessary to complete the work. This will also comprise of handling, salvaging, stacking and disposing of the dismantled materials within all lifts and upto a lead of 1000 m or as otherwise specified.

305.9.7. Clause 202.7 shall apply as regards Contract unit rate for dismantling and removal of existing cement concrete pavement,

305.9.8. The Contract unit rate for providing and laying .filter material behind abutments shall be payment in full for carrying out the required operations including all materials, labour, tools, equipment and incidentals to complete the work to Specifications.

305.9.9. Clause 305.4.6 shall apply as regards Contract unit rate for construction of embankment under water. 
305.9.10. Clause 305.4.7 shall apply as regards Contract unit rate for construction of high embankment. It shall include cost of instru mentation, its monitoring and settlement period, where specified in the Contract or directed by the Engineer.

306. SOIL EROSION AND SEDIMENTATION CONTROL

306.1. Description

This work shall consist of measures as shown on plans or as directed by the Engineer to control soil erosion, sedimentation and water pollution, through use of berms, dikes, sediment basins, fibre mats, mulches, grasses, slope drains, and other devices.

306.2. Materials

All materials shall meet commercial grade standards and shall be approve d by the Engineer before being used in the work.

306.3. Construction Operations

Prior to the start of the relevant construction, the Contractor shall submit to the Engineer for approval his schedules for carrying out temporary and permanent erosion/sedimentation control works as are applicable for the items of clearing and grubbing, roadway and drainage excavation, embankment/subgrade construction, bridges and other structures across water courses, pavement courses and shoulders. He shall also submit for approval his proposed method of erosion/sedimentation control on service road and borrowpits and his plan for disposal of waste materials. Work shall not be started until the erosion/sedimentation control schedules and methods of operations for the applicable construction have been approved by the Engineer.

The surface area of erodible earth material exposed by clearing and grubbing, excavation, borrow and fill operations shall be limited to the extent practicable. The Contractor may be directed to provide immediate permanent or temporary erosion and sedimentation control measures to prevent soil erosion and sedimentation that will adversely affect construction operations, damage adjacent properties, or cause contamination of nearby streams or other water courses, lakes, reservoirs etc. Such work may involve the construction of temporary berms, dikes, sediment basins, slope drains and use of temporary mulches, fabrics, mats, seeding, or other control devices or methods as necessary to control erosion and sedimentation. Cut and fill slopes shall be seeded and turfed as required on the plans.

The Contractor shall be required to incorporate all permanent erosion and sedimentation control features into the project at the earliest practicable time as outlined in his accepted schedule to minimize the need for temporary erosion and sedimentation control measures.

Temporary erosion/sedimentation and pollution control measures will be used to control the phenomenon of erosion, sedimentation and pollution that may develop during normal construction practices, but may neither be foreseen during design stage nor associated with permanent control features on the Project.

Where erosion or sedimentation is likely to be a problem, clearing and grubbing operations should be so scheduled and performed that grading operations and permanent erosion or sedimentation control features can follow immediately thereafter if the project conditions permit; otherwise temporary erosion or sedimentation control measures may be required between successive construction stages. Under no conditions shall a large surface area of credible earth material be exposed at one time by clearing and grubbing or excavation without prior approval of the Engineer.

The Engineer may limit the area of excavation, borrow and embankment operations in progress, commensurate with the Contractor's  capability and progress in keeping the finish grading, mulching, seeding and other such permanent erosion, sedimentation and pollution control measures, in accordance with the accepted schedule. Should seasonal limitations make such coordination unrealistic; temporary erosion/sedimentation control measures shall be taken immediately to the extent feasible and justified. 
In the event temporary erosion, sedimentation and pollution control measures become necessary-due to the Contractor's negligence, carelessness or failure to install permanent controls as a pan of the work as scheduled or ordered by the Engineer, these shall be carried out at the Contractor's own expense. Temporary erosion, sedimentation and pollution control work required, which is not attributed to the Contractor's negligence, carelessness or failure to install permanent controls, will be performed as ordered by the Engineer.

Temporary erosion, sedimentation and pollution control may include construction work outside the right -of-way where such work is necessary as a result of road construction such as borrow pit operations, service roads and equipment storage sites.

The temporary erosion, sedimentation and pollution control features installed by the Contractor shall be acceptably maintained by him till these are needed, unless otherwise agreed by the Engineer.

306.4. Measurements for Payment

The soil erosion, sedimentation and pollution control works will be measured in terms of units specified in the Bill of Quantities for the respective items.

306.5. Rates

The Contract unit rate for different items of soil erosion, sedimentation and pollution control works shall be payment in full for carrying out all required operations including full compensation for all labour, tools, equipment and incidentals to complete the works to the Specifications.

307. TURFING WITH SODS

307.1. Scope

This work shall consist of furnishing and laying of the live sod of perennial turf forming grass on embankment slopes, verges (earthen shoulders) or other locations shown on the drawings or as directed by the Engineer. Unless otherwise specified, the work shall be taken up as soon as possible following construction of the embankment, provided the season is favourable for establishment of the sod.

307.2. Materials

The sod shall consist of dense, well-rooted growth of permanent and desirable grasses, indigenous to die locality where it is to be used, and shall be practically free from weeds or other undesirable mailer. At the time the sod is cut, the grass on the sod shall have a length of approximately 50 mm and the sod shall have been freed of debris.

Thickness of the sod shall be as uniform as possible, with some 50 - 80 mm or so of soil covering the grass roots depending on the nature of the sod, so that practically all the dense root system of the grasses is retained in the sod strip. The sods shall be cut in rectangular strips of uniform width, not less than about 250 mm x 300 mm i n size but not so large that it is inconvenient to handle and transport these without damage. During wet weather, the sod shall be allowed to dry sufficiently to prevent rearing during handling and during dry weather shall be watered before lifting to ensure its vitality and prevent the dropping of the soil in handling.

307.3. Construction Operations

307.3.1. Preparation of the earth bed: The area to be sodded shall have been previously constructed to the required slope and cross section. Soil on the area shall be loosened, freed of all stones larger than 50 mm size, sticks, stump s and any undesirable foreign matter, and brought to a reasonably fine granular texture to a depth of not less than 25 mm for receiving the sod.

Where required, topsoil shall be spread over the slopes. Prior to placing the topsoil, the slopes shall be scarified to a depth which, after settlement, will provide the required nominal depth shown on the plans. Spreading shall not be done when the ground is excessively wet.
Following soil preparation and top soiling, where required, fertilizer and ground limestone when specified shall be spread uniformly at the rate indicated on the plans. After spreading, the materials arc incorporated in the soil by discing or other means to the depths shown on the pians.

307.3.2. Placing the sods: The prepared sod bed shall be moistened to the loosened depth, if not already sufficiently moist, and the sod shall be placed thereon within approximately 24 hours after the same had been cut. Each sod strip shall be laid edge to edge and such that the joints caused by abutting ends are staggered. Every strip, after it is snugly placed against the strips already in position, shall be lightly lamped with suitable wooden or metal tampers so as to eliminate air pockets and to press it into the underlying soil. 
On side slopes steeper than 2 (horizontal) to 1 (vertical), the laying of sods shall be started from bottom upwards. At points where water may flow over a sodded area, the upper edges of the sod strips shall be turned into the soil below the adjacent area and a layer of earth placed over tin's followed by its thorough compaction.

307.3.3. Staking the sods: Where the side slope is 2 (horizontal) to 1 (vertical) or steeper and the distance along the slope is more than 2 m, the sods shall be staked with pegs or nails spaced approximately 500 to 1000 mm along the longitudinal axis of the sod strips. Stakes shall be driven approximately plumb through the sods to be almost flush with them.

307.3.4. Top dressing: After the sods have been laid in position, the surface shall be cleaned of loose sod, excess soil and other foreign material. Thereafter, a thin layer of topsoil shall be scattered over the surface of top dressing and the area thoroughly moistened by sprinkling with water:

307.3.5. Watering and maintenance: The sods shall be watered by the Contractor for a period of at least four weeks after laying.

Watering shall be so done as to avoid erosion and prevent damage to sodded areas by wheels of water tanks.

The Contractor shall erect necessary warning signs and barriers, repair or replace sodded areas failing to show uniform growth of grass or damaged by his operations and shall otherwise maintain the sod at his cost until final acceptance,

307.4. Measurements for Payment

Turfing with sods shall be measured as finished work in square metres.

307.5. Rate

The Contract unit rate for turfing with sods shall mean payment in full for carrying out all the required operations explained above including compensation for
(i) furnishing all the materials to be incorporated in the Works with all leads and lifts; and

(ii) (ii) all labour, tools, equipmems and incidentals Lo complete the work in accordance with these Specifications.

The Contract unit rate for application of topsoil shall be as per Clause 301.9.5.

308. SEEDING AND MULCHING

308.1. Scope

This shall consist of preparing slopes, placing topsoil, furnishing all seeds, commercial or organic fertilizers and mulching materials, providing jute netting and placing and incorporating the same on embankment slopes or other locations designated by the Engineer or shown in the Contract documents.

308.2. Material s

A. Seeds: The seeds shall be of approved quality and type suitable for the soil on which these are to be applied, and shall have acceptable purity and germination to requirements set down by the Engineer.

Fertilizer shall consist of standard commercial materials and conform to the grade specified. Organic manure shall be fully putrefied organic matter such as cow Mulching material] shall consist of straw, hay, wood shavings or sawdust, and shall be delivered dry. They shall be reasonably free of weed seed and such foreign materials as may detract from their effectiveness as a mulch or be injurious to the plant growth.

B. Topsoil: Topsoil shall not be obtained from an area known to have noxious weeds growing in it. If treated with herbicides or sterilents, it shall be got tested by appropriate agricultural authority to determine the residual in the soil. Topsoil shall not contain less than 2 per cent and more than 12 per cent organic matter.

C. Bituminous Emulsion: A suitable grade of bituminous cutback or emulsion used as a tie down for mulch shall be as described in the Contract document or as desired by the Engineer, Emulsified bitumen shall not contain any solvent or diluting agent toxic to plant life.

D. Netting: Jute netting shall be undyed jute yam woven into a uniform open weave with approximate 2,5 cm square openings.
Geonetting shall be made of uniformly extruded rectangular mesh having mesh opening of 2 cm x 2 cm. The colour may be black or green. It shall weigh not less than 3.8 kg per 1000 sq. m.

308.3. Seeding Operations

308.3.1. Seed-bed preparation: The area to be seeded shall be brought to the required slope and cross-section by filling, reshaping eroded areas and refinishing slopes, medians etc. Topsoil shall be evenly spread over the specified areas to the depth shown on the plans, unless otherwise approved by the Engineer. The seed-bed preparation shall consist of eliminating all live plants by suitable means using agricultural i mplements. AH stones 150 mm in smallest dimension and larger shall be removed. The s oil shall be excavated on the contour to a depth of 100 mm. All clods larger than 25 mm in diameter shall be crushed and packed. Where necessary, water shall then be applied. All topsoil shall be compacted unless otherwise specified or approved by the Engineer. Compaction shall be by slope compactor, cleated tractor or similar equipment approved by the Engineer. Equipment shall be so designed and constructed as to produce a uniform rough textured surface ready for seeding and mulching and which will bond the topsoil to the underlying material. The entire area shall be covered by a minimum of 4 passes or 2 round trips of the roller or approved equipment. .

308.3.2. Fertilizer application: Fertilizer to the required quantities shall be spread and thoroughly incorporated into the soil surface as a part of the seed -bed preparation.

308.3.3. Planting of seeds: All seeds shall be planted uniformly at the approved rate. Immediately after sowing, the area shall be raked, dragged or otherwise treated so as to cover the seeds to a depth of 6 mm.

The operation of seed sowing shall not be performed when the ground is muddy or when the soil or weather conditions would otherwise prevent proper soil preparation and subsequent operations,

308.3.4. Soil moisture and watering requirements: Soil-moisture shall exist throughout the zone from 25 mm to at least 125 mm below the surface at the time of planting.

Watering of the seeded areas shall be carried out as determined by the Engineer.

308.4. Mulching, Applying Bituminous Emulsion and Jute Netting/ Geonetting

Within 24 hours of seeding, mulching material mixed with organic manure shall be placed so as to form a continuous, unbroken cover of approximate uniform thickness of 25 mm using an acceptable mechanical blower. Mulching material shall be held in place and made resistant to being blown away by suitable means approved by the Engineer. When called for in the Contract documents, mulch material shall be anchored in place with bituminous emulsion applied at the rate of 2300 litres per hectare. Any mulch disturbed or displaced following application shall be removed, reseeded and remulched as specified. Jute netting/Geonetting shall be unrolled and placed parallel to the flow of water immediately following the bringing, to finished grade, the area specified on the plans or the placing of seed and fertilizer. Where more than one strip is required to cover the given areas, they shall overlap a minimum of 100 mm. Jute netting/ Geonetting shall be held in place by approved wire staples, pins, spikes or wooden stakes driven vertically into the soil.

308.5. Maintenance

The Contractor shall maintain all seeded and mulched areas until final acceptance. Maintenance shall includes protection of traffic by approved warning signs or barricades arid repairing any areas damaged following the seeding and mulching operations. If mulched areas become damaged, the area shall be reshaped and then seeded and mulched again as originally specified.

308.6. Measurements for payment

Seeding and mulching shall be measured as finished work in square metres.

308.7. Rate

The Contract unit rate for seeding and mulching shall be payment in full for carrying out all the required operations including full compensation for all materials, labour, tools and incidentals.

309. SURFACE/SUB-SURFACE DRAINS

309.1. Scope

This work shall consist of constructing surface and/or sub-surface drains in accordance with the requirements of these Specifications and to the lines, grades, dimensions and other particulars shown on the drawings or as directed by the Engineer. Schedule of wo rk shall be so arranged that the drains are completed in proper sequence with road works to ensure that no excavation of the completed road works is necessary subsequently or any damage is caused to these works due to lack of drainage.

309.2. Surface Drains

Surface drains shall be excavated to the specified lines, grades, levels and dimensions to the requirements of Clause 301. The excavated material shall be removed from the area adjoining the drains and if found suitable, utilised in embankment/subgrade construction. All unsuitable material shall be disposed of as directed.
The excavated bed and sides of the drains shall be dressed to bring these in close conformity with the specified dimensions, levels and slopes.
Where so indicated, drains shall, be lined or turfed with suitable materials in accordance with details shown on the drawings.
All works on drain construction shall be planned and executed in proper sequence with other works as approved by the Engineer, with a view to ensuring adequate drainage for the area and minimising erosion/

Sedimentation.

309.3. Sub-surface Drains

309.3.1. Scope: Sub -surface drains shall be of close -jointed perforated pipes, open-jointed unperforated pipes, surrounded by granular material laid in a trench or aggregate drains to drain the pavement courses. Sub-surface drains designed using Geosynthetics and approved by the Engineer can also be used.

309.3.2. Materials

A. Pipe: Perforated pipes for the drains may be of metal/asbestos cement/cement concrete/PVC, and unperforated pipes of vitrified clay/cement concrete/asbestos cement. The type, size and grade of the pip: 10 be used shall be ai specified in the Contract In no case, however, shall the internal diameter of the pipe be less than 100 mm. Holes for perforated pipes shall be on one half of the circumference only and conform to the spacing indicated on the drawings. Size of the holes shall not ordinarily be greater than half of D85 size of the material surrounding the pipe, subject to being minimum 3 mm and maximum 6 mm, DM stands for the size of the sieve that allows 85 per cent of the material to pass through it.

B. Backfill material; Backfill material shall consist of sound, tough, hard, durable particles of free draining sand-gravel material or crushed stone and shall be free of organic material, clay balls or other deleterious matter. Unless the Contract specifies any particular grading? for the backfill material or requires these to be designed on inverted filter criteria for filtration and permeability to the approval of the Engineer, the backfill material shall be provided on the following lines:

(i) Where the soil met with in the trench is of fine grained type (e.g.. silt, clay or a mixture there of ) the backfill material shall conform to Class I grading set out in-Table 300-3,

(ii) Where the soil met with in the trench is of coarse silt to medium sand or sandy type, the backfill material shall correspond 10 Class II grading of Table 300-3.

(iii) Where soil met with in the trench is gravelly sand, the backfill material shall correspond to Class 111 grading of Table 300-3.

Thickness of backfill material around the pipe shall be as shown on the drawings subject to being at least 15 0 mm alround in all cases. 
Geosynthetics for use with subsurface drain shall conform to the requirements as per Section 700.

Table 300.3. GRADING REQUIREMENTS FOR FILTER MATERIAL

	Sieve Designation
	Per cent passing by weight

	
	Class I
	Class II
	Class III

	53 mm
	—
	—
	100

	45 mm
	—
	—
	97-100

	26.5 mm
	—
	100
	—

	22.4 mm
	—
	95-100
	58-100

	11.2 mm
	100
	48-100
	20-60

	5.6 mm
	92-100
	28-54
	4-32

	2.8 mm
	83-100
	20-35
	0-10

	1.4 mm
	59-96
	—
	0-5

	710 micron
	35-80
	6-18
	—

	355 micron
	14-40
	2-9
	—

	ISO micron
	3-15
	—
	—

	90 micron
	0-15
	0-4
	0-3


309.3.3. Trench excavation: Trench for sub-surface drain shall be excavated to the specified lines, grades and dimensions shown in the drawings provided that width of trench at pip e level shall not be less than 450 mm. The excavation shall begin at the outlet end of the drain and proceed towards the upper end. Where unsuitable material is met with at the trench bed, the same shall be removed to such depth as directed by the Engineer and backfilled with approved material which shall be thoroughly compacted to the specified degree.

309.3.4. Laying of pipe and backfilling: Laying of pipe in the trench shall be started at the outlet end and proceed towards the upper end, true to the lines and grades specified. Unless otherwise provided, longitudinal gradient of the pipe shall not be less than 1 in 100.

Before placing the pipe, backfill material of the required grading(s) shall be laid for full width of the trench bed and comp acted to a minimum thickness of 150 mm or as shown on the drawings. The pipe shall then be embedded firmly on the bed.

Perforated pipes, unless otherwise specified, shall be placed with their perforations down to minimise clogging. The pipe sections shall be joined securely with appropriate coupling fittings or bands.

Non-perforated pipes shall be laid with joints as close as possible with the open joints wrapped with suitable pervious material (like double layer of hessian, suitable Geosynthetics or some other material of not less than 150 mm width) to permit entry of water but prevent fines entering the pipes. In the case of non -perforated pipes with bell end, the bell shall face upgrade.

Upgrade end sections of the pipe installation shall be tightly closed by means of concrete plugs or plugs fabricated from the same material as the pipe and securely held in place to prevent entry of soil materials. 
After the pipe installation has been completed and approved, backfill material of the required grading(s) (see Clause 309.3.2B) shall be placed over the pipe to the required level in horizontal layers not exceeding 150 mm in thickness and thoroughly compacted. The minimum thickness of material above the top of the pipe shall be 300 mm.

Unless otherwise provided, sub-surface drains not located below the road pavement shall be sealed at die top by means of 150 mm thick layer of compacted clay so as to prevent percolation of surface water.

309.3.5. Use of geosynthetic in laying of pipe and backfilling :

After excavating the trench for subsurface drain, the filter fabric shall be placed, ihe pipe installed and the trench backfilled with permeable material according to dimensions and details shown on the plans. Surfaces to receive filter fabric prior to placing shalJ be free of loose or extraneous material and sharp objects that may damage the filter fabric during installation. Adjacent rolls of the fabric shall be overlapped a minimum of 450 mm. The preceding roll shall overlap the following roll in the direction the material is being spread.

Damage to the fabric resulting from Contractor's vehicles, equipment or operations shall be replaced or repaired by the Contractor at his expense.

309.3.6. Drain outlet: The outlet for a sub-drain shall not be under water or plugged with debris but should be a free outlet discharging into a stream, culvert or open ditch. The bottom of the pipe shall be kept above high water in the ditch and the end protected with a grate or screen. For a length of 500 mm from the outlet end, the trench for pipe shall not be provided with granular material but backfilled with excavated soil and thoroughly compacted so as to stop water directly percolating - from the backfill material around the pipe. The pipe in this section shall not have any perforations.

309.3.7. Aggregate drains: Aggregate drains snail be placed  within the verge/shoulders after completion of the pavement. Depth,thickness and spacing of the aggregate drains shall be as shown on the plan.

Trenches for aggregate drains shall be excavated to a minimum width of 300 mm and to the depth shown on the plans or ordered by the Engineer. The bottom of the trench shall be sloped to drain and shall be free from loose particles of soil. The trench shall be excavated so as to expose clearly the granular pavement courses to be drained.

Aggregate for the drains shall Be durable gravel, stone or slag and shall be free from vegetable matter and other deleterious substances, The grading requirements are given at Table 300-4. Type B grading may be used only where the drain is designed to intercept surface water flowing to the pipe and is likely to get slowly blocked. Type A grading allows a much wider range.

TABLE 300-4. GRADING REQUIREMENTS FOR AGGREGATE DRAINS
	Sieve Size
	Percent passing by weight

	
	Type A
	Type B

	63 mm
	—
	100

	37.5 mm
	100
	85-100

	19 mm
	—
	0-20

	9.5 mm
	45-100
	0-5

	3.35 mm
	25-80
	—

	600 micron
	8-45
	—

	150 micron
	0-10
	—

	75 micron
	0-5
	—


309.4. Measurements for Payment

Measurement for surface and sub -surface drains shall be per running metre length of the drain. Disposal of surplus material beyond 1000 m shall be measured in cu. m.

309.5. Rates

The Contract unit rates for surface and subsurface drains shall be payment in full for all items such as excavation, dressing the sides and bottom; providing lining, turfing, pitching, masonry, concrete and plastering; providing, laying and jointing pipes; providing, laying and compacting backfill and bed of granular material; providing, fixing and painting of cover etc. including full compensation for all materials, labour, tools, equipment and other incidentals to complete the work as shown on drawings with all leads and lifts except for removal of unsuitable material for which the lead shall be 1000 m. Provision of inlets, gratings, sumps, outlet pipes, bedding, disbursers etc. wherever required shall be incidental to construction of drain. The Contract unit rate for disposal of surplus and unsuitable material beyond the initial 1000 m lead shall be in accordance with Clause'304.5.3.

310. PREPARATION AND SURFACE TREATMENT OF FORMATION

Preparation and surface treatment of the formation, that is top of the subgrade, shall be carried out only after completion of any specified subgrade drainage and unless otherwise agreed by the Engineer, immediately prior to laying the sub-base or the road base where no subbase is required. The sequence of operations shall be as follows:

(a) AH surfaces below carriageway, laybyes. footways and hard shoulders shall after reinstatement of any soft areas to the required Specifications be well cleaned and freed of mud and slurry.

(b) The surface shall be compacted by + passes of a smooth wheeled roller of 80 to 100 kN weigh! after spraying requisite amount of water, if required, before the commencement of rolling.

(c) The formation shall, wherever necessary, be regulated and trimmed to the requirements of Clause 305.3.9 with motor grader,

(d) The trimmed formation shall be rolled by one pass of smooth wheeled roller of 80 to 100 kN weight after spraying requisite amount of water, if required, before the commencement of rolling.

Where the completed formation is not immediately covered with sub - base or road base material, its moisture content shall be maintained to prevent cracking in the formation by suitable measures as approved by the Engineer. The entire work of surface treatment of formation shall be deemed as incidental to the work of sub -base/base course to be provided on the subgrade and as such no extra payment shall be made for the same.

311. WORKS TO BE KEPT FREE OF WATER

311.1. The Contractor shall arrange for the rapid dispersal of water collected/accumulated on the earthwork or completed formation during construction or on the existing roadway or which enters the earthwork or any other item of work from any source, and where practicable, the water shall be discharged into the permanent outfall of the drainage system. The arrangements shall be made in respect of all earthwork including excavation for pipe trenches, foundations or cuttings.

311.2. The Contractor shall provide, where - necessary, temporary water courses, ditches, drains, pumping or other means for maintaining the earthwork free from water. Such provisions shall include carrying out the work of forming the cut sections and embankments in such manner that their surfaces have at all times a sufficient minimum crossfall and, where practicable, a sufficient longitudinal gradient to enable them to shed water and prevent ponding.

The works involved in keeping the earthwork or any other item of works free of water shall be deemed as incidental to the respective item of work and as such no separate payment shall be made for the some.

312. WATER COURSES AT CULVERTS

312.1. Excavation carried out in the diversion, enlargement, deepening or straightening water courses at culverts, where necessary, shall include the operations such as clearing, grubbing, removal of vegetation, trimming of slopes, grading of beds, disposal of excavated materials, pumping, timbering etc. necessary for dealing with ihe flow of water.

312.2. The beds and sloping sides of water courses shall, where shown on the Drawings, be protected against the action of water by rubble paving to form a flat or curved surface as indicated. The protection shall consist of large smooth faced stones or of blocks of precast concrete. Stones for rubble paving shall be roughly dressed square. No stone shall be less than 255 mm in depth nor less than

0.02 cu. m. in volume and no rounded boulders shall be used. After completion of construction of culverts, temporary diversion of water course, if any, shall be closed and water course restored for now through the culvert as per the direction of the Engineer.
312.3. Measurements for Payment

The work for water courses at culverts as stated above shall be measured in terms of units specified in the Bill of Quantities for respective items. The temporary diversion of .channel to facilitate construction of culverts, its closure and restoration to original water course shall be considered incidental to the work of construction of culverts and no extra payment shall be made for the same.

312.4. Rates

The Contract unit rates for different items for water courses at culverts shall be payment in full for carrying out all required operations including full compensation for all cost of materials, labour, tools, equipment and other incidentals to complete the work to the Specification.

313. CONSTRUCTION OF ROCKFILL EMBANKMENT

313.1. Scope

In normal circumstances, the embankment should not be constructed with rockfill material. However, where specifically permitted by iht; Engineer because of imperative economic or technical reasons, construction of rockfill embankments shall be in accordance with the lines, grades and cross-sections as shown in drawings or as directed by the Engineer. 
Rockfill shall not be used at least for a depth of 500 mm below the formation level. There should be a minimum of 500 mm thick earthen cushion over the rockfill.

313.2. Material

The size of rock pieces used in rockfill embankments shall be such that they can be deposited in layers so as to suit the conditions evaluated in the field compaction trials or as directed by the Engineer.

The rockfill shall consist of hard, durable and inert material, preferably maximum size not exceeding 300 mm and per cent finer than 125 mm not exceeding 10 per cent.

Argillaceous rocks (clay, shales etc.), unburni colliery stock and chalk shall not be used in rockfill.

The rock fragments and blinding materia l required for filling the voids shall also satisfy the above requirements.

313.3. Spreading and Compaction

The material shall be tipped, spread and levelled in layers extending to the full width of embankment by a suitable dozer. Fragments of rock shall then be spread on the top of layer to the required extent and layer compacted by minimum of 5 passes of vibratory roller having static weight 8-10 tonnes. The compacted thickness of each layer shall not exceed 500 mm. After compaction of each layer, the surface voids shall be filled with broken fragments. Next layer, where required, shall be placed in the same manner, above the earlier compacted layer.

The lop layer of rockfill, on which normal earth fill will rest shall be thoroughly blinded with suitable granular material to seal its surface.

313.4. Measurements for Payment

Measurement shall be made by taking cross-sections at intervals in the original position before the work starts and after its completion and computing the volume in cu. in. by the method of average end areas.
313.5. Rate

The Contract unit rate shall be paid in full for carrying out all the above operations including cost of rockfill, broken fragments and blinding material and shall provide full compensation for all items as per Clause 305.9.1 and 305.9.2.
305. EMBANKMENT CONSTRUCTION

305.1. General

305.1.1. Description : These Specifications shall apply to the construction of embankments including subgrades, earthen shoulders and miscellaneous backfills with approved material obtained from roadway and drain excavation, borrow pits or other sources. All mbankments, subgrades, earthen shoulders and miscellaneous backfills shall be constructed in  ccordance with the requirements of these Specifications and in conformity with the lines, grades, and cross-sections shown on the drawings or as directed by the Engineer.

305.2. Materials and General Requirements

305.2.1. Physical requirements:

305.2.1.1. The materials used in embankments, subgrades, earthen shoulders and miscellaneous backfills shall be soil, moorum, gravel, a mixture of these or any other material approved by the Engineer. Such materials shall be free of logs, stumps, roots, rubbish or any other ingredient likely to deteriorate or affect the stability of the embankment/

subgrade.

The following types of material shall be considered unsuitable for embankment:

(a) Materials from swamps, marshes and bogs;

(b) Peat, log, stump and perishable material: any soil that, classifies as OL, OI, OH or Pt in accordance with IS : 1498;

(c) Materials susceptible to spontaneous combustion;

(d) Materials in a frozen condition;

(e) Clay having liquid limit exceeding 70 and plasticity index exceeding 45; and
(f) Materials with sails resulting in leaching in the embankment.

305.2.1.2. Expansive clay exhibiting marked swell and s hrinkage properties ("free swelling index" exceeding 50 per cent when tested as per IS: 2720 - Part 40} shall not be used as a fill material. Where an expansive clay with acceptable "free swelling index" value is used as a fill material, subgrade and top 500 mm portion of the embankment just below subgrade shall be non-expansive in nature.
305.2.1.3. Any fill material with a soluble sulphate consent exceeding 1.9 grams of sulphate (expressed as SO3) per litre when tested in accordance with BS : 1377 Test 10, but using a 2:1 water-soil ratio shall not be deposited within 500 mm or other distance described in the Contract, of concrete, cement bound materials or other cementitious materials forming part of the Permanent Works,
Materials with a total sulphate content (expressed as SO3) exceeding 0.5 per cent by mass, when tested in accordance with BS : 1377 Test 9 shall not be deposited within 500 mm, or other distances described in the Contract, of metallic items forming part of the Permanent Works.
305.2.1.4. The size of the coarse material in the mixture of earth shall ordinarily not exceed 75 mm when being placed in the embankment and 50 mm when placed in the subgrade. However, the Engineer may at his discretion permit the use of material coarser than this also if he is satisfied that the same will not present any difficulty as regards the placement of fill material and its compaction to the requirements of these Specifications. The maximum particle, size shall not. be., more than two-thirds of the compacted layer thickness.
305.2.1.5. Ordinarily, only the materials satisfying the density requirements given in Table 300*1 shall be employed for the construction of the embankment and the subgrade.

TABLE 300-1. DENSITY REQUIREMENTS OF EMBANKMENT AND SUBGRADE MATERIALS

	S. No
	Type of Work
	Maximum laboratory dry unit weight when tested as per IS: 2720 (Part 8)

	1
	Embankments up to 3 metres height, not subjected to extensive flooding,
	Not less than 15.2 kN/cu.m.

	2
	Embankments exceeding 3 metres height or embankments of any height subject to long periods of inundation
	Not less than 16.0 kN/cu. m.

	3
	Subgrade and earthen shoulders/verges/backfill
	Not less than 17.5 kN/cu. m.


Notes: (1) This Table is not applicable for lightweight fill material e.g. cinder, fly ash etc.

(2) The Engineer may relax these requirements at his discretion taking into account the availability of materials for construction and other relevant factors.

(3) The material to be used in subgrade should also satisfy design CBR at the dry unit weight applicable as per Table 30Q-Z

305.2.2. General requirements:

305.2.2.1. The materials for embankment shall be obtained from approved sources with preference given to materials becoming available from nearby roadway excavation or any other excavation under the same Contract.
The work shall be so planned and executed that the best available materials -are saved for the subgrade and the embankment portion just below the subgrade.

305.2.2.2. Borrow materials: Where the materials are to be obtained from designated borrow areas, the location, size and shape of these areas shall be as indicated by the Engineer and the same shall not be opened without his written permission. Where specific borrow areas are not designated by the Employer/the Engineer, arrangement for locating the source of supply of material for embankment and subgrade as well as compliance to environmental requirements in respect of excavation and borrow areas as stipulated, from time to time by the Ministry of Environment and Forests, Government of India and the local bodies, as applicable, shall be the sole responsibility of the Contractor.

Borrowpits along the road shall be discouraged. If permitted by the Engineer, these shall not be dug continuously. Ridges of not less than 8 m width should be left at intervals not exceeding 300 m. Small drains shall be cut through the ridges to facilitate drainage. The depth of the pits shall be so regulated that their bottom does not cut an imaginary line having a slope of 1 vertical to 4 horizontal projected from the edge of the final section of the bank, the maximum depth in any case being limited-to 1.5 m. Also, no pit shall be dug within the offset width from the toe of the embankment required as per the consideration of stability with a minimum width of 10 m.

Haulage of material to embankments or other areas of fill shall proceed only when sufficient spreading and compaction plant is operating at the place of deposition.
No excavated acceptable material other than surplus to requirements of the Contract shall be removed-from the site. Should the Contractor be permitted to remove acceptable material from the site to suit his operational procedure, then he shall make good any consequent deficit of material arising therefrom.
Where the excavation reveals a combination of acceptable and unacceptable materials, the Contractor shall, unless otherwise agreed by the Engineer, carry out the excavation in such a manner that the acceptable materials are excavated separately for use in the permanent works without contamination by the unacceptable materials. The acceptable materials shall be stockpiled separately.
The Contractor shall ensure that he does not adversely affect the stability of excavation or fills by the methods of stockpiling materials, use of plants or siting of temporary buildings or structures.
The Contractor shall obtain representative samples from each of the identified borrow areas and have these tested at the site laboratory following a testing programme approved by the Engineer. It shall be ensured that the subgrade material when compacted to the density requirements as in Table 300-2 shall yield the design CBR value of the subgrade.

TABLE 300-2. COMPACTION REQUIREMENTS FOR EMBANKMENT AND SUBGRADE

	S. No
	Type of Work/material
	Relative compaction as percentage of max. laboratory dry density as per IS: 2720 (Part g)

	1
	Subgrade and earthen shoulders
	Not less than 97

	2
	Embankment
	Not less than 95

	3
	Expansive Clays
a) Subgrade and 500 mm  portion just below the subgrade

b) Remaining portion of embankment
	Not allowed Not
less than 90


The Contractor shall at least 7 working days before commencement of compaction submit the following to the Engineer for approval:

i) The values of maximum dry density and optimum moisture content obtained in accordance with IS: 2720 (Part 7) or (Part 8), as the case may be, appropriate for each of the fit! materials he intends to use.

ii) A graph of density plotted against moisture content from which each of the values in (i) above of maximum dry density and optimum moisture content were determined.

iii) The Dry density-moisture content -CBR relationships for light, intermediate and heavy compactive efforts (light corresponding to IS: 2720 (Part 7), heavy corresponding to IS: 2720 (Part 8) and intermediate in-between the two) for each of the fill materials he intends to use in the subgrade.

Once the above information has been approved by the Engineer, it shall form the basis for compaction.

305.3. Construction Operations

305.3.1. Setting out: After the site has been cleared to Clause 201, the work shall be set out to Clause 301.3.1, The limits of embankment/subgrade shall be marked by fixing batter pegs on both sides at regular intervals as guides before commencing the earthwork. The embankment/subgrade shall be built sufficiently wider than the design dimension so that surplus material may be trimmed, ensuring that the remaining material is to the desired density and in position specified and conforms to the specified side slopes.

305.3.2. Dewatering: If the foundation of the embankment is in an area with stagnant water, and in the opinion of the Engineer it is feasible to remove it, the same shall be removed by bailing out or pumping, as directed by the Engineer and the area of the embankment foundation shall be kept dry. Care shall be taken to discharge the drained water so as not to cause damage to the works, crops or any other property. Due to any negligence on the part of the Contractor, if any such damage is caused, it shall be the sole responsibility of the Contractor to repair/restore it to original condition or compensate the damage at his own cost.
If the embankment is to be constructed under water, Clause 305.4.6 shall apply.

305.3.3. Stripping and storing topsoil: In localities where most of the available embankment materials are not conducive to plant growth, or when so directed by the Engineer, the topsoil from all areas of cutting and from all areas to be covered by embankment foundation shall be stripped to specified depths not exceeding 150 mm and stored in stockpiles of height not exceeding 2 m for covering embankment slopes, cut slopes and other disturbed areas where re-vegetation is desired. Topsoil shall not be unnecessarily trafficked either before stripping or when in a stockpile. Stockpiles shall not be surcharged or

otherwise loaded and multiple handling shall be kept to a minimum.

305.3.4. Compacting ground supporting embankment/subgrade: Where necessary, the original ground shall be levelled to facilitate placement of first layer of embankment, scarified, mixed with water and then compacted by rolling so as to achieve minimum dry density as given in Table 300-2.
In case where the difference between the subgrade level (top of the subgrade on which pavement rests) and ground level is less than 0.5 m and the ground does not have 97 per cent relative compaction with respect to the dry density as given in Table 300-2, the ground shall be loosened upto a level 0.5 m below the subgrade level, watered and compacted in layers in accordance with Clauses 305.3,5 and 305.3.6 to not less than 97 per cent of dry density as given in Table 300-2.
Where so directed by the Engineer, any unsuitable material occurring in the embankment foundation shall be removed and replaced by approved materials laid in layers to the required degree of compaction.
Embankment or subgrade work shall not proceed until the foundations for embankment/subgrade have been inspected by the Engineer for satisfactory condition and approved.
Any foundation treatment specified for embankments especially high embankments, resting on suspect foundations as revealed by borehole logs shall be carried out in a manner and to the depth as desired by the Engineer. Where the ground on which an embankment is to be built has any of the material types (a) to (f) in Clause 305.2.1, at least 500 mm of such material must be removed and replaced by acceptable fill material before embankment construction commences.

305.3.5. Spreading material in layers and bringing to appropriate moisture content

305.3.5.1. The embankment and subgrade material shall be spread in layers of uniform thickness not exceeding 200 mm compacted thickness over the entire width of embankment by mechanical means, finished by a motor grader and compacted as per Clause 305.3.6. The motor grader blade shall have hydraulic control suitable for initial adjustment and maintain the same so as to achieve the specific slope and grade. Successive layers shall not be p laced until the layer under construction has been thoroughly compacted to the specified

requirements as in Table 300-2 and got approved by the Engineer. Each compacted layer shall be finished parallel to the final cross-section of the embankment.

305.3.5.2. Moisture content of the material shall be checked at the site of placement prior to commencement of compaction; if found to be out of agreed limits, the same shall be made good. Where water is required to be added in such constructions, water shall be sprinkled from a water tanker fitted with sprinkler capable of applying water uniformly with a controllable rate of flow to variable widths of surface but without any flooding. The water shall be added uniformly and thoroughly mixed in soil by blading, discing or harrowing until a uniform moisture content is obtained throughout the depth of the layer.
If the material delivered to the roadbed is too wet, it shall be dried, by aeration and exposure to the sun. till the moisture content is acceptable for compaction. Should circumstances arise, where owing to wet weather, the moisture content cannot be reduced to the required amount by the above procedure, compaction work shall be suspended.
Moisture content of each layer of soil shall be checked in accordance with IS: 2720 (Part 2), and unless otherwise mentioned, shall be so adjusted, making due allowance for evaporation losses, that at the time of compaction it is in the range of 1 per cent above to 2 per cent below the optimum moisture content determined in accordance with IS:2720 (Part 7) or IS:2720 (Part 8) as the case may be. Expansive clays shall, however, be compacted at moisture content corresponding to the specified dry density, but on the wet side of the optimum moisture content obtained from the laboratory compaction curve.
After adding the required amount of water, the soil shall be processed by means of graders, harrows, rotary mixers or as otherwise approved by the Engineer until the layer is uniformly wet. 

Clods or hard lumps of earth shall be broken to have a maximum size of 75 mm when being placed in the embankment and a maximum size of 50 mm when being placed in the subgrade.

305.3.5.3. Embankment and other areas of fill shall, unless otherwise required in the Contract or permitted by the Engineer, be constructed evenly over their full width and their fullest possible extent and the Contractor shall control and direct construction plant and other vehicular traffic uniformly over them. Damage by construction plant and other vehicular traffic shall be made good by the Contractor with material having the same characteristics and strength as the material had before it was damaged.
Embankments and other areas of unsupported fills shall not be constructed with steeper side slopes, or to greater widths than those shown in the Contract, except to permit adequate compaction at the edges before trimming back, or to obtain the final profile following any settlement of th e fill and the underlying material.
Whenever fill is to be deposited against the face of a natural slope, or sloping earthworks face including embankments, cuttings, other fills and excavations steeper than 1 vertical on 4 horizontal, such faces shall be benched as per Clause 305.4.1 immediately before placing the subsequent fill.
All permanent faces of side slopes of embankments and other areas of fill formed shall, subsequent to any trimming operations, be reworked and sealed to the satisfaction of the Engineer by tracking a tracked vehicle, considered suitable by the Engineer, on the slope or any other method approved by the Engineer.

305.3.6. Compaction: Only the compaction equipment approved by the Engineer shall be employed to compact the different material types encountered during construction. Smooth wheeled, vibratory, pneumatic tyred, sheepsfoot or pad foot rollers, etc. of suitable size and capacity as approved by the Engineer shall bt used for the different types and grades of materials required to be compacted either individually or in suitable combinations.
The compaction shall be done with the help of vibratory roller of 80 to 100 kN static weight with plain or pad foot drum or heavy pneumatic tyred roller of adequate capacity capable of achieving required compaction.
The Contractor shall demonstrate the efficacy of the equipment he intends to use by carrying out compaction trials. The procedure to be adopted for these site trials shall first be submitted to the Engineer for approval.
Earthmoving plant shall not be accepted as compaction equipment nor shall the use of a lighter category of plant to provide any preliminary compaction to assist the use of heavier plant be taken into account.
Each layer of the material shall be thoroughly compacted to the densities specified in Table 300-2. Subsequent layers shall be placed only after the finished layer has been tested according to Clause 903.2.2 and accepted by the Engineer. The Engineer may permit measurement, of field dry density bya nuclear moisture/density gauge used in accordance with agreed procedure and the gauge is calibrated to provide results identical to that obtained from tests in accordance with IS: 2720 (Part 28), A record of the same shall be maintained by the Contractor.
When density measurements reveal any soft areas in the embankment/ subgrade/earthen shoulders, further compaction shall be carried out as directed by the Engineer. If inspite of that the specified compaction is not achieved, the material in the soft areas shall be removed and replaced by approved material, compacted to the density requirements and satisfaction of the Engineer.

305.3.7. Drainage: The surface of the embankment/subgrade at all limes during construction shall be maintained at such a cross fall (not flatter than that required for effective drainage of an earthen surface) as will shed water and prevent ponding.

305.3.8. Repairing of damages caused by rain/spillage of water:

The soil in the affected portion shall be removed in such areas as directed by the Engineer before next layer is laid and refilled in layers and compacted using appropriate mechanical means such as small vibratory roller, plate compactor or power rammer to achieve the required density in accordance with Clause 305.3.6. If the cut is not sufficiently wide for use of required mechanical means for compaction, the same shall be widened suitably to permit their use for proper compaction. Tests shall be carried out as directed by the Engineer to ascertain the density requirements of the repaired area. The work of repairing the damages including widening of the cut, if any, shall be carried out by the Contractor at his own cost, including the arranging of machinery/equipment for the purpose.

305.3.9. Finishing operations: Finishing operations shall include the work of shaping and dressing the shoulders/verge/roadbed and side slopes to conform to the alignment, leve ls, cross-sections and dimensions shown on the drawings or as directed by the Engineer subject to .the surface tolerance described in Clause 902. Both the upper and lower ends of the side slopes shall be rounded off to improve appearance and to merge the embankment with the adjacent terrain.

The topsoil, removed and conserved carrier (Clause 301.3.2 and 305,3,3) shall be spread over the fill slopes as per directions of the Engineer to facilitate the growth of vegetation. Slopes shall be roughened and moistened slightly prior to the application of the topsoil in order to provide satisfactory bond. The depth of the topsoil shall be sufficient to sustain plant growth, the usual thickness being from 75 rnm to 150 mm.
Where directed, the slopes shall be turfed wi th sods in accordance with Clause 307. If seeding and mulching of slopes is prescribed, this shall be done to the requirement of Clause 30S,
When earthwork operations have been substantially completed, the road area shall be cleared of all debris, and ugly scars in the construction area responsible for objectionable appearance eliminated,
305.4. Construction of Embankment and Subgrade under Special Conditions

305.4.1. Earthwork for widening existing road embankment:

When an existing embankment and/or subgrade is to be widened and its slopes are steeper than 1 vertical on 4 horizontal, continuous horizontal benches, each at least 300 mm wide, shall be cut into the old slope for ensuring adequate bond with the fresh embankment/subgrade material to be added. The material obtained from cutting of benches

could be utilized in the widening of the embankment/subgrade. However, when -the existing slope against which the fresh material is to be placed is flatter than 1 vertical on 4 horizontal, the slope surface may only be ploughed or scarified instead of resorting to benching.
Where the width of the widened portions is insufficient to permit the use of conventional rollers, compaction shall be carried out with the help of small vibratory rollers/plate compactors/power rammers or any other appropriate equipment approved by the Engineer. End dumping of material from trucks for widening operations shall be avoided except in difficult circumstances when the extra width is too narrow to permit the movement of any other types of hauling equipment.
305.4.2. Earthwork for embankment and subgrade to be placed against sloping ground: Where an embankment/subgrade is to be placed against sloping ground, the latter shall be appropriately benched or ploughed/scarified as required in Clause 305.4.1 before placing the embankment/subgrade material. Extra earthwork involved in benching or due to ploughing/scarifying etc. shall be considered incidental to the work.
For wet conditions, benches with slightly inward fall and subsoil drains at the lowest point shall be provided as per the drawings, before the fill is placed against sloping ground.
Where the Contract requires construction of transverse subsurface drain at the cut-fill interface, work on the same shall be carried out to Clause 309 in proper sequence with the embankment and subgrade work as approved by the Engineer.
305.4.3. Earthwork over existing road surface: Where the embankment is to be placed over an existing road surface, the work shall be carried out as indicated below:

i) If the existing road surface is of granular or bituminous type and lies within 1 m of the new subgrade level, the same shall be scarified to a depth of 50 mm or more if specified, so as to provide ample bond between the old and new material ensuring that at least 500 mm portion below the top of new subgrade level is compacted to the desired density.

ii) If the existing road surface is of cement concrete type and lies within 1 m of the new subgrade level the same shall be removed completely.

iii) If the level difference between the existing road surface and the new formation level is more than 1m, the existing surface shall be permitted to stay in place without any modification.

305.4.4, Embankment and subgrade around structures: To avoid interference with the construction of abutments, wing walls or return walls of culvert/bridge structures, the Contractor shall, at points to be determined by the Engineer suspend work on embankment forming approaches to such structures, until such time as the construction of the latter is sufficiently advanced to permit die completion of approaches without the risk of damage to the structure.
Unless Directed otherwise, the filling around culverts, bridges and other structures upto a distance twice the height of the road from the back of die abutment shall be carried out independent of the work on the main embankment. The fill material shall not be placed against any abutment or wing wall, unless permission has been given by the Engineer but in any case not until the concrete or masonry has been in position for 14 days. The embankment and subgrade shall be brought up simultaneously in equal layers on each side of die structure to avoid displacement and unequal pressure. The sequence of work in this regard shall be got approved from the Engineer.
The material used for backfill shall not be an organic soil or highly plastic clay having plasticity index and liquid limit more than 20 and 40 respectively when tested according to 15:2720 (Part 5). Filling behind abutments and wing, walls for ail structures shall conform to the general guidelines given in Appendix 6 of IRC:78 (Standard Specifications and Code of Practice Road Bridges-Section VII) in respect of the type of material, the extent of backfill, its laying and Compaction etc. The fill material shall be deposited in horizontal layers in loose thickness and compacted thoroughly to the requirements of Table 300-2.
Where the provision of any filter medium is specified behind the abutment, the same shall be laid in layers simultaneously with the laying of fill material. The material used for filter shall conform to the requirements for filter medium spelt out in Clause 2502/309.3.2 (B) unless otherwise specified in the Contract.
Where it may be impracticable to use conventional rollers, the compaction shall be carried out by appropriate mechanical means. such as small vibratory roller, plate compactor or power rammer. Care shall be taken to see that the compaction equipment does not hit or come too close to any structural member so as to cause any damage to them or excessive pressure against the structure.
305.4.5. Construction of embankment over ground incapable of supporting construction equipment: Where embankment is to be constructed across ground which will not support the weight of repeated heavy loads of construction equipment, the first layer of the fill may be constructed by placing successive loads of material in a uniformly distributed layer of a minimum thickness required to support the construction equipment as permitted by the Engineer. The Contractor, if so desired by him, may also use suitable geosynthetic material to increase the bearing capacity of the foundation. This exception to normal procedure will not be permitted where, in the opinion of the Engineer, the embankments could be constructed in the approved manner over such ground by the use of lighter or modified equipment after proper ditching and drainage have been provided. Where this exception is permitted, the selection of the material and the construction procedure to obtain an acceptable layer shall be the responsibility of the Contractor. The cost of providing suitable traffic conditions for construction equipment over any area of the Contract will be the responsibility of the Contractor and no extra payment will be made to him. The remainder of the embankment shall be constructed as specified in Clause 305.3.
305.4.6. Embankment construction under water: Where filling or backfilling is to be placed under water, only acceptable granular material or rock shall be used unless otherwise approved by the Engineer. Acceptable granular material shall consist of graded, hard durable particles with maximum particle size not exceeding 75 mm. The material should be non-plastic having uniformity coefficient of not less than 10. The material placed in open water shall be deposited by end tipping without compaction.
305.4.7, Earthwork for high embankment: In the case of high embankments, the Contractor shall normally use the material from the specified borrow area. In case he desires to use different material for his own convenience, he shall have to carry out necessary soil investigations and redesign the high embankment at his own cost. The Contractor shall then furnish the soil test data and design of high embankment for approval of the Engineer, who reserves the right to accept or reject it.
If necessary, stage construction of fills and any controlled rates of filling shall be carried out in accordance with the Contract including installation of instruments and its monitoring.
Where required, the Contractor shall surcharge embankments or other areas of fill with approved material for the periods specified in the Contract. If settlement of surcharged fill, results in any surcharging material, which is unacceptable for use in the fill being surcharged, lying below formation level, the Contractor shall remove the unacceptable material and dispose it as per direction of the Engineer. He shall then bring the resultant level up to formation level with acceptable material.
305.4.8. Settlement period: Where settlement period is specified in the Contract, the embankment shall remain in place for the required settlement period before excavating for abutment, wingwall, retaining wall, footings, etc., or driving foundation piles. The duration of the required settlement period at each location shall be as provided for in the Contract or. as directed by the Engineer,
305.5. Plying of Traffic

Construction and other vehicular traffic shall not use the prepared surface of the embankment and/or subgrade without the prior permission of the Engineer, Any damage arising out of such use shall, however, be made good by the Contractor at his own expense as directed by the Engineer.
305.6. Surface Finish and Quality Control of Work

The surface finish of construction of subgrade shall conform to the requirements of Clause 902. Control on the quality of materials and works shall be exercised in accordance with Clause 903.
305.7. Subgrade Strength
305.7.1. It shall be ensured prior to actual execution that the borrow area material to be used in the subgrade satisfies the requirements of design CBR.
305.7.2. Subgrade shall be compacted and finished to the design strength consistent with other physical requirements. The actual laboratory CBR values of constructed subgrade shall be determined on undisturbed samples cut out from the compacted sub grade in CBR mould fitted with cutting shoe or on remoulded samples, compacted to the field density at the field moisture content.
305.8. Measurements for Payment

Earth embankment/subgrade construction shall be measured separately by taking cross sections at intervals in the original position before the work starts and after its completion and computing the volumes of earthwork in cubic metres by the method of ave rage end areas.

The measurement of fill material from borrow areas shall be the difference between the net quantities of compacted fill and the net quantities of suitable material brought from roadway and drainage excavation. For this purpose, it shall be assumed that one cu.m. of

suitable material brought to site from road and drainage excavation forms one cu.m. of compacted fill and all bulking or shrinkage shall be ignored.
Construction of embankment under water shall be measured in cu.m.
Construction of high embankment with specified material and in specified manner shall be measured in cu.m.
Stripping including storing and reapplication of topsoil shall be measured in cu.m.
Work involving loosening and recompacting of ground supporting embankment/ subgrade shall be measured in cu. m.
Removal of unsuitable material at embankment/subgrade foundation and replacement with suitable material shall be measured in cu.m.
Scarifying existing granular/bituminous road surface shall be measured in square metres.
Dismantling and removal of existing cement concrete pavement shall be measured vide Clause 202.6.
Filter medium and backfill material behind abutments, wing walls and other retaining structures shall be measured as finished work in position in cu.m.
305.9. Rates
305.9.1. The Contract unit rates for the items, of embankment and subgrade construction shall be payment in full for carrying out the required operations including full compensation for:

(i) Cost of arrangement of land as a source of supply of material of required quantity for construction unless provided otherwise in the Contract;

(ii) Setting out;

(iii) Compacting ground supporting embankment/subgrade except where removal and replacement of unsuitable material or loosening and recompacting is involved;

(iv) Scarifying or cutting continuous horizontal benches 300 mm wide on side slopes of existing embankment and subgrade as applicable;

(v) Coil of watering or drying of material in borrow areas and/or embankment and subgrade during construction as - required;

(vi) Spreading in layers, bringing to appropriate moisture content and compacting to Specification requirements;

(vii) Shaping and dressing top and slopes of the embankment and subgrade including rounding of comers;

(viii) Restricted working at sites of structures;

(ix) Working on narrow width of embankment and subgrade;

(x) Excavation in all soils from borrow pits/designated borrow areas including clearing and grubbing and transporting the material to embankment and subgrade site with all lifts and leads unless otherwise provided for in the Contract;

(xi) All labour, materials, tools, equipment and incidentals necessary to complete the work to the Specifications;

(xii) Dewatering; and

(xiii) Keeping the embankment/completed formation free of water as per Clause 311.

305.9.2. In case the Contract unit rate specified is not inclusive of all leads, the unit rate for transporting material beyond the initial lead, as specified in the Contract for construction of embankment and subgrade shall be inclusive of full compensation for all labour, equipment, tools and incidentals necessary on account of the additional haul or trans portation involved beyond the specified initial lead.
305.9.3. Clause 301.9.5 shall apply as regards Contract unit rates for items of stripping and storing top soil and of reapplication of topsoil.
305.9.4. Clause 301.9.2 shall apply as regards Contract unit rate for the item of loosening and rccompacting the embankment/subgrade foundation.
305.9.5. Clauses 301.9.1 and 305.8 shall apply as regards Contract rates for items of removal of unsuitable material and replacement with suitable material respectively.
305.9.6. The Contract unit rate for scarifying existing granular/bituminous road surface shall be payment in full for carrying out the required operations including full compensation for all labour, materials, tools, equipment and incidentals necessary to complete the work. This will also comprise of handling, salvaging, stacking and disposing of the dismantled materials within all lifts and upto a lead of 1000 m or as otherwise specified.
305.9.7. Clause 202.7 shall apply as regards Contract unit rate for dismantling and removal of existing cement concrete pavement,
305.9.8. The Contract unit rate for providing and laying .filter material behind abutments shall be payment in full for carrying out the required operations including all materials, labour, tools, equipment and incidentals to complete the work to Specifications.
305.9.9. Clause 305.4.6 shall apply as regards Contract unit rate for construction of embankment under water.
305.9.10. Clause 305.4.7 shall apply as regards Contract unit rate for construction of high embankment. It shall include cost of instrumentation, its monitoring and settlement period, where specified in the Contract or directed by the Engineer.
406. WET MIX MACADAM SUB -BASE/BASE

406.1. Scope

This work shall consist of laying and compacting clean, crushed, graded aggregate and granular material, premixed with water, to a dense mass on a prepared subgrade/sub -base/base or existing pavement as the case may be in accordance with the requirements of these Specifications. The material shall be laid in one or more layers as necessary to lines, grades and cross -sections shown on the approved drawings or as directed by the Engineer.

The thickness of a single compacted Wet Mix Macadam layer shall not be less than 75 mm. When vibrating or other approved types of compacting equipment arc used, the compacted depth of a single layer of the sub-base course may be increased to 200 mm upon approval of the Engineer.

406.2. Materials

406.2.1. Aggregates

406.2.1.1. Physical requirements: Coarse aggregates .shall be crushed stone. If crushed gravel/shingle is used, not less than 90 per cent by weight of the gravel/shingle pieces retained on 4,75 mm sieve shall have-at least two fractured faces. The aggregates shall conform to the physical requirements set forth in Table 400 -10 below,

Table 400-10. PHYSICAL REQUIREMENTS OF COARSE AGGREGATES FOR WET MIX MACADAM FOR SUB-BASE/BASE COURSES

	
	Test
	Test Method
	Requirements

	1
	*Los Angles

Abrasion value

or

* Aggregate

Impact value
	IS: 2386

(Part-4)

IS: 2386

(Part-4) or

   IS: 5640
	40 per cent (Max)

30 per cent (Max)



	2
	Combined

Flakiness and

Elongation

   Indices (Total)
	IS: 2386

  (Part-4)
	30 per cent (Max)


* Aggregate may satisfy requirements of either of the two tests.

If the water absorption value of the coarse aggregate is greater than 2 per cent, the soundness test shall be carried out on the material delivered to site as per IS: 2386 (Part-5).
406.2.1.2. Grading requirements: The aggregate shall conform to the grading given in Table 400-11.
Table 400-11. GRADING REQUIREMNTS OF AGGREGATES FOR WET MIX MACADAM

	IS Sieve Designation
	Per cent by weight

passing the IS sieve

	53.00 mm
	100

	45.00 mm
	95-100

	26.50 mm
	---

	22.40 mm
	60-80

	11.20 mm
	40-60

	4.75 mm
	25-40

	2.36 mm
	15-30

	600.00 micron
	8-22

	75.00 micron
	0-8


Materials finer than 425 micron shall have Plasticity Index (PI) not exceeding 6.

The final gradation approved within these limits shall be well graded from coarse to fin and shall not vary from the low limit on one sieve to the high limit on the adjacent sieve or vice versa.

406.3. Construction Operations

406.3.1. Preparation of base: Clause 404.3.1. shall apply.

406.3.2.1. Provision of lateral confinement of aggregates: While constructing wet mix macadam, arrangement shall be made for the lateral confinement of wet mix. This shall be done by laying materials in adjoining shoulders along with that of wet mix macadam layer and following the sequence of operations described in Clause 407.4.1.

406.3.3. Preparation of mix: Wet Mix Macadam shall be prepared in an approved mixing plant of suitable capacity having provision for controlled addition of water and forced/positive mixing arrangement like pugmill or pan type mixer of concrete batching plant. For small quantity of wet mix work, the Engineer may permit the mixing to be done in concrete mixers.

Optimum moisture for mixing shall be determined in accordance with IS:2720 (Part -8) after replacing the aggregate fraction retained on_22A mm sieve with material of 4.75 mm to 22.4 mm size. While adding water, dup allowance should be made for evaporation losses. However, at the time of compaction, water in the wet mix should not vary from the optimum value by more than agreed limits. The mixed material should be uniformly wet and no segregation should be permitted.

406.3.4. Spreading of mix: Immediately after mixing, the aggregates shall be spread uniformly and evenly upon the prepared subgrade/sub- base/base in required quantities. In no case should these be dumped in heaps directly on the area where these are to be laid nor shall their hauling over a partly completed stretch be permitted.

The mix may be spread either by a payer finisher or motor grader. For portions where mechanical means cannot be used, manual means as approved by the Engineer shall be used. The motor grader shall be capable of spreading the material uniformly al! over the surface. Its blade shall have hydraulic control suitable for initial adjustments and maintaining the same so as to achieve the specified slope and grade. 
The paver finisher shall be self-propelled, having the following features :

(i) Loading hoppers and suitable distribution mechanism

(ii) The screed shall have lamping and vibrating arrangement for initial compaction to the layer as it is spread without rutting or otherwise marring the surface profile.

(iii) The paver shall be equipped with necessary control mechanism so as to ensure that the finished surface is free from surface blemishes.

The surface of the aggregate shall be carefully checked with templates and all high or low spots remedied by removing or adding aggregate as may be required. The layer may be tested by depth blocks during construction. No segregation of larger and fine particles should be allowed. The aggregates as spread should be of uniform gradation with no pockets of fine materials.

406.3.5. Compaction: After the mix has been laid to the required thickness, grade and crossfall/camber the same shall be uniformly compacted, to the full depth with suitable roller. If the thickness of single compacted layer does not exceed 100 mm, a smooth wheel roller of 80 to 100 kN weight may be used. For a compacted single layer upto 200 mm, the compaction shall be done with the help of vibratory roller of minimum static weight of 80 to 100 kN or equivalent capacity roller. The speed of the roller shall not exceed 5 km/h.

In portions having unidirectional cross fall/superelevation, rolling shall commence from the lower edge and progress gradually towards the upper edge. Thereafter, roller should progress parallel to the centre line of the road, uniformly over- lapping each preceding track by at least one third width until the entire surface has been rolled. Alternate trips of the roller shall be terminated in stops at least 1 m away from any preceding stop.

In portions in camber, rolling should begin at the edge with the roller running forward and backward until the edges have been firmly compacted. The roller shall then progress gradually towards the centre parallel to the centre line of the road uniformly overlapping each of the preceding track by at least one-third width until the entire surface has been rolled.

Any displacement occurring as a result of reversing of the direction of a roller or from any other cause shall be corrected" at once as specified and/or removed and made good.

Along forms, kerbs, walls or other places not accessible to the roller, the mixture shall be thoroughly compacted with mechanical tampers or a plate compactor. Skin patching of an area without scarifying the surface to permit proper bonding of the added material shall not be permitted.

Rolling should not be done when the subgrade is soft or yielding or when it causes a wave-like motion m the sub-base/base course or subgrade. If irregularities develop during rolling which exceed 12 mm when tested with a 3 metre straight edge, the surface should be loosened and premixed material added or removed as required before rolling again so as to achieve a uniform surface conforming to the desired grade and crossfall. In no case should the use of unmixed material be permitted to make up the depressions.

Rolling shall be continued till the density achieved is at least 98 per cent of the maximum dry density for the material as determined by the method outlined in IS: 2720 (Part -8)

After completion, the surface of any finished layer shall be wellclosed, free from movement under compaction equipment or any compaction planes, ridges, cracks and loose material. All loose, segregated or otherwise defective areas shall be made good to the full thickness of the layer and recompacted.

406.3.6. Setting and drying: After final compaction of wet mix macadam course, the road shall be allowed to dry for 24 hours.
406.4. Opening to Traffic

Preferably no vehicular traffic of any kind should be allowed on the finished wet mix macadam surface till it has dried and the wearing course laid.

406.5. Surface Finish and Quality Control of Work

406.5.1. Surface evenness: The surface finish of construction shall conform to the requirements of Clause 902,

406.5.2. Quality control: Control on the quality of materials and works shall be exercised by the Engineer in accordance with Section 900.

406.6. Rectification of Surface Irregularity

Where the surface irregularity of the wet mix macadam course exceeds the permissible tolerances or where the course is otherwise defective due to subgrade soil getting mixed with the aggregates, the full thickness of the layer shall be scarified over the affected area, re-shaped with added premised material or removed and replaced with fresh premixed material as applicable and recompacted in accordance with Clause 406.3. The area treated in the aforesaid manner shall not be less than 5 m long and 2 m wide. In no cas e shall depressions be filled up with unmixed and ungraded material or fines,

406.7. Arrangement for Traffic

During the period of construc tion, arrangement of traffic shall be done as per Clause 112,

406.8. Measurements for Payment

Wet mix macadam shall be measured as finished work in position in cubic metres.

406.9. Rates

The Contract unit rate for wet mix macadam shall be payment in full for carrying out the required operations including full compensation for all components listed in Clause 401.8.
2605. FILLER JOINTS
a) The components of this type of joint shall be at least 2 mm thick corrugated copper plate placed slightly below the wearing coat, 20 mm thick compressible fibre board to protect the edges. 20 mm thick pre-moulded joint filler Tilling the gap upto the lop level of the wearing coat, sealed with a joint scaling compound.

b) The material used for filling expansion joint shall be bitumen impregnated fell, clastomer or any other suitable material, as specified on the drawings. Impregnated felt shall conform to the requirements of 1S:1838, and shall be got approved from the Engineer, The joint filler shall consist of large pieces and assembly of small pieces to make up the required size shall be avoided.

c) Expansion joint material) shall be handled with care and stored under cover by the Contractor to prevent damage.

d) Any damage occurring after delivery shall be made good to the satisfaction of the Engineer and at the expense of the Contractor.

e) Joint gaps (hall be constructed as shown on the drawings, Surfaces of joint grooves shall be thoroughly cleaned with a wire brush to remove all loose materials and dirt and debris, then washed or jelled out.

f) Pre-moulded expansion joint filler shall not be placed in position until immediately prior to the placing of the abutting material. If the two adjacent surfaces of the joint are to be placed at different times, this type of joint filler shall not be placed until the second fact is about to be placed.

g) Sealants shall be installed in accordance with the manufacturer's recommendations and all appropriate requirement;! for joint face priming,

h) Sealants shall be finished approximately 3 mm below the upper surfaces of the joint,

i) Joint materials spill or splashed onto finished surfaces of the bridge during joint Tilling operations shall be removed and the surfaces made good to the Engineer's approval.

j) No joint shall be sealed until inspected by the Engineer and approval is givers to proceed with the work.
Steel Reinforcement (Untensioned) Section 1600
1601. DESCRIPTION

This work shall consist of furnishing and placing coated or uncoated mild steel or high strength deformed reinforcement bars (untensioned) of the shape and dimensions shown on the drawings and conforming to these Specifications or as approved by the Engineer.
1602. GENERAL

Steel for reinforcement shall meet with the requirements of Section 1000.
Reinforcements may be either mild steel/medium tensile steel or high strength deformed bars. The y may be uncoated or coated with epoxy or with approved protective coatings.
1603. PROTECTION OF REINFORCEMENT

Uncoated reinforcing steel shall be protected from rusting or chloride contamination. Reinforcements shall be free from rust, mortar, loose mill scale, grease, oil or paints. This may be ensured either by using reinforcement fresh from the factory or thoroughly cleaning all reinforcement to remove rust using any suitable method such as sand blasting, mechanical wire brushing, etc., as directed by the Engineer. Reinforcements shall be stored on blocks, racks or platforms and above the ground in a clean and dry condition and shall be suitably marked to facilitate inspection and identification.
Portions of uncoated reinforcing steel and dowels projecting from concrete, shall be protected within one week after initial placing of concrete with a brush coat of neat cement mixed with water to a consistency of thick paint. This coating shall be removed by lightly tapping with a hammer or other tool not more than one week before placing of the adjacent pour of concrete. Coated reinforcing steel shall be protected against damage to the coating. If the coaling on the bars is damaged during transportation or handling and cannot be repaired, the same shall be rejected.
1604. BENDING OF REINFORCEMENT

Bar bending schedule shall be furnished by the Contractor and got approved by the Engineer before start of work.
Reinforcing steel shall conform to the dimensions and shapes given in the approved Bar Bending Schedules.
Bars shall be bent cold to the specified shape and dimensions or as directed by the Engineer using a proper bar bender, operated by hand or power to obtain the correct radii of bends and shape.
Bars snail not be bent or straightened in a manner that will damage the parent material or the coating.
Bars bent during transport or handling shall be straightened before being used on work and shall not be heated lo facilitate straightening.
1605. PLACING OF REINFORCEMENT

a) The reinforcement cage should generally be fabricated in the yard at ground level and then shifted and placed in position. The reinforcement shall be placed strictly in accordance with the drawings and shall be assembled in position only when the structure is otherwise ready for placing of concrete. Prolonged time gap between assembling of reinforcements and casting of concrete, which may result in rust formation on the surface, shall not be permitted.

b) Reinforcement bars shall be placed accurately in position as shown on the drawings. The bars, crossing one another shall be tied together al every intersection with binding wire (annealed), conforming to 1S:280 to make the skeleton of the reinforcement rigid such that the reinforcement does not get displaced during placing of concrete, or any other operation. The diameter of binding wire shall not be less than 1 mm.

c) Bars shall be kept in position usually by the following methods:

(i) In case of beam and slab construction, industrially produced polymer cover blocks of thickness equal to the specified cover shall be placed between the bars and formwork subject lo satisfactory evidence that the polymer composition is not harmful lo concrete and reinforcement. Cover blocks made of concrete may be permitted by the Engineer, provided they have the same strength and specification as those of the member.

(ii) In case of dowels for columns and walls, the vertical reinforcement shall be kept in position by means of limber templates with slots cut in them accurately, or with cover blocks tied to the reinforcement. Timber templates shall be removed alter the concreting has progressed upto a level just below their location.

(iii) Layers of reinforcements shall be separated by spacer bars at approximately one metre intervals. The minimum diameter of spacer bars shall be 12 mm or equal to maximum size of main reinforcement or maximum size of coarse aggregate, whichever is greater. Horizontal reinforcement shall not be allowed to sag between supports.

(iv) Necessary stays, blocks, metal chairs, spacers, metal hangers, supporting wires etc, or other subsidiary reinforcement shall be provided to fix the reinforcements firmly in its correct position. 
(v) Use of pebbles, broken stone, metal pipe, brick, mortar or wooden blocks etc., as devices for positioning reinforcement shall not be permitted.

d) Bars coated with epoxy or any other approved protective coating shall be placed on supports that do not damage the coating. Supports shall be installed in a manner such that planes of weakness are not created in hardened concrete. The coated reinforcing steel shall be held in place by use of plastic or plastic coaled binding wires especially manufactured for the purpose. Reference shall be made to Section 1000 for other requirements.

e) Placing and fixing of reinforcement shall be inspected and approved by the Engineer before concrete is deposited,

1606. BAR SPLICES

1606.1. Lapping

All reinforcement shall be furnished in full lengths as indicated on the drawing. No splicing of bars, except where shown on the drawing, will be permitted without approval of the Engineer. The lengths of the splice shall be as indicated on drawing or as approved by the Engineer". Where practicable, overlapping bars shall not touch each other, and shall be kept apart by 25 mm or 1 W limes the maximum size of coarse aggregate, whichever is greater. If this is not feasible, overlapping bars shall be bound with annealed steel binding wire, not less than 1 mm diameter and twisted tight in such a manner as to maintain minimum clear cover to the reinforcement from the concrete surface. Lapped splices shall be staggered or located at points, along the span where stresses are low.
1606.2. Welding

1606.2.1. Splicing by welding of reinforcement will be permitted only if detailed on the drawing or approved by the Engineer. Weld shall develop an ultimate strength equal to or greater than that of the bars connected.
1606.2.2. While welding may be permitted for mild steel reinforcing bars conforming to 15:432, welding of deformed bars conforming to 15:1786 shall in general be prohibited. Welding may be permitted in case of bars of other than S 240 grade including special welding grade of S 415 grade bars conforming to IS:1786, for which necessary chemical analysis has been secured and the carbon equivalent (CE) calculated from the chemical composition using the formula:
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is 0.4 or less.

1606.2.3. The method of welding shall conform to IS:2751 and 1S:94J7 and to any supplemental specifications to the satisfaction of the Engineer.

Welding may be carried out by metal arc welding process. Oxyacetelene welding shall not be permissible. Any other process may be used subject to the approval of the Engineer and necessary additional requirements to ensure satisfactory joint performance. Precautions on over heating, choice of electrode, selection of correct current in arc welding etc., should be strictly observed.
All bars shall be butt welded except for smaller diameter bars (diameter of less than 20 mm) which may be lap welded, Single-V or Double-V butt joints may generally be used. For vertical bars single bevel or double bevel joints may be used.
Welded joints shall be located well away from bends and not less than twice the bar diameter away from a bend.
Generally, shop welding in controlled conditions is to be preferred, where feasible. Site welding where necessary shall, however, be permitted when the facilities, equipment, process, consumables, operators, welding procedure are adequate to produce and maintain uniform quality at par with that attainable in shop welding to the satisfaction of the Engineer.
Joint welding procedures which are to be employed shall invariably be established by a procedure specification. All welders and welding operators to be employed shall have to be qualified by tests prescribed in IS:2751, Inspection of welds shall conform to IS:822 and destructive or non-destructive testing may be undertaken when deemed necessary. Joints with weld defects detected by visual inspection or dimensional check inspection shall not be accepted.
Suitable means shall be provided for holding the bars securely in position during welding. It must be ensured that no voids are left in welding. When welding is done in 2 or 3 stages, previous surface shall be cleaned properly. Bars shall be cleaned of all loose scale, rust, grease, paint and other foreign matter before carrying out welding. Only competent and experienced welders shall be employed on the work with the approval of the Engineer. No welding shall be done on coated bars.
M.S. electrodes used for welding shall conform to IS:814, 1606.2.4. Welded joints shall preferably be located at points where steel will not be subject to more than 75 per cent of the maximum permissible stresses and welds so staggered that at any one section, not more than 20 per cent of the bars are welded.

1606.2.5. Welded pieces of reinforcement shall be tested. Specimens shall be taken from the site and the number and frequency of tests shall be as directed by the Engineer.
1606.3. Mechanical Coupling of Bars

Bars may be joined with approved patented mechanical devices as indicated on the drawing or as approved by the Engineer e.g. by special grade steel sleeves swagged on to bars in end to end contact or by screwed couplers. Incase such devices are permitted by the Engineer, they shall develop at least 125 per cent of the characteristic strength of the reinforcement bar.
1607. TESTING AND ACCEPTANCE

The material shall be tested in accordance with relevant IS specifications and necessary test certificates shall be furnished. Additional tests, if required, will be got carried out by the Contractor at his own cost.
The fabrication, furnishing and placing of reinforcement shall be in accordance with these specifications and shall be checked and accepted by the Engineer.
1608. MEASUREMENTS FOR PAYMENT

Reinforcement shall be measured in length including hooks, if any, separately for different diameters as actually used in work, excluding overlaps. From the length so measured, the weight of reinforcement shall be calculated in tonnes on the basis of IS:1732. Wastage, overlaps, couplings, welded joints, spacer bars, chairs, stays, hangers and annealed steel wire or other methods for binding and placing shall not be measured and cost of these items shall be deemed to be included in the rates for reinforcement.
1609. RATE

The contract unit rate for coated/uncoated reinforcement shall cover the cost of material, fabricating, transporting, storing, bending, placing, binding and fixing in position as shown on the drawings as per these specifications and as directed by the Engineer, including all labour, equipment, supplies, incidentals, sampling, testing and supervision. The unit rate for coated reinforcement shall be deemed to also include cost of all material, labour, tools and plant, royalty, transportation and expertise required to carry out the work. The rate shall also cover sampling, testing and supervision required for the work.
Sub-structure Section 2200

2201. DESCRIPTION

The work shall cover furnishing and providing of masonry or reinforced concrete sub-structure in accordance with the drawings and as per these specifications or as directed by the Engineer.
2202. MATERIALS

Materials shall conform to Section 1000 of these Specifications.
2203. GENERAL

A method statement for construction indicating the following shall be submitted by the Contractor for approval of the Engineer, well in advance of the commencement of sub-structure:

i) Sources of Materials

ii) Design, erection and removal of formwork

iii) Production, transportation, laying and curing of concrete

iv) Personnel employed for execution and supervision

v) Tests and sampling procedures

vi) Equipment details

vii) Any other point

Arrangements for execution under water wherever necessary, shall be included in method statement.
Dimensions, lines and levels shall be set out and checked with respect to permanent reference lines and permanent bench mark.
2204. PIERS AND ABUTMENTS

Masonry, formwork, concrete and reinforcement for piers and abutments shall conform to relevant sections of these specifications. In case of concrete piers, the number of horizontal construction joints shall be kept minimum. Construction joints shall be avoided in splash zones unless specifically permitted by the Engineer and provided they are treated in accordance with special provisions. No vertical construction joint shall be provided. The work shall conform strictly to the drawings or as directed by the Engineer.
In case of tall piers and abutments, use of slipform shall be preferred. The design, erection and raising of slipform shall be subject to special specifications which will be furnished by the Contractor. The concrete shall also be subject to additional specifications as necessary. All specifications and arrangements shall be subject lo the approval of the Engineer.
The surface of foundation/well cap/pile cap shall be scrapped with wire brush and al! loose materials removed. In case reinforcing bars projecting from foundations are coated with cement slurry, the same shall "be removed by tapping, hammering or wire brushing. Care shall be taken to remove all loose materials around reinforcements. Just before commencing masonry or concrete work, the surface shall be thoroughly welled.
In case of solid (non-spill through type) abutments, weep holes as shown on the drawings or as directed by the Engineer, shall be provided in conformity with Section 2706.
The surface finish shall be smooth, except the earth face of abutments which shall be rough finished.
In case of abutments likely to experience considerable movement on account of backfill of approaches and settlement of foundations, the construction of the abutment shall be followed by filling up of embankment in layers to, the full height to allow for the anticipated

movement during construction period before casting of superstructure.
2205. PIER CAP AND ABUTMENT CAP

Formwork, reinforcement and concrete shall conform to relevant sections of these specifications.
The locations and levels of pier cap/abutment cap/pedestals and bolts for fixing bearings shall be checked carefully to ensure alignment in accordance with the drawings of the bridge.
The surface of cap shall be finished smooth and shall have a slope for draining of water as shown on the drawings or as directed by the Engineer. For short span slab bridges with continuous support on pier caps, the surface shall be cast horizontal. The lop surface of the pedestal on which bearings are to be placed shall also k- cast horizontal.
The surface on which elastomeric bearings are to be placed shall be wood float finished to a level plane which shall not vary more than 1.5 mm from straight edge placed in any direction across the area. The surface on which other bearings (steel bearings, pot bearings) are to be placed shall be cast about 25 mm below the bottom level of bearings and as indicated on the drawings.

2206. DIRT/ BALLAST WALL, RETURN WALL AND WING WALL

Masonry, concrete and reinforcement shall conform to relevant sections of these specifications.
In case of cantilever return walls, no construction joint shall generally be permitted. Wherever feasible, the concreting in cantilever return walls shall be carried out in continuation of the ballast wall.
For gravity type masonry and concrete return and wing wall, the surface of foundation shall be prepared in the same manner as prescribed for construction of abutment. No horizontal construction joint shall be provided. If shown on drawing or directed by the Engineer, vertical construction joint may be provided. Vertical expansion gap of 20 mm shall be provided in return wall/wing wall at every 10 metre intervals or as directed by the Engineer. Weep holes shall be provided as prescribed for abutments or as shown on the drawings.
Formwork, reinforcement and concrete in dirt/ballast wall shall conform to relevant sections of these specifications.
The finish of the surface on the earth side shall be rough while the front face shall be smooth finished.
Architectural coping for wing wall/return wall in brick masonry shall conform to section 1300.
2207. TESTS AND STANDARDS OF ACCEPTANCE

The materials shall be tested in accordance with these specifications and shall meet the prescribed criteria.
The work shall conform to these specifications and shall meet the prescribed standards of acceptance.
2208. TOLERANCES IN CONCRETE ELEMENTS

(a) Variation in cross-sectional dimensions : +10 mm, -5mm

(b) Misplacement from specified position in plan : 10 mm

(c) Variation of levels at the top : ±10 mm

(d) Variations of reduced levels of bearing areas : ± 5 mm

(e) Variations from plumb over full height : ±10 mm

(f) Surface irregularities measured with 3 m straight edge

All surfaces except bearing areas : 5 mm

Bearing areas : 3 mm

2209. MEASUREMENTS FOR PAYMENT

Masonry in sub-structure shall be measured in cubic metres in accordance with Section 1300 or 1400, based on the quantities ordered or as shown on the drawing.
Concrete in sub-structure shall be measured in cubic metres in accordance with Section 1700, based on the quantity ordered or as shown on the drawing. No deduction shall be made for weep holes.
Steel in concrete of sub-structures shall be measured in tonnes, in accordance with Section 1600, based on the quantity ordered or as shown on the drawing.
Weep holes shall be measured as per Section 2700, based on the quantity ordered or as shown on the drawings.
2210. RATE

The contract unit rates for masonry, concrete, reinforcement and weep holes shall include all works as given in respective sections of these specifications and cover all incidental items for furnishing and providing substructure as mentioned in this Section.
KARNATAKA BUILDING SPECIFICATIONS
(KBS)
SECTION 4

CONCRETE WORK
4.0 The concrete can be designed in grades denoting by volumetric proportion of the constituents’ characteristic compressive strength. The concrete by volumetric proportion or nominal mix concrete of the constituents as well as Design Mix denoting compressive strength as detailed in this section.

4.1. Materials.

4.1.1 Water, cement, lime, fine aggregate or sand, surkhi, cinder and fly ash shall be as specified in Section 0.

4.1.2 Coarse aggregate
4.1.2.1. General - Aggregate most of which is retained on 4.75 mm IS Sieve and contains only as much fine material as is permitted in IS 383 for various sizes and grading is known as coarse aggregate. Coarse aggregate shall be specified as stone aggregate, gravel or brick aggregate and it shall be obtained from approved / authorised sources

a)  Stone aggregate -It shall consist of naturally occurring (uncrushed, crushed or broken) stones. It shall be hard, strong, dense, durable and clean. It shall be free from veins, adherent coating, and injurious amounts of disintegrated pieces, alkali, vegetable matter and other deleterious substances. It shall be roughly cubical in shape. Flaky and elongated pieces shall be avoided. It shall conform to IS:  383 unless otherwise specified.

b) Gravel - It shall consists of naturally occurring (uncrushed, crushed or broken ) river bed shingle or pit gravel. It shall be sound, hard and clean. It shall be free from flat particles of shale or similar laminated material, powdered clay, silt, and loam adherent coating, alkali vegetable, matter and other deleterious substances. Pit gravel shall be washed if it contains soil materials adhering to it. These shall soil materials soil materials adhering to it. These shall conform to IS: 383 unless otherwise specified.

c) Brick aggregate - Brick aggregate shall be obtained by breaking well burnt or over burnt dense bricks / brick bats. They shall be homogenous in texture, roughly cubical in shape and clean. They shall be free from unburnt clay particles. Soluble salt, silt, adherent coating of soil vegetable matter and other deleterious substances. Such aggregate should not contain more than one percent of sulphate and should not absorb more than 10% of their own mass of water, when used in cement concrete and 20% when used in lime concrete. It shall conform to IS: 383 unless otherwise specified.

d) Lightweight aggregates such as sintered fly ash aggregate may also be used provided the engineer is satisfied with the data on the proportion of concrete made with them.

4.1.2.2. Deleterious material - Course aggregate shall not contain any deleterious material, such as pyrites, coal, lignite, shale or similar laminates material, clay, alkali, soft fragments, sea shells and organic impurities in such quantity as to affect the strength or durability of the concrete. Coarse aggregate to be used for reinforced cement concrete shall not contain any material liable to 

the steel reinforcement. Aggregates which are chemically reactive with alkali of cement shall not be used. The maximum quantity of deleterious material shall not more than five per cent of the weight of coarse aggregate when determined in accordance with IS: 2386 part II. 

4.1.2.3. Size and grading 

(i)  Stone aggregate and gravel - It shall be either graded or single sized as specified. Normal size and grading shall be as under  --

(a)
Nominal sizes of graded stone aggregate or gravel shall be 40, 20, 16, or 12.5 mm as specified. For any one of the nominal sizes, the proportion of other sizes shall be in accordance with Table 1.

Table 1 -Graded stone aggregate or gravel

	IS Sieve Designation
	Percentage passing (by weight) for nominal size of

	
	40 mm
	20 mm
	16 mm
	12.5 mm

	75 mm
	100
	-
	-
	-

	37.5 mm
	95 to 100
	100
	-
	-

	19 mm
	-
	95 to 100
	100
	100

	16 mm
	-
	-
	90 to 100
	-

	11.2 mm
	-
	-
	-
	90 to 100

	9.5 mm
	10 to 35
	25 to 55
	30 to 70
	40 to 85

	4.75 mm
	0 to 5
	0 to 10
	0 to 10
	0 to 10

	2.36 mm
	-
	-
	-
	-


Concrete work


(b). Normal sizes of single sized stone aggregate or gravel shall be 63, 40, 20, 16, 12.5 or 10 mm as specified. For any one of the nominal sizes the proportion of other sizes shall be in accordance with Table 2.

Table 2 -Single sized (ungraded) stone aggregate or gravel

	IS Sieve

Designation
	Percentage passing (by weight) for nominal size of

	
	63 mm
	40 mm
	20 mm
	16 mm
	12.5 mm
	10 mm

	75 mm
	100
	-
	-
	-
	-
	-

	63 mm
	85-100
	100
	-
	-
	-
	-

	37.5 mm
	0-30
	85-100
	100
	-
	-
	-

	19 mm
	0-5
	-20
	85-100
	100
	-
	-

	16 mm
	-
	-
	-
	-85-100
	100
	-

	11.2 mm
	-
	-
	-
	-
	85-100
	100

	9.5
	-
	0-5
	0-20
	0-30
	0-45
	85-

	100
	
	
	
	
	
	

	4.75 mm
	-
	-
	0-5
	0-5
	0-10
	0-20

	2.36 mm
	-
	-
	-
	-
	-
	0-5


c). When stone aggregate or gravel brought to site is single sized (ungraded), it shall be mixed with single sizes aggregate of different sizes in the proportion to be determined by field tests to obtain graded aggregate of specified nominal size. For the required nominal size, the proportion of other sizes in mixed aggregate shall be in accordance with Table 1. Recommended proportions by volume for mixing of different sizes of single size (ungraded) aggregate to obtain the required nominal size of graded aggregate are given in Table 3.

Table 3 -Single sized (ungraded) stone aggregate or gravel

	Cement

Concrete
	Nominal size of graded aggregate required
	Parts of single size aggregate of size

	
	
	50 mm
	40 mm
	20 mm
	12.5 mm
	10 mm

	1: 6:12
	63
	9
	-
	3
	-
	-

	1: 6: 12
	40
	-
	9
	3
	-
	-

	1: 5: 10
	63
	7 ½
	-
	2 ½
	-
	-

	1: 5: 10
	40
	-
	7 ½
	2 ½
	-
	-

	1: 4: 8
	63
	6
	-
	2
	-
	-

	1: 4: 8
	40
	-
	6
	2
	-
	-

	1: 3: 6
	63
	4 ½
	-
	1 ½
	-
	-

	1: 3: 6
	40
	-
	4 ½
	1 ½
	-
	-

	1: 3:6
	20
	-
	-
	4 ½
	-
	-

	1: 2: 4
	40
	-
	2 ½
	1
	-
	½

	1: 2: 4
	20
	-
	-
	3
	-
	1

	1: 2: 4
	12.5
	-
	-
	-
	3
	-

	1: 1 ½ : 3
	20
	-
	-
	2
	-
	1


Note-(i) The proportions indicated in Table 3 above are by volume when considered necessary, these proportions may be varied marginally by engineer after making sieve analysis of aggregate brought to site for obtaining required graded aggregate. No adjustments in rate shall be made for any variation in the proportions so ordered by the engineer. If single size coarse aggregates are not premixed at site to obtain the graded coarse aggregate required for mix, the volume of single size aggregates required for the mix shall be suitably increased to account for reduction in total volume at the site of mixing.

(ii) Brick aggregate - Nominal size of brick aggregate shall be40 mm and its grading shall be as specified in the Table 4 when tested for sieve.







Table 4 -Brick aggregate

	IS Sieve Designation(by weight)
	Percentage passing

	75 mm
	100

	37.5 mm
	95-100

	19.0 mm
	45-100

	4.75
	0-5


Note -Coarse aggregate for cement concrete shall generally conform to para 4.2.1 of IS: 456 and fine aggregate shall conform to IS: 383.

4.1.2.4. Stacking - Aggregate shall be stacked on a hard, dry and level patch of ground. When stack piling, the aggregate shall not form pyramids resulting in segregation of different sized materials. It shall be stacked separately according to nominal size of coarse aggregates. Stacking shall be done in regular stacks, of height not exceeding 100 cm.

4.1.2.5.  Testing - Coarse aggregate shall be tested for the following (as per IS: 2386 ) 

(a) Determination of particle size and shape

(b) Estimation of organic impurities (as per IS: 2386-Part II )

(c) Surface moisture 

(d) Determination of 10% fine value 

Measurements - The aggregates shall be measured in stacks and paid for after making a deduction of 7.5% of the gross measurements of stacks in respect of aggregates of nominal size 40 mm and above. No deduction from the gross measurements of the stacks is to be made in respect of aggregates nominal size below 40 mm.

4.1.2. Admixtures - When required, admixtures of approved quality shall be mixed with concrete, as specified. The admixtures shall conform to IS: 9103.

4.2. SPECIFICATIONS FOR CEMENT CONCRETE

4.2.0.
This shall be prepared by mixing graded stone or brick aggregate of nominal size as specified with fine aggregate and cement in specified proportions with required quantity of water. The grading and quality of aggregates shall be such as to give minimum compressive strength of 140 kg/cm² and 210 kg / cm² at 7 days and 28 days respectively in case of mix 1:2:4, (One cement - two Coarse sand - four stone aggregate).     

One sample consisting of 6 cubes 15x15x15 cm shall be taken for every 15 cubic meter or part thereof cement concrete 1:2:4. The cube tests shall not be carried out in case the quantity of cement concrete placed on any day is less than 15 cubic meter unless otherwise specific. For other details, refer section on R.C.C. work.

4.2.1.
Proportioning -   It shall be done by volume. Boxes of suitable size shall be used for measuring sand and aggregate. The internal dimensions of the boxes shall be generally 35 X 25 X40 cm deep or as otherwise approved by the engineer. The unit of measurement of cement shall be a bag of 50 kg. and this shall be taken as 0.035 cubic meter. While measuring the aggregate, shaking, ramming or heaping shall not be done. The proportioning of sand shall be on the basis of its dry volume and in case of damp sand, allowances for bulk age shall be made as given for mortar. 
4.2.2.
Preparation - This shall be prepared by mixing coarse aggregate, fine aggregate and cement in specified proportions with required quantity of water. Nominal size and quality of aggregate shall be as specified. 

Except where brick aggregate is used in cement concrete, minimum compressive strength on works test for different concrete mixes shall be as specified for various grades prepared by volume basis, in Table 5 below. The work test shall be carried out for every 15 cum of a day’s concreting unless otherwise specified.  






Table 5

	Concrete mix
	Min compressive strength on15 cm cube in  Kg / cm²

	
	7 days strength
	28 days strength

	1:1:2
	210
	315

	1:1½ :3
	
	265

	1:2:4
	140
	175


4.2.2.1. Mixing - Concrete shall be mixed in mechanical batch type concrete mixers conforming to IS: 1791 having two blades and fitted with power loader (lifting hopper type). Half bag mixers and mixers without lifting hoppers shall not be used for mixing concrete. In exceptional circumstances, such as mechanical break down of mixer, work in remote areas or power breakdown and when the quantity of concrete work is very small, hand mixing may be done with the specific prior permission of the engineer in writing subject to adding 10% extra cement. When hand mixing is permitted, it shall be carried out on a watertight platform and care shall be taken to ensure that mixing is continued until the concrete is uniform in colour and consistency. Before mixing the brick aggregate shall be well soaked with water for a minimum period of two hours and stone aggregate or gravel shall be washed with water to remove, dirt, dust and other foreign materials. For guidance, the mixing time may be 1½ to 2 minutes, for hydrophobic cement it may be taken as 2½ to 3 minutes. 

4.2.2.2. Power loader - Mixer will be fitted with a power loader complying with the following requirements.

a). The hopper shall be of adequate capacity to receive and discharge the maximum nominal batch of unmixed materials without spillage under normal operating conditions on a level site. 

Note -
In such a case the volume of the maximum nominal batch of mixed material is 50% greater than the nominal mixed batch capacity.

b). The minimum inside width of the feeding edge of the hopper shall be as specified below in Table 6.

Table 6

	Nominal size of mixer

(T, NT or R), litre
	Minimum inside width of hopper

feeding edge in mm

	140
	1.0

	200
	1.1

	280
	1.2

	375
	1.4

	500
	1.5

	1000
	2.0


             T = tilting; NT = non-tilting; R = Reverse

a) The design of the loader shall be such that it allows the loading hopper to be elevated to such a height that the center line of the chute plate of the hopper when in discharge position, is at an angle of not less than 50º to the horizontal. A mechanical device to aid discharge of the contents as quickly as possible from the hopper to the drum may also be provided. Even when a mechanical device is provided, it is recommended that the angle of center line of the chute plate of the hopper when in discharge position, should be as large as practicable, preferably not less than 40º to horizontal. 

b) When the means of raising and lowering the loading hopper includes flexible wire ropes winding on to a drum or drums, the method of fastening the wire to rope to the drums shall be such as to avoid, as far as possible any tendency to cut the strands of the ropes and the fastening should preferably be positioned clear of the barrel of the drum for example, outside the drums flange. When the loading hopper is lowered to its normal loading position, there should be at least one and half drums of rope on the drum. 

c) Clutch brake and hydraulic control lever shall be designed so as to prevent displacement by liberation or by accidental contact with any person. 

d) The clutch and brake control arrangements shall also be so designed that the operator can control the falling speed of the loader.

e) Safety device shall be provided to secure the hopper in raised position when not in use 

4.2.2.3. Mixing efficiency - The mixer shall be tested under normal working conditions in accordance with the method specified in IS - 4643 with a view to check its ability to mix the ingredients to obtain concrete having uniformity within the prescribed limits. The uniformity of mixed concrete shall be evaluated by finding the percentage variation in quantity (mass in water) of cement, fine aggregate and coarse aggregate in a freshly mixed batch of concrete. 

The percentage variation between the quantities of cement, fine aggregate and coarse aggregates (as found by weighing in water) in the two halves of a batch and average of the two halves of the batch shall not be more than the following limits -



Cement



8%



Fine aggregate


6%



Coarse aggregate 


5%

4.2.2.4. Machine mixing - The mixer drum shall be flushed clean with water. Measured quantity of coarse aggregate shall be placed first in the hopper. This shall be followed with measured quantity of fine aggregate and then cement. In case fine aggregate is damp, half the required quantity of coarse aggregate shall be placed in the hopper, followed by fine aggregate and cement. Finally the balance quantity of coarse aggregate shall be fed in the hopper, & then the dry materials are slipped into the drum by raising the hopper. The dry material shall be mixed for at least four turns of the drum. While the drum is rotating, water shall be added gradually to achieve the water cement ratio as specified or as required by the engineer. After adding water, the mixing shall be continued until concrete of uniform colour, uniformly distributed material and consistency is obtained. Mixing shall be done for at least two minutes after adding water. If there is segregation after unloading from the mixer, the concrete should be remixed. The drum shall be emptied before recharging. When the mixer is closed down for the day or at any time exceeding 20 minutes, the drum shall be flushed clean with water.

4.2.2.5 Hand mixing - When hand mixing has been specifically permitted in exceptional circumstances by the engineer in writing, subject to adding 10% extra cement, it shall be carried out on a smooth, clean and water tight platform of suitable size. Measured quantity of sand shall be spread evenly on the platform and the cement shall be dumped on the sand and distributed evenly. Sand and cement shall be mixed intimately with spade until mixture is of even colour throughout. Measured quantity of coarse aggregate shall be spread on top of cement sand mixture and mixing done by shoveling and turning till the coarse aggregate gets evenly distributed in the cement sand mixture. Three quarter of the total quantity of water required shall be added in a hollow made in the middle of the mixed pile and the material is turned towards the middle of pile with spade. The whole mixture it turned slowly over and again and the remaining quantity of water is added gradually. The mixing shall be continued until concrete of uniform colour and consistency is obtained. The mixing platform shall be washed and cleaned at the end of the day. 

4.2.3.
Workability - The quantity of water to be used for each mix shall be such that the concrete is of adequate workability for the placing conditions of the concrete and can properly be compacted with the means specified. Generally, the quantity of water to be used for each mix of 50 Kgs cement shall not be more than 34 litres for 1:3:6 mix, 30 litres for 1:2:4 mix, 30 litres for 1:1½:3 mix and 25 litres for 1:1:2 mix. In case of vibrated concrete, the quantity of water may be suitably reduced to avoid segregation. The quantity of water shall be regulated by carrying out regular slump tests as described in Annexure 4.A.1. The slump and workability for different kind of works shall be as per Table 7 below







Table 7

	Placing conditions.
	Degree of workability
	Value of workability

	Concreting of shallow Sections with vibration
	Very low
	0.75-0.80

Compacting factor.

	Concreting of lightly reinforced section with vibration.
	Low
	Slump up to 25 mm, 10-5 Seconds, vee bee time 0.8-0.85 compacting factor.

	Concreting of lightly reinforced

Section without vibration or heavily reinforced sections with vibration.
	Medium
	25-75 mm, slump for 20 mm aggregate.

	Concreting of heavily reinforced

sections without vibration.
	High
	75-125 mm slump for 20 mm aggregate.


Note - Where considered necessary, the workability of the concrete my also be ascertained by compacting factor test and vee-bee censistometer method as specified in IS: 1199. For suggested ranges of value of workability of concrete by the
 above methods, reference may be made to IS: 456-2000.

4.2.4.
Transportation - Concrete shall be transported from the mixer to the place of laying as rapidly as possible by methods which will prevent the segregation or loss of any of the ingredients and maintaining the required workability. 

4.2.5. Placing - The concrete shall be deposited as nearly as practicable in its final position to avoid rehandling. It shall be laid gently (not thrown) and shall be thoroughly vibrated and compacted before setting commences and should not be subsequently disturbed. Method of placing shall be such as to preclude segregation. Care shall be taken to avoid displacement of reinforcement or movement of form work and damage due to rains. 

4.2.6. Compaction - Concrete shall be thoroughly compacted and fully worked around embedded fixtures and into corners of the form work. Compaction shall be done by mechanical vibrator of appropriate type till a dense concrete is obtained. The mechanical vibrators shall conform to IS: 2505 specifications for concrete vibrators (immersion type). To prevent segregation, over vibration shall be avoided. The use of mechanical vibrator may be relaxed by the engineer at his discretion for certain items and permit hand compaction.  Hand compaction shall be done with the help of tamping rods. Compaction shall be completed before the initial setting starts. For the items where mechanical vibrators are not to be used, the contractor shall take permission of the engineer in writing before the start of the work. After compaction the top surface shall be finished even and smooth with wooden trowel before the concrete begins to set.

4.2.7.
Construction joints - Connecting shall be carried out continuously up to construction joints. The position and arrangement of construction joints shall be as shown in the structural drawings or as directed by the engineer. Number of such joints shall be kept minimum and shall be kept as straight as possible.

4.2.7.1. When the work has to be resumed on a surface which has hardened, such surface shall be roughened. It shall then be swept clean and thoroughly wetted. For vertical joints, neat cement slurry, of workable consistency by using 2kgs of cement per sq m shall be applied on the surface before it is dry.  For horizontal joints, the surface shall be covered with a layer of mortar about 10-15 mm thick composed of cement and sand in the same ratio as the cement and sand in concrete mix. This layer of cement slurry of mortar shall be freshly mixed and applied immediately before placing of the concrete 

4.2.7.2. Where the concrete has not fully hardened, all laitance shall be removed by scrubbing the wet surface with wire or bristle brushes, care being taken to avoid dislodgement of particles of coarse aggregate. The surface shall be thoroughly wetted and all free water removed. The surface shall then be coated with neat cement slurry @ 2 kgs of cement per sqm. On this surface, a layer of concrete not exceeding 150 mm in thickness shall first be placed and shall be well rammed against corners and close spots; work, thereafter, shall proceed in the normal way. 

4.2.8.
Concreting under special conditions

4.2.8.1 Work in extreme weather conditions - During hot and cold weather, the concreting shall be done as per the procedure set out in IS: 7861(Part-I) and IS: 7861(Part II) respectively. Concreting shall not be done when the temperature falls below 4.5º C. In cold weather, the concrete placed shall be protected against frost. During hot weather, it shall be ensured that the temperature of wet concrete does not exceed 38ºC.

4.2.8.2 Under water concreting - Concrete shall not be deposited under water if it is practicable to de-water the area and place concrete in the regular manner. The concrete shall contain at least 10% more cement than that required for the same mix placed in dry conditions, the quantity of extra cement varying with conditions of placing with prior written permission of the engineer. Such extra cement will be paid extra. The volume of coarse aggregate shall not be less than 1½ times nor more than twice the fine aggregate and slump not less than 100 mm nor more than 180 mm. Where found necessary to deposit any concrete under water, the method, equipment, materials and mix shall first be got approved by the engineer. Concrete shall be deposited continuously until it is brought to required height. While depositing, the top surface shall be kept as nearly level as possible and the formation of heaps shall be avoided. The concrete shall be deposited under water by one of the approved methods such as Tremie method, drop bottom bucket, bags, grouting etc. as per details given in IS: 456-2000. If it is necessary to raise the water after placing the concrete, the level shall be brought up slowly without creating any waves or commotion tending to wash away cement or to disturb the fresh concrete in any way 

4.2.9.
Curing - When the concrete begins to harden i.e. two to three hours after compaction, the exposed surfaces shall be kept damp with moist gunny bags, sand or any other material approved by the engineer 24 hours after compaction, the exposed surface shall be kept continuously in damp or wet conditions by ponding or by covering with a layer of sacking, canvass, Hessian or similar absorbent materials and kept constantly wet for at least 7 days where ordinary Portland cement is used and 10 days, where Portland pozzolana cement is used from the date of placing of concrete. For concrete work with other types of cement, curing period shall be as directed by the engineer.

Approved curing compounds may be used in lieu of moist curing with the permission of the engineer. Such compounds shall be applied to all exposed surfaces of the concrete as soon as possible after the concrete has set

4.2.9.1 Freshly laid concrete shall be protected from rain by suitable covering. 

4.2.9.2 Over the foundation concrete, the masonry work may be started after 48 hours of its compaction but the curing of exposed surfaces of cement concrete shall be continued along with the masonry work for at least 7 days. And where cement concrete is used as base concrete for flooring, the flooring may be commenced before the curing of period of base concrete is over but the curing of base concrete shall be continued along with top layer of flooring for a minimum period of 7 days.  

4.2.10.
Testing of concrete will be done as described in section on R.C.C 

4.2.11.
Form work - Form work shall be as specified in R.C.C section and shall be paid for separately unless otherwise specified.

4.2.12.
Finishes -  Plastering and special finishes other than those, obtained through form work shall be specified and paid for separately unless otherwise specified.

4.2.13.
Measurements

4.2.13.1. Dimensions of length, breadth and thickness shall be measured correct to nearest cm. Except for the thickness of slab and partition which shall be measured to nearest 5 mm. Area shall be worked out to nearest 0.01 square meter and the cubic contents of consolidated concrete shall be worked out nearest 0.001 cubic meters. Any work done in excess over the specified dimension or as required by engineer is ignored.

4.2.13.2. Concrete work executed in the following conditions shall be measured separately 

a. At or near the ground level

b. Work in liquid mud

c.   Work in or under foul positions

4.2.13.3. Cast-in-situ concrete and or precast concrete work shall be measured in stages described in the item of work, such as -

a. At or near the ground level

b. Up to specified floor level

c. Between two specified floor levels

d. Up to specified height above or depth below plinth level/ defined datum level

e. Between two specified heights or depths with reference to plinth level / defined datum level 

4.2.13.4. No deduction shall be made for the following -
a.
Ends of dissimilar materials for example beams, girders, rafters, purlins trusses corbels and steps up to 500sq. cm in cross sections.

b.
Opening up to 0.1sq meter (1000sq.cm).

c.
Volume occupied by pipes, conduits, sheathing etc. not exceeding 100sq cm each in cross sectional areas.

d.
Small voids such as shaded portions in Figure when these do not exceed 40sq cm each in cross section.

Note - In calculating area of opening, the thickness of any separate lintel or still shall be included in the height. Nothing extra shall be payable for forming such openings or voids.

4.2.13.5. Cast-in-situ concrete shall be classified and measured as follows -

a) Foundation, footings, bases for columns

b) Walls (any thickness) including attached pilasters, buttresses, plinth and string courses, fillets etc.

c) Shelves

d) Slabs

e) Chajjas including portions bearing on the wall

f) Lintels, beams and Bressemmers

g) Columns, piers abutments, pillars, post and struts

h) Stair case including stringer beams but excluding landings.

i) Balustrades, newels and sailing 

j) Spiral staircase (including landing)

k) Arches

l) Domes, vaults

m) Shell roof, arch ribs and folded plates

n) Chimneys and shaft.

o) Breast walls, retaining, walls, return walls

p) Concrete filling to precast components

q) Kerbs, steps and the like

r) String or lacing courses, parapets, copings, bed block, anchor blocks, plain window sills and the like

s) Cornices and moulded windows sills.

t) Louvers, fins, fascia.

4.2.13.6. Precast cement concrete solid articles shall be measured separately and shall include muse of moulds, finishing the top surfaces even and smooth with wooden trowel, before setting in position in cement mortar 1:2 (1 cement -2 coarse sand). Plain and moulded work shall be measured separately and the work shall be classified and measured as under  -

	Classification
	Method of measurement

	a.   Wall panels                
In square meters stating the thickness
	In square meters stating the thickness

	b.   String or lacing courses, coping, bed

plats, plain windows sills, shelves, louvers,

steps etc.
	In cubic meters

	c.   Kerbs, edgings etc. In cubic meters
	In cubic meters

	d.  Solid block work
	In square meters stating the thickness or in cubic meters.

	e.  Hollow block work
	In square meters stating the thickness or in cubic meters.

	f.  Light weight Partitions
	In square meters stating the thickness or in cubic meters.


4.2.14.
Rate - The rate is inclusive of the cost of labour and materials involved in all the operations described above.

4.6  SPECIFICATIONS FOR Reinforced cement concrete work

General - Reinforced cement concrete work may be cast-in-situ or Precast as may be directed by engineer according to the nature of work. Reinforced cement concrete work shall comprise of the following which may be paid separately or collectively as per the description of the item of work.

a) Form work ( Centering and shuttering ) 

b) Reinforcement

c) Concreting - 1) Cast-in-situ  2) Precast 

4.6.1  Materials

4.6.1.1 Water, cement, fine and coarse aggregate shall be as specified under respective clauses of mortars and section 04-concrete work as applicable.

4.6.1.2
Steel for reinforcement

The steel used for reinforcement shall be any of the following types -

a) Mild steel sand medium tensile bars conforming to IS: 432 (part  I)

b) Hard drawn steel write conforming to IS: 432 (part  II)

  High strength deformed steel bars conforming to IS: 1786

c) Hard drawn steel wire fabric conforming to IS: 1566

d) Structural steel section conforming to IS: 2062-1999

Types and grades - Reinforcement supplied in accordance with this standard shall be classified into the following types -

a) Mild steel bars - It shall be supplied in the following two grades

i)
Mild steel bars grade I designated as Fe 410-S

ii)    Mild steel bars grade II designated as Fe 410-O.

b)
Medium tensile steel bars, grade II designated as Fe-540-W-HT.

Mild steel and medium tensile steel - Physical requirement are given in Table 11.

Table 11

	Sl

No
	Type and nominal size

Of bars
	Ultimate tensile stress

N/mm2 minimum
	Yield stress

N/mm2 minimum
	Elongation

Percent

	1
	Mild steel grade I

For bars up to and including

20 mm
	410
	250
	23

	
	For bars over 20 mm up to and

Including 50 mm
	410
	240
	23

	2
	Mild steel grade I

For bars up to and including

20 mm
	370
	225
	23

	
	For bars over 20 mm up to and

Including 50 mm
	370
	215
	23

	3
	Medium tensile steel

For bars up to & including

16 mm
	540
	350
	20

	
	For bars over 16 mm, up to

And including 32 mm
	540
	340
	20

	
	For bars over 32 mm, up to

And including 50 mm
	510
	330
	20


Elongation percent on gauge length 5.65 (so where so is the cross section area of the test piece.

Note-1. Grade (II) Mild steel bars are not recommended for the use in structures located in the earthquake zone subjected to serve damage and for structures subjected to dynamic loading (other than wind loading) such as railway and highway bridges.

2.  Welding of reinforcement bars covered in this specification shall be done in accordance with the requirements of IS: 2751.

Nominal mass / weight - The tolerance on mass/weight for round and square bars shall be the percentage given in Table.12 of the mass/weight calculated on the basis that the masses of the bar/wire of nominal diameter and of density 0.785 kg / cm3 or 0.00785 kg / mm3.

Table 12 (Tolerance on nominal mass)

	Nominal size In mm
	Tolerance on the nominal  mass percent

	
	Batch
	Individual Sample +
	Individual sample for coil(-x-)

	a)   up to and including 10
	± 7
	± 8
	± 8

	b) over 10, up to and 

including 16

	+5
	-6
	+6

	c)   over 16
	± 3
	-4
	± 4


+   for individual sample plus tolerance in not specified 

(x) for coil batch tolerance is not applicable

Tolerance shall be determined in accordance with method given in IS 1786-1985

Tests - Following type of lab test shall be carried out

1) Tensile test - This shall be done as per IS: 1608

2) Bend test - This shall be done as per IS: 1599

3) Re-test - This shall be done as per IS: 1786

4) Rebend test -This shall be done as per IS: 1786

Should any one of the test pieces first selected fail to pass any of the tests specified above, two further samples shall be selected for testing in respect of each failure. Should the test pieces from both these additional samples pass, the materials represented by the test samples shall be deemed to comply with the requirement of the particular test. Should the test piece from either of these additional samples fail, the material represented by the test samples shall be considered as not having complied with standard. High strength deformed bars & wires shall conform to IS: 1786. The physical properties for all sizes of steel bars are mentioned below in Table 13.




Table 13

	Sl.No
	Property
	Grade

	
	
	Fe 415
	Fe 500
	Fe 550

	1
	0.2% proof Stress/Yield stress, in. N/mm²
	415
	500
	550

	2
	Elongation, percent min. on gauge Length 5.65 A, Where A is the X-sectional Area of the test piece
	14.5
	12
	8

	3
	Tensile strength
	10 % more than actual 0.2 % proof stress but not less than 465 N/mm²
	8 % more than actual 0.2 % proof stress but not less

than 545

N/mm²
	6 % more than actual 0.2 % proof stress but not less

than 585

N/mm²


Tests - Selection and preparation of test sample. All the tests pieces shall be selected by the engineer or his authorised representative either-

a) From cutting of bars or
b) If he so desires, from any after it has been cut to the required or specified size and the test piece taken from any part of it.

In neither case, the test pieces shall be detached from the bar or coil except in the presence of the engineer or his authorised representative.

The test pieces obtained in accordance with as above shall be full sections of the bars as rolled and subsequently cold worked and shall be subjected to physical tests without any further modifications. No deductions in size by machining or otherwise shall be permissible. No test piece shall be enacted or otherwise subject to heat treatment. Any straightening which a test piece may require shall be done cold.

Tensile test - This shall be done as per IS: 1599.

Re-test -This shall be done as per IS: 1786.

4.6.1.3 Stacking and storage - Steel for reinforcement shall be stored in such a way as to prevent distorting and corrosion. Bars of different classifications, sizes and lengths shall be stored separately to facilitate issue in such sizes and lengths to cause to minimum wastage in cutting from standard length.

4.6.2 SPECIFICATIONS FOR FORMWORK (CENTRING & SHUTTERING)

4.6.2.1 -  Form work shall include all temporary or permanent forms or moulds required for forming the concrete which is cast-in-situ, together with all temporary construction required for their support.
4.6.2.2 - Design & tolerance in construction - Form work shall be designed and constructed to the shapes, lines and dimensions shown on the drawings with the tolerances given below.

	a)
	Deviation from specified dimensions of cross section of columns and beams
	+ 12 mm

	b)
	Deviation from dimensions of footings
	+ 12 mm

	
	i)
	Dimension in plan
	+ 50 mm

	
	ii)
	Eccentrically in plan
	0.02 times the width of the footings in the direction of deviation but not more than 50 mm

	
	iii)
	Thickness
	+ 0.05 times the specified thickness.


(Note – Tolerance apply to concrete dimensions only, and not to positioning of vertical steel or dowels.)

4.6.2.3. General requirement - It shall be strong enough to withstand the dead and live loads and forces caused by ramming and vibrations of concrete and other incidental loads, imposed upon it during and after casting of concrete. It shall be made sufficiently rigid by using adequate number of ties and braces, Screw jacks or hard board wedges where required shall be provided to make up any settlement in the form work either before or during the placing of concrete.

Forms shall be so constructed as to be removable in sections in the desired sequence, without damaging the surface of concrete or disturbing other sections. Care shall be taken to see that no piece is keyed into the concrete. See also Annexure 4-A.7

4.6.2.4. Material for form work

Propping and centering - All propping and centering should be either of steel tubes with extension pieces or built up sections of rolled steel.

Centering / Staging - Staging should be as designed with required extension pieces as approved by engineer to ensure proper slopes, as per design for slabs /beams etc. and as per levels as shown in drawings. All the staging to be either  tubular steel structure with adequate bracings as approved or made of built up structural sections made from rolled structural steel sections


a). In case of structures with two or more floors, the weight of concrete, centering and shuttering of any upper floor being cast shall be suitably supported on one floor below the top most floor already cast.          

b). Form work and concreting of upper floor shall not be done until concrete of lower floor has set at least for 14 days.                                                                                                         

Shuttering - Shuttering used shall be of sufficient stiffness to avoid excessive deflection and joints shall be tightly butted to avoid leakage of slurry. If required, rubberized lining of material as approved by the engineer shall be provided in the joints.

Steel shuttering used for concreting should be sufficiently stiffened. The steel shuttering should also be properly repaired before use and properly cleaned to avoid stains, honey combing,    seepage of slurry through joints etc.

(a) Runner joints RS, MS Channel or any other suitable section of the required size shall be used as runners.

(b) Assembly of beam head over props, Beam head is an adopter that fits snugly on the head plates of props to provide wider support under beam bottoms.

Form work shall be properly designed for self weight, weight of reinforcement, weight of fresh concrete, and in addition, the various live loads likely to be imposed during the construction process (such as workmen, materials and equipment). In case the height of centering exceeds 3.50 meters, the prop may be provided in multi-stages. Typical arrangements of form work for ‘Beams, columns and walls, and forms secured by wall ties are shown in Figure 1 to 8: and typical detail of multistage shuttering is given in Fig. 9.

Camber - Suitable camber shall be provided in horizontal members of structure, especially in cantilever spans to counteract the effect of deflection. The form work shall be so assembled as to provide for camber. The camber for beams and slabs shall be 4 mm per meter (1 to 250) or as directed by the engineer, so as to offset the subsequent deflection. For cantilevers the camber at free end shall be 1/50th of the projected length or as directed by the engineer.

Walls - The forms faces have to be kept at fixed distance apart and an arrangement of wall ties with spacer tubes or bolts is considered best. A typical wall form with the components identified is given in Fig.1, 2, & 3. The two shutters of the wall are to be kept in place by appropriate ties, braces and studs. Some of the accessories used for wall forms are shown in Fig.3.

surrounding concrete or any fixture attached to the steel or concrete.
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Fig. 1 Wall Form
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Fig. 2 Adjustable curve wall form (Double sided)
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Fig. 3
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Fig. 4 Typical standard units of form work
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Fig. 5 Typical components of form work
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Fig. 6 Typical arrangement of column form work
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Fig. 7 Typical column shuttering
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Fig. 8 Typical detail of beam head and stiffener


Fig. 9 Typical details of multi stage shuttering

Removal  of form work (stripping time) - In normal circumstance and where ordinary Portland cement is used, forms may generally be removed after the expiry of the following periods  -

a)  Walls ,columns and faces of all structural members 24 to 48 hours as many be decided by the engineer

b)  Slab

i)    Spanning up to 4.50 M                         
7 days

ii)   Spanning over 4.50 M 

14 days

c)   Beams and arches

i)    Spanning up to 6 M                                  
14 days

ii)   Spanning over 6 M & up to 9 m               
21 days

iii)  Spanning over 9 M                                  
28 days 

Note 1 -For the other types of cement, the stripping time recommended for ordinary Portland cement may be suitably modified. If Portland pozzolana or low heat cement has been used for concrete, the stripping time will be 10/7 of the period stated above.

Note 2 - The number of props left under, their sizes and disposition shall be such as to be able to safely carry the full dead of the slabs, beam or arch as the case may be together with any live load likely to occur during curing of further construction.

Note 3 - For rapid hardening cement, 3/7 of above periods will be sufficient in all cases except for vertical side of slabs, beams and columns which should be retained for at least 24 hours.

Note 4 - In case cantilever slabs and beams, the centering shall remain till structures for counter acting or bearing down have been erected and have attained sufficient strength.

Note 5 - Proper precautions should be taken to allow for the decrease in the rate of hardening that occurs with all types of cement in cold weather and accordingly stripping time shall be increased.

Note 6 - Work damaged through premature or careless removal of forms shall be reconstructed.
4.6.2.5. Surface treatment

Oiling the surface - Shuttering gives much longer service life in the surfaces are coated with suitable mould oil which acts both as a parting agent and also gives surface protections.  Typical mould oil is heavy mineral oil or purified cylinder oil containing not less than 5% pentachlorophenol conforming to IS 716 well mixed to a viscosity of 70-80 centipoises.

After 3-4 uses and also in case when shuttering has been stored for a long time, it should be recoated with mould oil before the next use. The design of form work shall conform to sound engineering practices and relevant IS codes.

4.6.2.6. Inspection of form work - The completed form work shall be inspected and approved by the engineer before reinforcement bars are placed in position. Proper from work should be adopted for concreting so as to avoid honey combing, blow holes, grout loss, stains or discolouration of concrete etc. Proper and accurate alignment and profile of finished concrete surface will be ensured by proper designing and erection of form work which will be approved by engineer.

Shuttering surface before concreting should be free from any defect / deposits and fully cleaned so as to give perfectly straight smooth concrete surface. Shuttering surface should be therefore checked for any damage to its surface and exclusive roughness before use.

4.6.2.7. Erection of form work (centering and shuttering) - Following points shall be borne in mind while checking during erection.

a) Any member which is to remain in position after the general dismantling is done, should be clearly marked.

b) Material used should be checked to ensure that, wrong items / rejects are not used.

c) If there are any excavations nearby which may influence the safety of form works, corrective and strengthening action must be taken.

i)     The bearing soil must be sound and well prepared and the sole plates shall bear well on the ground.

ii) Sole plates shall be properly seated on their bearing pads or sleepers.

iii) The bearing plates of steel props shall not be distorted.

iv) The steel parts on the bearing members shall have adequate bearing areas.

d)   Safety measures to prevent impact of traffic; scour due to water etc. should be taken. Adequate precautionary measures shall be taken to prevent accidental impacts etc.

e)    Bracing, struts and ties shall be installed along with the progress of form work to ensure strength and stability of form work at intermediate stage. Steel sections (especially deep sections) shall be adequately restrained against tilting, over turning and form work should be restrained against horizontal loads. All the securing device and bracing shall be tightened.

f)  The stacked materials shall be placed as catered for, in the design.

g)  When adjustable steel props are used, they should - 


i). Be undamaged and not visibly bent.

ii). Have the steel pins provided by the manufacturers for use.

iii). Be restrained laterally near each end.

iv). Have means for centralizing beams placed in the fork heads.

h)   Screw adjustment of adjustable props shall not be over extended.

i)   Double wedges shall be provided for adjustment of the form to the required position wherever any settlement / elastic shortening of props occur. Wedges should be used only at the bottom end of single prop. Wedges should not be too steep and one of the pair should be tightened / clamped down after adjustment to prevent their shifting.

j)    No member shall be eccentric upon vertical member.

k)  The number of nuts and bolts shall be adequate.

l)   All provisions of the design and / or drawings shall be complied with.

m)  Cantilever supports shall be adequate.

n)   Props shall be directly under one another in multistage constructions as far as possible.

o)   Guy ropes or stays shall be tensioned property.

p)   There shall be adequate provision for the movement and operation of vibrators and other construction plant and equipment.

q)   Required camber shall be provided over long spans.

r)   Supports shall be adequate, and in plumb within the specified tolerances.    

4.6.2.8  Measurements

4.6.2.8.1. General - The form work shall include the following;

a)  Splayed edges, notching, allowance for overlaps and passing at angles, sheathing battens, strutting, bolting, nailing, wedging, easing, striking and removal.

b)  All supports, struts, braces, wedges as well as mud sills, piles or other suitable arrangements to support the form work.

c)  Bolts, wire ties, clamps, spreaders, nails or any other items to hold the sheathing together. 

d)   Working scaffolds ladders, gangways, and similar items.

e)  Filling to form stop chamfered edges of splayed external angles not exceeding 20 mm wide to beams, columns and the like.

f)   Where required, the temporary openings provided in the forms for pouring concrete, inserting vibrators, and cleaning holes for removing rubbish from the interior of the sheathing before concrete.

g)   Dressing with oil to prevent adhesion and 

h)  Raking or circular cutting.

4.6.2.8.2. Classification of measurements - Where it is stipulated that the form work shall be paid for separately, measurements shall be taken of the area of shuttering in contact with the concrete surface. Dimensions of the form work shall be measured correct to a cm. The measurements shall be taken separately for the following -

a). Foundations, footings, bases of columns etc. and for mass concrete and precast shelves, 

b). Walls (any thickness) including attached pilasters, buttresses, plinth and string courses etc. c). Suspended floors, roofs, landings, shelves and their supports and balconies. d). Lintels, beams, girders, Bressummers and cantilevers. e). Columns, pillars, posts and struts. f). Stairs (excluding landing) except Spiral staircase. g). Spiral staircase (including landing). h). Arches. i). Domes, vaults, shells roofs, arch ribs and folded plates. j). Chimneys and shafts. k). Well steining. l). Vertical and horizontal fins individually nor forming box, louvers and bands. m). Waffle or ribbed slabs. n). Edges of slabs and breaks in floors and walls (to be measured in running meters where below 200 mm in width or thickness). o). Cornices and mouldings. p). Small surfaces, such as cantilevers ends, brackets and end of steps, caps and boxes to pilasters and columns and like. q). Chula hoods, weather shades, Chajjas, corbels etc. including edges and r). Elevated water reservoirs.

4.6.2.8.3 Centering, and shuttering where exceeding 3.5 meter height in one floor shall be measured and paid for separately.

4.6.2.8.4 Where it is not specifically stated in the description of the item that form work shall be paid for separately, the rate of the RCC item shall be deemed to include the cost of form work.

4.6.2.8.5. No deductions from the shuttering due to the openings / obstructions shall be made if the area of such openings / obstructions does not exceed 0.1 square meters. Nothing extra shall be paid for forming such openings.

4.6.2.8.7 Rate - The rate of the form work includes the cost of labour and materials required for all the operations described above.

4.6.3. SPECIFICATIONS FOR REINFORCEMENTS IN CONCRETE

4.6.3.1. General requirements - Steel conforming to para 4.6.1.2. for reinforcement shall be clear and free from loose mill scales, dust, loose rust, coats of paints, oil or other coatings which may destroy or reduce bond. It shall be stored in such a way as to avoid distortion and to prevent deterioration and corrosion. Prior to assembly of reinforcement on no account any oily substance shall used for removing the rust.

(1). Assembly of reinforcement - Bars shall be bent correctly and accurately to the size and shape as shown in the detailed drawing or as directed by engineer. Preferably bars of full length shall be used. Necessary cutting and straightening is also included. Over lapping of bars, where necessary shall be done as directed by the engineer. The overlapping bars shall not touch each other and these shall be kept apart with concrete between them by 25 mm or 1 ¼ times the maximum size of the coarse aggregate whichever is greater. But where this is not possible, the overlapping bars shall be bound together at intervals not exceeding twice the dia. Of such bars with two strands annealed steel wire of 0.90 mm to 1.6 mm twisted tight. The overlaps / splices shall be staggered as per directions of the engineer. But in no case the over lapping shall be more than 50% of cross sectional area at one section. 

(2). Bonds and hooks forming end anchorages - Reinforcement shall be bent and fixed in accordance with procedure specified in IS 2502, code of practice for bending and fixing of bars for concrete reinforcement. The details of bends and hooks are shown below for guidance.

a)  U-Type hook - In case of mild steel plain bars standard U-type hook shall be provided by bending ends of rod into semicircular hooks  having clear diameter of the bar 


Note-In case of work in seismic zone, the size of hooks at the end of the rod shall be eight times the diameter of bar or as given in the structural drawing.

b)  Bends - Bend forming anchorage to a M.S. plain bar shall be bent with an internal radius equal to two times the diameter of the bar with a minimum length beyond the bend equal to four times the diameter of the bar.

(3). Anchoring bars in tension - Deformed bars may be used without end anchorages provided, development length requirement is satisfied. Hooks should normally be provided for plain bars in tension. Development length of bars will be determined as per clause 25.2.1 of IS:  456-2000.

(4). Anchoring bars in compression - The anchorage length of straight bar in compression shall be equal to the ‘Development length’ of bars is compression as specified in of IS: 456-2000. The projected length of hooks, bends and straight lengths beyond bend, if provided for a bar in compression, shall be considered for development length.

(5). Binders, stirrups, links and the like - In case of binders, stirrups, links etc. the straight portion beyond the curve at the end shall be not less than eight times the nominal size of bar.

(6). Welding of bars - Whenever facility for electric arc welding is available, welding of bars shall be done in lieu of overlap. The location and type of welding shall be got approved by the engineer. Welding shall be as per IS: 2751 for mild steel bars and for cold worked bars.

4.6.3.2 Placing in position - Fabricated reinforcement bars shall be placed in position as shown in the drawings or as directed by the engineer. The bars crossing one another shall be tied together at every intersection with two stands of annealed steel wire 0.9 to 1.6 mm thickness twisted tight to make the skeleton of the steel work rigid so that the reinforcement does not get displaced during deposition of concrete.
Track welding in crossing bars shall also be permitted in lieu of bending with steel wire if approved by engineer.

The bars shall be kept in correct position by the following methods -

a)  In case of beam and slab construction precast cover blocks of cement mortar 1:2               about 4x4 cm section and of thickness equal to the specified cover shall be placed between the bars and shuttering, so as to secure and maintain the requisite cover of concrete over reinforcement.

b)  In case of cantilevered and doubly reinforced beams or slabs, the vertical distance between the horizontal bars shall be maintained by introducing chairs, spacers or support bars of steel at 1.0 meter or at shorter spacing to avoid sagging.

c)  In case of columns and walls, the vertical bars shall be kept in position by means of timber templates with slots accurately cut in them; or with block of cement mortar 1:2 of required size suitably tied to the reinforcement to ensure that they are in correct position during concreting.

d)   In case of R.C.C. structure such arches, domes, shells, storage tanks etc. a combination of cover blocks, spaces and templates shall be used as directed by engineer. 


Tolerance on placing of reinforcement  - Unless otherwise specified by the engineer, reinforcement shall be placed within the following tolerances -

Tolerance in spacing


	
	Tolerance in spacing

	a)
	For effective depth

200 mm or less
	± 10

	b)
	For effective depth

More than 200 mm
	± 15


The cover shall in no case be reduced by more than one third of specified cover or 5 mm which ever is less.



Bending at construction joints - Where reinforcement bars are bent aside at construction joints and afterwards bent back into their original position care should be taken to ensure that at no time the radius of the bend is less than 4 bars diameters for plain mild steel or 6 bar diameters for deformed bars. Care shall also be taken when bending back bars to ensure that the concrete around the bars in not damaged.

4.6.3.3. Measurements - Reinforcement including authorised spacer bars and laps shall be measured in length of different diameters, as actually (not more than as specified in the drawings.) used in the work nearest to a centimeter and their weight calculated on the basis of standard weight given in Table 14 below. Wastage and unauthorized overlaps shall be paid for. Annealed steel wire required for binding or tack welding shall not be measured, its cost being included in the rate reinforcement.

Wherever tack welding is used in lieu of binding, such welds shall not be measured. Chairs separators etc. shall be provided as directed by the engineer and measured separately and paid for.

Table 14 Cross-sectional area and mass of steel bar

	Nominal size

mm
	Cross sectional area

sq.mm
	Mass per meter run

kg

	6
	28.3
	0.222

	7
	38.5
	0.302

	8
	50.3
	0.395

	10
	78.6
	0.617

	12
	113.1
	0.888

	16
	201.2
	1.58

	18
	254.6
	2.00

	20
	314.3
	2.47

	22
	380.3
	2.98

	25
	491.1
	3.85

	28
	616.0
	4.83

	32
	804.6
	6.31

	36
	1018.3
	7.99

	40
	1257.2
	9.85

	45
	1591.1
	12.50

	50
	1964.3
	15.42


Note - These are as per clause 5.2 of IS 1786.

4.6.3.4. Rate - The rate for reinforcement shall include the cost of labour and materials required for all operations described above such as cleaning of reinforcement bars, straightening, cutting, as required of directed including tack welding on crossing of bars in lieu of binding with wires.

4.6.4  SPECIFICATIONS FOR CONCRETING

The concrete shall be done as specified. The proportion by volume of ingredients shall be as specified.

4.6.4.1
Consistency - The concrete which will flow sluggishly into the forms and around the reinforcement without any segregation of coarse aggregate from the mortar shall be used. The consistency shall depend on whether the concrete is vibrated on or hand tamped. It shall be determined by slump test as n[prescribed in chapter “ concrete under para 4.2.3  workability”

Where considered necessary, the workability of the concrete may also be ascertained by compacting factor test and VEE BEE censistometer method specified in IS: 1199. For suggested ranges of values of workability of concrete by the above two methods, reference may be made to IS: 456.

4.6.4.2  Placing of concrete

Concreting shall be commenced only after engineer has inspected the centering, shuttering and reinforcement as placed and passed the same. Shuttering shall be clean and free from all shaving, saw dust, pieces of wood, or other foreign material and surfaces shall be treated as prescribed. 

In case of concreting of slabs and beams, wooden plank or cat walks of chequered MS plates or bamboo chlies or any other suitable material supported directly on the centering by means of wooden blocks or lugs shall be provided to convey the concrete to the place of deposition without disturbing the reinforcement in any way. Labour shall not be allowed to walk over the reinforcement. 

 In case of columns and walls, it is desirable to place concrete without construction joints. The progress of concreting in the vertical direction shall be restricted to one meter per hour.

The concrete shall be deposited in its final position in a manner to preclude segregation of ingredients. In deep trenches and footings concrete shall be placed through chutes or as directed by the engineer. In case of columns and walls, the shuttering shall be so adjusted that the vertical drop of concrete in not more than 1.5 meters at a time.

During cold weather, concreting shall not be done when the temperature falls below 4.5° c. the concrete placed shall be protected against frost by suitable converting. Concrete damaged by frost shall be removed and work redone.

During hot weather precaution shall be taken to see that the temperature of wet concrete does not exceed 38°C. no concrete shall be laid within half of the closing time of the day, unless permitted by the engineer.

It is necessary that the time taken between mixing and placing of concrete shall not exceed 30 minutes so that the initial setting process is not interfered with

4.6.4.3 Compaction - Concrete shall be compacted into dense mass immediately after placing by means of mechanical vibrators designed for continuous operations. The engineer may however relax this conditions at his discretion for certain items, depending on the thickness of the members and feasibility of vibrating the same and permit hand compaction instead. Hand compaction shall be done with the help of tamping rods so that concrete is thoroughly compacted and completely worked around the reinforcement, embedded fixtures, and into corners of the from. The layers of concrete shall be so placed that the bottom layer does not finally set before the top layer is placed. The vibrators shall maintain the whole of concrete under treatment in an adequate state of agitation, such that de-aeration and effective compaction is attained at a rate commensurate with the supply of concrete from the mixers. The vibration shall continue during the whole period occupied by placing of concrete, the vibrators being adjusted so that the centre of vibrations approximates to the centre of the mass being compacted at the time of placing.
Concrete shall be judged to be properly compacted, when the mortar fills the spaces between the coarse aggregate and begins to cream up to form an even surface. When this condition has been attained, the vibrator shall be stopped in case of vibrating tables and external vibrators. Needle vibrators shall be withdrawn slowly so as to prevent formation of loose pockets in case of internal vibrators. In case both internal and external vibrators are being used, the internal vibrator shall be first withdrawn slowly after which the external vibrators shall be stopped so that no loose pocket is left in the body of the concrete. The specific instructions of the makers of the particular type of vibrator used shall be strictly complied with. Shaking of reinforcement for the purpose of compaction should be avoided. Compaction shall be completed before the initial setting starts, i.e. within 30 minutes of addition of water to the dry mixture. 

4.6.4.4 Construction joints - Concreting shall be carried out continuously up to the construction joints, the position and details of which shall be as shown in structural drawing or as indicated in Fig. 26 or as directed by engineer. Number of such joints shall be kept to minimum. The joints shall be kept at places where the shear force is the minimum. These shall be straight and shall be at right angles to the direction of main reinforcement.
In case of columns the joints shall be horizontal and 10 to 15 cm below the bottom of the beam running into the column head. The portion of the column between the stepping off level and the top of the slab shall be concreted with the beam. 

When stopping the concrete on a vertical plane in slabs and beams, an approved stop-board (see Fig.26C) shall be placed with necessary slots for reinforcement bars or any other obstruction to pass the bars freely without bending. The construction joints shall be keyed by providing a triangular or trapezoidal fillet nailed on the stop-board. Inclined or feather joints shall not be permitted. Any concrete flowing through the joints of stop-board shall be removed soon after the initial set. When concrete is stopped on a horizontal plane, the surface shall be roughened and cleaned after the initial set.

When the work has to be resumed, the joint shall be thoroughly cleaned with wire brush and loose particles removed. A coat of neat cement slurry at the rate of 2.75 kg of cement per square meter shall then be applied on the roughened surface before fresh concrete is laid.

4.6.4.5 Expansion joints - Expansion joints shall be provided as shown in the structural drawings or as indicated in Fig. 10 to 25 or as directed by engineer, for the purpose of general guidance. However it is recommended that structures exceeding 45 m in length shall be divided by one or more expansion joints. The filling of these joints with bitumen filler, bitumen felt or any such material and provision of copper plate, etc. shall be paid for separately in running meter. The measurement shall be taken up to two places of decimal stating the depth and width of joint.

4.6.4.6  Curing - After the concrete has begun to harden i.e. about 1 to 2 hours after its laying, it shall be protected from quick drying by covering with moist gunny bags, sand, canvass Hessian or any other material approved by the engineer. After 24 hours of laying of concrete, the surface shall be cured of ponding with water for a minimum period of 7 days from the date of placing of concrete.

4.6.4.7 Finishing - In case of roof slabs the top surface shall be finished even and smooth with wooden trowel, before the concrete begins to set. 
Immediately on removal of forms, the R.C.C work shall be examined by the engineer, before any defects are made good.

a) The work that has sagged or contains honey combing to an extent detrimental to structural safety or architectural concept shall be rejected as given for visual inspection test.

b) Surface defects of a minor nature may be accepted. On acceptance of such a work by the engineer, the same shall be rectified as follows -

1)  Surface defects which require repair when forms are removed, usually consist of bulges due to movement of forms, ridges at form joints, honey combed areas, damage resulting from the stripping of forms and bolt holes, bulges and ridges are removed by careful chipping or tooling and the surface is then rubbed with a grinding stone. Honey-combed and other defective areas must be chipped out, the edges being cut as straight as possible and perpendicularly to the surface, or preferable slightly undercut to provide a key at the edge of the path.

2)  Shallow patches are first treated with a coat of thin grout composed of one part of cement and one part of fine sand and then filled with mortar similar to that used in the concrete. The mortar is placed in layers not more than 10 mm thick and each layer is given a scratch finish to secure bond with the succeeding layer. The last layer is finished to match the surrounding concrete by floating, rubbing or tooling on formed surfaces by pressing the form material against the patch while the mortar is still plastic. 

3)  Large and deep patches require filling up with concrete held in place by forms. Such patches are reinforced and carefully dowelled to the hardened concrete. 

4)  Holes left by bolts are filled with mortar carefully packed into places in small amounts. The mortar is mixed as dry as possible, with just enough water so that it will be tightly compacted when forced into place. 

5)  Tiered holes extending right through the concrete may be filled with mortar with a pressure gun similar to the gun used for greasing motor cars. 

6)  Normally, patches appear darker than the surrounding concrete, possibly owing to the presence on their surface of less cement laitance. Where uniform surface colour is important, this defect shall be remedied by adding 10 to 20 percent of white Portland cement to the patching mortar, the exact quantity being determined by trial.

7)  The same amount of care to cure the material in the patches should be taken as with the whole structure. Curing must be started as soon as possible, after the patch is finished to prevent early drying. Damp Hessian may be used but in some locations it may be difficult to hold it in place. A membrane curing compound in these cases will be most convenient.

c). The exposed surface of R.C.C work shall be plastered with cement mortar 1 -3 (1 cement  - 3 fine sand) of thickness not exceeding 6 mm to give smooth and even surface true to line and form. Any RCC surface which remains permanently exposed to view in the completed structure shall be considered exposed surface for the purpose of this specification. 

Where such exposed surface exceeding 0.5 sq.m in each location is not plastered with cement mortar 1:3 (1 cement to 3 fine sand) 6 mm thick, necessary deduction shall be made for plastering not done. 

d). The surface which is to receive plaster or where it is to be joined with brick masonry wall, shall be properly roughened immediately after the shuttering is removed, taking care to remove the laitance completely without disturbing the concrete. The roughening shall be done by hacking. Before the surface is plastered, it shall be cleaned and wetted so as to give bond between concrete and plaster. 

e). The surface of RCC slab on which the cement concrete of mosaic floor is to be laid shall be roughened with brushes while the concrete is green. This shall be done without disturbing the concrete. 

4.6.4.8  Strength of concrete - The compressive strength on work tests for different mixes shall be as given in Table 15 below -


Table 15

	Concrete mix

(Nominal mix on volume basis)
	Compressive strength in

(kg/sq cm)

	
	7 days
	28 days

	1:1:2
	210
	315

	1:1 ½ : 3
	175
	265

	1:2:4
	140
	210


4.6.4.9  Testing of concrete

(1). Regular mandatory tests on the consistency and workability of the fresh concrete shall be done to achieve the specified compressive strength of concrete. These will be of two types 

(a) Mandatory Lab. Test

(b) Mandatory Field Test

(3). Results of Mandatory Field Test will prevail over Mandatory Lab. Test. 

a)  Work Test-Mandatory Lab. Test shall be carried out as prescribed.

b)  Mandatory Field Test (Hammer Test), shall be carried out as prescribe in Annexure 4.A.2

(4). Additional test - Additional test, if required, shall be carried out as prescribed in Annexure 4.A.7

(5). Slump test - This test shall be carried out as prescribed in Annexure 4.A.1

(6). Visual inspection test - The concrete will be inspected after removal of the form work as described. The question of carrying out mandatory test or other tests described in Annexure 4-A.2 and 4-A.4 will arise only after satisfactory report of visual inspection.  

The concrete is liable to be rejected, if, 

(i)   It is porous or honeycombed.-

(ii)  Its placing has been interrupted without providing a proper construction joint;

(iii) The reinforcement has been displaced beyond tolerance specified; or construction tolerance has not been met.

However, the hardened concrete may be accepted after carrying out suitable remedial measures to the satisfaction of the engineer at the risk and cost of the contractor.     

4.6.4.10 Standard of acceptance

(1).  Mandatory lab test - For concrete sample and tested as prescribed in Annexure 4- A.2 the following requirement shall apply.

Out of six sample cubes, three cubes shall be tested at 7 days and remaining three cubes at 28 days, if found necessary.

(2). 7days’ tests

(a). Sampling - The average of the strength of three specimens shall be accepted as the compressive strength of the concrete provided the variation In strength of individual specimen is not more than ± 15% of the average. Difference between the maximum and minimum strength should not exceed 30% of average strength of three specimen. If the difference between maximum and minimum strength exceeds 30% of the average strength, then 28 days’ test shall have to be carried out. 

(a). Strength -  If the actual average strength of sample accepted in para ‘sampling’ above is equal to or higher than specified strength up to 15% then strength of the concrete shall be considered in order. In case the actual average strength of sample accepted in the above para is lower than the specified or higher by more than 15% then 28 days’ test shall have to be carried out to determine the compressive strength of concrete cubes.

(3). 28 days’ test

(a)
The average of the strength of three specimen be accepted as the compressive strength of any individual cube shall neither be less than 70% nor higher than 130% of the specified strength.

(b)
If the actual average strength of accepted sample exceeds specified strength by more than 30%, the engineer, if he so desires may further investigate the matter. However, if the strength of any individual cube exceeds more than 30% of specified strength, it will be restricted to 130% only for computation of strength.

(c)
If the actual average strength of accepted sample is equal to or higher than specified strength upto30% then strength of the concrete shall be considered in order and the concrete shall be accepted at full rates.

(d)
If the actual average strength of accepted sample is less than specified strength but not less than specified strength but not less than 70% of specified strength, the concrete may be accepted at reduced rate at the discretion of engineer.

(e)
If the actual average strength of accepted sample is less than 70% of specified strength, the engineer shall reject the defective portion of work represented by sample and nothing shall be paid for the rejected work. Remedial measures necessary to retain the structure shall be taken at the risk and cost of contractor. If, however, the engineer so desires, he may order additional tests (see Annexure 4-A.4) to be carried out to ascertain if the structure can be retained. All the charges in connection with these additional tests shall be borne by the contractor. 

(4). Acceptance criteria of mandatory field test

(A) Preparation of standard test cubes for calibration of rebound hammer at site

(a)
In the beginning the standard test cubes of specified mix shall be prepared by field units before undertaking any concrete work in each project.

(b)
At least 18 standard cubes necessary for formation of one specimen of specified mix, shall be cast by site staff well in advance. From these 18 cubes any 3 cubes may be selected at random to be tested for crushing strength of 7 days. The crushing strength obtained should satisfy the specified strength for the mix as per specification or agreement. If the strength is satisfactory then the remaining cubes will form the standard samples for calibration of rebound hammer. In case of failure, the site staff should totally reject the samples and remove them also and then make another set of samples by fresh mixing or alternatively, out of the remaining 15 cubes 3 cubes will be tested on 28 days. If the 28 days’ tests are found satisfactory then remaining 12 cubes will form the standard sample for calibration at 28 days’ strength otherwise all samples shall be rejected and whole procedure repeated to form a fresh specimen. All the results shall be recorded in a register.

(c)
No concreting will be allowed unless the standard specimen cubes are obtained. 

The criteria for acceptance and calibration of hammer will be 28 days’ strength. the 7 days’ strength is only to facilitate the work to start.


(d)
No work (for the concrete cast between 8th day) shall be allowed to be paid unless 28 days’ cube strength is obtained. For the concrete cast between 8th and 28th day, the decision to make the payment may be taken by the engineer on the basis of existing criteria. Concrete work will be rejected if 28 days’ strength falls short as per acceptance criteria. No further work will be allowed till the acceptable standard cubes are obtained.

(e)
Frequency - It will be once in each quarter or as per the direction and discretion of engineer. Whenever the acceptance criteria is changed or concrete mix or type of cement is changed or engineer feels it necessary for recorded reasons with the approval of the authority according technical sanction, fresh specimen shall be prepared. 

(B) Calibration of hammer

(a)
Simultaneously, same three cubes to be tested on 28 days as referred in para A (b) above shall be used to correlate the compressive strength of their concrete with rebound number as per procedure described in para 5.2 of the IS: 13311 (Part 2) “Indian standard for non-destructive testing of concrete Method of test by rebound hammer which is given below in para B (b). the average of values of the rebound number (minimum readings) obtained in respect of same three cubes passing on 28 days’ work test shall form the datum reference for remaining cubes for the strength of cubes.

(b)
The concrete cubes specimens are held in a compression testing machine under a fixed load, measurements of rebound hammer taken and then compressive strength determined as per IS: 516. The fixed load required is of the order of 7N / mm² when the impact energy of the hammer is about 2.2 NM.

If the specimens are wet cured, they should be removed from wet storage & kept in the laboratory atmosphere for about 24 hours before testing. Only the vertical faces of the cubes as cast should be tested for rebound number. At least nine readings should be taken on each of the three vertical faces accessible in the compression testing machine when using rebound hammers. The points of impact on the specimen must not be nearer than 20 mm from each other. The same points must not be impacted more than once.

(c)
The rebound number of hammer will be determined on each of the remaining (18-3-3=12) cubes. Whenever the rebound number of hammer of any individual cube varies by more than ± 25% from the datum readings referred to in para B(a) above, that cube will be excluded and will not be considered for standard specimen cubes for calibration. It must be ensured that at least 8 cubes out of 12 that is 66.6% are within the permissible range of variation of rebound number i.e. ± 25% or otherwise whole procedure shall have to be repeated and fresh specimen prepared.

These 8 cubes will form one standard sample in the beginning before commencement of work and shall be kept carefully for the visiting officers who will calibrate their hammers on these cubes.

(d)
This calibration will be done by field staff with their hammer and then chart of calibration giving the details of the average readings, date & month of casting, mix of the concrete etc. shall be prepared and signed by engineer and will be duly preserved for future reference as and when required.

(C) Preservation of cubes at site - Standard sample cubes cast shall be carefully preserved at site under the safe custody of AE or his representative for making them available together with the charts, to the any other senior departmental officers, during their inspection of the work. 

(D) Testing at site - (D-2) Testing will be done generally by non-destructive methods like rebound hammers etc. Each field Division / Sub Division / Unit will purchase rebound hammers and keep them in working order at work site. Testing will be done only by hammers, which are dully calibrated.

(D-3)   The relative strength of actual field work will be tested with reference to strength of these standard cubes and calibration charts of a hammer for determining the rebound number on the field work. The hammer will be used as per manufacturer’s guidelines at various locations chosen at random. The number of location / reading on each wall, beam or column etc. shall not be less than 12. All the readings should be within the ± 25% range of values prescribed in calibration chart normally. However, reading indicating good strength will be when it is at par with calibrated value between 100% & 125% and very good if more than 125%. Any value between 100% & 75% of calibrated value shall be considered satisfactory. Values from 75% to 50% shall be considered for fragment at rates reduced on prorata basis. The concrete indicating rebound number less than 50%of calibrated value shall be rejected and not paid for.

(E) Acceptance of field tests and strength - If the relative strength of actual field work is found satisfactory considering the calibration charts with reference to the standard cube test kept at site, the representative work will be considered satisfactory. If the work is considered below satisfactory, the same will be dealt as stated in para D-3 above.

(F)  7 days’ Strength in rare cases only - Normally cube crushing strength on 28 days’ test shall form the basis of acceptance. However in rare cases of time bound projects / urgent repairs 7 days’ cube test strength criteria may be adopted on similar lines using 7 days’ standard test cubes and calibration graphs / curves /charts for 7 days’ in lieu of 28 days’ and testing work done at 7 days’.

(G) Precautions 

(G-1) The testing shall be done generally as per the guidelines of manufacturer of the apparatus and strictly in accordance with the procedure laid down in clause 6 of IS: 13311 (part 2) Indian Standard for Non-Destructive Testing of concrete-Method of Test by Rebound Hammer.

(G-2) The rebound hammers are influenced by number of factors like type of cement aggregate, surface conditions, moisture content, age of concrete etc. Hence care shall be taken to compare the cement, aggregate etc. and tested under the similar surface conditions having more or less same moisture content and age. However effect of age can be ignored for concrete between 3 days & 3 months old.

4.6.4.11 Measurement

4.6.4.11.1. Dimensions shall be measured nearest to a cm except for the thickness of slab which shall be measured correct to 0.5 cm. 

4.6.4.11.2. The areas shall be worked out nearest to 0.01 sq. mt. The cubical contents shall be worked out to nearest 0.01 cubic meters.

4.6.4.11.3. Reinforced cement concrete whether cast-in-situ or present shall be classified and measured separately as follows.

(a)
Raft, footing, bases of columns etc. and mass concrete. (b)
walls (any thickness) including attached pilasters, buttresses, plinth and string course, fillets etc. (c)
suspended floors, roofs, landings and balconies. (d) Shelves (e) Chajjas (f) Lintel, beams and Bressummers. (g) Columns, pillars, piers, abutments, posts and struts. (h) Stair-cases including waist or waist less slab but excluding landing except in (I) below. (j) Spiral stair-case (including landing). (k)  Arches, arch ribs, domes and vaults. (l) Chimneys and shafts. (m) Well steining. (n) Vertical and horizontal fins individually or forming box, louvers and fascias. (o) Kerbs, steps and the like. (p) String course, bands, coping, bed plates, anchor blocks, plain window sills and the like. (q) Moldings as in cornices window sills etc.

Shell, dome and folded plates.  (r) Extra for shuttering in circular work in plan.

4.6.4.11.4 No deduction shall be made for the following -

(a)
Ends of dissimilar materials (e.g. joists, beams post girders, rafters, purlin trusses, corbels steps etc.) up to 500 sq cm in cross-section 

(b)
Opening up to 0.1sq.m.

Note-In calculating area of openings up to 0.1sq.m the size of opening shall include the thickness of any separate lintels or sills. No extra labour for forming such opening or voids shall be paid for.

(c)
The volume occupied by reinforcement.

(d)
The volume occupied by water pipes, conducts etc. not exceeding 25 sq cm each in cross sectional area. Nothing extra shall be paid for leaving and finishing such cavities and holes.

4.6.4.11.5 Measurement shall be taken before any rendering is done in concrete members. Measurement will not include rendering. The measurement of R.C.C. work between various units shall be regulated as below -

(a)
Slabs shall be taken as running continuously through except when slab is monolithic with the beam. In that case it will be from the face to face of the bream.

(b)
Beams shall be measured from face to face of columns and shall include haunches, if any, between columns and beam. The depth of the bottom of beam shall be from the bottom of slab to the bottom of beam and slabs are not monolithic. In case of monolithic construction where slabs are integrally connected with beam, the depth of beam shall be from the top of the slab to the bottom of beam.

(c)   The columns measurement shall be taken through.

(d)   Chajjas along with its bearing on wall shall be measured in cubic meter nearest to two places of decimal. When Chajjas is combined with Lintel, slab or beam, the projecting portion shall be measured as Chajjas, built in bearing shall be measured as per item of Lintel, slab or beam in which chhajja bears.

(e)  Where the band and Lintels are of the same height and the band serves as Lintel, the portion of the band to be measured as lintel shall be for clear length of opening plus twice the over all depth of band. 

4.6.4.12. Tolerances -   Subject to the condition that structural safety is not impaired and architectural concept does not hamper, the tolerances in dimensions of R.C.C members shall be as specified in the drawing by the designer. Whenever these are not specified, the permissible tolerance shall be decided by the engineer after consultations with the Designer, if necessary.

When tolerances in dimensions are permitted, following procedure for measurements shall apply.

(a). If the actual dimensions of R.C.C members do not exceed or decrease the design dimensions of the members plus or minus tolerance limit specified above, the design dimensions shall be taken for the purpose of measurements.

(b). If the actual dimensions exceed the design dimensions by more than the tolerance limit, the design dimensions only shall be measured for the purpose of payment.

(c). If the actual dimensions decrease more than the tolerance limit specified, the actual dimensions of the RCC members shall be taken for the purpose of measurement and payment.

(d). For acceptance of RCC members whose dimensions are not exactly as per design dimension of engineer shall be final. For the purpose of payment, however, the clarification as given in para a, b & c above shall apply 

4.6.4.13 Rate

The rate includes the cost of materials and labour involved in all the operations described above except for the cost of centering and shuttering.

On the basis of mandatory lab tests, in case of actual average compressive strength being less than specified strength but upto 70% of specified strength, the rate payable shall be in the same proportion as actual average compressive strength bears to the specified compressive strength.

Example

1. Average compressive strength in 80% of specified strength. Rate payable shall be 80% of agreement rate.

2. In case average compressive strength in less than 70% of the specified strength, the work represented by the sample shall be rejected.

3. However, on the basis of mandatory field test, where they prevail, the rates of the work represented by samples showing actual compressive strength less than specified strength shall be worked out as per para above. In addition, engineer may order for additional tests (see Annexure 4-A.4) to be carried out at the cost of contractor to ascertain if the portion of structure where in concrete represented by the samples has been used, can be retained on the basis of these test. Engineer may take further remedial measures as necessary to retain the structure at the risk and cost of the contractor.

Where throating or plaster drip or molding is not required to be provided in RCC Chajjas, deduction for not providing throating or plaster drip or molding shall be made from the item of R.C.C. In Chajjas. The measurement for deduction item shall be measured in running meters direct to a cm of the edge of chhajja.

No extra payment for richer mix which projects into any meter  from another member during concreting of junctions of beams and columns etc. will be made except to the extent structurally considered necessary and when so indicated in the structural drawing. The payments for work done under items of different mixes shall be limited strictly to what is indicated in the structural drawings.

4.6.5  SPECIFICATIONS FOR ENCASING ROLLED STEEL SECTIONS

4.6.5.1  Before concrete work is started, the engineer shall check that all rolled steel sections to be encased, have been erected truly in position. The sections shall be unpainted and shall be wire brushed to remove the lose rust / scales etc. Where so specified, ungalvanised metal, having mesh or perforations large enough to permit the free passage of 12.5 mm nominal size aggregate through them, shall be wrapped round the section to be encased in concrete and paid for separately.

4.6.5.2  Wrapping

In case of columns, the wrapping shall be arranged as illustrated in Fig. 27 to pass through the centre of the concrete covering. The wrapping of the entire length of the columns be carried out in stages and no stage shall cover more than 1.5 meter of height of columns. Successive wrapping shall be carried out only after the immediate adjacent wrapping has been encased in concrete. The surface and edges of the flanges of the steel columns shall have a concrete cover of not less than 50 mm. The wrapping of successive stages shall be tied together.

In the case of beams and grillages, the wire mesh or expanded metal shall be wrapped round the lower flange of the beam as illustrated in Fig.28 and the wrapping shall be suspended by wire hangers 5 mm diameter placed at about 1.2 meters centres. The surfaces and edges of the steel sections shall have a concrete cover of not less than 50 mm. The wrapping shall pass through the centre of the concrete covering at the edges and soffits of the flanges.

4.6.5.3. Form Work shall be as prescribed.

4.6.5.4 Concreting - Concrete shall consist of mix of 1:2:4(1 cement - 2 coarse sand - 4 graded stone aggregate of 12.5 mm nominal size) unless a richer mix is specified. The mix shall be poured solidly around the steel sections and around the wrapping by vibrating the concrete, placing of concrete into position. Consistency of concrete, placing of concrete and its compaction, curing, finishing and strength of concrete shall be as described above.

4.6.5.5 Measurements - The length shall be measured correct to one cm and other dimensions correct to 0.5 cm. The cement concrete shall be measured as per gross dimensions of the encasing exclusive of the thickness of plaster. No deduction shall be made for the volume of steel sections, expanded metal, mesh or any other reinforcement used therein. However, in case of boxed stanchions or girders, the boxed portion only shall be deducted.

Fabric reinforcement such as expanded metal shall be measured separately in square meters stating the mesh and size of strands.

The description shall include the bending of the fabric as necessary, ranking or circular cutting and waste shall be included in the description.


4.6.5.6
Rate -The rate shall include the cost of materials and labour required for all the operations described above except the cost of fabric reinforcement. The cost of providing and erecting steel section and wire hangers shall be paid for separately.

4.6.6  SPECIFICATIONS PRECAST REINFORCED CONCRETE 

4.6.6.1
General requirements - Precast reinforced concrete units such as columns, fencing post, door and window frames, lintels, Chajjas, copings, sills, shelves, slabs, louvers etc. shall be of grade of mix as specified and cast in forms or moulds. The form / moulds shall be of fibre glass or of steel sections for better finish. Provision shall be made in the forms and moulds to accommodate fixing devices such as nibs, clips, hooks, bolts and forming of notches and holes. The contractor may precast the units on cement or steel platform which shall be adequately oiled provided the surface finish is of the same standard as obtained in the forms. Each unit shall be cast in one operation.

4.6.6.2 Concrete used for precasting the units should be well proportioned, mixed, placed and thoroughly compacted by vibrations or tamping to give a dense concrete free from voids and honeycombing.

4.6.6.3  Precast articles shall have a dense surface finish showing no coarse aggregate and shall have no cracks or crevices likely to assist in disintegration of concrete or rusting of steel or other defects that would interfere with the proper placing of the units. All angles of precast units with the exception of the angles resulting from the splayed or chamfered faces shall be true right angles. The arises shall be clean and sharp except those specified or shown to be rounded. The wearing surface shall be true to the lines. On being fractured, the interior of the units should present a clean homogeneous appearance.

4.6.6.4  The longitudinal reinforcement shall have a minimum cover of 12 mm or twice the diameter of the main bar, whichever is more, unless otherwise directed in respect of all items except fencing posts or electric posts where the minimum cover shall be 25 mm.

4.6.6.5 Curing - After having been cast in the mould or form the concrete shall be adequately protected during setting in the first stage of hardening from shocks and from harmful effects of frost, sunshine, drying winds and cold. The concrete shall be cured at least for 7 days from the date of casting.

4.6.6.6 The precast articles shall be matured for 28 days before erection of being built in so that the concrete shall have sufficient strength to prevent damage to units when first handled.

4.6.6.7 Marking - Precast units shall be clearly marked to indicate the top of member and its location and orientation in the structure.

Precast units shall be stored, transported and placed in position in such manner that they will not be overstressed or damaged.

4.6.7.
SPECIFICATIONS FOR PRECAST CEMENT CONCRETE JALI.

The jali shall be of cement concrete 1:2:4 (1 cement: 2 coarse sand: 4 aggregate 6mm nominal size) reinforced with 1.6 mm thick mild steel wire, unless otherwise specified.

4.6.7.1. Fixing - The jali shall be set in the position true to plumb and level before the joints sills and soffits of the openings are plastered. It shall then be properly grouted with cement mortar 1:3 (1 cement: 3 coarse sand) and rechecked for levels. Finally the jambs, sills and soffits shall be plastered embedding the jali uniformly on all sides.

4.6.7.2
Measurements - The jali shall be measured for its gross superficial area. The length and breadth shall be measured correct to a cm. The thickness shall not be less than specified.

4.6.7.3
Rate - The rate shall be inclusive of materials and labour involved in all the operations described above except plastering of jambs, sills and soffits, which will be paid for under relevant items of plastering.

4.6.8. SPECIFICATIONS FOR DESIGN MIX CONCRETE.

Definition - Design mix concrete is that concrete in which the design of mix i.e. the determination of proportions of cement, aggregate & water is arrived as to have target mean strength for specified grade of concrete.

It will be designed based on the principles given in IS 456-2000 and 23 “Hand book for design mix concrete”.

In order to ensure that not more than the specification proportion of test results is likely to fall below the characteristic strength, the concrete mix has to be designed for higher average compressive strength for a specified grade of concrete is defined as target mean strength.

4.6.8.1. Materials 
Cement - One of the following types of cement as specified shall be used -

1.  Ordinary Portland Cement 33 grade conforming to IS: 269.

2.  Ordinary Portland Cement 43 grade conforming to IS: 8112.

3.  Ordinary Portland Cement 53 grade conforming to IS: 2269.

4.  Rapid hardening Portland Cement Conforming to IS: 8041. 

5.  Blast Furnace slag cement conforming to IS: 455.

However for severe conditions of sulphate content in sub soil water, special literature on use of sulphate resisting cement may be referred to. 

Coarse aggregate - This shall be specified in para 4.1.2 and subparas.

Fine aggregate - This shall be grading zone I, II, or III as specified under para 3.1.4 and  subparas. 

Water -   It shall conform to the requirement as laid down in IS: 456 para and para 4.6.1.1. of this section.

Grades of concrete  - The compressive strength of various grades of designation concrete shall be as given in table 16 below -

Table 16

	Grades designation
	Compressive strength on

15 cm cubes min at 7 days

(N/mm2)
	Specified characteristic

compressive strength at 28 days

(N/mm2)

	M 15
	10.0
	15

	M 20
	13.5
	20

	M 25
	17.0
	25

	M 30
	20.0
	30

	M 35
	23.5
	35


Note -   In the designation of a concrete mix letter M refer the mix and the number to the specified characteristic compressive strength of 15 cm-cubes at 28 days expressed in N/mm².







 

4.6.8.2 Scope - The procedure described below for design mix is for concrete up to grade M-35 which are generally used for reinforced concrete structure. Minimum grade of concrete for design mix will be M-20 normally. However in cases of projects having some parts of M-15 also in addition to M-20 to M-35 grade, then design mix concrete will cover M-15 grade as an exception only.




4.6.8.3
 Data for mix design - The following basic data are required to be specified for design of concrete mix.

(1) Characteristic compressive strength of concrete at 28 days.

(2) Degree of workability desired. 

(3) Limitation on water cement ratio and minimum cement content to ensure adequate durability.

(4) Type of maximum size of aggregate to be used. 

(5) Standard deviation of compressive strength of concrete.

Minimum cement content required in Reinforced cement concrete to ensure durability under specified conditions of exposure, will be in accordance with IS: 456. However it shall not be less than 300 Kgs /m3 of concrete for 33 grade cement. 

(a).  Standard Deviation of concrete for each grade shall depend upon the degree of quality control expected to be exercised at site. As per IS: 10262 the values of standard deviation for various grades of concrete for different degree of control shall be specified in Table. 17.

Table 17

	Grade of concrete
	Standard Deviation for different degree of control in N/mm²

	
	Very good
	Good
	Fair

	M-15
	2.5
	3.5
	4.5

	M-20
	3.6
	4.6
	5.6

	M-25
	4.3
	4.3
	6.3

	M-30
	5.0
	6.0
	7.0

	M-35
	5.7
	6.7
	7.7


Degree of quality control expected under different site conditions are described in Table18




Table 18

	Degree of

Control
	Condition of production of concrete

	Very good
	Fresh cement from single source and regular test, weigh batching of all materials, aggregates grading and moisture content, control of water added, frequent supervision, regular workability and strength tests and field laboratory facilities, 

	Good
	Carefully stored cement and periodic test, weigh batching of all materials, controlled water, graded aggregate supplied, occasional grading and moisture tests, periodic check of workability and strength, intermittent supervision and experienced workers. 


	Fair
	Proper storage of cement, volume batching of all aggregates allowing for bulking of sand, weigh batching of cement, water content controlled by inspection of mix and occasional supervision and tests


4.6.8.4. Target strength for mix design - The target mean strength for a specified grade concrete depends upon the quality control (expressed by standard deviation) and accepted proportion of results of the strength tests below the characteristic strength (Fck) and is given by relation, 

TcK = fck + t.s

Tck – target mean compressive strength at 28 days 

Fck – characteristic compressive strength at 28 days 

    s – standard Deviation

    t – a statistical figure depending upon the accepted proportion of low test results and       number of tests.

Note - According to IS: 456 & IS: 1343 the characteristic strength is defined as that value below which not more than 5% (1 in 20) results are expected to fall. In such case value of t will be 1.65 and equation will reduce to Tck = fck+1.65 s.

Selection of proportions - Since different cement, aggregate, of different maximum size, grading surface texture shape, produce concrete of different compressive strength for the same free water cement ratio, the relationship between strength and free water cement ratio corresponding to 28 days’ strength of cement of various grades is given in Fig.1 of IS: 10262 and is reproduced below in chart 1.

28 days strength of cement tested according IS: 4031-1968

A = 31.9 – 36.8 N/mm² (325-375 kg /cm²)

B = 36.8 – 41.7 N/mm²  (375-425 kg /cm²)

C = 41.7 – 46.6 N /mm² (425-475 kg /cm²)

D = 46.6 – 51.5 N /mm² (475-525 kg /cm²)

E = 51.5 – 56.4 N/mm²  (525-575 kg/cm²)

F = 56.4 - 61.3 N /mm² (575-625 kg /cm²)

Chart 1- Relationship between free water cement ratio and concrete strength for different cement strengths.

(a)   The free water cement ratio selected from Chart 1 above should be checked against the limiting water cement ratio for requirement of durability as given in IS: 456 and the lower of the two values is to be adopted.

(b)  Estimate of air control - The amount of entrapped air for normal mix (non air entrained) concrete as per IS: 10262 are given in Table 19.

Table 19.

	Nominal maximum size of aggregate
	Entrapped air as percentage of volume of  concrete

	10 mm
	3.0

	20 mm
	2.0

	40 mm
	1.0


(c) Selection of water content and fine to total aggregate ratio  -  Based on experience, empirical relationship have been established between quantity of water per unit volume of concrete and ratio of fine aggregate to total aggregate by absolute volume for desired workability. The estimated values for concrete up to M35 grade are given in Table 20.

  



Table 20.

	Nominal maximum size of aggregate in mm
	Water content in kgs per cubic meter of concrete
	Sand as % age of total aggregate by absolute volume

	10
	208
	40

	20
	186
	35

	40
	165
	30


A)  The values given in Table 19. are based on the following conditions -

i) Crushed coarse aggregate conforming to IS: 383 and para 4.1.2 of this specification 

ii) Fine aggregate consisting of natural sand conforming to grading zone II of IS: 383 water cement ratio (by mass) of 0.6 and

iii) Workability corresponding to compacting factor of 0.8.

B)  For other conditions of workability, water cement ratio, grading of fine aggregate and for round aggregate, certain adjustment in quantities of mixing water and fine to total aggregate ratio as given in Table 19 are to be made as per IS: 10262. These are explained in Table 21 below -

Table  21.

	Change of conditions stipulated for
	Adjustment required in

	
	Water content
	Percentage of fines to total aggregate

	For sand conforming to grading

Zone I & III of IS  -383
	0
	+1.5% for Zone I                                                    -1.5% for Zone III

	Increase or decrease in the value of compacting factor by 0.1

For increase

For decrease
	+3.0 %

-3.0%
	0

	For each 0.05 increase or

decrease in free water-cement ratio

For increase

For decrease
	0

0
	+1.0 %

-1.0 %

	For rounded aggregates
	-15 kg / mm3
	-7


C)  Comparison of consistency measurement by various methods-

	Workability description
	Slump mm
	Compacting factor

	Extremely dry
	--
	--

	Very stiff
	--
	0.70

	Stiff
	0-25
	0.75

	Stiff plastic
	25-50
	0.85

	Plastic
	75-100
	0.90

	Flowing
	150-175
	0.95


Calculation of aggregate content - With the quantities of water and cement per unit volume of concrete and ratio of fine to total aggregate content per unit volume of concrete to be calculated from the following equations - 

V = absolute volume of fresh concrete which is equal to gross volume (m3),  minus the volume of entrapped air.

W = mass of water (kg) per m3     of concrete 

C = mass cement (kg) per m3 of concrete        

P  = ratio of fine aggregate to total aggregate by absolute volume 

Sc = specific gravity of cement

Fa, Ca = aggregate (kg) per m3    of concrete respectively (total masses of fine aggregate and coarse aggregate )

Sfa, Sca = Specific gravities of saturated surface dry fine aggregate and coarse aggregate respectively.




Calculation of batch masses - The masses of various ingredients for concrete for design mix of a particular batch size may be calculate as described above.

4.6.8.5 Production of controlled concrete - The calculated mix proportion shall be checked by means of trial batches. Quantities of materials worked out as described above shall be termed as trial mix no.1. The quantities of materials for each trial mix shall be sufficient for at least three 150 mm size cube concrete specimens and concrete required to carry out workability test according to IS: 1199.

 Workability of Trial Mix No.1 shall be measured. The mix shall be carefully observed for freedom from segregation and bleeding and its finishing properties. If the measured workability of Trial Mix No.1 is different from the stipulated value, the water content shall be adjusted according to Table 22 corresponding to the required changes in compacting factor. With this adjustment in water content, the mix proportions shall be recalculated keeping the free water-cement ratio at the preselected value which will comprise Trial Mix No.2. In addition, two more Trial Mixes No 3 and 4 shall be made with the water content same as Trial Mix No.2 and varying the free water cement ratio by (+) 10 per cent and (-) 10 per cent of the preselected value. For these two additional trial mixes No.3 and 4, the mix proportions are to be recalculated for the altered condition of free water-cement ratio with suitable adjustments in accordance with Table 22.

Fresh trial mixes are to be made for different types and brands of cement, alternative source of aggregates, maximum size and grading of aggregates.

4.6.8.6. Batching - In proportioning concrete, the quantity of both cement and aggregate should be determined by mass. Cement shall be used on the basis of mass and should be weighed separately from the aggregate. Water should be either measured by volume in calibrated tanks or weighed. Any solid admixture that may be added may be measured by mass. Liquid and paste admixture by volume or mass. Batching plant where used should conform to IS: 4925. All measuring equipment should be maintained in a clean serviceable condition and their accuracy periodically checked.

Except where it can be shown to the satisfaction of engineer that supply of properly graded aggregate of uniform quality can be maintained over the period of work, the grading of aggregate should controlled by obtaining the coarse aggregate in different sizes and blending them in the right proportions when required, the different sizes being stocked in separate stock piles. The material should be stock-piled for several hours preferably a day before use. The grading of coarse and fine aggregate should be checked as frequently as possible, the frequency for a given job being determined by engineer to ensure that the specified grading in maintained.

It is important to maintain the water-cement ratio constant at its correct value. To this end, determination of moisture contents in both fine and coarse aggregate shall be made as frequently as possible, the frequency for a given job being determined by the engineer according to weather conditions. The amount of the water to be added shall be adjusted to compensate for any observed variations in the moisture contents. For the determination of moisture content in the aggregates, IS: 2386 (part 3) may be referred to. The allow for the variation in mass of aggregate due to variation in their moisture content, suitable adjustments in the masses of aggregates shall also be made. In the absence of exact data, only in the case of nominal mixes, the amount of surface water may be estimated from the values given in the Table 22.

Table 22 (Surface water carried by aggregate) (Clause 4.6.8.4)

	Aggregate
	Approximate quantity of surface water

	
	Percent by mass
	Litres/m3

	Very wet sand
	7.5
	20

	Moderately wet sand
	5.0
	80

	Moist sand

	2.5
	40

	Moist gravel to crushed rock
	1.25-2.5
	20-40


4.6.8.7. Mixing - Concrete shall be mixed in mechanical mixer. The should mixer comply with IS -1791. It shall be fitted with hopper. The mixing shall be continuous until there is uniform distribution of the material and the mass is uniform in colour and consistency. If there is segregation after unloading from the mixer, the concrete should be remixed. The mixing time shall be not less than 2 minutes.

4.6.8.8. Laying - It shall be done as specified under para 4.2.4 of this specification.

4.6.8.9. Curing - It shall be done as specified under para 4.3.4 of this specification

4.6.8.10. Approval of design mix - The preliminary test for approval of design mix shall consists of three sets of separate tests and each set of test shall be conducted on six specimens. Not more than one set of six specimens shall be made on any particular day. Of the six specimens of each set, three shall be tested at seven days and remaining three at 28 days. The preliminary tests at seven days are intended only to indicate the strength to be attained at 28 days.

4.6.8.11. Work strength test - Work strength test shall be conducted in accordance with        IS - 516 on random sampling. Each test shall be conducted on ten specimens, five or which shall be tested at 7 days and remaining five at 28 days. Not less than one work test consisting of testing of test on 10 cubes shall be carried out for every 30 cubic meter of concrete or less as per the lot size as specified below -

Lot size - Concrete under acceptance shall be notionally divided into lots for the purpose of sampling, before commencement of work. The delimitation of lots shall be determined by the following -

1) No individual lot shall be more than 30 m3 in volume.

2) At least one cube forming an item of the sample representing the lot shall be taken from the concrete of same grade and mix proportions cast in any day.

3) Different grades or mixes of concrete shall be divided into separate lots.

4) Concrete of a lot shall be used in the same identifiable unit of the structure.

4.6.8.12.  Standard of acceptance

a) The average strength of group of cubes cast for each day shall not be less than the specified work cube strength. 20 per cent of cubes cast for each day may have values less than the specified strength provided that the lowest value is not less than 85% of the specified strength. 

b) Concrete strength less than specified may as a special case be accepted in a member with the approval of engineer provided that the maximum stress in the member under the maximum design live load does not exceed the permissible safe stress appropriate to the lower strength of the concrete.

c) Concrete which does not meet the strength requirements as specified but has a strength greater than that of the lowest value of 85% may, at the discretion of the designer, be accepted as being structurally adequate without further testing.

d) Concrete of each grade shall be assessed separately.

e) Concrete shall be assessed daily for compliance.

f) Concrete is liable to be rejected if it is porous or honey combed, its placing has been interrupted without providing a proper construction joint, the reinforcement has been displaced beyond the tolerances specified, or construction tolerances have not seen met. However, the hardened concrete may be accepted after carrying out suitable remedial measures to the satisfaction of the engineer.

4.6.8.13. An example illustration the mix design for concrete mix M 20 grade is given below -

Design stipulation 

	a
	Characteristic compressive strength required in the field at 28 days
	20N/mm²

	b
	Maximum sizes of aggregate
	20 MM (angular crushed)

	c
	Degree of workability
	0.9 compacting factor (slump 75 mm)

	d
	Degree of quality control
	Good

	e
	Type of exposure
	Mild


Test data of material

	a
	Cement used - ordinary Portland cement satisfying the requirements of IS: 269-1989
	

	b
	Specific gravity of cement
	3.15

	c
	Specific gravity of
	

	i)
	Coarse aggregate
	2.60

	ii)
	Fine aggregate (natural sand)
	2.60

	d
	Water absorption of
	

	i)
	Coarse aggregate
	0.5 percent

	ii)
	Fine aggregate (natural sand)
	1.0 percent

	e
	Free surface moisture of
	

	i)
	Coarse aggregate
	Nil (absorbed moisture also nil)

	ii)
	Fine aggregate (natural sand)
	2.0 percent


Sieve analysis

a)  Coarse aggregate 

	IS sieve

Size mm
	Analysis of course aggregate fraction 
(Percent passing)
	Percentage of different fraction

	
	
	I
	II
	Combined

	20
	100
	100
	60%
	40%
	100%

	10
	0
	71.2
	60%
	40%
	100%

	4.75
	
	9.4
	0
	28.5%
	28.5%

	2.63
	
	0
	
	3.7%
	3.7%


The grading of combined fraction I and II in the ratio of 60 and 40 conform to Table 10 described above.

b) Fine aggregate

	IS sieve sizes
	Fine aggregate (percent passing)

	100
	-

	2.36 mm
	100

	1.18 mm
	93

	600 micron
	60

	300 micron
	12

	150 micron
	2


The sand conforms to grading zone III.

Target mean strength - As described earlier for degree of quality control ‘good’ the value of standard deviation is 4.6, therefore with a tolerance factor of 1.65 the value of target mean strength for specified characteristic cube strength = 20 + 1.65 x 4.6 = 27.6 N/mm².

Selection of water cement ratio - From chart 1, the free water cement ratio required for target mean strength of 27.6 N/mm² is 0.50. This is lower than the maximum value of 0.65 prescribed for mild exposure.

Selection of water and sand content - From Table 8 for 20 mm nominal maximum size aggregate and sand conforming to grading zone II water content as per cum concrete is 186 kg and sand content percentage of total aggregate by absolute volume is equal to 35%. For change in value of water cement ratio compacting factor, and sand belonging to zone III the following adjustment is required.

	Change in condition
	Adjustment required in

	
	Water content
	Percentage in total aggregate

	For decrease in water cement

Ratio by (0.6-0.5) i.e.0.10
	0
	-2

	For increase in compacting

Factor by (0.9-0.8) I.e. 0.10
	+3
	0

	For the conforming

Grading zone III
	0
	-1.5

	                                     Total
	3
	-3.5


 

Therefore, the required water content = 186+186/100 x3 =186+3.58 =191.6 kg / m3
And required sand content = 35 – 3.5 = 31.5 percent

Determination of Cement Content
Water-Cement ratio = 0.5

Water = 191.6 kgs

Cement = 191.6 / 0.5 = 383 kg / m3
Thus cement content is adequate for mild exposure condition as per IS: 456-2000 as described in table below.

Determination of coarse and fine aggregate content
From Table 18
 for specified maximum size of aggregate of 20 mm, the amount of entrapped air in wet concrete is 2 per cent. Taking this into account and applying equations given above.

0.98 m3     = 191.6 +383/3.15 + 1/0.315. fa / 2.60) x 1/ 1000

and

0.98 m3 = 191.6 +383/3.15 + 1/0.315. Ca / 2.60) x 1/ 1000

or fa = 546 kg / m3 and ca = 1187 kg / m3
The mix proportion now works out -

	Water
	Cement
	Fine aggregate
	Coarse aggregate

	191.6
	383 kg
	546 kg
	1187 kg

	or 0.5
	1
	1.42
	3.0


For 50 kg cement, the quantity of materials are worked out as below -

	a)
	Cement
	= 50 kg.

	b)
	Sand
	= 71 kg

	c)
	Coarse aggregate
	154.5 kg.

	
	Fraction I - 92.7
	

	
	Fraction II - 61.8
	

	d)
	Water
	

	1
	For water cement ratio of 0.5 quantity
	= 25.0 kg.

	2
	Extra quantity of water to be added for absorption in coarse aggregate at 0.5% by mass 
	= 154.5 / 100x0.5 = 0.77 kg.

	3
	Quantity of water to be deducted for free moisture in sand at 2% by mass
	= (-) 171.0/100x2=(-)1.42 kg.


Therefore actual quantity of water = 25.00 + 0.77 – 1.42 = 24.35 kg

Actual quantity of sand required after allowing for mass of free moisture 

= 71.0 +1.42=72.42 kg

Actual quantity of Coarse aggregate

Fraction I = 92.7 – (0.6 x 0.77) = 92.24

Fraction II = 61.8 – (0.4 x 0.77) = 61.49

Therefore the actual quantities of different constituent required for mix are -

Water = 24.35 kg

Cement = 50 kg

Sand = 72.42 kg

Coarse aggregate      Fraction I = 92.42 kg      Fraction II = 61.49 kg

Measurements shall be done in accordance with paras above.

Tolerances - Paras above shall apply.

Rate – Paras above shall apply with the exception regarding limitations for actual average compressive strength being less than specified strength which shall be governed by para above for acceptance and prorata rates worked out accordingly.

4.6.9  SPECIFICATIONS FOR Precast reinforced conrete door and window frames
4.6.9.1. Manufacture of precast reinforced concrete door and window frames is described here. These will conform to IS: 6523 in all respects unless otherwise specified. Frames shall be manufactured in an approved factory with all necessary arrangements for fixing hinges or hinges fixed at position as specified with hole for receiving tower bolt, sliding bolt etc. as specified.

4.6.9.2  Shape and dimensions - Precast reinforced concrete door and window frames shall be 60 x 100 mm or 70 x 75 mm in cross section for single shutter and 60 x 120 mm for double shutter door, cross section generally conforming to fig. 29 and 30. Where specified, suitable groove for receiving wall plaster shall be provided.

The over all sizes (width and height) shall be as per drawing or as specified.

4.6.9.3.1 Materials

4.6.9.3.2. Aggregate - The aggregate used shall be of well-graded mixture of clean coarse and fine aggregates. The nominal size of coarse aggregate shall not exceed 10 mm.

4.6.9.3.3. Concrete - Mix of concrete shall be as specified or as directed by the engineer. But the mix shall not be weaker than M 20 controlled mix or 1:1 ½ :3 (1 cement  - 1 ½ coarse sand  - 3 stone aggregate 10 mm nominal size by volume Mix) and shall be suitable for producing a dense concrete without voids after proper vibration.   

4.6.9.3.4. Reinforcement - There shall be minimum of three bars of 6 mm dia or equivalent reinforcement for each vertical or horizontal member shall be one piece and shall be firmly held by 3 mm dia ties spaced at not more than 300 mm center to center. The longitudinal reinforcement shall have a maximum cover of 12 mm or twice the diameter of main bar, which is higher.

4.6.9.4. Casting - The entire frame may be cast complete in one piece or each of the vertical and horizontal members of the frame may be cast separately to be assembled into the complete frame at site. When the frame is cast in separate parts, one of the reinforcing bars of the vertical members of the frame shall be kept projecting so as to tennon into the corresponding hole in the horizontal member. The holes in the horizontal member for taking the projecting reinforcement from the vertical members shall be slightly larger than the bar diameter to facilitate easy insertion of the projecting bar. After assembly at site, the holes shall be grouted with cement slurry of cement 1:2 coarse sand.

4.6.9.5. Mould - The mould for casting shall be preferably be of steel to ensure better surface finish of the cast frame. Provision shall be made in the mould to accommodate fixing devices for hinges and the hold fasts. Where specified, suitable rebates may also be provided to act as plaster groove.

4.6.9.6. Protection and curing  - After casting in moulds, during setting and in first stage of hardening the concrete shall be protected from shocks, running or surface water and the harmful effect of frost, sunshine drying winds and cold. The concrete shall be cured for at least 7 days unless special curing methods are adopted which shall conform to IS: 6523

The frames shall be matured before testing or dispatch for the following periods -

	Type of cement used
	Period

	Ordinary Portland cement, Portland blast furnace slag cement Portland pozzolana cement
	28 days

	Rapid hardening cement (to be used with approval of engineer)

	14 days


The frames after maturing shall have sufficient strength to prevent damage when handled.

4.6.9.7
Arrangements for fixing of hinges to frames - Suitable arrangement for fixing hinges shall be provided in the frame by one of the following methods as directed (Ref. Figure 30) -

a) Hardwood fixture - Hardwood blocks of well seasoned teak or other suitable timber 150 mm long, 45 to 50 mm x 30 to 40 mm in cross section, one block for each of the hinge, shall be fixed in position with 6 mm mild steel bolts, nut and washers, after the frame has been cast, cured and matured. After tightening the nuts, the bolt heads and the nuts shall be suitably covered with hard wood fillets, finished flush with concrete surfaces of the frame.

b) Hinge directly attached to frame - L Type flap hinge may be attached may be attached directly to the frame with the help of 6 mm dia, mild steel bolts and nuts.

c) Hinge welded to frame - the hinge may be welded to 3 mm thick mild steel flat embedded in frame.

4.6.9.8
Arrangements for door and window fixtures - Suitable arrangements shall be provided in the frame for receiving tower bolts, sliding bolts and other door and window fixtures as indicated.

4.6.9.9
Fasteners

4.6.9.9.1 Arrangements for fixing the frames with hold fasts or metallic fasteners shall be provided in vertical members of frames as specified. In case of door frame, there will be 3 Nos. hold fasts and in case of window, there will be 2 Nos. hold fasts on each vertical member in contact with the opening where the frame is to be fixed. Holes to accommodate 10 mm dia bolts to be fixed to hold fasts and the nuts shall be left at appropriate locations.

4.6.9.10 Erection

When a three piece frame is used, the vertical members shall be held in position with top member placed over them, the whole frame plumbed and firmly supported till the concrete around the hold fasts in the masonry has properly set and hardened. Cement and coarse sand mortar slurry 1 -2 shall be used in grouting the joints between the vertical and horizontal members of door frame. In case where four members are used, the bottom member shall be first placed in position and other erected on this base.
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ANNEXURE - A
FORM OF AGREEMENT

This agreement is  made  on the ...................... day of ............... between (name of the employer) ................................................ of (mailing address ................................................herein after called the employer of the one part and (Name of the contractor) ........................................................ here in after called in Contractor of the other part. Whereas, the Employer is desirous that certain works should be executed, viz (brief Description of works) ............... (Date of Letter of Acceptance) accepted a tender by the contractor  for the  execution, completion  and  maintenance of  such  works.  Now  this Agreement Witnesseth as follows :
1. In this Agreement words and expression shall have the same meaning as are respectively assigned to them in the Conditions of Contract hereinafter referred to.
2. The following documents shall be deemed to form and be read and construed as part of this Agreement viz.,
a) Tender Notifications
b) Formal Tender Notice (Adapted version of KPWD Form 66)
c) This form of Agreement
d) This letter of Acceptance
e) The said tender
f) The completed schedule B
g) The completed schedule A
h) The completed schedule C
i) The Drawings
j) The Detailed Technical Specifications
k) Additional Conditions of Contract
l) The Conditions of Contract
m) The correspondence between the tenderer and the Employer/Engineer made after opening the bid and before signing the agreement should beared as "part of the agreement".
3. The aforesaid documents shall be taken as complementary and mutually explanatory on one another but in the case of ambiguities or discrepancies shall take precedence in the order set out above.
4. In consideration of the payment to be made by the Employer, to the Contractor as herein after mentioned, the Contractor hereby covenants with the Employer to execute, complete, and maintain the works in conformity in all respects with the provisions of the contract.
1. The Employer hereby covenants pay the Contractor in consideration of the execution, completion and maintenance of the works, the contract price at the IME and in the manner specified.

In Witness where of the parties hereto have caused their respective common seals to hereunto affixed ( or have hereunto see their respective hands and seals) the day and year first above written

SIGNED SEALED AND DELIVERED.

By the said,                                                             By the said,

……………………………..                             ……………………..

Name…………………………….           Name…………..

Address…………………………….      Address………………..

…………………………………………                 ……………………

Tenderers are not requirement to complete this form the time of tendering.

ANNEXURE-B SCHEDULE OF ROYALTY CHARGES

Commerce and Industries Secretariat

Notification

No.CI 81 MMN 2014, Bangalore dated 18th Feb 2014
     In exercise of the powers conferred by the sub-section (1) of section 15 of the mines and Minerals (Regulations and Development Act 1957 (Central Act 67 of 1957) the Government of Karnataka hereby makes the following rules, further to amend the Karnataka mines minerals Concession rules 1994, namely.

RULES

1. Title and Commencement                                                       
        (1) These rules may be called the Karnataka Minor Mineral Concession (Amendments) Rules      

             2014
                (2) This shall come into force from the date of their publication in the 

                    official Gazette with effect from 01.03.2014.
2. Amendment of Rules-9

In Rule 9 of the Karnataka Minor Mineral Concession Rules 1994 (herein after referred to as the said Rules) in Sub-Rules (1) for the words at the rate of rupees five thousand  per acre and an application fee of rupees two thousand the words at the rate of rupees ten thousand per acre and an application fee of rupees five thousand shall be substituted.

3. Amendments of Rules 17:

In Rules 17 of the said Rules in sub rule (1) for the words at the rate of rupees five hundred per acre the words at the rate of rupees one thousand acres shall be substituted.

4. Amendments of Rule 19-A

In Rule 19-A of the said rules in sub-rule (1) in clause (b) in the second provision in item (iii) for the words, a processing fee of rupees one thousand the words a processing fee of rupees five thousand shall be substituted.

5. Amendment of Rule 21

       In Rule 21 of the said rules in sub-rule (1) for the words at ther ate of rupees two thousand five hundred per acre and  an application fee of rupees one thousand the words at the rate of rupees five thousand per acre and an application fee of rupees two thousand shall be substituted.

6 Amendment of Rule 29

      In Rule 29 of the said Rules for the words at the rate of rupees three hundred per acre the words at the rate of rupees five hundred per acre shall be substituted

7. Amendment of Rule 31-F

In Rule 31-F of the said Rules in sub rule (2) for the words registration fee of rupees five hundred only the words registration fee of rupees one thousand only shall be substituted.

8. Amendment of Rule 42

In Rule 42 of the said Rules in sub-rule (2) for the words shall apply in form AP to the concerned competent authority the words shall apply in form AP along with rupees fifty as a processing fees for m3 specified  mine and minerals and MT non specified mines and mineral to the concerned competent authority shall be substituted.

9. Substitution of Schedule 1 and 2

For Schedule 1 and II to the Karnataka Mines & Mineral Concession Rules 1994 the following shall be  substituted, namely
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No.CI 81 MMN 2014 Karnataka Government Secretariat
Vikasa Soudha
Bangalore, Dated: 18-02-2014

NOTIFICATION

In exercising the powers conferred by sub-section (1) of section 15 of the
Mines and Minerals(Regulation and Development) Act, 1957(Central Act 67 of
1957), the Government of Karnataka hereby makes the following rules to amend
the Karnataka Minor Mineral Concession Rules, 1994, namely:-

1. Title and commencement:- (1) These rules may be called the Karnataka
Minor Minerals Concession(Amendment) Rules, 2014.
(2) This shall come into force from the date of their publication in the
Official Gazette with effect from 01.03.2014.
2. Substitution of Schedule I and II :- For Schedule 1 and 2 to the Karnataka
Minor Mineral Concession Rules,1994, the following shall be substituted,
namely

F SCHEDULE I
(See Sub-rule (1 )of rule 36)

DEAD RENT
Sl Name of the Mineral Rate per Acre per
No. Annum Rs.
1 2 4
1 Ornamental and Decorative Building Stones. As 37,500/~

defined under clause (m) of Rule 2

2 Felsite and its varieties suitable for use as 37,500/
Ornamental Stones .

3 Quarzite and Sand Stone and their varities suitable 37,500/~
for use as Ornamental Stones.

4 Marble and crystailine Limestone as Ornamental 37,500/-
Stone.

5 Bentonite 27,500/-

6 Fullers Earth 27,500/~

7 Lime Stone under the title "SHAHABAD STONE" 16,500/~

8 Limestone (Non-cement) 16,500/-
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9 Ordinary Building Stones as defined under clause
: (g)of rule-2 i
| a) Bangalore,Kolar,Mysore, Mandya and Tumkur 18,750/-
b) Other Districts 11,000/~
10 LIME SHELL 16,500/~
11 LIME KANKAR 16,500/-
12 Agate, Chacedony 16,500/~
13 Ordinary Sand Entire State 11,000/~
14 Brick and Tile clays 5,500/
15 Steatite used for making household articles 11,000/
16 Sand Stone used for making house hold articles 11,000/~
17 Murram 4,000/-
18 | All other minerals 5,500/-
' SCHEDULE-II
(See-Sub-rule I of rule 36)
ROYALTY
Royalty Rates
SL Per Unit/ Quantity
No. i
Nagae of the Mineral With in the Outside the
State State
| - 3 4
1 | Ornamental and Decorative Building Stones:-
as defined under clause (m) of Rule 2
(A) Dyke Rock
(i) Black granites
(a) Mysore and Chamarajanagar Districts Rs4,800 perm? | Rs.7,500 per m?
(b) All other districts other than (a) above Rs3,500 per m? | Rs4,500 perm?
(if) Other varieties of dyke other than Black '
granites (Entire State) Rs.2,500 perm? | R5.3,000 per.mi..-
(B) (1) Pink and Red Granites Y Dt
(Ilkal Pink Variety) .
(i) Hungunda and Badami Taluk of Bagalkot | Rs-4000 perm® | Rs6,000 per m?
District, Kustagi of Koppal District. '
(i) Pink and Red granites, gneisses and their Rs.4.000 5
structural varieties (other than Ilkal Pink s o
variety)

~3
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(C) Grey and white Granites and their varieties

(i) Very fine grained Grey granite (Sira grey
Variety)

Chintamani, Siddlaghatta of Chikkaballapur
District, Hoskote of Bangalore District.

(if) Grey and white granites and their textural
varieties having shades of grey, black and
white colours (other than (i) above) Entire
State.

(iii) Grey Granite of Sadarahally, Koira of
Bangalore Rural District.

Rs.2,000 per m?

Rs.1,400 per m?

Rs.800 per m?

Rs.3,000 per m?

Rs.2,100 per m?

Rs.1,200 per m?

Felsite and its varieties suitable for use as
Ornamental Stone -Entire State

Rs.1,800/ - per m®

Granite and sand stone and their varieties
suitable for use as Ornamental Stones - Entire
State

Rs.1,800/-per m?®

Marble and Crystailine Limestone as ornamental
stone-entire state

Rs.1,800/-per m?®

Bentonite - Entire state

Rs.400/- per MT

Fullers Earth -Entire State

Rs.125/- per MT

6A | Buff colour (waste) Rs. 80/-per MT -
The permits should not exceed 20% of Permit
issued for FULLERS EARTH
7 | Lime Stone under the title "SHAHABAD STONE" Rs.150/- per 10 meter -
Or Rs. 150 per MT
8 | Lime Stone (Non-cement) when used for Rs.40/- per MT -
Building Stone- Entire State
9 | Ordinary Building Stones (Entire State as defined | Rs.60/- per MT -
under clause (g)of rule-2
10 | LIME SHELL - Entire State Rs.100/- per MT -
11 | LIME KANKAR (Noricement)Entire State Rs. 50/- per MT -
12 | Agate, Chacedony, Glint -Entire State Rs.240/-per MT -
13 | Ordinary Sand-Entire State ) Rs.60/- per MT -
14 | Stetite and sand stone used for making house Rs. 40/-per MT -
hold utensils/articles-Entire State
_ 15 | (@)Murram (All types of soils)-Entire State Rs.20/-per MT -
(b) Clay used for manufacturing tiles and bricks Rs.40/- per MT

N
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16 | All other minerals -Entire State 30% Sale value
at pit mouth

17 | Waste rocks generated in ornamental stone quarry| Rs.300/-MT or
entire state (see explanation under Rule 36) Rs.850/-M

18 | Irregular shaped waste rock generated in stone Rs.60/-per M1
quarry, which is not suitable for ornamental
purposes - Entire State

19 | Waste rocks generated in Shahabad Stone quarry | Rs.60/-per MT
entire state (see explanation under Rule 36)

20 | Finished Kerb Stones/cubes not exceeding Rs.110/-per MT

30cems each face -Entire Slale

This Notification issued with the concurrence of Finance Department vide
No:FD 210 Exp-1/14 Dated:12.02.2014.

0BY ORDER AND IN THE NAME OF THE
GOVERNOR OF KARNATAKA,

/60( VENKATESH) (/2/15.

Desk officer (Mines)

&mmerce & Industries Department.
To:-

The Complier, Karnataka Gazette to publish in the Special Gazette and to supply 300

copies to this Department and 200 copies to Directorate of Mines and Geology,
Khanija Bhavan, Bangalore-01.

Copy to:-

1. The Accountant General (A&E), Karnataka, Bangalore.

2.The Chief Secretary to Government, Vidhana Soudha, Bangalore

3.The Addl. Chief Secretary to Hon’ble Chief Minister, Vidhana Soudha,

4. The Principal Secretary to Govt. Public Works Department, Vikasa Soudha

5. The Principal Secretary to Govt. Forest, Ecology & Environment Department,

6. The Principal Secretary to Govt. Revenue Department, M.S.Building

7. The Principal Secretary to Govt. Law, Justice & Human Rights Department, i

‘/%the Principal Secretary to Govt. Parliamentary Affairs & Legislation Dept.
Thy

e Director, Dept., of Mines and Geology, Khanija Bhava

——10. All'the Deputy Commissioners of the Districts (Karnataka).

11. All the Deputy Director / Senior Geologist of Mines & Geology of the Dists.

12. P.S. to Secretary to Govt., Commerce and Industries Department, Vikasa Soudha
13. P.A to Deputy Sccretary to Govt., Commerce and Industries Dept. Vikasa Soudaha
14. S.G.F. / Extra copies.





Note:

1)The royalty charges will be recovered as per the Govt. Order issued from time to time

ANNEXURE-C

PROCE EDINGS OF THE GOVERNMENT OF KARNATAKA
Sub:  Deduction of Shrinkage of settlement in earthwork embankment.
Ref :  Correspondence ending with the letter No. BRP/IBR/TE-77/TA-4 dated
11th November, 1965 from the Chief Engineer, Irrigation Project, Bangalore.
PREMABLE  :
The Chief Engineer, Irrigation Project has reported that there was no uniform practice of standard vogue for deduction for shrinkage or settlement in earth work embankment and that it was discussed in the meeting of Chief Engineers held in 1961 who have made certain recommendations. The recommendations on receipt in Government were examined and Government asked Chief Engineer, Irrigation Project to obtain report in the matter. Then the matter, has been reffered to the Director, Karnataka Engineering Research Station, K.R. Sagar for con- ducting experiments on various types of the embankments and under various conditions in
order to take decision on the uniform procedure to be adopted in making deductions for shrink- age or settlement in earthwork embankments. The Director, Karnataka Engineering Research Station has made the following recommendations. 

Sl.      

 Type of Embankment       Settlement in percent of height of bank
 No.





    Before     After        Before      After 
                                                               Monsoon  Monsoon Second     Third
1                                2                                 3              4              5             6
1.                Dry unrolled embankment 

                   clay including black cotton 

                   soils. 




25

 12.50 
6.50
  Nil
2.                 Dry unrolled embankment 

             in all soils other than clayey

             soil.                                          20              10.00         5.00   Nil
3                 Compacted embankments

                   without field control of 

                   placement
                   a)  Manual labour or rollers

                        less than six tons.                150             7.50          4.75  Nil
                   b)  By power rollers of more

                       than  six tons.                       100             5.00          2.50  Nil
4.                Compacted embankment 

                    with field control placement     5               0.25          Nil   Nil
The Matter was further referred to the Board of  Chief  Engineer for consideration and opinion. The board holds that recommendations of the Director are based on generalisation and are indication of general trends in different types of soils. However, soil differ from place to place and it is desirable that actual tests are carried out and their averages applied in individual cases. Where it is not possible to carry out the individual experiments the general values may be adopted.

ORDER NO.PWD/11GMS/64,BANGALORE DATED 10  MARCH, 1966.
After considering all aspects of the case and also the opinion furnished by the Board of Chief Engineers Government hereby directs that in respect of all important tan works actual tests are carried out and average applied and where it is not possible to carry out individual experiments the general values given by the Directors, K.E.R.S. as noted in preamble may be adopted.

 BY ORDER AND IN THE NAME OF THE GOVERNMENT OF KARNATAKA


M.  CHANNAPPA
Deputy Secretary to Government, P.W.D., (Irrn.)
ANNEXURE-D
GOVERNMENT  CIRCULAR  REGARDING  CONTROLLED  BLASTING GOVERNMENT OF KARNATAKA
No. ID 40 KBN 98 




Karnataka Government Secretariat,
M.S. Building,
Bangalore, Dated 13. 10. 1998
CIRCULAR
Sub:   Guidelines for resorting to Controlled Blasting in excavation item applicable to all Irrigation Projects.
1. Controlled blasting for hard rock excavation is normally adopted in situations where human habitation, permanent structures etc. have to be protected during blasting of hard rock.
2 The Managing Director, Krishna Bhagya Jala Nigam Ltd., has requested to communicate guidelines to be followed while resorting to controlled blasting. Since there is a need to prescribe a uniform standard for resorting to controlled blasting applicable for all irrigation Projects in the State, the Technical Advisory Committee was requested to advice the Irrigation Deportment in this regard.
3. This subject was discussed by the Technical Advisory committee in the meeting held on 15.9.98 by inviting some experts in the field and after detailed discussion the Committee recommended that circular instructions may be issued by the Irrigation Department in this regard which would be applicable for all Irrigation Projects in the State.

4. Hence, the following guidelines are issued for resorting to controlled blasting in excavation items in irrigation projects based on the advice of the Technical Advisory Committee.
(i) The Chief Engineer should certify and authorize taking up of controlled blasting after considering the ground realities like vicinity of  human habitation, actual safe distance and also financial implications of alternatives available such as cost of shifting /compensation to owner of permanent structures for acquisition of structure etc., The Executive Engineer should certify that he has examined all other alternatives and is of the opinion that controlled blasting more economical and is the safest way of executing the work. The Executive Engineer should furnish a report to the Chief  Engineer along with a sketch (to scale) of  the number of human habitation, public/ private property, cost of these structure etc., while submitting his recommendation to the superintending Engineer/the Chief Engineer. The financial implication of controlled blasting and alternatives should be explained in the report. Thereafter the Chief Engineer should consider and approve further course of action. The detailed blasting procedure for controlled
blasting should be prepared by the Executive Engineer and got approved by the Chief Engineer before implementation and these details should be incorporated under "De- tailed Specifications" in the tender schedule also:
(ii) Before resorting to controlled blasting, it is obligatory on the part of the Executive Engineer to get the authorisation from the concerned Chief  Engineer to take up the con- trolled blasting.
(iii) Controlled blasting may be proposed, wherever necessary, keeping in view the danger zone of 300 m radial distance from the blasting site to the village limit, human habitation, permanent structure and the like;
(iv) Controlled blasting may also proposed for a distance of 50 m on either side of the power transmission line. This should be done after necessary clearance from K.E.B. and only if K.E.B. disagrees to disconnect or shift the transmission line for a short period;
(v) Field officers must ensure that the Agencies/contractors, during excavation of canal, should not resort to rig blasting wherever controlled blasting is resorted to;
(vi) The depth up-to which controlled blasting is to be done, shall be decided by the Chief Engineer keeping in view the site specifies like nature of rock, stratification, cross- section of the canal etc.,
        The above guidelines and procedure should be followed strictly while resorting to controlled blasting for excavation items in respect of all the Irrigation Project in the State. 

Sd/-
( L. BASAVARAJU)
Secretary to Government
Irrigation Deportment.
� EMBED Equation.3  ���








CONTRACTOR                                                      EXECUTIVE ENGINEER
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