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| nvitation for Bids

null
Arjunchaupari Rural Municipality

Invitation for Bids No.. ACRM/NCB/W/RD/05/2080/81
Date of publication: 13-10-2023 10:00

Arjunchaupari Rural Municipality invites sealed bids or electronic bids from Nepalese eligible bidders for the
construction of Sub Base Worksin Aaruchaur Road Section under National Competitive Bidding procedures.

The estimated amount for the worksisRs. (in NRs) 2162131.02 (Exclusive of VAT and Contingencies)

Eligible Bidders may obtain further information and inspect the bidding document at the office of
Arjunchaupari Rural Municipality, arjunchauparill@gmail.com, Syangja, Gandaki Province, Nepal or may visit
PPM O website www.bol patra.gov.np/egp.

Bidder who chooses to submit their bid electronically may purchase the hard copy of the bidding documents as
mentioned above or may download the bidding documents for e-submission from PPMO’s Web Site www.
bolpatra.gov.np./egp,. Bidders, submitting their bid electronically, should deposit the cost(as specified above)
of bidding document in the Project’s Rajaswa (revenue) account as specified below and the scanned copy
(pdf format) of the Bank deposit voucher shall be uploaded by the bidder at the time of electronic
submission of the bids. Information to deposit the cost of bidding document in Bank:

Name of the Bank: Rastriya Banijya Bank Ltd.

Name of Office: Arjunchaupari Rural Municipality
Office Code no:

Office Account no: 3270100301010002

Rajaswa (revenue) Shirshak no.:
Pre-bid meeting shall not be held.

Sedled or electronic bids must be submitted to the office Arjunchaupari Rural Municipality,
arjunchauparill@gmail.com, Syangja, Gandaki Province, Nepalby hand/courier or through PPMO website www.
bol patra.gov.np/egp on or before 20-11-2023 13:00. Bids received after this deadline will be rejected.

The bids will be opened in the presence of Bidders representatives who choose to attend at 20-11-2023 13:00 at the
office of Arjunchaupari Rural Municipality

arjunchauparill@gmail.com

Syangja

Gandaki Province

Nepal. Bids must be valid for a period of 90 days after bid opening and must be accompanied by a bid security or
scanned copy of the bid security in .pdf format in case of e-bid, amounting to a minimum of NRs. 50000.0, which
shall be valid for 30 days beyond the validity period of the bid.

If the last date of purchasing and /or submission falls on a government holiday, then the next working day shall be
considered as the last date. In such case the validity period of the bid security shall remain the same as specified for
the original last date of bid submission.
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SecTion— I: Instructions to Bidders

A. General

1. Scope of Bid

1.1 In connection with the Invitation for Bids indicated in the Bid Data Sheet (BDS), the
Employer, as indicated in the BDS, issues this Bidding Document for the procurement of
Works as specified in Section V (Works Requirements). The name, identification, and
number of Contracts of the National Competitive Bidding (NCB) are provided in the
BDS.

1.2 Throughout this Bidding Document:
(a) the term “in writing” means communicated in written form and delivered against
receipt;
(b) except where the context requires otherwise, words indicating the singular
also include the plural and words indicating the plural also include the singular;
and

(c) “day” means calendar day.

2. Source of Funds

2.1 GoN Funded: In accordance with its annual program and budget, approved by the
GoN, the implementing agency indicated in the BDS plans to apply a portion of the
allocated budget to eligible payments under the contract(s) for which this Bidding
Document is issued.

Or

Public Entities' own Resource Funded: In accordance with its annual program and
budget, approved by the public entity, the implementing agency indicated in the BDS
plans to apply a portion of the allocated budget to eligible payments under the
contract(s) for which this Bidding Document is issued.

Or

DP Funded: The GoN has applied for or received financing (hereinafter called
“funds”) from the Development Partner (hereinafter called “the DP”) indicated in
the BDS toward the cost of the project named in the BDS. The GoN intends to apply
a portion of the funds to eligible payments under the contract(s) for which this Bidding
Document is issued.

2.2 DP Funded: Payment by the DP will be made only at the request of the GoN and upon
approval by the DP in accordance with the terms and conditions of the financing
agreement between the GoN and the DP (hereinafter called the “Loan/Grant
Agreement”), and will be subject in all respects to the terms and conditions of that
Loan/Grant Agreement. No party other than the GoN shall derive any rights from the
Loan Agreement or have any claim to the funds.

3. Fraud and
Corruption

3.1 Procuring Entities as well as bidders, suppliers and contractors and their sub-contractors
under GoN/DP-financed contracts, shall adhere to the highest standard of ethics
during the procurement and execution of such contracts. In pursuance of this;

(a) the Employer adopts, for the purposes of this provision, the terms as defined below:
(i) “corrupt practice” means the offering, giving, receiving, or soliciting,
directly or indirectly, anything of value to influence improperly the actions of

another party;
(i) “fraudulent practice” means any act or omission, including a
misrepresentation, that knowingly or recklessly misleads, or attempts to
mislead, a party to obtain a financial or other benefit or to avoid an




obligation;

(i) “coercive practice” means impairing or harming, or threatening to impair
or harm, directly or indirectly, any party or the property of the party to
influence improperly the actions of a party;

(iv) “collusive practice” means an arrangement between two or more parties
designed to achieve an improper purpose, including influencing improperly
the actions of another party.

v) “obstructive practice” means (a) deliberately destroying, falsifying,
altering, or concealing of evidence material to an investigation; (b)
making false statements to investigators in order to materially
impede an investigation; (c) failing to comply with requests to
provide information, documents, or records in connection with an
investigation; (d) threatening, harassing, or intimidating any party to
prevent it from disclosing its knowledge of matters relevant to the
investigation or from pursuing the investigation; or (e) materially
impeding GoN/DP’s contractual rights of audit or access to
information; and

vi) “integrity violation” is any act which violates Anticorruption Policy,
including (i) to (v) above and the following: abuse, conflict of interest,
violations of GoN/DP sanctions, retaliation against whistleblowers or
witnesses, and other violations of Anticorruption Policy, including
failure to adhere to the highest ethical standard.

(b) the Employer will reject a proposal for award if it determines that the Bidder
recommended for award has, directly or through an agent, engaged in corrupt,
fraudulent, collusive, coercive, or obstructive practices or other integrity violations
in competing for the contract;

(c) DP will cancel the portion of the financing allocated to a contract if it determines at
any time that representative(s) of the GoN or of a beneficiary of DP-financing
engaged in corrupt, fraudulent, collusive, or coercive practices or other integrity
violations during the procurement or the execution of that contract, without the GoN
having taken timely and appropriate action satisfactory to DP to remedy the
situation.

(d) DP will impose remedial actions on a firm or an individual, at any time, in
accordance with DP's Anticorruption Policy and related Guidelines (as amended
from time to time), including declaring ineligible, either indefinitely or for a stated
period of time, to participate in DP-financed, -administered, or -supported activities
or to benefit from an DP-financed, -administered, or -supported contract,
financially or otherwise, if it at any time determines that the firm or individual has,
directly or through an agent, engaged in corrupt, fraudulent, collusive, coercive, or
obstructive practices or other integrity violations; and

(e) The Contractor shall permit the GoN/DP to inspect the Contractor’s accounts and

records relating to the performance of the Contractor and to have them audited by

auditors appointed by the GoN/DP, if so required by the GoN/DP.

3.2 The Bidder shall not carry out or cause to carry out the following acts with an
intention to influence the implementation of the procurement process or the
procurement agreement :




(a) give or propose improper inducement directly or indirectly,

(b) distortion or misrepresentation of facts,

(c) engaging in corrupt or fraudulent practice or involvingin such act,

(d) interference in participation of other competing bidders,

(e) coercion or threatening directly or indirectly to cause harm to the person or
the property of any person to be involved in the procurement proceedings,

() collusive practice among bidders before or after submission of bids for distribution
of works among bidders or fixing artificial/uncompetitive bid price with an
intention to deprive the Employer the benefit of open competitive bid price,

(g) contacting the Employer with an intention to influence the Employer with
regards to the bids or interference of any kind in examination and evaluation of
the bids during the period from the time of opening of the bids until the
notification of award of contract.

3.3 PPMO, on the recommendation of the Procuring Entity may blacklist a Bidder for
a period of one (1) to three (3) years for its conduct including on the following grounds
and seriousness of the act committed by the bidder:

(a) if convicted by a court of law in a criminal offence which disqualifies the Bidder
from participating in the contract,

(b) if it is established that the contract agreement signed by the Bidder was based on
false or misrepresentation of Bidder’s qualification information,

(c)if it at any time determines that the firm has, directly or through an agent, engaged
in corrupt, fraudulent, collusive, coercive, or obstructive practices in competing
for, orin executing, a GoN/DP-financed contract.

(d) if the successful bidder fails to sign the contract.

3.4 A bidder declared blacklisted and ineligible by the GoN, Public Procurement Monitoring
Office (PPMO) and/or the DP in case of DP funded project, shall be ineligible to bid for
a contract during the period of time determined by the GoN, PPMO and/or the DP.

3.5 In case of a natural person or firm/institution/company which is already declared
blacklisted and ineligible by the GoN, any other new or existing firm/institution/company
owned partially or fully by such Natural person or Owner or Board of director of
blacklisted firm/institution/company; shall not be eligible bidder.

3.6 Furthermore, Bidders shall be aware of the provisions of GCC (GCC 28.3 and 72.3(j).

4. Eligible Bidders

4.1 A Bidder may be a natural person, private entity, or government - owned entity—subject
to ITB 4.5—or any combination of them in the form of a Joint Venture (JV) under an
existing agreement, or with the intent to constitute a legally-enforceable joint venture. In
the case of a JV:

(a) all partners shall be jointly and severally liable for the execution of the Contract
in accordance with the Contract terms. Maximum number of JV shall be as
specified in the BDS. The eligibility criteria requirement of the parties to the JV
shall be as specified in Section 11l Evaluation and Eligibility Criteria, and

(b) the JV shall nominate a Representative who shall have the authority to conduct all
business for and on behalf of any and all the parties of the JV during the bidding
process and, in the event the JV is awarded the Contract, during Contract
execution.

4.2 A Bidder, and all parties constituting the Bidder, shall have the nationality of any country




or eligible countries mentioned in the BDS. A Bidder shall be deemed to have the
nationality of a country if the Bidder is a citizen or is constituted, or incorporated, and
operates in conformity with the provisions of the laws of that country. This criterion shall
also apply to the determination of the nationality of proposed sub Contractors or suppliers
for any part of the Contract including related services.

4.3 A Bidder shall not have a conflict of interest. A Bidder found to have a conflict of interest

shall be disqualified. if any of, including but not limited to, the following apply:

(a) they have controlling partners in common; or

(b) they receive or have received any direct or indirect subsidy from any of them; or

(c) they have the same legal representative for purposes of this bid; or

(d) they have a relationship with each other, directly or through common third parties,
that puts them in a position to have access to information about or improperly
influence on the Bid of another Bidder, or influence the decisions of the Employer
regarding this bidding process; or

(e) a Bidder participates in more than one bid in this bidding process either
individually or as a partner in a joint venture. This will result in the disqualification
of all Bids in which it is involved. However, subject to any finding of a conflict of
interest in terms of ITB 4.3 (a)-(d) above, this does not limit the participation of the
same subcontractor in more than one bid; or

(f) a Bidder or any of its affiliated entity, participated as a consultant in the
preparation of the design or technical specifications of the works that are the subject
of the Bid; or

(9) aBidder was affiliated with a firm or entity that has been hired (or is proposed to be
hired) by the Employer as Engineer for the Contract.

4.4 A firm that is under a declaration of ineligibility by the GoN/DP in accordance with ITB
3, at the date of the deadline for bid submission or thereafter, shall be disqualified. A firm
shall not be eligible to participate in any procurement activities under an DP-financed, -
administered, or -supported project while under temporary suspension or debarment by
DP pursuant to the DP's Anticorruption Policy (see ITB 3), whether such debarment was
directly imposed by the DP, or enforced by other DPs pursuant to the Agreement for
Mutual Enforcement of Debarment Decisions. A bid from a temporary suspended or
debarred firm will be rejected.

4.5 Enterprises owned by Government shall be eligible only if they can establish that they are
legally and financially autonomous and operate under commercial law, and that they are
not a dependent agency of the GoN.

4.6 Bidders shall provide such evidence of their continued eligibility satisfactory to the
Employer, as the Employer shall reasonably request.




4.7 Firms shall be excluded in any of the cases, if

(a) by an act of compliance with a decision of the United Nations Security
Council taken under Chapter VII of the Charter of the United Nations, Nepal
prohibits any import of goods or Contracting of works or services from that
country or any payments to persons or entities in that country.

(b) DP Funded: as a matter of law or official regulation, Nepal prohibits
commercial relations with that country, provided that the DP is satisfied that
such exclusion does not preclude effective competition for the supply of goods
or related services required;

(c) DP Funded: a firm has been determined to be ineligible by the DP in relation
to their guidelines or appropriate provisions on preventing and combating
fraud and corruption in projects financed by them.

4.8 Maximum number of bidding process that a Bidder, and all parties
constituting the Bidder can participate shall be as specified in BDS. The
bidders shall be considered ineligible if number of participation in bidding
process exceeds the number as specified.

5. Eligible
Materials,
Equipment and
Services

5.1 The materials, equipment and services to be supplied under the Contract shall have their
origin in any source countries as defined in ITB 4.2 above and all expenditures under the
Contract will be limited to such materials, equipment, and services. At the Employer’s
request, Bidders may be required to provide evidence of the origin of materials,
equipment and services.

5.2 For purposes of ITB 5.1 above, “origin” means the place where the materials and
equipment are mined, grown, produced or manufactured, and from which the services are
provided. Materials and equipment are produced when, through manufacturing,
processing, or substantial or major assembling of components, a commercially
recognized product results that differs substantially in its basic characteristics or in
purpose or utility from its components.

B. Contents of Bidding Documents

6. Sections of
Bidding Document

6.1 The Bidding Document consist of Parts I, 11, and 111, which include all the
Sections indicated below, and should be read in conjunction with any Addenda
issued in accordance with ITB 8.

PART | Bidding Procedures

Section | Instructions to Bidders (ITB)
Section |l Bid Data Sheet (BDS)
Section 11 Evaluation and Eligibility Criteria (EEC)

Section IV Bidding Forms (BDF)

PART Il Requirements
Section V' Works Requirements (WRQ)
Section VI  Bill of Quantities (BOQ)

PART Il Conditions of Contract and Contract Forms
Section VIl General Conditions of Contract (GCC)
Section VIII Special Conditions of Contract (SCC)
Section IX Contract Forms (COF)




6.2 The Invitation for Bids issued by the Employer is not part of the Bidding Document.

6.3 The Employer is not responsible for the completeness of the Bidding Document and their
Addenda, if they were not obtained directly from the source stated by the Employer in
the Invitation for Bids.

6.4 The Bidder is expected to examine all instructions, forms, terms, and specifications in the
Bidding Document and to furnish with its bid all information and documentation as is
required by the Bidding Documents. Failure to furnish all information or documentation
required by the Bidding Document may result in the rejection of the bid.

7. Clarification of
Bidding Document,
Site Visit, Pre-Bid
Meeting

7.1 A prospective Bidder requiring any clarification of the Bidding Document shall contact
the Employer in writing at the Employer’s address indicated in the BDS or raise any
question or curiosity during the pre-bid meeting if provided for in accordance with
ITB 7.4. The Employer will respond in writing to any request for clarification,
provided that such request is received within the period as mentioned in ITB 7.5.
The Employer shall forward copies of its response to all Bidders who have acquired
the Bidding Document in accordance with ITB 6.3, including description of the
inquiry but without identifying its source. Should the Employer deem it necessary
to amend the Bidding Document as a result of a request for clarification, it shall do so
following the procedure under ITB 8 and ITB 17.2

7.2 The Bidder is advised to visit and examine the Site of Works and its surroundings and
obtain for itself, on its own risk and responsibility, all information that may be necessary
for preparing the bid and entering into a Contract for construction of the Works. The costs
of visiting the Site shall be at the Bidder’s own expense.

7.3 The Bidder and any of its personnel or agents will be granted permission by the Employer
to enter upon its premises and lands for the purpose of such visit, but only upon the
express condition that the Bidder, its personnel, and agents will release and indemnify the
Employer and its personnel and agents from and against all liability in respect thereof,
and will be responsible for death or personal injury, loss of or damage to property, and
any other loss, damage, costs, and expenses incurred as a result of the inspection.

7.4 The Bidder’s designated representative is invited to attend a pre-bid meeting, if provided
for in the BDS. The purpose of the meeting will be to clarify issues and to answer
guestions on any matter that may be raised at that stage. 7.5 The Bidder is requested,
as far as possible, to submit any questions in writing, to reach the Employer as
mentioned in BDS.

7.5 The Bidder is requested, to submit any questions in writing, to reach the Employer as
mentioned in BDS.

7.6 Minutes of the pre-bid meeting, including the text of the questions raised, without
identifying the source, and the responses given, together with any responses prepared
after the meeting, will be transmitted promptly to all Bidders who have acquired the
Bidding Document in accordance with ITB 6.3. Any modification to the Bidding
Document that may become necessary as a result of the pre-bid meeting shall be made
by the Employer exclusively through the issue of an addendum pursuant to ITB 8 and not
through the minutes of the pre-bid meeting.

7.7 Nonattendance at the pre-bid meeting will not be a cause for disqualification of a Bidder.

8. Amendment of
Bidding Document

8.1 At any time prior to the deadline for submission of bids, the Employer may amend the
Bidding Document by issuing agenda.




8.2 Any addendum issued shall be part of the Bidding Document and shall be
communicated in writing to all who have obtained the Bidding Document from the
Employer in accordance with ITB 6.3.

8.3 To give prospective Bidders reasonable time in which to take an addendum into account
in preparing their bids, the Employer may, at its discretion, extend the deadline for the
submission of bids, pursuant to ITB 19.2

C. Preparation of Bids

9. Cost of Bidding

9.1 The Bidder shall bear all costs associated with the preparation and submission of its Bid,
and the Employer shall in no case be responsible or liable for those costs, regardless of
the conduct or outcome of the bidding process.

10. Language of Bid

10.1 The Bid, as well as all correspondence and documents relating to the bid exchanged by
the Bidder and the Employer, shall be written in the language specified in the BDS.
Supporting documents and printed literature that are part of the Bid may be in another
language provided they are accompanied by an accurate translation of the relevant
passages in the language specified in the BDS, in which case, for purposes of
interpretation of the Bid, such translation shall govern.

11. Documents
Comprising the Bid

11.1 The Bid shall comprise the following:
(a) Letter of Bid;

(b) completed Bill of Quantities (BoQ), in accordance with ITB 12 and ITB 13, or
as stipulated in the BDS;

(c) Bid Security, in accordance with ITB 16;

(d) written confirmation authorizing the signatory of the Bid to commit the Bidder, in
accordance with ITB 17.2;

(e) documentary evidence of establishing the Bidder’s eligibility;

(f) Bids submitted by a Joint Venture shall include a copy of the Joint Venture
Agreement entered into by all partners. Alternatively, a Letter of Intent to
execute a Joint Venture Agreement in the event of a successful Bid shall be
signed by all partners and submitted with the Bid, together with a copy of the
proposed agreement. The Joint Venture agreement, or letter of intent to enter
into a Joint Venture including a draft agreement shall indicate at least the parts
of the Works to be executed by the respective partners; and

(h) any other required documents, which is not against the provision of Procurement

Act/Regulation/Directives and Standard Bidding Document issued by PPMO as
specified in the BDS.

11.2 The Bidder is solely responsible for the authenticity of the submitted documents.

12. Letter of Bid
and Schedules

12.1 The Letter of Bid, Schedules, and all documents listed under ITB 11, shall be prepared
using the relevant forms in Section IV (Bidding Forms) and in Section VI (Bill of
Quantities). The forms must be completed without any alterations to the text, and no
substitutes shall be accepted. All blank spaces shall be filled in with the information
requested.

13. Bid Prices and
Discounts

13.1 The prices and discounts quoted by the Bidder in the Letter of Bid and in the Schedules
shall conform to the requirements specified below.

13.2 The Bidder shall submit a bid for the whole of the works described in ITB 1.1 by
filling in prices for all items of the Works, as identified in Section VI (Bill of Quantities).




In case of Unit Rate Contracts, the Bidder shall fill in rates and prices for all items of the
Works described in the Bill of Quantities. Items against which no rate or price is entered
by the Bidder will not be paid for by the Employer when executed and shall be deemed
covered by the rates for other items and prices in the Bill of Quantities.

13.3 The price to be quoted in the Letter of Bid shall be the total price of the Bid, excluding
any discounts offered. Absence of the total price in the Letter of Bid or the Bid Price in
the Bill of Quantities shall result in rejection of the Bid.

13.4 The Bidder shall quote any discounts and the methodology for their application in the
Letter of Bid, in accordance with ITB 12.1.

13.5If soindicated in ITB 1.1, bids are invited for individual Contracts or for any combination
of Contracts (packages). Bidders wishing to offer any price reduction for the award of
more than one Contract shall specify in their bid the price reductions applicable to each
package, or alternatively, to individual Contracts within the package. Price reductions or
discounts shall be submitted in accordance with ITB 13.4, provided the bids for all
Contracts are submitted and opened at the same time.

13.6 Unless otherwise provided in the BDS and the Conditions of Contract, the prices quoted
by the Bidder shall be fixed. If the prices quoted by the Bidder are subject to adjustment
during the performance of the Contract in accordance with the provisions of the
Conditions of Contract, the Bidder shall furnish the indices and weightings for the price
adjustment formulae in the Table of Adjustment Data in Section IV (Bidding Forms) and
the Employer may require the Bidder to justify its proposed indices and weightings.

13.7All duties, taxes, and other levies payable by the Contractor under
the Contract, or for any other cause, as of the date 30 days prior to the deadline for
submission of bids, shall be included in the rates and prices and the total bid price
submitted by the Bidder.

14. Currency of Bid
and Payment

14.1 The currency of the bid and payment shall be in Nepalese Rupees.

15. Period of
Validity of Bids

15.1 Bids shall remain valid for the period specified in the BDS after the bid submission
deadline date prescribed by the Employer. A bid valid for a shorter period shall be rejected
by the Employer as nonresponsive.

15.2 In exceptional circumstances, prior to the expiration of the bid validity period, the
Employer may request Bidders to extend the period of validity of their Bids. The request
and the responses shall be made in writing. If a bid security is requested in accordance
with ITB 16, it shall also be extended 30 days beyond the deadline of the extended validity
period. A Bidder may refuse the request without forfeiting its bid security. A Bidder
granting the request shall not be required or permitted to modify its bid and to include
any additional conditions against the provisions specified in Bid Documents.

16. Bid Security

16.1 The Bidder shall furnish as part of its bid, in original form, a bid security as specified in
the BDS. In case of e-submission of bid, the Bidder shall upload scanned copy of Bid
security letter at the time of electronic submission of the bid. The Bidder accepts that the
scanned copy of the Bid security shall, for all purposes, be equal to the original. The
details of original Bid Security and the scanned copy submitted with e-bid should be the
same otherwise the bid shall be non-responsive.




16.2 The bid security shall be, at the Bidder’s option, in any of the following forms:

(@ anunconditional bank guarantee from Commercial Bank or Financial Institution
eligible to issue Bank Guarantee as per prevailing Law or;

(b) a cash deposit voucher in the Employer's Account as specified in BDS.
In the case of a bank guarantee, the bid security shall be submitted either using the Bid
Security Form included in Section IV (Bidding Forms) or in another Form acceptable to
the employer. The form must include the complete name of the Bidder. The bid security shall
be valid for minimum thirty (30) days beyond the original validity period of the bid, or
beyond any period of extension if requested under ITB 15.2.

16.3 Any bid not accompanied by an enforceable and substantially compliant bid security
shall be rejected by the Employer as nonresponsive. In case of e- Submission, if the
scanned copy of an acceptable Bid Security letter is not uploaded with the electronic Bid
then Bid shall be rejected.

16.4 The bid security of unsuccessful Bidders shall be returned within three days, once the
successful bidder has furnished the required performance security and signed the Contract
Agreement pursuant to ITB 34.1and 35.1.

16.5 The bid security shall be forfeited if:

(a) a Bidder requests for withdrawal or modification of its bid, except as provided
inITB 15.2:

(i) during the period of bid validity specified by the Bidder on the Bid, in case of
electronic submission;

(ii) from the period twenty-four hours prior to bid submission deadline up to the
period of bid validity specified by the Bidder on the Letter of Bid, in case of
hard copy submission.

(b) a Bidder changes the prices or substance of the bid while providing information
pursuant to clause ITB 24.1;

(c) aBidder involves in fraud and corruption pursuant to clause 3.1;

(d) the successful Bidder fails to:
(i) furnish a performance security in accordance with ITB 34.1; or
(ii) sign the Contract in accordance with ITB 35.1
(iii) accept the correction of arithmetical errors pursuant to clause 28.1;

16.6 The Bid Security of a JV shall be in the name of the JV that submits the bid. If the JV
has not been legally constituted at the time of bidding, the Bid Security shall be in the
names of all future partners as named in the letter of intent mentioned in ITB 4.1.

17. Format and
Signing of Bid

17.1 The Bidder shall prepare one original of the documents comprising the bid as
described in ITB 11 and clearly mark it ORIGINAL”. In addition, the Bidder shall
submit copies of the bid in the number specified in the BDS, and clearly mark each
of them “COPY.” In the event of any discrepancy between the original and the
copies, the original shall prevail. In case of e-submission of bid, the Bidder shall
submit his bid electronically in PDF or web forms files as specified in ITB Clause
18.1(b),

17.2 The original and all copies of the bid shall be typed or written in indelible ink and shall
be signed by a person duly authorized to sign on behalf of the Bidder. This authorization
shall consist of a written confirmation as specified in the BDS and shall be attached to
the bid. The name and position held by each person signing the authorization must be




typed or printed below the signature. All pages of the bid, except for un amended printed
literature, shall be signed or initialed by the person signing the bid.

17.3 Any amendments such as interlineations, erasures, or overwriting shall be valid only if
they are signed or initialed by the person signing the bid.

D. Submission and Opening of Bids

18. Sealing and
Marking of Bids

18.1 Unless otherwise specified in BDS, Bidders shall submit their bids by electronic or by
mail/by hand/by courier. Procedures for submission, sealing and marking are as
follows:

(a) Bidders submitting bids by mail, by hand or by courier

i. Bidders shall enclose the original and each copy of the Bid. These envelopes
containing the original and the copies shall then be enclosed in one single
envelope.

ii. The inner and outer envelopes shall:
(aa) bear the name and address of the Bidder;
(bb) be addressed to the Employer as provided in BDS19.1;

(cc)bear the specific identification of this bidding process indicated in BDS
1.1; and

(dd) bear a warning not to open before the time and date for bid opening.
iii. If all envelopes are not sealed and marked as required, the Employer will
assume no responsibility for the misplacement or premature opening of the bid.
(b) Bidders submitting Bids electronically shall follow the electronic bid submission
procedure specified in BDS.

19. Deadline for
Submission of Bids

19.1 Bids must be received by the Employer at the address and no later than the date and time
indicated in the BDS. In case of e-submission, the standard time for e-submission is
Nepalese Standard Time as set out in the server. The e-procurement system will accept
the e-submission of bid from the date of publishing of notice and will automatically not
allow the e-submission of bid after the deadline for submission of bid.

19.2 The Employer may, at its discretion, extend the deadline for the submission of bids by
amending the Bidding Document in accordance with ITB 8, in which case all rights and
obligations of the Employer and Bidders previously subject to the deadline shall
thereafter be subject to the deadline as extended.

20. Late Bids

20.1 The Employer shall not consider any bid that arrives after the deadline for submission of
bids, in accordance with ITB 19. Any bid received by the Employer after the deadline for
submission of bids shall be declared late, rejected, and returned unopened to the Bidder.

21. Withdrawal,
and Modification of
Bids

21.1 A Bidder may withdraw, or modify its bid after it has been submitted either in
hard copy or by e-submission. Procedures for withdrawal or modification of submitted
bids are as follows:

(i) Bids submitted in hard Copy

a) Bidders may withdraw or modify its bids by sending a written notice in a sealed
envelope, duly signed by an authorized representative, and shall include a copy
of the authorization in accordance with ITB 17.2 before 24 hours prior to the
last deadline of submission of bid. The corresponding modification of the bid
must accompany the respective written notice. All notices must be:

(aa) prepared and submitted in accordance with ITB 17 and ITB 18,and in




addition, the respective envelopes shall be clearly marked
“WITHDRAWAL”, “MODIFICATION;” and

(bb) received by the Employer twenty four hour hours prior to the deadline
prescribed for submission of bids, in accordance with ITB 19.

if) E-submitted bids.
a) Bidder may submit modification or withdrawal prior to the deadline
prescribed for submission of bids through e-GP system by using the forms and
instructions provided by the system.

21.2. Bids requested to be withdrawn in accordance with ITB 21.1 shall not be opened. In
case of hard copy submission, the Bid will be returned unopened to the Bidders.

21.3 Except in case of any modification or correction in bid document made by procuring
entity, Bidder may submit request for withdrawal or modification only one time.

21.4 In case of hard copy bid, no bid may be withdrawn if the bid has already been modified;
except in case of any modification or correction in bid document by procuring entity.

21.5 Request for withdrawal or modification must be made through the same medium of
submission. Request for withdrawal or modifications through different medium shall not
be considered.

21.6 The following provisions apply for withdrawal or modification of the Bids:

(i) In case of bids submitted in hard copy no bid shall be withdrawn or modified in the
interval between 24 hours prior to the deadline for submission of bids and the
expiration of the period of bid validity specified by the Bidder on the Letter of Bid
or any extension thereof.

(ii) In case of e-submitted bids no bids shall be withdrawn or modified in the
interval between deadline for submission of bids and the expiration of the period
of bid validity specified by the Bidder on the Letter of Bid or any extension
thereof.

21.7 Once a Bid is withdrawn, bidder will not be able to submit another bid for the same bid.

22. Bid Opening

22.1 The Employer shall open the bids in public at the address, date and time specified in the
BDS in the presence of Bidders designated representatives who choose to attend.

22.2 The Employer shall download the e-submitted bid files. The e-procurement system
allows the Employer to download the e-submitted bid files (report) only after bid opening
date and time after login simultaneously by two members of the Bid opening committee.

22.3 Electronically submitted bid shall be opened at first in the same time and date as specified
above. Electronic Bids shall be opened one by one and read out. The e-submitted bids
must be readable through open standards interfaces. Unreadable and or partially
submitted bid files shall be considered incomplete.

22.4 Thereafter, envelopes marked “WITHDRAWAL” shall be opened and read out and the
envelope with the corresponding bid shall not be opened, but returned to the Bidder. No
bid withdrawal shall be Permitted unless the corresponding withdrawal notice contains a
valid authorization to request the withdrawal and is read out at bid opening. Next,
envelopes marked “MODIFICATION” shall be opened and read out with the
corresponding bid. No bid modification shall be permitted unless the corresponding
modification notice contains a valid authorization to request the modification and is read




out at bid opening. Only envelopes that are opened and read out at bid opening shall be
considered further.

22.5 All other envelopes shall be opened one at a time, reading out: the name of the
Bidder; the Bid Price(s), including any discounts and alternative bids and indicating
whether there is a modification; the presence of a bid security and any other details as
the Employer may consider appropriate. Only discounts and alternative offers read out
at bid opening shall be considered for evaluation. No bid shall be rejected at bid
opening except for late bids, in accordance with ITB 20.1.

22.6 The Employer shall prepare a record of the bid opening that shall include, as a minimum:
the name of the Bidder and whether there is a withdrawal, or modification; the Bid Price,
per Contract if applicable, including any discounts and alternative offers; and the presence
or absence of a bid security. The Bidders’ representatives who are present shall be
requested to sign the record. The omission of a Bidder’s signature on the record shall not
invalidate the contents and effect of the record.

E. Evaluation and Comparison of Bids

23. Confidentiality

23.1 Information relating to the examination, evaluation, comparison, and recommendation
of Contract award, shall not be disclosed to Bidders or any other persons not officially
concerned with such process until information on Contract award is communicated to all
Bidders.

23.2 Any attempt by a Bidder to influence the Employer in the evaluation of the bids or
Contract award decisions may result in the rejection of its bid.

23.3 Notwithstanding ITB 23.2, from the time of bid opening to the time of Contract award,
if any Bidder wishes to contact the Employer on any matter related to the bidding process,
it may do so in writing.

24. Clarification of
Bids

24.1 To assist in the examination, evaluation, and comparison of the bids, the Employer may,
at its discretion, ask any Bidder for a clarification of its bid. Any clarification submitted
by a Bidder that is not in response to a request by the Employer shall not be considered.
The Employer’s request for clarification and the response shall be in writing. No change
in the prices or substance of the bid shall be sought, offered, or permitted, except to
confirm the correction of arithmetic errors discovered by the Employer in the evaluation
of the bids, in accordance with ITB 28. In case of e-submission of bid, upon notification
from the employer, the bidder shall also submit the original of documents comprising the
bid as per ITB 11.1 for verification of submitted documents for acceptance of the e-
submitted bid.

24.2 If a Bidder does not provide clarifications of its bid by the date and time set in the
Employer’s request for clarification, its bid may be rejected.

25. Deviations,
Reservations, and
Omissions

25.1 During the evaluation of bids, the following definitions apply:

(a) “Deviation” is a departure from the requirements specified in the Bidding Document;

(b) “Reservation” is the setting of limiting conditions or withholding from complete
acceptance of the requirements specified in the Bidding Document; and

(c) “Omission” is the failure to submit part or all of the information or documentation
required in the Bidding Document.

26. Determination
of Responsiveness

26.1 The Employer’s determination of a bid’s responsiveness is to be based on the contents
of the bid itself, as defined in ITB11.

26.2 A substantially responsive bid is one that meets the requirements of the Bidding




Document without material deviation, reservation, or omission. A material deviation,
reservation, or omission is one that,
(@) if accepted, would:
(1) affect in any substantial way the scope, quality, or performance of the Works
specified in the Contract;
or
(i1) limit in any substantial way, inconsistent with the Bidding Document, the
Employer’s rights or the Bidder’s obligations under the proposed Contract; or

(b) if rectified, would unfairly affect the competitive position of other Bidders
presenting substantially responsive bids.

26.3 If a bid is not substantially responsive to the requirements of the Bidding Document, it
shall be rejected by the Employer and may not subsequently be made responsive by
correction of the material deviation, reservation, or omission.

26.4 In case of e-submission bids, the Employer evaluates the bid on the basis of the
information in the electronically submitted bid files. If the Bidder cannot substantiate
or provide evidence to establish the information provided in e-submitted bid through
documents/ clarifications as per ITB Clause 24.1, the bid shall not be considered
for further evaluation.

26.5 In Case, a corruption case is being filed to Court against the Natural Person or Board of
Director of the firm/institution /company or any partner of JV, such Natural Person or
Board of Director of the firm/institution /company or any partner of JV such bidder’s
bid shall be excluded from the evaluation, if public entity receives instruction from
Government of Nepal.

27.
Nonconformities,
Errors, and
Omissions

27.1 Provided that a bid is substantially responsive, the Employer may waive any non-
conformities in the bid that do not constitute a material deviation, reservation, or
omission.

27.2 Provided that a bid is substantially responsive, the Employer may request that the Bidder
submit the necessary information or documentation, within a reasonable period of time,
to rectify nonmaterial nonconformities in the bid related to documentation requirements.
Requesting information or documentation on such nonconformities shall not be related
to any aspect of the price of the bid. Failure of the Bidder to comply with the request may
result in the rejection of its bid.

27.3 Provided that a bid is substantially responsive, the Employer shall rectify quantifiable
nonmaterial nonconformities related to the Bid Price. To this effect, the Bid Price shall
be adjusted, for comparison purposes only, to reflect the price of a missing or non-
conforming item or component. The adjustment shall be made using the methods
indicated in Section Il (Evaluation and Eligibility Criteria).

27.4 If the monetary value of such non-conformities is found to be more than fifteen percent
of the Bid Price of the bidder on account of minor discrepancies pursuant to ITB 27.3,
such bid shall be considered non responsive and shall not be involved in evaluation.

28. Correction of
Arithmetical Errors

28.1 Provided that the bid is substantially responsive, the Employer shall correct arithmetical
errors on the following basis:

(@) only for unit price Contracts, if there is a discrepancy between the unit price and the total
price that is obtained by multiplying the unit price and quantity, the unit price shall prevail




and the total price shall be corrected, unless in the opinion of the Employer there is an
obvious misplacement of the decimal point in the unit price, in which case the total price
as quoted shall govern and the unit price shall be corrected;

(b) if there is an error in a total corresponding to the addition or subtraction of subtotals, the
subtotals shall prevail and the total shall be corrected; and

(c) Ifthere is a discrepancy between the bid price in the Summary of Bill of Quantities and
the bid amount in item (c) of the Letter of Bid, the bid price in the Summary of Bill of
Quantities will prevail and the bid amount in item (c) of the Letter of Bid will be
corrected.

(d) if there is a discrepancy between words and figures, the amount in words shall prevail,
unless the amount expressed in words is related to an arithmetic error, in which case the
amount in figures shall prevail subject to (a) ,(b) and (c) above.

28.2 If the Bidder that submitted the lowest evaluated bid does not accept the correction of
errors, its bid shall be disqualified and its bid security shall be forfeited.

29. Evaluation of
Bids

29.1 The Employer shall use the criteria and methodologies listed in this Clause. No other
evaluation criteria or methodologies shall be permitted.

29.2 To evaluate a bid, the Employer shall consider the following:

(@) the bid price, excluding Value Added Tax , Provisional Sums, and the provision, if
any, for contingencies in the Summary Bill of Quantities, for Unit Rate Contracts, or
Schedule of Prices for lump sum Contracts, but including Day work items, where
priced competitively;

(b) price adjustment for correction of arithmetic errors in accordance with ITB 28.1;

(c) price adjustment due to discounts offered in accordance with ITB 13.4;

(d) adjustment for nonconformities in accordance with ITB 27.3;

(e) application of all the evaluation factors indicated in Section 11l (Evaluation and
Eligibility Criteria);

29.3 The estimated effect of the price adjustment provisions of the Conditions of Contract,
applied over the period of execution of the Contract, shall not be taken into account in bid
evaluation.

29.4 If this Bidding Document allows Bidders to quote separate prices for different Lots
(Contracts), and to award multiple Contracts to a single Bidder as specified in BDS, the
methodology to determine the lowest evaluated price of the Contract combinations,
including any discounts offered in the Letter of Bid, is specified in Section 111 (Evaluation
and Eligibility Criteria).

29.5 if the bid for an Unit Rate Contract, which results in the lowest Evaluated Bid Price is
seriously unbalanced or front loaded or extremely low in the opinion of the Employer,
the Employer may require the Bidder to produce detailed price analysis for any or all
items of the Bill of Quantities, to demonstrate the internal consistency of those prices with
the construction methods and schedule proposed. After evaluation of the price analysis,
taking into consideration the schedule of estimated Contract payments, the Employer
may require that the amount of the performance security be increased at the expense of
the Bidder as mentioned in BDS to protect the Employer against financial loss in the
event of default of the successful Bidder under the Contract or may consider the bid as
non-responsive.

29.6 In case of e-submission bids, the Employer evaluates the bid on the basis of the




information in the electronically submitted bid files. If the Bidder cannot substantiate
or provide evidence to establish the information provided in e-submitted bid through
documents/ clarifications as per ITB Clause 24.1, the bid shall not be considered
for further evaluation.

29.7 In Case, a corruption case is being filed to Court against the Natural Person or Board of
Director of the firm/institution /company or any partner of JV, such Natural Person or
Board of Director of the firm/institution /company or any partner of JV such bidder’s bid
shall be excluded from the evaluation, if public entity receives instruction from
Government of Nepal.

30. Comparison of
Bids

30.1 The Employer shall compare all substantially responsive bids in accordance with ITB
29.2 to determine the lowest evaluated bid.

31. Employer’s
Right to Accept Any
Bid, and to Reject
Any or All Bids

31.1 The Employer reserves the right to accept or reject any bid, and to annul the bidding
process and reject all bids at any time prior to Contract award, without thereby incurring
any liability to Bidders. In case of annulment, all bids submitted and specifically, bid
securities, shall be promptly returned to the Bidders.

F. Award of Contract

32. Award Criteria

32.1 The Employer shall award the Contract to the Bidder whose offer has been determined
to be the lowest evaluated bid and is substantially responsive to the Bidding Document,
provided further that the Bidder is determined to be qualified to perform the Contract
satisfactorily.

33. Letter of Intent
to Award the
Contract/Notific
ation of Award

33.1 The Employer shall notify the concerned Bidder whose bid has been selected in
accordance with ITB 32.1 within seven days of the selection of the bid, in writing that the
Employer has intention to accept its bid and the information regarding the name, address
and amount of selected bidder shall be given to all other bidders who submitted the bid.

33.2 If no bidder submits an application pursuant to ITB 36 within a period of seven days of
the notice provided under ITB 33.1, the Employer shall, accept the bid selected in
accordance with ITB 32.1 and Letter of Acceptance shall be communicated to the
selected bidder prior to the expiration of period of Bid validity, to furnish the performance
security and sign the contract within fifteen days.

34. Performance
Security

34.1 Within Fifteen (15) days of the receipt of Letter of Acceptance from the Employer, the
successful Bidder shall furnish the performance security as under mentioned from
Commercial Bank or Financial Institution eligible to issue Bank Guarantee as per
prevailing Law in accordance with the conditions of Contract using Sample Form for the
Performance Security included in Section IX (Contract Forms), or another form
acceptable to the Employer.

i) If bid price of the bidder selected for acceptance is up to 15 (fifteen) percent below the
approved cost estimate, the performance security amount shall be 5 (five) percent of
the bid price.

ii) For the bid price of the bidder selected for acceptance is more than 15 (fifteen) percent
below of the cost estimate, the performance security amount shall be determined as
follows:

Performance Security Amount =[(0.85 x Cost Estimate — Bid Price) x 0.5] + 5% of Bid Price.
The Bid Price and Cost Estimate shall be inclusive of Value Added Tax.

34.2 Failure of the successful Bidder to submit the above-mentioned Performance Security or
to sign the Contract Agreement shall constitute sufficient grounds for the annulment of




the award and forfeiture of the bid security. In that event the Employer may award the
Contract to the next lowest evaluated Bidder whose offer is substantially responsive and
is determined by the Employer to be qualified to perform the Contract satisfactorily. The
process shall be repeated according to ITB 33.

35. Signing of
Contract

35.1 The Employer and the successful Bidder shall sign the Contract Agreement within the
period as stated ITB 34.1.

35.2 At the same time, the Employer shall affix a public notice on the result of the award on
its notice board and make arrangement for causing such notice to be affixed on the notice
board also of the District Coordination Committee, District Administration Office,
Provincial Treasury and Controller Office and District Treasury and Controller Office.
The Employer may make arrangements to post the notice into its website, if it has; and if
it does not have, into the website of the Public Procurement Monitoring Office,
identifying the bid and lot numbers and the following information: (i) the result of
evaluation of bid; (ii) date of publication of notice inviting bids; (iii) name of newspaper;
(iv) reference number of notice; (v) item of procurement; (vi) name and address of bidder
making contract and (Vii) contract price.

35.3 Within thirty (30) days from the date of issuance of notification pursuant to ITB 33.1
unsuccessful bidders may request in writing to the Employer for a debriefing seeking
explanations on the grounds on which their bids were not selected. The Employer shall
promptly respond in writing to any unsuccessful Bidder who, requests for debriefing.

35.4 If the bidder whose bid is accepted fails to sign the contract as stated ITB 35.1, the Public
Procurement Monitoring Office shall blacklist the bidder on recommendation of the
Public Entity.

36. Complaint and
Review

36.1 If a Bidder is dissatisfied with the Procurement proceedings or the decision made by the
Employer in the intention to award the Contract, it may file an application to the Chief of
the Public Entity within Seven (7) days of providing the notice under ITB 33.1 by the
Public Entity, for review of the proceedings stating the factual and legal grounds.

36.2 Late application filed after the deadline pursuant to ITB 36.1 shall not be processed.

36.3 The chief of Public Entity shall, within five (5) days after receiving the application,
give its decision with reasons, inwriting pursuantto ITB 36.1:

(@) whether to suspend the procurement proceeding and indicate the procedure to be
adopted for further proceedings; or

(b) to reject the application.
The decision of the chief of Public Entity shall be final.




SECTION-I|
Bid Data Sheet



A. General

ITB 1.1 The number of the Invitation for Bidsis: ACRM/NCB/W/RD/05/2080/81
ITB 1.1 The Employer is: Arjunchaupari Rural Municipality
ITB 1.1 The number and identification of lots (contracts) comprising this bidding processis: :
ACRM/NCB/W/RD/05/2080/81
ITB 2.1 The name of the Project is: Gravelling Worksin Aaruchaur Road Section
Theimplementing agency is: NA
ITB 4.1(a) | Maximum number of partner in ajoint venture shall be: 3
ITB 4.2 Eligible countries : Nepal
ITB 4.8 Maximum number of bidding process that a Bidder, and all parties constituting the Bidder can participate shall be :5
B. Bidding Document
ITB7.1 For clarification purposes only, the Employer’s address is:
Attention: Aashish Sharma
Address: arjunchauparill@gmail.com Syangja Gandaki Province
Telephone: 9856052780
Facsimile number:
Electronic mail address: arjunchaupari11@gmail.com
ITB7.4 A pre bid meeting shall not take place.
ITB7.4 A sitevisit shal not be organized by the Employer.
ITB7.5 Time for request: Requests for clarification should be received by the Employer no later than 10 days prior to the deadline
for submission of bids.
C. Preparation of Bids
ITB 10.1 The language of the bid is; English / Nepali
ITB11.1 | Inaccordance with ITB 12 and ITB 14, the following schedules shall be submitted with the bid, including the priced Bill
(b) of Quantities for Unit Rate Contracts and Schedule of Prices for lump sum contracts:
NA
'(;')_B 11.1 | TheBidder shall submit with its bid the following additional documents:
SL No Document Name
1 NA
ITB 13.6 The prices quoted by the Bidder shall not be subject to adjustment during the performance of the Contract.




ITB 15.1

The bid validity period shall be Ninety (90) days.

ITB 16.1

The Bidder shall furnish abid security, from Commercial Bank or Financial Institution eligible to issue Bank Guarantee
as per prevailing Law with a minimum of 50000.00 NPR, which shall be valid for 30 days beyond the validity period of
the bid.

ITB 16.2(b)

Bank Name: Rastriya Banijya Bank Ltd.
Bank Address:
Account Name: Arjunchaupari Rural Municipality

Account Number: 3270100303000002

ITB17.1

In addition to the original of the bid, the number of copy/iesis/are: NA

ITB 17.2

The written confirmation of authorization to sign on behalf of the Bidder shall indicate:
(a) The name and description of the documentation required to demonstrate the authority of the signatory to sign the Bid
such as a Power of Attorney; and
(b) In the case of Bids submitted by an existing or intended JV, an undertaking signed by all parties

(i) stating that all parties shall be jointly and severally liable, and

(i) nominating a Representative who shall have the authority to conduct all business for and on behalf of any
and all the parties of the JV during the bidding process and, in the event the JV is awarded the Contract, during contract
execution.

D. Submission and Opening of Bids

ITB 18.1

Bidders shall have the option of submitting their bids by electronic only.

ITB 18.1
(b)

Electronic bid submission procedure:
(a) Bidders submitting Bids electronically shall follow the electronic bid submission procedures specified in this clause.

i. Bidders who choose to submit their bids electronically, can view/download the bidding documents
from "published bids" section of e-GP system https://bolpatra.gov.np/egp.

ii. For the purpose of e-Submission, the bidder shall, at first, register in e-GP system and maintain their
organization profile data and documents required during bid response preparation. The details of e-GP registration and
profile management procedure are specified in Article No 9 and 10 respectively of e-GP Directivesissued by PPMO,
which can be downloaded from Download section of e-GP system.

iii. In order to submit the bid, interested bidders shall deposit the cost of biding document in the bank and
account specified in Invitation for Bid (IFB). The scanned copy (in PDF format) of the bank deposit voucher shall also be
submitted along with the bid.

iv. The bidders shall prepare their bids using data and documents maintained in bidder’ s profile,
instruction provided by e-GP system and forms/format provided in the bidding document.

V. Bidders may submit bids as a single entity or as ajoint venture (JV). Bidder submitting bid in JV shall
have to upload joint venture agreement along with partner(s) Bolpatra |D provided during bidder’ s registration.

Vi. Bidders (all partnersin case of JV) shall update their profile data and documents required during
preparation and submission of their bids.

vii. In case of bid submission in JV, the consent of the partners shall be obtained through the confirmation
link sent to the registered email address and the partners shall have to acknowledge their confirmation.

viii. Bidders shall submit the required documents as specified in Section I-Instruction to Bidders, Section I1-
Bid Data Sheet and Section I11-Evaluation and Eligibility Criteria of the bidding document. The format of the documents
shall bein PDF and/or web form as provisioned in the e-GP system.

iX. After providing al the details and documents, the e-GP system will generate bid response documents
for the bidder. Bidders shall download, verify and confirm the bid response documents prior to bid submission.

X. For verifying the authentic user, the system will send one time password (OTP) in the registered e-mail
address of the bidder. System will validate the OTP and then only allow bidders to submit their bid.

Xi. Electronically submitted bids can be modified and/or withdrawn through the system within the bid
submission deadline.

Xii. The bidder/bid shall meet the following requirements and conditions for e-submission of bids;

ad) The e-submitted bids must be readable through PDF reader.

bb) The bidders are fully responsible for using the e-GP system as per specified procedures and
in no case the employer shall be held liable for bidder's inability to use the system.

ac) When a bidder submits electronic bid through the e-GP System, it is assumed that the bidder has
prepared the bid by studying and examining the complete set of the bidding document and e-GP instruction including the
provision stipulated in e-GP Directives.

ITB 19.1

For bid submission purposes only, the Employer’s address is :

Attention : Chief Administrative Officer




Address: www.bol patra.gov.np
Arjunchaupari Rural Municipality
arjunchaupari 11@gmail.com
Syangja
Gandaki Province
Nepal

The deadline for bid submissionis: 20-11-2023 13:00

ITB 22.1 The bid opening shall take place at :

Address: Arjunchaupari Rural Municipality
arjunchaupari11@gmail.com
Syangja
Gandaki Province
Nepal

Date: 20-11-2023 13:00

E. Evaluation and Comparison of Bids

ITB 29.4 Bidders are not permitted to quote separate prices for lots (Contracts), and a single Bidder will be awarded multiple lots
(Contracts) based on provision of Paragraph 1.1, Multiple Contracts Section 111 (Evaluation and Qualification Criteria).

ITB 29.5 The amount of the performance security be increased by 8 percent of the quoted bid price.




SECTION -1l
Evaluation and Eligibility Criteria

This Section contains all the criteria that the Employer shall use to evaluate bids and eligible Bidders. GoN/DP
requires bidders to be qualified by meeting predefined eligibility criteria. In accordance with ITB 29, no other
methods, criteria and factors shall be used. The Bidder shall provide all the information requested in the forms
included in Section IV (Bidding Forms).



1 Evaluation

In addition to the criterialisted in ITB 29.2 (a) - (e) the following criteria shall apply:

2 Eligibility

2.1 Conflict of Interest

No conflicts of interest in accordance with ITB Sub-Clause 4.3.
Single Entity : must meet requirement
Joint Venture:
All Partners Combined : existing or intended JV must meet requirement
Each Partner : must meet requirement
One Partner : not applicable
Documents:
Submission Requirements : Letter of Bid

2.2 Government/DP Eligibility

Not having been declared ineligible by government/DP, as described in ITB Sub-Clause 4.4.
Single Entity : must meet requirement
Joint Venture:
All Partners Combined : must meet requirement
Each Partner : must meet requirement
One Partner : not applicable
Documents:
Submission Requirements : Letter of Bid

2.3 Gover nment-owned Entity

Bidder required tomeet conditions of ITB Sub-Clause 4.5.
Single Entity : must meet requirement
Joint Venture:
All Partners Combined : existing or intended JV must meet requirement
Each Partner : must meet requirement
One Partner : not applicable
Documents:
Submission Requirements : Forms ELI - 1, ELI - 2, with attachments

2.4 UN Eligibility

Not having been declared ineligible based on a United Nationsresolution or Employer's country law, as described in ITB
Sub-Clause 4.7.
Single Entity : must meet requirement
Joint Venture:
All Partners Combined : existing or intended JV must meet requirement
Each Partner : must meet requirement
One Partner : not applicable
Documents:
Submission Requirements : Letter of Bid

2.5 Bidder's Participation in Bidding Process



Bidder's Participation in not more than five (5) bidding process since 2078-12-03 i.e. March 17, 2022 as described in ITB
Sub-Clause 4.8.

Single Entity : must meet requirement
Joint Venture:
All Partners Combined : existing or intended JV must meet requirement
Each Partner : must meet requirement
One Partner : not applicable
Documents:
Submission Requirements : ELI-3

2.6 Other Eligibility: Firm Registration Certificate

Single Entity : must meet requirement
Joint Venture:
All Partners Combined : not applicable
Each Partner : must meet requirement
One Partner : not applicable
Documents:
Submission Requirements : Document attachment

2.7 Other Eligibility: Business Registration Certificate (License)

Single Entity : must meet requirement
Joint Venture:
All Partners Combined : not applicable
Each Partner : must meet requirement
One Partner : not applicable
Documents:
Submission Requirements : Document attachment

2.8 Other Eligibility: VAT and PAN Registration certificate

Single Entity : must meet requirement
Joint Venture:
All Partners Combined : not applicable
Each Partner : must meet requirement
One Partner : not applicable
Documents:
Submission Requirements : Document attachment

2.9 Other Eligibility: Tax Clearance certificate

Tax clearances certificate for the F/'Y 2079/80 or Tax return submission evidence or evidence of tax time extension for.
Single Entity : must meet requirement
Joint Venture:
All Partners Combined : not applicable
Each Partner : must meet requirement
One Partner : not applicable
Documents:
Submission Requirements : Document attachment

2.10 Other Eligibility: Additional requirements

NA



Following contracts shall not be counted for this purpose

a) The contracts which were invited or accepted before 2078-12-03 B.S or March 17, 2022 A.D

b) The contracts which have been invited after 2078-12-03 B.Si.e March 17, 2022 A.D and accepted but the work
acceptance report has been approved according to Rule 117 of PPR.

¢) The contracts that are running under all types of foreign assistance



SECTION-1V
Bidding Forms

This Section contains the forms which are to be completed by the Bidder and submitted as part of its Bid.



Letter of Bid

The Bidder must accomplish the Letter of Bid in its letterhead clearly showing the
Bidder’s complete name and address.

DL 1=

Name Of the CONIACT: ......ccvveireeereere st

8 1 S

We, the undersigned, declare that:

(@) We have examined and have no reservations to the Bidding Documents, including Addenda
issued in accordance with Instructions to Bidders (ITB) Clause 8;

(b) We offer to execute in conformity with the Bidding Documents the following Works:

(c)The total price of our Bid, excluding any discounts offered in item (d) below is: [Insert one of the options
below as appropriate] or when left blank is the Bid Price indicated in the Bill of Quantities

Option 1, in case of single contract: Total price is: [insert the total price of the Bid in words and
figures];

Or

Option 2, in case of multiple lots (contracts): (i) Total price of each lot (contracts): [insert the total
price of each lot in words and figures]; (ii) Total price of subject contract [say Lot1] and Lot2
[another contract] [insert the total price in words and figures]; (iii) Total price of subject contract [say
Lot1]and Lot3 [another contract] [insert the total price in words and figures]; Total price of subject
contract [say Lot1], Lot2 [another contract], Lot3 [another contract], .................... [insert the total
price in words and figures];

(d) The discounts offered and the methodology for their application for subject contract [single contract]

2 (R [For Bidding Documents not provisioning multiple
contracts]

Add following if Bidding Document provisions applicability of multiple contracts



The discounts offered and the methodology for their application for subject contract [say Lot1] and

The discounts offered and the methodology for their application for subject contract [say Lot1], Lot2
[another contract] and Lot3 [another contract],........................ ,

[Note:

1. Formulate possible combinations depending upon the number of lots under Bidding Process and
modify accordingly Paragraph (c) and (d)]

(€) Our bid shall be valid for a period of ....................... [insert validity period as specified in ITB 15.1]
days from the date fixed for the bid submission deadline in accordance with the Bidding Documents, and it
shall remain binding upon us and may be accepted at any time before the expiration of that period;

(AIf our bid is accepted, we commit to obtain a performance security in accordance with the
Bidding Document;

(@ Our firm, including any subcontractors or suppliers for any part of the Contract, have nationalities from
eligible countries or any countries [insert the nationality of the Bidder, including that of all parties that
comprise the Bidder if the Bidder is a consortium or association, and the nationality of each
Subcontractor and Supplier];

(h) We, including any subcontractors or suppliers for any part of the contract, do not have any
conflict of interest in accordance with ITB 4.3;

(i) We are not participating, as a Bidder or as a subcontractor, in more than one bid in this bidding process
in accordance with ITB 4.3;

(i) Our firm, its affiliates or subsidiaries, including any Subcontractors or Suppliers for any part of the
contract, has not been declared ineligible, under the Employer’s country laws or official regulations or by
an act of compliance with a decision of the United Nations Security Council;

(k) We are not a government owned entity/We are a government owned entity but meet the
requirements of ITB 4.5;*

(I) We understand that this bid, together with your written acceptance thereof included in your notification
of award, shall constitute a binding contract between us, until a formal contract is prepared and executed;

(m) We declare that, we have not been black listed as per ITB 3.4 and no conflict of interest in the proposed
procurement proceedings and we have not been punished for an offense relating to the concerned
profession or business.



(n) We declare that we have not running contracts more than five (5)* in accordance with ITB 4.8.

(o) We understand that you are not bound to accept the lowest evaluated bid or any other bid that you may
receive; and

(p) If awarded the contract, the person named below shall act as Contractor’s Representative:

(9) We agree to permit the Employer/DP or its representative to inspect our accounts and records and other
documents relating to the bid submission and to have them audited by auditors appointed by the
Employer.

N 0 LR

! Note: Following contracts shall not be counted for this purpose
a) The contracts which were invited or accepted before 2078-12-03 B.S or March 17, 2022 A.D

b) The contracts which have been invited after 2078-12-03 B.S i.e March 17, 2022 A.D and accepted but the work acceptance
report has been approved according to Rule 117 of PPR.

¢) The contracts that are running under all types of foreign assistance



1 Use one of the two options as appropriate.

Table of Price Adjustment Data?

[To be used if Price Adjustment is applicableas per GCC 53.1]

Source Employer's Proposed | Bidder's Proposed
o Base Value o o
Code | Index Description of Weighting Range Weighting
and Date o o
Index* (coefficient) (coefficient)**
1 2 3 4 5 6
Non - adjustable (A) 0.15 0.15
Labor (b)
Materials (c)
Equipment usage (d)
Total 1.00

*Normally following source of index shall apply. Public Entity shall choose applicable Index for each
item.
(@) Labor: "National Salary and Wage Rate Index"- "Construction Labor" of Nepal Rastra Bank
(r)f:te fixed by District Rate Fixation Committee
(b) Material:"National Wholesale Price Index" - Construction Materials" of Nepal Rastra Bank
(c) Equipment usage:
"National Wholesale Price Index"-"Machinery and Equipment" of Nepal Rastra Bank
or

"Fuel" Price fixed by Nepal Oil Corporation.

**  Bidders proposed weightings should be within the range specified by the Employer in column - 5

2 Non-compliance of the data (stipulated by the bidder in this table) with requirements described here shall not be
grounds for bid rejection and such non-compliance will be subject to clarification and rectification prior to contract
award.




Table of Price Adjustment Data3

[To be used if Price Adjustment is applicable as per GCC 53.6]

Code Construction Unit Base Price (NRs/Unit) (Ex- | Source (Factory)**
Material* factory)
1 2 3 4 5

* Major construction materials to be specified by Employer in column - 2.

** Base Price and source normally to be specified by Employer (or alternatively informed to be proposed by
bidder) in column 4 and5.

Note:

The base prices of the construction materials shall be taken as of 30 days before the deadline for submission of
the Bid as quoted by the Bidder and verified by the Employer. For the purpose of calculation of price
adjustment, the Ex-factory price of the same source shall be taken into consideration.

% Non-compliance of the data (stipulated by the bidder in this table) with requirements described here shall not be
grounds for bid rejection and such non-compliance will be subject to clarification and rectification prior to contract
award.



Bid Security

Bank Guarantee
Bank’s Name, and Address of Issuing Branch or Office
(On letterhead paper of the Bank)

Beneficiary: ......cccoevvinninnen, name and address of Employer .................................cociii

DL 1 (T

We have been informed that . ............. Jinsert name of the Bidder| (hereinafter called “the Bidder”)
intends to submit its bid (hereinafter called “the Bid”) to you for the execution of ............... name of
Contract . ............... under Invitation for Bids No. .................. (“the IFB”).

Furthermore, we understand that, according to your conditions, bids must be supported by a bid guarantee.

At the request of the Bidder, we...................... .name of Bank. .................... hereby irrevocably
undertake to pay you any sum or sums not exceeding in total an amount of . . ............ amount in figures
............................ (e, .amountinwords ...................) upon receipt by us of your first

demand in writing accompanied by a written statement stating that the Bidder is in breach of its obligation(s)
under the bid conditions, because the Bidder:

(@) has withdrawn or modifies its Bid:

(i) during the period of bid validity specified by the Bidder on the Letter Bid, in case of electronic
submission
(i) from the period twenty-four hours prior to bid submission deadline up to the period of bid validity
specified by the Bidder on the Letter of Bid, in case of hard copy submission; or
(b) does not accept the correction of errors in accordance with the Instructions to Bidders
(hereinafter “the ITB”); or
(c) having been notified of the acceptance of its Bid by the Employer during the period of bid validity, (i)
fails or refuses to execute the Contract Agreement, or (ii) fails or refuses to furnish the performance
security, in accordance with the ITB.
(d) isinvolved in fraud and corruption in accordance with the ITB
This guarantee will remain in force up to and including the date ......... number............ days after the
deadline for submission of Bids as such deadline is stated in the instructions to Bidders or as it may be
extended by the Employer, notice of which extension(s) to the Bank is hereby waived. Any demand in
respect of this guarantee should reach the Bank not letter than the above date.
This Bank guarantee shall not be withdrawn or released merely upon return of the original guarantee by the
Bidder unless notified by you for the release of the guarantee.

This guarantee is subject to the Uniform Rules for Demand Guarantees, ICC Publication No. 758.

. . . Bank’s seal and authorized signature(s). . .

Note:

The bid security of .........ccooviiiiii. has been counter guaranteed by the Bank .................... ........ on
.................................... (Applicable for Bid Security of Foreign Banks).



Site Organization

Method Statement

Mobilization Schedule

Construction Schedule

Others

Bidder’s Information Format



Bidder’s Information

Form ELI - 1: Bidder’s Information Sheet

Bidder's Information

Bidder's legal name

In case of JV, legal name of each partner

Bidder's country of constitution

Bidder's year of constitution

Bidder's legal address in country of constitution

Bidder's authorized representative (name,
address, telephone numbers, fax numbers, e-

mail address)

Attached are copies of the following original documents.

1. In case of single entity, articles of incorporation or constitution of the legal entity named above, in
accordance with ITB 4.1 and 4.2.

2. Authorization to represent the firm or JV named in above, in accordance with ITB 17.2.

3. In case of JV, letter of intent to form JV or JV agreement, in accordance with ITB 4.1.

4. In case of a government-owned entity, any additional documents not covered under 1 above required to
comply with  1TB 4.5.




Form ELI - 2: JV Information Sheet

Each member of a JV must fill in this form

JV / Specialist Subcontractor Information

Bidder's legal name

JV Partner's or Subcontractor's legal name

JV Partner's or

Subcontractor's country of constitution

JV Partner's or

Subcontractor's year of constitution

JV Partner's or

Subcontractor’s legal address in country of

constitution

JV Partner's or

Subcontractor's authorized representative
information (name, address, telephone

numbers, fax numbers, e-mail address)

Attached are copies of the following original documents.

1. articles of incorporation or constitution of the legal entity named above, in accordance with ITB
4.1and4.2.

2. Authorization to represent the firm named above, in accordance with ITB .2.

3. Inthe case of government-owned entity, documents establishing legal and financial autonomy and
compliance with commercial law, in accordance with ITB 4.5.




Form ELI - 3: Bidder’s Running Contracts»»«=
Each member of a JV must fill in this form

Bidder’s Running Contracts

Name of
office

Contract
Identification

no.

Source of
Fund*

Date of issuance
of Letter of

Acceptance

Status of
contract**

Date of Issuance of
Taking Over
Certificate***

* Mention GON funded or DP funded or Other PE (Insert name) funded
** Mention "Yet to sign" if contract is not signed, "Running™ if contract has been signed and contract is running and

"Substantially completed™ if taking over certificate has been issued.

*** Insert date of issuance of taking over certificate if the awarded contract has been substantially completed and taking
over certificate has been issued.

****Note: Following contracts shall not be counted for this purpose

a) The contracts which were invited or accepted before 2078-12-03 B.S or March 17, 2022 A.D

b) The contracts which have been invited after 2078-12-03 B.S i.e March 17, 2022 A.D and accepted but the work acceptance
report has been approved according to Rule 117 of PPR.

¢) The contracts that are running under all types of foreign assistance



Price Adjustment : Table A - Local Currency

Employer's

. . [Employer's Proposed . .
S Index Description| Source of Index Base Value Base Date Propos?eq Weighting Weighting Bidder's _Proposed
No. coefficient Range C Weight
f coefficient Range to
rom
Tota 1
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SECTION-V
Works Requirements

This Section contains the Specification, the Drawings, and supplementary information that describe
the Works to be procured.



Government of Nepal
Ministry of Physical Infrastructure and Transport

Department of Roads
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2073



Foreword

The present document "Standard Specifications for Road and Bridge Works — 20737 s the
revised and upgraded version of the existing Standard Specifications for Road and Bridge Works,
published in BS 2058, This document has been prepared by Department of Roads, Planning and
Design Branch, Central Road Laboratory following wide consulfation and discussion with
stukeholders involved in road and bridge construction ond maeintenance. The suggestions,
interactions and cxperience shured by engineers and experts have been incorporated,

Ihese revised Specifications have accommodate new practices of construetion muterial and
technology to accommodate the contemporary advancement in design and  construction
technology. If any works are not covered under these Standard Specifications or require
modification 1o some of these Specifications, appropriate Special Specifications or modifications
to the relevant Standard Specifications may be prepared and approved by competent authority
before they are implémented.

I hope these Specifications will lead the Department of Roads w achieve more qualitative works
in construction and muintemancee of road and bridge works.

Thank you

o~ Hud
Madhah Kumor Karki
Director General
Department of Roods




Few Words

Standard Specifications for Road and Bridge Works was first published in AD 1973, first revision
in AD 2000 To sceommodate recent development of material production and construction
lechnologies, Standard Specifications require periodical review and updating incorporating latest
resvarch and lindings in practice.

In some circumstances modifications 1o the relevant Standard Specifications had been be prepared
and upproved by competent suthority belore they were implemented. These new ftems have been
included as far as practicable and possible in this revised edition of Specilications,

In these Standurd Specifications for Road & Bridee Works — 2073 new items like Reinforeed
soil, Soil Nailing, Bituminous Macadam, Warm Asphalt, Otsseal, Thermo plostic Road marking,
Reflective Pavement Marker, Crash Rarrier, Mechanically woven Crates; Geo synthetics | Geo
textile . Geo composite drain , Geocell for slope protection, Geosynthetic Mat, Poving fabric/
Glass grid . Soil nailing system (with Semi-flexible 30 Galvanised Stecl Mat) for slope
protection, Routine/ Regular maintenanes, Minor maintenance! Repair of structures. Performance
based maintenance, Readymade maintenance mix ete. have been meorparated.

In these Specifications provision for reduction of test frequency for works of contract which do
not require amy qualification and scattered (located ut least 100 m from one location 1o other
similar 1o road mainlenance), have been incorporated Similarly, method of megsurement of
surfisce dressing works has been modified, measurement and payment related o reinforcement
and Steel structures have been simplified.

PA N
Dava Kanta Jha

Deputy Director General
Department of Roads
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STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

SECTION 100 - GENERAL
101 INTRODUCTION

These Specifications shall apply to all such road and bridge works as are required to be
executed as per Contract or as per instruction of the Engineer. All Work performed shall be
in conformity with the lines, grades, slopes, cross-sections super elevation data, and
dimensions as shown in the Drawings. If the Drawing, Special Provisions, or these
Specifications, state specific tolerances, then the Work shall be performed within those
limits.

Thequality of materials, processing of materialsas may be needed at the site, salient features
of the construction work and quality of finished work shall comply with the requirements
set forth in succeeding sections. Where the drawings and Specifications describe a portion
of thework in only general terms, and not in complete detail, it shall be understood that only
the sound practice is to prevail, materials and workmanship of the best quality are to be
employed and the instructions of the Engineer are to be fully complied.

102 DEFINITION

The words such as Contract, Contractor, Engineer / Engineer In charge, Drawings
Employer, Government, Works and site used in this specification shall be considered to
have the meaning as specified in definitions of these terms given in the Genera conditions
of Contract.

103 SCOPE OF WORK

(1) Thework to be carried out under the Contract shall be generally described in the Bid
Documents as Well asin the Bill of Quantities furnished in the Bid Documents.

(2) The works to be performed shall aso include all general works preparatory to the
construction of roads, bridges, cana crossings, drainage and al due and satisfactory
construction, completion and maintenance of works to the intent and meaning of the
drawings and these specifications and further drawings and other instruction that may
be issued by the Engineer from time to time.

The scope of work shall include compliance by the Contractor with al conditions of
Contract whether specifically mentioned or not in the various Clauses of these
Specifications, all materials, apparatus, plant, equipment, tools, fuel, water, strutting,
timbering, transport, offices stores, workshop, staff, labour and the provision of proper
and sufficient protective works, diversions, temporary fencing and lighting. It shall
also include: safety of workers at construction site, first-aid equipment, suitable
accommodation for the staff and workmen with adequate sanitary arrangements, the
effecting and maintenance of al insurances, the payment of all wages, salaries, fees,
royalties, duties or other charges arising out of the erection of works and the regular
clearance of rubbish, reinstatement and clearing-up of the site as may be required on
completion of work, safety of the public and protection of the works and adjoining
land.
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3)

(4)
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The Contractor shall ensurethat all actionsaretaken to build in quality assurance (QA)
in the planning, management and execution of works The quality assurance shall cover
all stages of work such as setting out, selection of materials, selection of construction
methods, selection of equipment and plant, deployment of personnel and supervisory
staff, quality control testing, etc. The QA program shal cover not limited to
followings:

Organization and management responsibility

Document and data control

Construction program

Method statement

Process control

Working Inspection, Testing and documentary procedures

Arrangement for smooth safe traffic flow during construction and maintenance
Control and documentation of purchasing and handling of materials
Maintenance of records for non- conformity and timely corrective actions
Internal quality audit

Training to staff

Environment Management Action Plan (EMAP)

The QA plan shall be submitted to the engineer for approval not later than 28 days
from the date of signing of contract agreement. Work of building in quality assurance
shall be deemed to be covered in the scope of the work.

The Contractor shall furnish, at least 7 days in advance, unless otherwise stipulated in
the contract, his program of commencement of item of work, including method for
deployment of plant and equipment for the works included in the contract and any
other works for which the Engineer may demand the method statement He shall
provide al information to the satisfaction of the Engineer to insure its adequacy. The
sole responsibility for the safety and adequacy of the methods adopted by the
contractor will, however, rest on the Contractor, irrespective of any approval given by
the Engineer.

104 ACCOMMODATION OF TRAFFIC

1)

SECTION 100

Scope

This Clause covers the construction and maintenance of the necessary detours and
diversions, barricades and signs, and everything necessary for the safe and easy
passage of all public traffic during the construction period and aso the removal of
diversions as they become redundant including bringing up the area use into its
original condition.
The Contractor shall take precaution regarding safety at road works. The
Contractor shall strictly adhere to the stipulations of the latest publication of the
document “SAFETY AT ROAD WORKS: A Code of Practice for Signing at Road

works” published by the Traffic Engineering and Safety Unit of the Organization
and management responsibility
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(2) General Requirements

©)

SECTION 100

The Contractor shall at al times carry out works on the road in amanner creating least
interference to the flow of traffic. For all works involving improvements of the
existing road, the Contractor shall provide and maintain a passage for traffic either
along a part of the existing carriageway under improvement, or along a temporary
diversion constructed close to the road. The Contractor shall take prior approval of the
Engineer regarding traffic arrangements during construction.

The Contractor may be allowed to stop traffic temporarily. The period of such closure
shall be as agreed by the Engineer at least 14 days in advance, to enable the Engineer
to issue the relevant notices.

Temporary Diversions

(@)

(b)

(©

(d)

Provisions of Diversions

Where some portions of the existing road cannot be used by through traffic,
diversions as may be required to deviate traffic from such portions shall be
constructed

Survey Beacons and Monuments

Diversions shall be constructed so as not to damage or displace trigonometrical
survey beacons and road monuments. In exceptional cases where this is not
possible, arrangements shall be made to have survey beacons suitably referenced
before they are displaced and relocated after the completion of the work.

Accessto Properties

Access to properties which fall within or adjoining the area over which work is
being carried out shall be provided in the manner as existed before the start of
the work.

Temporary Works
If diversions are provided they shall include the construction of temporary gates,
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grid gates, fences, drainage works, and other incidentals considered necessary.

(e) Public Services

Arrangements shall be made for the continuity of al public services such as
power lines, telephone lines, water mains, sewerage, drainage etc., if the existing
services are likely to be affected.

(f) Width of Diversions

The usable width for accommodation of two-way traffic shall not be less than 6
m. Where diversions consist of two separate one-way lane the minimum usable
width of each lane shall not be less than 3.5 m.

(g) Temporary Drainage Works

All necessary temporary drainage works required for proper surface run-off,
such as side drains, catch water drains, temporary cross-drainage structures, etc.
shall be constructed.

(h) Earthworksfor Diversion

Diversions shall be shaped and graded making full use of all material that can be
sufficient material cannot be obtained in this manner, material shall be imported
from other sources. Where necessary, cuttings shall be made to obtain a
satisfactory vertical alignment. All necessary clearing including the removal of
all trees and stumps shall be performed.

(i) Maintenance of Diversions

All diversions shall be maintained in a safe and smooth trafficable condition.
Whenever required the diversions shall be bladed by means of gradersto provide
a smooth riding surface free of corrugations. All potholes shall be promptly
repaired. Diversion shall be watered to keep down dust from traffic and in order
to facilitate the proper blading of the surface. All drainage works shall be
maintained in good working condition and kept unblocked.

(j) Removal of Diversions

When traffic is routed permanently onto the new road following the completion
of construction, the diversions which are no longer required shall be removed
and the ground reinstated to its original condition.

(4) Accommodation of Traffic Wherethe Road is Constructed in Half Widths

Where by reason of difficult terrain or for any other reason, the construction of
diversionsis not possible, the road shall be constructed at the time. The lengths of the
half width for construction shall be kept to a minimum, with a provision for traffic
traveling in opposite directions to pass at frequent intervals.

The works in one half width of the road shall be so arranged that the traffic will have
free one-way movement in another half during construction period. That half of the
road which is being used for traffic, shal be maintained free of corrugations and
potholes.
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Contractor shall ensure that the road is open for the traffic at night as per approval of
engineer. Should the road not be in asafe trafficable condition for two-way traffic over
the whole width, at the end of each day’s work the Contractor shall adequate flagmen,
signs, barriers, and the necessary staff at his own cost to ensure areasonabl e free flow
of traffic alternately in each direction.

Materials and equipment stored on, or adjacent to the existing roadway shall be so
placed and the work at all times shall be so conducted, as to cause no obstruction of
the traveling public and traffic.

(5) Traffic Safety and Control

The Contractor shall provide, erect and maintain such barricades, including signs,
markings, flags, lights and flagmen as may be required for the information and
protection of traffic approaching to or passing through the section of the road under
improvement and/or diversions. Barricades, traffic signs and warning boards shall be
provided as per the Traffic Signs Manua (Latest Publication) published by the
concerning Unit of the Department of Roads.

The barricades erected on either side of the carriageway/portion of the carriageway
close to movement of traffic, shall be of strong design to resist violation, and be
painted as per the said Traffic Sign Manual. On both sides, suitable regulatory and/or
warning signs shall be installed for the guidance of the road users. On each approach,
at least two signs shall be put. The location of these signs shall be in accordance with
the Code of Practice published by the Department of Roads (Latest Publication).

In somelocations steel drums may also be placed. These drums shall be white-washed,
blasted with sand and provided with retro reflective tape strips, red on the left hand
side facing oncoming traffic and white on the right hand side as appropriate. The
minimum size of these tapes shall be 0.01 sq. m. The drums shall be maintained in a
clean and effective condition and no stones or any other warning device shall be placed
on top of the drums

(55 Measurement and Payment

Unless stated otherwise, no separate measurement and /or payment shall be made for
all materials and works required under this Clause. All costs in connection with the
work specified herein shall be considered to be included with other related items of
the work in the Bill of Quantities.

105 PUBLICLY AND PRIVATELY OWNED SERVICES

(1) If any privately owned service for water, electricity, drainage, etc., passing through
the site is affected by the works the Contractor shall provide a satisfactory alternative
servicein full working order to the satisfaction of the owner of the services and of the
Engineer before terminating the existing service.

(2) Drawing and scheduling the affected services like water pipes, sewers, cables, etc.
owned by various authorities including Public Undertakings Local Authorities
included in the contract documents shall be verified by the Contractor for the accuracy
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of the information prior to the commencement of any work.

Notwithstanding the fact that the information on affected services may not be
exhaustive, the final position of these services within the works shall be supposed to
have been indicated based on the information furnished by different bodies and to the
extent the bodies are familiar with the fina position. The Contractor must also alow
for any effect of these services and alternatives upon the works and for arranging
regular meetings with the various bodies at the commencement of the contract and
throughout the period of the works in order to maintain the required co-ordination.
During the period of the works, the Contractor shall agree if the public utility bodies
vary their decisions in the execution of their proposals in terms of programme and
construction, provided that, in the opinion of the Engineer, the Contractor has received
reasonabl e notice thereof before the relevant alternations are put in hand.

No clearance or aternations to the utility shall be carried out unless instruct by the
Engineer.

Any services affected by the works shall be restored immediately by the Contractor
who must also take all measures reasonably required by the various bodies to protect
their services and property during the progress of the works.

The Contractor may be required to carry out the remova or shifting of certain
serviced/utilities on specific instruction from the Engineer for which payment shall be
made to him. Such works shall be taken up by the Contractor only after obtaining
clearance from the Engineer and ensuring adequate safety measures.

Unless stated otherwise, no separate measurement and payment shall be made for the
work of temporarily supporting and protecting the publicly and privately owned
services and/or for construction and maintenance of new servicesin lieu of them.

SURVEY AND SETTING OUT

During the period of Commencement of works the Contractor shall resurvey the Base
Lines, Traverse Point, and Bench Marks and confirm the co-ordinates and levels of
the stations. He shall immediately notify the Engineer of any discrepancies and shall
agree with the Engineer any amended values to be used during the contract, including
replacements for any stations missing from the original stations.

The Contractor shall check, replace and supplement as necessary the station pointsand
agree any revised or additional station details with the Engineer.

All stations and reference points shal be clearly marked and protected to the
satisfaction of the Engineer.

Where a Station Point is likely to be disturbed during construction operations, the
Contractor shall establish suitable reference stations at |ocations where they will not
be disturbed during construction. No old station shall be covered, disturbed or
destroyed until accurate reference stations have been established and details of such
stations have been approved by the Engineer. The Contractor shall establish working
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Bench Marks tied with reference stations soon after taking possession of the site. The
coordinates and the elevations of the reference stations shall be obtained from the
Engineer. The working Bench Marks shall be at the rate of four per kilometre and also
near all major/medium structure sites. Regular checking of these Bench Marks shall
be made and adjustments, if any, got agreed with Engineer and recorded.

The Contractor shall be responsible for the accurate establishment of the centre lines
based on the Drawing and data supplied. The centre lines shall be accurately
referenced in a manner satisfactory to the Engineer. The reference points shall be
established at every 30 m interval in plain/rolling terrain and 10 m interval in hill
terrain, with marker pegs and chainage boards set in the right of way. A schedule of
reference dimensions shall be prepared and supplied by the Contractor to the Engineer.

The existing profile and cross-sections shall be taken jointly by the Engineer and the
Contractor. These shall form the basis for the measurements and payments. If in the
opinion of the Engineer, design modifications of the centre lines and/or grade are
advisable, the Engineer shall issue detailed instructions to the Contractor and the
Contractor shall perform modificationsin the field, as required, and modify the levels
on the cross-sections accordingly.

Accurate control of lines and levels shall be provided by the Contractor at all stages
of the construction. In respect of roads itself, control shall be at least 10 m interval or
such close interval as may be directed by the Engineer. The lines and levels of
formation, side slope, drainage works, etc. shall be carefully set out and frequently
checked. Care shall be taken to ensure that correct gradients and cross-sections are
obtained everywhere. Wherever necessary, but particularly on completion of the
subgrade, subbase and the base, the Contractor shall re-establish centre line pegs at
sufficiently closeintervals to determine the edges of base and surfacing accurately.

The Contractor shall provide the Engineer with all necessary assistance for checking
the setting out, agreement of levels and any other survey or measurement which the
Engineer needs to carry out in connection with the contract during the entire period of
contract. Such assistance shall include:

(@ Provision of suitably qualified surveyors to work under the direction of the
Engineer as required.

(b) Provision of al necessary support for these surveyors including assistant,
chainmen, labours, hand tools, pegs and materials.

(c) provision of survey equipment (Precision automatic levels, theodolite and
distomat) as required by the Engineer for survey works

No separate measurement and/or payment shall be made for the work required under
this Clause. All costs in connection with the work specified herein shall be considered
included in the related items of the work specified herein shall be considered included
in the related items of the work specified in the Bill of Quantities.
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107 ACCESSTO ABUTTING PROPERTIES

For the duration of the works the Contractor shall at all times provide convenient accessto
paths, steps, bridges or drives for all entrances to property abutting the site and maintain
them clean, tidy, and free from mud or objectionable matter.

108 DIVERSION BRIDGES

(1) Temporary diversion bridges shall be provided by the Contractor as required by the
contract. Where the Contractor is required to prepare Design, Drawing and
Specifications of the structure, he shall submit his proposal shall be accompanied with
sufficient ground and hydraulic information to enable the Engineer to decide on the
stability of the structures.

(2) The Contractor shall maintain the temporary bridges in a condition satisfactory to the
Engineer so long as required.

(3) On completion of the works, the Contractor shall obtain the approval of the Engineer
before removing the temporary bridges. The materias arising from the removal shall
become the property of the Contractor or of the Employer asdesignated in the contract.
In the case of the materials becoming the property of the Employer, they shall be
removed to the Employer’s premises and neatly stacked at no cost to the Employer.

(49 Measurement and Payment

Construction and maintenance of diversion bridges for the required period quantified
in months shall be paid as per contract price on lump sum basis. Alternatively, if
specified in the contract, construction of the diversion bridges shall be paid as per
contract unit rates of respective items and maintenance work shall be paid as per days’
work provided in the Bill of Quantities. The contract price and/or rates shall be the
full and the final compensation to the Contractor as per Clause 112.

109 MAINTENANCE OF ROAD

(1) The Contractor shall be responsible for undertaking al routine maintenance of the
existing road and all bridges on the road from the day the road is officially handed-
over to the Contractor until the issue of Defects Liability Certificate by the Engineer.
The Contractor shall also carry out all the routine maintenance of the completed works
from the time of their substantial completion until the Defects Liability Certificate is
issued.

The Contractor shall also maintain roads that he uses for construction or access and
the use of such roads shall be identified in advance to the Engineer for inspection prior
to use.

The routine maintenance of the road shall include besides other, trimming vegetation,
cleaning all culverts, ditches, borrow pits, road side drainage, drainage channels and
any other obstructions including minor landslide (up to 20 m3 at one spot, with
unlimited number of spots), cleaning road signs and checking and undertaking the
repair of guardrails and other road safety structures, cleaning including removal of
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obstructions on bridge decks and bridge deck drainage elements, checking including
and cleaning removal of obstructions on bridge decks and bridge deck drainage
elements, checking including removal of obstructions on bridge decks and bridge deck
drainage elements, checking and cleaning of expansion joints and bearings, cleaning
bearing shelves and weep holes, removing accumulated debris and vegetation around
and between piers and abutments, repairing parapets, clearance on the road to allow
free flow of traffic and reinstatement of any damaged or deteriorated carriageway, and
protection of adjoining works. In case of road Section where the surface isin badly
damaged condition, the maintenance of existing road surface shall be maintained by
potholes patching using gravel, rerolling and regarding as instructed by Engineer. The
surface shall be maintained to ensure longitudinal and transverse profile. All the
damages to the road carriageway and shoulder shall be repaired with the materia of
equal or higher standard than the original surfacing.

The Contractor shall perform the maintenance works as often as required to keep the
carriageway, shoulders, and adjoining structures in proper working order to the
satisfaction of the Engineer.

During the period of commencement of works the Contractor shall mobilize labour
and equipment to make an immediate start on the maintenance of the existing road.
The location and scope of the maintenance work shall be as directed by the Engineer.

Existing ditches shall, where shown on the Drawing, be cleared by removing
vegetation growths and deposits. The sides shall be trimmed throughout and the
bottoms uniformly graded and the ditches kept clean and trimmed and maintained so
long as required. Material removed from the existing ditches shall be disposed off at
the places as directed by the Engineer.

Should at any time the Engineer gives any instruction for the up keep of a section of
the road/site and the Contractor does not respond in 48 hours, the Engineer shall be
empowered to instruct othersto carry out the works. Any costsinvolved by thisaction
shall be deducted from any money due to the Contractor.

(2) Measurement and Payment

Maintenance of road in defects liability period quantified in months shall be paid as
per contract price on lump sum basis. Maintenance of road during
construction/rehabilitation period quantified in km-months shall be paid as per
contract unit rate. The contract price and/or unit rate shall be the full and the final
compensation to the Contractor as per Clause 112.

110 SITEINFORMATION

The Contractor shall erect Information boards (1.8mX1.2m) at each end of the site giving
details of the contract in the format and wording as directed by the Engineer. These boards
shall be erected within 14 days after the Contractor has been given the Possession of Site.

The Contractor shall not erect any advertisement on or along the work without the written
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approval of the Employer.

All information boards shall be removed by the Contractor by the end of the Defects
Liability Period.

111 ENVIRONMENTAL PROTECTION WORKS

The environment has been defined to mean surrounding area including human and natural
resources to be affected by execution and after completion of works.

The Contractor shall take all precautions for safeguarding the environment during the course
of the construction of the works. He shall abide by al prevaent laws, rules and regulations
governing pollution and environmental protection mitigation measure specified in the
EIA/IEE, Latest Publication of “Environmental Management Guidelines”, and
“Environmental and Social M anagement Frame work” published by the Department of
Roads.

The Contractor shall prohibit employees from unauthorized use of explosives, poaching
wildlife and cutting trees. The Contractor shall be responsible for the action of his
employees.

Environmental protection works, among others, shall also include the following:
(1) Borrow/Quarry Sites

The Contractor shall obtain the permission of the Engineer before opening up any
borrows pits or quarries. Such borrow pits and quarries may be prohibited or restricted
in dimensions and depth by the Engineer where:

(i) they might affect the stability or safety of the works or adjacent properly;

(i) they might interfere with natural or artificial drainage or irrigation;

(iii) they may be environmentally unsuitable.

At least 14 days before he intends to commence opening up any approved borrow pit
or quarry, the Contractor shall submit to the Engineer hisintended method of working
and restoration. These shall include but not be limited to:

(i) thelocation, design and method of construction of any access track;

(i) the volume and nature of materials to be removed,;

(iif) the sequence and method of excavation of materials;

(iv) measures for controlling runoff and sediment from the site during operations;

(v) Proposas for site restoration including approximate finished levels, drainage,
erosion and sediment control, and slope stabilization and re vegetation, including
reinstatement of any access track.

Operations of borrow pit or borrow area shall not be permitted until the method of
working for that particular pit or area has been approved by the Engineer in writing.
Restoration shall be to the satisfaction of the Engineer.

(2) Disposal of Spoil and Construction Waste

Materialsin excess of the requirements for permanent works and unsuitable materials
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shall be disposed off in locations and in the manner as agreed with the Engineer. The
locations of disposal sites shall be such as not to promote instability, destruction of
properties and public service systems. Exposed areas of such disposal sites shall be
suitably dressed and be planted with suitable vegetation.

The Contractor shall plan his works in such a way that there is no spillage of POL
products to the surface or sub-surface water.

(3 Provison and Maintenance of Camps, Offices, Stores, Equipment Yards and
Workshops

Various works defined under this item are related to provision and maintenance of
camps for work person and employees, Contractor’s site offices, stores equipment
yards and workshops. These camps must be adequate, rain-proof, spacious, airy and
hygienic with proper lightning and materials storage facilities. The area shall be kept
neat and clean.

Space allocated for storage of materials such as cement, gabion wire, reinforcing wire
etc. shall in general be damp-free, rain-proof and away from petroleum products
storage.

Permission may be granted by the engineer to erect suitable camps within the right of
way free of charge, if such establishmentsdo not cause obstructionsto traffic, nuisance
to works execution and adverse effect to the environment.

Written information must be given to and approval be taken from the Engineer
regarding proper establishment and maintenance of such camps.

Failure in compliance with Engineer’s instruction in respect of overall standard will
lead to reduction or with holding of payment.

(4) Provison and Maintenance of Toilets

Provision of toilets for labour and employees shall be made to avoid public nuisance
as well as pollution of water courses and air. The Contractor shall construct suitable
septic tanks and/or soak pitsaong with room of pit-typelatrines. Sufficient water must
be provided and maintained in the toilets. Proper methods of sanitation and hygiene
should be employed during the whol e project duration.

(5 Provision of Potable Water

The Contractor shall supply potable water along with commencement of work to
Contractor’s staff and work person both a camps and construction-sites. This
arrangement shall be enforced to avoid proliferation and generation of various water
borne-diseases.

The Contractor shall inform the Engineer regarding sources, installation and operation
of supply of potable water within aweek after the supply is commenced.

(6) Provision of First Aid/Medical Facilities

Provision of first aid/medical facilities shall be made along with commencement of
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work to provide quick medica service to injured/sick work person, and employees.
Services shall also include on-the way service and other arrangements required for
taking them to the nearest hospital in case of emergency.

The scope of works shall include service of at least one part-time experienced health
worker/health assistant with a minimum of once a week full time site visit as work
assignment. The Contractor shall aso supply and provide adequate medicines and
facilities required for standard first aid.

The Contractor shall inform the Engineer regarding the medical facility within aweek
after its establishment and operation.

(7) Crushing Plants

Crushing plants shall be located away from the population centres, water intakes and
should not disturb the sensitive echo system. Suitable dust control device shall befilled
to be the crusher to control emission of dust from the plant.

(8 Hot Mix Plantsand Batching Plants

Hot-mix plants and batching plants shall be located away from the population centres.
The Contractor shall take every precaution to reduce levels of noise, vibration, dust
and emission form his plants.

No bituminous material shall be discharged into drains. Nearby trees, vegetation and
property shall be protected during spraying of bitumen.

(9 HazardousMaterials

The Contractor shall not store hazardous materials near water surfaces. The Contractor
shall provide protective clothing or appliances when it is necessary to use some
hazardous substances.

High concentration of airborne dust resulting in deposition and damage to crops and
water resources shall be avoided. The Contractor shall take every precaution to control
excessive noise resulting in disruption to wildlife and human population.

Only controlled explosives methods shall be applied and used in construction works.
(10) Reinstatement of Environment

The Contractor shall arrange and execute works as well as related activitiesin such a
way that environmental conditions are reinstated. He may be required to carry out
filing, removal and disposal works along with plantation of grass and trees as directed
by the Engineer at his own costs at identified locations to reinstate environment.

Written instruction/approval shall be given by/sought from the Engineer regarding
reinstatement of environment both during and after completion of works and up to the
end of Defects Liability Period.

(11) Measurement and Payment

Unless stated otherwise, no separate measurement and payment shall be made for the
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works described in this Clause.

112 NOTESABOUT MEASUREMENT AND PAYMENT

D)

(2)

M easur ement

Unless specified, all measurements shall be made in metric system. Different items of
work shall be measured in accordance with the procedures set forth in the relevant
Sections read in conjunction with the General conditions of Contract. The same shall
not, however, apply in the case of lump sum contracts.

All measurements and computations, unless otherwise indicated, shall be carried
nearest to the following limits:

i) Length and Width 10 mm
i) Height, Depth or Thickness of:
a) Earthwork, Subgrade 5mm
b) Sub-base, Bases, Surfacing 5 mm
iii)  Structural members 2.5mm
iv) Areas 0.01sg. m
v) Volume 0.01cu.m

In recording dimensions of work, the sequence of length, width and height or depth or
thickness shall be followed.

The tolerances specified in these Specifications are for evaluation of accuracies only
based on which the work shall be accepted or rejected. However, the measurement of
the work performed within the limits of tolerances shall be the measurement of actual
work done in place, if their dimensions are less than what have been specified or
instructed by the Engineer. If the actual work done in place is more than what has been
specified or instructed by the Engineer, but within the limit of tolerance, the
measurement shall be the measurement of the work what has been specified or
instructed by the Engineer.

Payment

Unless otherwise specified in the Contract, the unit rates and/or prices for items as set
out in the Bill of Quantities are the full and the final compensation to the Contractor
for:

Genera works such as setting out, clearance of site before setting out and
clearance of works after completion;

I. A detailed programme using modern project management software for the

SECTION 100

construction and completion of the works giving, in addition to construction
activities, detailed networks activities for the submission and approva of
materials, procurement of critical materials and equi pment, fabrication of special
products/equipment and their installation and testing, for al activities of the
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Engineer/Employer that are likely to affect the progress of works, etc., including
updating of all such activities on the basis of the decisions taken at the periodic
site review meting or as director by the Engineer;

Sampling and Testing of various materials such as bitumen, cement, concrete,
bearing etc. proposed to be used on the Works as required under these
Specifications and furnishing test reports/certificates;

Design of mixes as per the relevant Sections of the Specifications giving
proportions of ingredients, sources of aggregates and binder aong with
accompanying trial mixes as per the relevant Sections of these Specifications to
the submitted to the Engineer for his approval before use on the Works;

Cost of laying trial stretches;

Preparation of Detailed drawings as per site condition;

Detailed design calculations and drawings for all Temporary Works (such as
from-work, staging, centring, specialized constructional handling and launching
equipment and the like);

Detailed drawings for templates, support and end anchorage, details for per-
stressing cable profiles, bar bending and cutting schedules for reinforcement,
material lists for fabrication of structural steel, etc.;

Mill test reports for al mild and high tensile steel and cast steel as per the
relevant provisions of the Specifications;

Supply of al materials necessary to complete the item as per relevant
specifications,

Use of materias, labours, tools, equipment, machines and other resources as per
need;

All handling, packing charges and transportation;

Site commissioning;

Cost of al operations like storing, erection, moving into final position, etc.
necessary to complete and protect the work till handling over to the Employer;
Inspection Reports in respect of formwork, staging, reinforcement and other
items of work as per the relevant Specifications;

Any other data which may be required as per these Specifications or the
Conditions of Contract or any other annexures/schedules forming part of the
Contract;

All temporary works, formwork and false work ;

Cost of in-built provisions for Quality Assurance;

Cost of providing “as-built drawings,

Maintenance and making good,

All duties and obligations as set out in the contract;

All incidental costs to complete the work, and other items necessary for
complying with the provision of the Contract not covered under above stated;

Where the Bill of Quantities does not include the items mentioned in Section 100, no
separate payment shall be made for such works. The costs in connection with the
execution of the works specified herein shall be considered to be included in the

SECTION 100
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related items of other works specified in the Bill of Quantities or shall be considered
to beincidenta to the works specified. Items specified in this Section and included in
the Bill of Quantities shall be paid at the contract unit rates as agreed and shown in the
Bill of Quantities.

113 EQUIVALENCY OF STANDARDS

(1) Wherever reference is made in these Specifications to specific standards and codes to
be met by the materials, plant, and other supplies to be furnished, and work to be
performed or tested, the provisions of latest current edition or revision of relevant
standards and codes in effect shall apply. Other authoritative standards which ensure
a substantially equal or higher performance than the specified standards and codes
shall be accepted subject to the Engineer’s prior review and approval. Differences
between the standards specified and the proposed alternative standards shall be fully
described by the Contractor and submitted to the Engineer at least 28 days prior to the
date when the Contractor desires the Engineer’s approval. In the event that the
Engineer determines that such proposed deviations do not ensure substantialy
performance, the Contractor shall comply with the standards and codes specified. No
additional payment shall be made for adoption of higher standards.

(2) Certain Specifications issued by various national or other widely recognized bodies
are referred to in these Specifications. Such Specifications shall be defined and
referred as Specifications.

The Contractor may propose that the materias and workmanship be defined in
accordance with the requirements of other equivalent Specifications and he may
execute the works in accordance with such Specifications as may be approved by the
Engineer. A copy of the Specification, together with its trandation into the English
language if the Specification isin another language, shall be submitted to the Engineer
along with the request for its adoption.

In referring to Specifications, the following hierarchy shall be used:

i. NS :Nepal Bureau of Standards and Metrology

ii. IRC :Indian Road Congress (i.e. recommended Code of Practice by IRC
ii. 1S ‘Indian Standards

iv. BS :British Standards

v. ASTM :American Society of Testing and Materials

vi. AASHTO :American Association of State Highway and Transportation Officials
vii. BSCP :British Standard Code of Practice
viii. 1SO ‘International Organization for Standardization

iX. EN :European Norm
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114 UNITSOF MEASUREMENT, ABBREVIATION AND TERMINOLOGY

(1) Unitsof Measurement

The Symbols for units of measurement are used in these Specifications as they are

given below.

u

mm

m

Km/ km
Sg.mm. or mm?
s, m. or m?
sq.km. or km?
Ha/ha
cu.m.orm?
litorl

rad

°C

kg

gm

N/m?
Lin.m

:micron=m X 10°
Millimetre

‘Meter

‘Kilometre

:Square Millimetre
:Square Meter

:Square Kilometre
‘Hectare

:Cubic meter

‘Litre

‘Radian

:Degrees Celsius
:Kilogram

:Gram = kg X 103
:Milligram = kg X 10°
:Milligram per litre
:Ton=kg X 103
‘Kilogram per cubic meter
:Ton per cubic meter
:Newton

:Newton per square meter
:Linear meter

Symbols of other units, if not covered above, shall be as per Sl system set out in ISO

31/1.
(2) Abbreviations

The following abbreviations are used in these Specifications.

ACV
AlV
ALD
BA
BOQ
CBR
CR
Dia
DOR
Fl
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:Aggregate Crushing Value
:Aggregate Impact Vaue
Average Least Dimension
:Bitumen Affinity

:Bill of Quantities
:California Bearing Ratio
:Crushing Ratio

:Diameter

:Department of Roads
:Flakiness Index
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Hr/hr
LAA
LS
MC
MDD
Min/min
No
OMC
OPC
Pl

PL
PM

POL
ROW
SE
Sec
SG
IS

SSS

STV
TS
uc
UCs
VIM
wi/c
wit
%

(3 Terminology

‘Hour

:Los Angeles Abrasion Value
:Linear Shrinkage

:Moisture Content

:Maximum Dry Density
‘Minute

‘Number (units), asin 6 no.
:Optimum M oisture Content
:Ordinary Portland Cement
‘Plasticity Index

‘Plastic Limit

‘Plasticity Modulus (Pl * % passing

0.425 mm sieve)

:Petrol, Oil & Lubricant

‘Right of Way

:Sand Equivalent

:Second

:Specific Gravity

:International Standard Units of

M easurements

:Sodium Sulphate Soundness test,

losson 5 cycles

:Standard Tar Viscosity

‘Tensile Strength

:Uniformity Coefficient
:Unconfined Compressive Strength
:Voidsin Mix

Water cement ratio

‘Weight

:Percent

The term “the Specifications” shall be construed as the Standard Specification and the

Special Specification all together.

The Sections, Clauses and/or Sub-Clauses mentioned in these Specifications deem to
apply those of these Specifications only, if otherwise not specified.

115 PROGRAM

The Contractor shall provide al information needed for fulfilment of the program and
required in accordance with the Conditions of Contract including the sequence in which he
intends to work including implementation of quality assurance plan. If the Contractor
requests a change in the sequence and such change is approved by the Engineer, the
Contractor shall have no claim as per the Conditions of Contract for delay arising from such
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revisions to the program.

The program for the construction and completion of the works shall be established using
CPM/PERT techniques or equivalent. The program shall be detailed enough to give, in
addition to construction activities, detailed network activities for the submission and
approval of materials, procurement of critical materials and equipment, fabrication of
special products/equipment’s if any their installation and testing, and for all activities of the
Engineer that are likely to affect the progress of work. The Contractor shall update all
activities in accordance with the Conditions of Contract on the basis of the decision taken
at the periodic site review meetings or as directed by the Engineer.

The program shall also include the Contractor’s general requirements for any road closures
pursuant to Clause 104 to be agreed in principle with the Engineer. Such agreement shall
not relieve the Contractor of his responsibility to obtain specific approval for each closure
or series of closures.

Any proposal for night working shall also be stated in the program.
116 SUPPLY OF PROJECT RECORD
(1) Scope

This Clause covers the supply of digital record of project events in digital format
(DVD/ Flash Drive) including colour photographs, both in digital format as well as
mounted on albumsto serve as a permanent record of the work needed for an authentic
documentation, as approved by the Engineer.

(2) Description

The Contractor shall provide following project recordsin digital format (DVD/ Flash
Drive) including colour photographs as directed by the Engineer;

(i) Record of work in each work front: It shall cover the status of each work front
before start of work, during various stages of construction and after completion
duly including the arrangements made (day and night) for traffic during
construction. (This shall be need based or as directed by the Engineer)

(i) Record of quarry sites, plant sites, camp sites including labour camps, haul
roads, access road etc. with progress report

(il1) Record of al accidents on project road / various sites

Therecord shall be taken by a professiona with adigital camera capable of taking still
as well as video images having facilities to record the date and back ground
commentary. The Contractor shall keep separate discs/ drives, one with the Engineer
and the other with the Employer and update the data in these disc/drives as per
instruction of Engineer or on monthly basics. Separately, avideo ( in digital format)
of maximum one hour duration covering interesting and novel features of the work
duly editing the above master disc/drive shall also be maintained, one copy each kept
with the Engineer and the Employer and updated as per direction of Engineer or on
monthly basis. All recording shall be done in the presence of the Engineer’s
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Representative who will certify in writing the recording.
M easur ement

This item shall be measured in number of sets. Each set consist of two copies of al
digital records as above and colour record photographs both in digital format as well
as mounted in the albums.

Payment

The contract unit rate shall include all expenses for supply of project record including
video recordings updated as per direction of Engineer or on monthly basis throughout
the construction period shall be measured as single set.
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Section 200; Site Clearance
201 CLEARING AND GRUBBING

(1)

(2)

SECTION 200

Scope

The Section covers the clearing and grubbing necessary for the construction of the
works covered by the contract. Conservation of the top soil and florais also covered
under this Section.

Description of Work
(a) Clearing

Clearing shall consist of the cutting, removing and disposal of al tree, bushes,
shrubs, grass, weeds, other vegetation, anthills, rubbish, fences, top organic soil not
exceeding 150 mm in thickness and all other objectionable material, resulting from
the clearing and grubbing. It shall also include the remova and disposal of structures
that obtrude, encroach upon or otherwise obstruct the work.

The moving of a certain amount of soil or gravel material may be inherent to or
unavoidable during the process of clearing and no extra payment shall be made for
this. Clearing shall include the removal of all rocks and boulders of up to 0.15 m 3in
size exposed or lying on the surface.

(b) Grubbing

In the roadway all trees up to 300 mm girth, stumps and roots shall be removed to a
depth of not less than 900 mm below the finished road level and a minimum of 500
mm below the original ground level whichever islower.

Except in borrow areas the cavities resulting from the grubbing shall be backfilled
with approved material and compacted to a density not less than the density of the
surrounding ground.

(c) Conservation of Top Soil

Where suitable topsoil exists within the limits of the area to be cleared and grubbed,
the Contractor shall, if ordered by the Engineer, remove the topsoil together with any
grass and other suitable vegetation. If not used immediately, the topsoil shall be
transported and deposited in stockpiles for later use.

(d) Conservation of Flora

Where provided for in the contract, certain designated flora encountered in the road
reserve and borrow areas shall be carefully protected by the Contractor. In his
tendered rate for Site Clearance, he shall include for the careful removal and planting
of the florain a protected and fenced-off area and, on completion of the road, for the
replanting of the florain suitable positions in the road reserve in accordance with the
Engineer’s instructions.
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Execution of Work
(a) Areasto be Cleared and Grubbed

Stumps, embedded logs, roots and all other vegetation growth and accumulated
rubbish of whatsoever nature and all other objectionable material shall be completely
removed to a depth as specified in Sub-clause 201 (2) (@) and (b).

Normally the portions of the road reserve that fall within the limits of the road prism, as
well as certain borrow areas shall be cleared and/or grubbed. Where the road reserve is
to remain unfenced, the full width of the road reserve shall be cleared and/or grubbed
except for such trees designated by the Engineer to be left standing and uninjured.

The Contractor shall mark the boundaries of the area for clearing and grubbing and
seek the approval of the Engineer before commencement of the work. The Engineer
shall designate in detail the exact areas to be cleared, and grubbed and the time at
which it shall be done.

(b) Cutting of Trees

The Contractor shall take the necessary precautions to damage to structures and other
private or public property. If necessary, trees shall be cut in sections from the top
downwards. The branches of trees to be left standing shall be trimmed so as not to
intrude into a space of 7m above the roadway.

Such individual trees as the Engineer may designate and mark in white paint shall be
left standing and uninjured. In order to minimize damage to trees that are to be left
standing, trees shall be felled towards the center of the areas being cleared, if so
required by the Engineer.

Permission for cutting trees must be obtained from the competent authority who may
require that trees be numbered, measured and marked in the presence of officials
from that authority. Cutting of such trees shall then be carried out by the Contractor
and the timber stored at designated |ocations.

Felling and cutting of trees on the site and pilling them off the site shall conform to
the requirements of the competent authority.

All tree trunks and branches in excess of 150 mm in diameter shall be cleaned off,
secondary branches cut into suitable length and stacked at sites indicated by the
Engineer. Such timber shall not be used by the Contractor for any purpose and shall
remain the property of the Employer.

All timber except such timber as can be used and all brush, stumps, roots, rotten
wood and other refuse from the clearing and grubbing operations shal be
completely removed from within the Right of Way.

(c) Dealing with Anthills

Where anthills are encountered within the limits of the road prism, they shall be
excavated to a depth of not less than 750 mm below the finished road level and the
material carted to spoil. Cavities resulting from the clearance of anthill material shall
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be backfilled with approved material and compacted to a density not less than that of
the surrounding ground.

Where directed by the Engineer, the area covered by anthills shall be treated, after
excavation and before backfilling of cavities, with an approved ant control chemical.
Payment for such treatment shall be made in the manner specified in the contract.

(d) Disposal of Material

Material obtained from clearing and grubbing shall be disposed off in borrow pits or
other suitable places and be covered up with soil or gravel as directed by the
Engineer. The burning of combustible material shall not, normally, be permitted and
may only be done with the prior written approval of the Engineer.

Where fences have to be taken down, fencing wire shall be neatly wound into reels
and all such wire, together with all fence posts and other serviceable material from
structures, etc., shall be stacked at sites indicated by the Engineer.

(e) Reclearing of Vegetation

When portions of the road reserve, borrow or other areas have been cleared in
accordance with the Specifications, but in the course of time, vegetation grows again
during construction, the Engineer may, if he considers it necessary, order that the
area bere cleared.

Before the bottom layer of the embankment is made, the Contractor shall grub up
and remove any vegetation that may in the meantime have grown on the surfaces
previously cleared and grubbed.

Such re clearing of areas previously cleared include the remova and disposal of
grass, shrubs and other vegetation in the same manner as for the first cleaning
operation. No separate payment shall be made for re clearing of vegetation.

M easur ement

Clearing and grubbing executed as per this Specification shall be measured in square
meter.

Cutting trees including removal of stumps and their roots of girth above 300 mm and
backfilling to required compaction shall be measured in number according to the
sizes given below:

(@ Above 300 mm to 600 mm
(b) Above 600 mm to 900 mm
(c) Above 900 mm to 1800 mm
(d) Above 1800 mm to 2500 mm
(e) Above 2500 mm to 3000 mm
(f) Above 3000 mm

For this purpose, girth shall be measured at a height 1 meter above the ground.
Cutting of trees up to 300 mm girth including removal of stumps and roots and
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backfilling of holes with compaction shall not measure separately.
(5 Payment

Clearing and grubbing and cutting trees shall be paid at their respective contract unit
rates which shall be the full and the fina compensation to the Contractor as per
Clause 112. The contract unit rate for cutting of trees of girth above 300 mm shall
also include handling, salvaging, piling and disposing off the cleared materials with
al leads and lifts.

202 DISMANTLING CULVERTS, BRIDGES, OTHER STRUCTURES
AND PAVEMENT

(1) Scope

Thiswork shall consist of removing as hereinafter set forth existing culverts, bridges,
pavements, buildings and other structure like guard-rails, kerbs, manholes, catch
basins, inlets, walls, drains etc., which are in place but interfere with the new
construction or are not suitable to remain in place, and salvaging and disposing off
the resulting materials and back filling the resulting trenches and pits.

(2) General

(@ Only those structures designated by the Engineer, or shown on the Drawings,
shall be demolished or removed.

(b) Dismantling and removal operations shall be carried out in such a way that the
adjacent pavement, structures are left intact and in place. All operations
necessary for the removal of any existing structure which might endanger new
construction shall be completed prior to start of new work.

(c) Existing culverts, bridges, buildings and other structures which are within the
road and which are designated for removal, shall be removed up to the limits and
extent specified on the Drawing or as indicated by the Engineer.

(d) Materials that are to be salvaged shall be carefully removed and stockpiled near the
Site a a location designated by the Engineer. Materials which are to be salvaged or
used in the reconstructed work, have been damaged or destroyed as a result of
the Contractor’s operations, shall be expense. Materials that are not to be
salvaged andstockpiled, shall be removed
and disposed away from the site by the contractor at his own expenses. In
genera, piling, piers abutments and pedestals shall be removed to at least 300
mm below ground level measured at the face unless a different depth is
designated or specified. Existing reinforcement that is to be incorporated in new
work shall be protected from damage and shall be thoroughly cleaned of all
adhering material before being embedded in new concrete.

(e) When pipe culverts, wooden culverts, gabion walls or other structures with a
salvaged value are removed, care shall be exercised in their safe removal. The
material involved shall be kept intact without damage. The Contractor shall be
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responsible for the satisfactory removal of such structures in a usable condition.

(f) Savaged reinforced concrete pipes, corrugated steel pipes, wooden boxes or
other structures shall be stored at places as directed by the Engineer or shown on
the Drawing. Structures or portions thereof which are specified in the contract for
reerection shall be stored in separate piles.

(g) Timber or lumber from old structures which is designated by the Engineer as
materials to be salvaged shall have al nails and bolts removed therefrom and
shall be stored in neat piles in locations suitable for loading.

(h) All operations necessary for the removal of any existing structure which might
endanger new construction shall be completed prior to the start of new work.

(i) All salvaged materials shall be the property of the Employer.

() All materials obtained from dismantling operations which, in the opinion of the
Engineer, cannot be used or auctioned shall be disposed off.

Dismantling Culvertsand Bridges

The structures shall be dismantled carefully and the materials shall be so removed as
not to cause any damage to the serviceable materials to be salvaged. The part of the
structure to be retained and other structures nearby shall be safeguarded against any
damages.

Where existing culverts/bridges are to be otherwise incorporated in the new work,
only such parts of the existing structure shall be removed as are necessary and
directed by the Engineer to provide a proper connection to the new work. The
connection edges shall be cut, chipped and trimmed to the required lines and grades
without weakening or damaging any part of the structure to be retained.

Steel structures shall, unless otherwise provided, be carefully dismantled in such a
manner as to avoid damage to members thereof. The structure shall be removed in a
condition suitable for re-erection unless otherwise shown on the Drawing. All
members shall be match-marked by the Contractor with white lead paint before
dismantling; end pins, nuts, loose plates, etc., shall be similarly marked to indicate
their proper location; al pins, pin holes and machined surfaces shall be painted with
a mixture of white lead and tallow and al loose parts shall be securely wired to
adjacent members or packed in boxes.

Dismantling Other Structuresand Pavements

In removing pavements, kerbs, gutters, walls and structures like catch pits, outlets,
etc., where portions of the existing construction are to be left in the finished work,
the same shall be removed to an existing joint or cut and chipped to a true line with
face perpendicular to the surface of existing structure. Sufficient removal shall be
made to provide connections with the new work as directed by the Engineer. All
pavements, base courses in carriageway and shoulders, etc. designated for removal
shall be broken to pieces whose volume shall not exceed 0.02 cubic meters and
stockpiled at designated locations if the materials are to be used later or otherwise
arrange for disposal.
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Back-filling

Holes and depressions caused by dismantling operations shall be backfilled with
excavated or other approved materials and compacted to required density as directed
by the Engineer.

M easur ement

Prior to commencement of dismantling, the work of dismantling structures shall be
measured in the units given below:

SN Type of Work Unit
(1) Dismantling brick/stone masonry/Concrete (plan and cu. m.
reinforced)

(i) | Dismantling gabion cu.m.
(iif) | Dismantling steel structures ton
(iv) | Dismantling timber structures Cu. m.
(v) | Dismantling pipes, guard rails, Kerbs and gutters lin. m.
(vi) | Utility services lump sum
(vii) | Pavement cu. m.
(viii) | Dismantling pipe culverts no.

(ix) | Dismantling pitching and rip raps sg. m.

Associated works like disposal, stockpiling, marking and numbering, etc., shall not
be measured separately.

Payment

The various dismantling works shall be paid at their respective contract unit rates
which shall be full and the final compensation to the Contractor as per Clause 112
and for the cost of all operationsinvolved for completion of thisitem.
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SECTION 300: SOIL IMPROVEMENT

301 REINFORCED SOIL
Q) Scope

The work covers construction of reinforced soil structures together with the construction of
earthwork inlayers, assembly and placing of reinforcing e ementsand faciaelementsduring
the construction process and all associated works.

The work shall include the design and construction of the reinforced soil structure and
ground improvement measures required, if any.

Thereinforced soil retaining structures can be used as, (i) Reinforced soil retaining wall, (i)
Reinforced soil abutment, (iii) Reinforced soil slope

Reinforced soil structures with slope face angles steeper than 70° are categorized as
reinforced soil walls and those with slope face angle less than 70° are considered as
reinforced soil slopes.

2 Design
Guidelines for design are given in Annexure 300-1.
©)] Reinforcing element

(@ Thereinforcing element shall be metallic in the form of strips (aluminium alloy strip,
copper strip, carbon steel strip, galvanised steel strip, stainless steel strip, ladder) or
mats of metal (steel grids, woven and welded steel wire meshes) or synthetic (PET,
HDPE, PVA, PP) reinforcement in the form of grid or strip or strap or combination of
metallic or synthetic or any other proprietary material which may be approved by the
Engineer and shown on the drawings

(b) The stedl strips with minimum bearing and shear strength of 470-630 N/mm? shall
comply with the requirements of IS 2062 grade Fe 490, except the elongation (on base
metal) for which minimum 22% is acceptable.

The panel lugs shall be manufactured from hot-rolled steel strips with the same steel
quality and grades as specified above, except that the minimum zinc coating weight
not less than 600 gm/sg.m.

All permanent metallic connectors (exposed to sail), tie strips and lugs shall be hot dip
galvanized. Nuts bolts (fasteners) shall be galvanized as per requirementsof |IS: 1367-
Part 3. Nuts/ bolts (fasteners) shall be grade 10.9.

For all metalic components, where holes or penetrations are made through the
reinforcing elementsto accommodate connection such as bolts, pins, or other, the cross
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section thickness and / or width of metallic component shall be increased to account
for section loss caused by the hole or penetration.

All metallic components buried in soil shall be of electrolytically compatible materias

For steel strips test certificates from Government Institutions or Internationally
Accredited laboratories for following parameters shall be submitted (for each lot & all
components)

Grade of stedl for reinforcing element

() Grade of steel of connector

(i) Galvanization

(i) Chemical analysis of reinforcing elements and connectors.
(iv) Direct dliding in large direct shear box.

(v) Pull-out test

Geotextile, Geogrids and other Geosynthetic Materials Used as Reinforcing
Elements

i. Geotextile

High strength high tenacity geotextile fabrics used as reinforcement in the construction
of reinforced slopes or in the base of reinforced soil structure as reinforcement, shall
be considered as reinforcing element and shall satisfy all the requirements stipulated
for geosynthetic reinforcing el ements, in Clause 2403.

Geotextile fabric used for separation, filtration and/ or drainage shall satisfy the
requirements given in relevant Clauses of Section 2400 Geosynthetics.

ii. Reinforcing Geosynthetics

The manufacturer of geogrids, geotextiles, geostrips, polymeric strips or straps,
polymeric ties or any other geosynthetic material, including any proprietary
geosynthetic material, for use as reinforcing element shall fulfil the following
reguirements:

a) Shall have ISO (1SO-9001) or CE Certification for manufacturing process and
quality control, and

b) The product shall have certification for use as soil reinforcing material from an
agency accredited for certifying geosynthetic reinforcement products like: BBA
or NTPEP.

¢) Themanufacturer shall provide test reports from an independent laboratory with
valid accreditation, for all the tests needed to establish al the reduction factors

listed below

RFcr - Reduction factor for creep.

RFip - Reduction factor for installation damage

RFw - Reduction factor for weathering

RFcH - Reduction factor for chemical/ environmental effects.
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fs - Factor for the extrapolation of data

All the abovefactors shall be determined in accordance with the provisions of ISO/TR
20432- “Guide to the determination of long-term strength of geosynthetics for soil
reinforcement.” No default reduction factors shall be used in design.

Test and Standard of Acceptance

Test for the ultimate tensile strength shall be carried out on arandom sample for each
grade of reinforcement as per 1SO-10319. The test results shall be accompanied by
stress-strain curves showing strength at 2% and 5% strain and strain/elongation at
failure.

The manufacturer shall also provide the results of ultimate tensile strength for each lot
and all grades of reinforcement proposed for use in the project.

Annual Average Daily Temperatures (AADT)/ design temperature of the project site
shall beworked out and values of reduction factor for creep RFCR and for RFCH shall
be provided as per procedures given in ISO/TR-20432.

The manufacturer / Supplier shall provide values of:

(i) Pull-out coefficient as per ASTM D 6706 “Standard Test Method for Measuring
Geosynthetic Pull-out Resistance in Soil” or EN 13738 “ Geosynthetics-
Determination of pull out resistance in soil” and

(ii) Coefficient of interaction between reinforced fill soil and geogrids as per ASTM
D 5321-“Standard Test method for Determining the Coefficient of Soil and
Geosynthetic or Geosynthetic and Geosynthetic Friction by the Direct Shear
method” or as per IS: 13326: Part 1-1992 “Method of test for the evaluation of
interface friction between geosynthetics and soil: Part 1 Modified direct shear
technique” for all types of geogrids.

Eachroll shall have at least oneidentification label with roll number and product type.
Earth fill

Thefill in the reinforced soil zone shall have drained or effective angle of friction not
lessthan 28°, measured in accordancewith |S; 2720 (Part 13), by conducting adrained
direct shear test. In case the fill material has 25 percent or more particles of 4.75 mm
or larger, drained shear test using large shear box may be conducted (1S. 2720: Part
39: Section 1) . The gradation of fill soil shall be as per following limits.

Sievesize Per centage passing
75 mm 100%

425 micron 0-60%

75 micron lessthan 15

Pl <6
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Materials with more than 15 percent passing 75 micron sieve, but less than 10 percent
of particles smaller than 15 microns are acceptabl e provided Pl islessthan 6 and angle
of friction is not less than 30°.

Fly ash may be used as fill materia in reinforced soil walls provided its angle of
internal friction is not less than 30° and Pl isless than 6. Gradation requirements need
not be completely satisfied. Reference may be made to IRC Guide lines on Use of
Flyash in Road Embankments (IRC SP-58).

The fill material used in the reinforced soil zone shall be free from organic or other
deleterious materials and shall not react adversely (chemically, electrically or
biologically) with the reinforcement material and / or facia material.

Properties of fill soil in the reinforced zone, unreinforced zone (or retained/back fill)
soil and the foundation soil shall be determined accurately during the construction
phase, as per quality assurance plans and directions of Engineer so as to ensure that
these are the same as those considered in the design phase.

The fill soil in the unreinforced zone shall conform to the requirements specified in
the design.

@ Environmental Conditions of Fill
i Steel Reinforcement

Where galvanized steel reinforcement isused, thefill material shall be free draining granular
material and shall meet the following requirements as per Table 3.1.

Table 3.1- Recommended Limits of Electrochemical Propertiesfor
Reinforced Fillswith Steel Reinforcement

Property Criteria Test Method
Resistivity > 3000 ohm-cm AASHTO T-288
pH >5and< 10 AASHTO T-289
Chlorides <100 PPM ASTM D 4327
Sulphates <200 PPM ASTM D 4327

Where mechanically woven steel wire mesh is used for facing or reinforcement with
polymeric coating like: PV C, PAB, etc. the abovetable shall not bereferred to and durability
shall be assessed according to EN 10223-3.” Steel wire and wire product for fencing and
netting- Part-3; Hexagonal steel wire mesh product for civil engineering purposes”

ii. Geosynthetic Reinfor cement
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Where geosynthetic reinforcement is used for reinforcing elements manufactured from
polyester yarn, pH value of the fill material shall be between 3 and 9, and for reinforcing
elements manufactured from PVA, PP and HDPE, the pH value shall be greater than 3.

5 Material
@ Facia Material

(1) Thefacing system shall be one of the following

i. Precast reinforced concrete panels
ii. Precast concrete blocks and precast concrete hollow blocks.
iii. Gabion facing with integrated reinforcement
iv. Wrap around facing using geosynthetics
v. Metdlic facing, prefabricated in different shapes including double twisted
woven steel wire mesh
vi. Other proprietary and proven systems

Facing shall be sufficiently flexible to withstand any deformation of the fill and
foundations.

The facia units to be adopted in the project shall be shown in the drawings and shall
be approved by the Engineer.

(I1)Precast Reinforced Concrete Panels

The minimum thickness of precast concrete panels shall be 140 mm excluding facing
textures, logos and embellishments. The grade of concrete shall be minimum M-35.
The concrete shall conform to the requirements of Section 2000 of this specification.

Facia panel systems shall have provision of both horizontal and vertical gaps to
prevent concrete to concrete contact. The horizontal gap between the facing elements
shall be maintained by provision of Ethylene Propylene Diene Monomer (EPDM) pad.
Bedding material shall consist of either cement mortar or adurable gasket seating such
as resin bonded cork, bitumen bonded cork or EPDM.

Thejoints between the panels shall be covered from inside with non-woven geotextile
strips (Type |11 as per Table 24.8) glued to the facing element ensuring full coverage
of joints. Synthetic glue shall be used for this purpose. The width of the geotextile strip
shall not be less than 100 mm.

Facia panels can be unreinforced up to particular height for reinforced soil systems
which have previous experience and test results.

(1) Precast Concrete Blocks/Segmental Blocks/Modular Blocks

Precast concrete blocks are dry cast and shall be manufactured from fully automatic
block making machines. The minimum grade of concrete shall be M-25 for al kinds
of modular blocks. In case of hollow blocks, the hollow area shall not exceed 40% of
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the cross sectional area of the block. The outer side of the block shall have minimum
thickness of 100 mm.

(1Vv) Gabion Facia

Where gabion faciais used, it shall conform to the provisions of BS: 8006-1:2010 and
EN 14475 and made of mechanically fabricated and mechanically selvedge double
twisted hexagona mesh. Wire used for the double twisted mesh shall be hot dip
galvanized as per NS 163, with wire and mesh propertiesin accordance with EN 10223
with minimum Zn or Zn-Al aloy coating as per EN 10244 and 0.5 mm nominal thick
polymeric (e.g. PVC, PAG, etc.) coating as per EN 10245.

(V)Wrap Around Facing Using Geosynthetics

Where geosynthetics, including geogrids are used as wrap around facia, these shall
form apart of the reinforcing element. The wrap around shall have adequate length to
resist pull out and the wrap around length shall be calculated on the basis of safety in
pull out. Wrap around facia shall be protected by suitable means, against adverse
effects of natural forces.

(V1) Woven Steel Wire Mesh

Where mechanically woven steel wire mesh in wrap around form is used for facing,
the steel wire mesh as per 1S: 16014, shall be with mechanical selvedging and bottom
panel shall continue as an integrated tail mesh.

(VI1) Welded wire mesh (WWM)

Welded wire mesh (WWM) is a popular facing for temporary walls and slopes, and is
used in permanent walls and slopes. In permanent walls and slopes, the WWM may
be the primary face soil retention element. For these cases, galvanized steel is used.
The reinforcements in temporary structures should be galvanized if contact between
reinforcements of the temporary structure and of a permanent (galvanized) structure
is possible. In some permanent, geosynthetic-reinforced slopes and walls, the WWM
is used as aforming device that is |eft in—place. The geosynthetic is the primary face
soil retention element, and for these cases, plain / black steel istypically used.

Sted facings should be gavanized consistent with the use of gavanized
reinforcements. Hot dip galvanizing of at least 610 g/m?. (A typical corrosion rate for
temporary, non-galvanized steel facing is 25 micro- metre/yr.).

For permanent walls, vertical and horizontal spacing of metallic reinforcements for
flexibleface (welded wire or similar) wall systems should not exceed 450 mm. Welded
wire mesh facing shall have minimum 1 m long galvanized tail and tie rod to achieve
desired inclination. The stiffness of the facing and spacing of reinforcements must be
such that the maximum local horizontal deformation between soil reinforcement layers
islimited to less than 25 to 50 mm.
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Selection of Facia Types

Faciatype adopted shall be given in the design and shown with complete detailsin the
drawings. The system supplier shall provide any test data to satisfy the Engineer
regarding the properties and suitability of the facia system adopted, if so required.

Where facia such as wrap around or gabion or woven steel wire mesh facings have
been used and where climate conditions are appropriate, a green finish shal be
provided where specified.

Connection between the Facia and Reinfor cement

Connection between the concrete facia panels and the reinforcing element shall be
mechanical by using either nut or bolt, HDPE inserts with bodkin joint, hollow
embedded devices, polymeric/ steel strips/rods/pipes, fibre glass dowels or any other
material shown inthedrawingsor by friction if applicable. The mechanical connection
strength shall be checked by pull out test at accredited laboratory and applied in the
design with the safety factor of 1.25; in any case. It shall provide 100 % of the long
term design strength of the reinforcing element in continuity.

In case of modular block faciaand other type of facia such as gabion faciawoven steel
wire mesh facia, where the reinforcement is held by friction between the facia block
and the primary reinforcement, the results of pull-out test as per ASTM D 6638
“Standard Method of Test for Determining Connection Strength between
Geosynthetic Reinforcement and Segmental Concrete Units”. Or EN 13738~
Geosynthetics- Determination of pull out resistance in soil” In case of Gabion woven
steel wire mesh faciamechanical connection between faciaand primary reinforcement
like nut or bolt or bodkin joint shall not be permitted.

Reinforced soil retaining walls because of their superior flexibility offer better
resistance in seismic zones. However to ensure that there is no “falling of concrete
segmental blocks”, block facing can be used with additional measures like mechanical
connection which shall transfer 100% load of long term design strength in continuity,
shear key, pins etc. are provided to enhance the dsliding resistance and resistance to
falling off. Concrete block walls just relying on friction between blocks shall not be
permitted. Use of concrete block facing wallsin asingle rise beyond 10 m. should not
be undertaken in these zones and such walls should be designed using a berm.

The available connection strength shall satisfy the design requirements and shall not
be less than the maximum possible tensile force that the reinforcement layer under
consideration may be subjected to.

Construction Details

Depth of Foundation

Withrigid facia(concrete panel or blocks) astrip footing, minimum 350 mm wide and
150 mm thick in M15 grade plain concrete, shall be provided at founding level to
receive the facia or the bottom most reinforcement.
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For gabion or rap around facia the strip footing is not required but the foot print shall
be compacted to 95 % of maximum proctor density and/or a coarse gravel base shall
be provided.

The depth of embedment below the finished ground level at the foot of the wall shall
not be less than 1000 mm. In case rock is met above founding level, the depth of
embedment shall be adjusted as per ground conditions.

Laying of Reinfor cement

Thereinforcing el ements shall be placed at right anglesto the face of thewall or design
axis, with greater cross-sectional dimension in the horizontal plane and the length shall
be as shown in the drawings. Reinforcing element like: polymeric strip or strap or
geostrap may be laid at skew with facia alignment. Reinforcing elements such as
geogrids, shall be stretched and held taut by driving nails or pegs at the farther end.

Facing Batter

It may be necessary to set facing unit at an additional batter than as provided in the
drawings sincethereisatendency for initially positioned units of faciato lean outward
as the fill material is placed and compacted. Care and caution shall be taken to
accommodate this phenomenon. At the end of the construction, the face may have a
dlight residua inward batter.

Drainage

Drainage bay shall be provided as shown in the drawings. The width of the drainage
bay shall be 600 mm behind the facing element. Alternatively geosynthetic drainage
composite can be used which shall meet filter criteria and flow requirements.

The drainage materia shall conform to the specifications of the filter media as per
Clause 3110 of this Specifications.

Where Reinforced soil retaining walls are provided to support hill cuts, the face of the
hill cut isto be considered asaretained fill. To ensurethat the runoff and surface water
is drained, a drainage bay should be provided between the retained soil and the
reinforced soil to ensure proper drainage. The drainage bay should be designed to carry
the discharge and should be provided vertically or parallel to the face at the back of
the retained fill and continued in a horizontal extent to a depth well below the toe of
the Reinforced soil retaining wall and lead to adrain meant to carry the discharge away
from the Reinforced soil retaining wall.

L aying and Compaction

The reinforcing elements shall be laid free from all kinks, damage and displacement
during placing, spreading, levelling and compaction of the fill. The programme of
filling shall be such that no construction plant moves directly on the reinforcement.
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All construction plant having a mass exceeding 1500 kg shall be kept at least 2.0 m
away from the face of slope or wall.

In the area up to 2.0 m from the face of slope or wall, the following compaction plant
shall be used:

(i) Vibratory roller having a weight per metre width not exceeding 1300 kg with
total weight not exceeding 1500 kg

(i) Vibratory plate compactor of maximum weight 1000 kg

(iif) Vibro tamper having aweight not exceeding 75 kg

Before alowing the movement of vehicles over the reinforcement, a minimum
compacted thickness of 150 mm shall be provided over the reinforcement and the
speed of the vehicles shall be restricted to 10 km/hr.

During construction of reinforced fill, the retained material beyond the reinforcement
at the rear of the structure shall be maintained at the same level asreinforced fill.

Fill shall not be placed on surface that contains mud, organic soil or areathat have not
met compaction requirement.

The thickness of compacted layer shall not be more than 300 mm, compacted to 97
per cent of maximum laboratory density measured as per |S: 2720 (Part 8).
Construction and Serviceability Tolerances

The construction tolerances shall be as per Table 3.2:

Casting of pre-cast RCC panels: All elements shall be manufactured within the
following tolerances:

All dimensions within £5 mm

Evenness of the front face: + 5 mm over 1500 mm
Difference between lengths of two diagonals: 10 mm max.
Thickness: + 5 mm (-) 0 mm

Table 3.2: Tolerancesfor Faces of Retaining Walls and Abutments

Tolerance
Location of plane of structure + 50 mm — metallic reinforcement
+ 75 mm — synthetic reinforcement
Bulging (Vertical) and Bowing + 20 mmin 4.5 m template (Metallic)
(Horizontal) + 30 mm in 4.5 m template (Synthetic)
Steps at joints + 10 mm

Dimensional Tolerancesfor Modular Blocks

Dimensions of modular concrete blocks shall not differ more than £2.5 mm for length
and width and = 1.5 mm in height.
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Minimum Vertical Movement Capacities of Facing Systems

Minimum vertica movement capacities required for facing systems to cope with
vertical internal settlement of reinforced fill shall be as per Table 3.3.

Table 3.3: Minimum Vertical Movement Capacities of Facing Systems

Structural form Minimum vertical movement capacity of
system

Discrete panels Joint closure of 1 in 150 relative to panel
height

Full height panels Vertica movement capacity of connections 1
in 150 relative to panel height

Semi-élliptical facings Vertical distortion of 1in 150 relative to
panel height

Geotextile/Geogrid wrap-around | No specific limit except for appearance or

facings serviceability considerations

(g) Capping Beam, Crash Barrier and Friction Slab

Capping beam, crash barrier and friction slab shall be provided as per the design and
drawings.

7 Reinforced Soil slopes

This Section dealswith construction of reinforced soil structuresthat have aslopefaceangle
flatter than 70°.

(@) Reinforcing Elements

Any type of geosynthetic material used as reinforcing element for the construction of
a reinforced dope shall meet al the requirements provided Clause 303. Any
Geosynthetic material used as reinforced element of the construction of a reinforced
soil slope shall meet al the requirement in Clause 303.

(b) Fill Material

The fill material used as the reinforcing fill in the reinforced soil slope shall meet al
the requirements for fill material specified in Clause 304. However the friction angle
of the fill material in this case shall not be less than 28 degree.

(c) Faciafor reinforced soil slope
Facia of reinforced soil slope shall be one of the following types:

i. Wrap around facing using geosynthetics
ii. Gabion facing with integrated reinforcement
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iii. Metallic facing, prefabricated in different shapes including double twisted woven
steel wire mesh

iv. Precast reinforced concrete panels

v. Precast concrete blocks and precast concrete hollow blocks.

The specifications for the materials used for above facing types shall be as provided
in Clause 305.

a) Wrap Around Facia Using Prefabricated Geosynthetic Bags

Where specified wrap around faciausing prefabricated geosynthetic bags shall be used
in the construction of reinforced soil slopes for slope angles equal to or less than 45°.
Such type of faciashall conform to the provisionsin EN: 14475.

Connection between the facia and reinfor cement

Connection between the facia and reinforcement in the reinforced soil slope shall
satisfy the design requirements.

Faciatype adopted shall be given in the design and shown with complete detailsin the
drawings. The system supplier shall provide any test data to satisfy the Engineer
regarding the properties and suitability of the facia system adopted, if so required by
the Engineer.

Where facia such as wrap around or gabion or woven steel wire mesh facings have
been used and where climate conditions are appropriate, a green finish shall be
provided where specified.

Laying and Compaction
Laying of the reinforcement in the reinforced soil slope and the compaction of the fill
shall conform to the provisions of Clause 306(5).

System Responsibility

If specified in the contract, the system supplier shall provide performance bond in
conformance with the contract requirements.

(9)
(@)

(b)

SECTION 300

M easur ement
Reinfor ced Soil Wall

The measurement for payment for reinforced soil wall shall be in square metres of
finished work of each face and shall be measured in the plane of final inclination
specified in the drawings. The measurement of length shall be the finished work aong
the length of the road. The measurement of height along the slope shall be done from
the top level of the footing on which the facia element is placed to the top of the
capping beam.

Reinforced Soil Slope
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The measurement for payment for reinforced soil slope shall be in square metres of
finished work of each face and shall be measured in the plane of final inclination
specified in the drawings. The measurement of length shall be the finished work aong
the length of the road. The measurement of height along the slope shall be done from
the top of the levelling pad where provided, to the top of the embankment. Where
levelling pad is not provided, the height shall be measured, in the final plane of
inclination specified in the drawings, from the bottom of the slope face.

(10) Payment

Reinforced soil wall and Reinforced soil slope shall be paid at the respective contract unit
rates. In addition to Clause 112, the Contract unit rate shall be full and final compensation
for cost of investigation, design and construction of ground improvement measures.

302 SOIL NAILING
Q) Scope

This Clause covers the application of Soil nailing as required to be carried out under the
Contract or as directed by the Engineer.

2 Nail installation methods

(a) Generaly used soil nail installation techniques in practice are: (i) drilled and grouted
soil nails, and (ii) driven soil nails. Grouted nails are recommended for all types of sail
nail walls applications; and in particular for walls with vertical height more than 7 m.
Driven nails shall only be used when wall heights are smaller ( less than or upto 7.0 m).
The mgjor difference between the two is the pullout resistance of the soil nails and
grouted soil nails are expected to have higher pullout resistance. Pullout test is desirable
to check the values of pullout resistance which is useful useful in soil nail design.

(b) Drilled and grouted soil nails ( or simply grouted nails), are approximately 75 mm to
200 mm diameter nail holes drill in the soil mass to be retained, which shall be followed
by placing of steel reinforcement bars( tendon) and the grouting of drill hole.

(c) Drivensoil naillsarerelatively small in diameter (20 mm to 25 mm) and are mechanically
driven into the ground. They are usually spaced approximately 0.5 mto 1.0 m apart.

(©)) Construction materials

Following covers the general materials required for the construction of typical soil nailing
structure.

(@) Reinforcement bar ( Nail or Tendon)
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Thereinforcing el ement ( tendon) shall be high strength steel reinforcing bar conforming to
|S: 1786 with a characteristics tensile strength of 415 MPaor higher which may be threaded
at one end. Minimum recommended diameter of reinforcement bar ( tendon) is 16 mm.

(b) Nail head

The nail head shall comprise of following main components:. the bearing plate, hex nut, and
washer, and the headed-stud. The bearing plate with a central hole ( with diameter greater
than reinforcement bar) shall be be of minimum Fe 250 grade stedl, typically square in shape
with 200 to 250 mm side dimension and 19 mm thickness. Washer and nuts shall be made
of steel with grade consistent with that of the nail bar commonly of 415 MPaor higher. Nuts
may be tightened with hand- wrench. The headed —stud connection may consist of four
headed studs welded near the four corners of the bearing plate to provide anchorage of the
nail head into the permanent facing. For temporary walls, the bearing plate shall be on the
outside face of the shotcrete facing.

(c) Grout

Grout for the soil nail is required to fill the annular space between the nail bar and the
surrounding ground, and for shotcreating of the temporary facing. Grout for soil nail wall is
commonly a neat cement grout with water/ cement ratio typically ranging from 0.4 to 0.5.
Grout mix shall be prepared in accordance with 1S : 9012. Grout shall havea minimum 28
days characteristic strength of 20 MPa. For filling up nail holes, grout shall be pumped
shortly after the nail bar is placed in the drillhole to reduce the potential for hole squeezing
or caving. In solid nail bar applications, the grout may be injected by tremie methods
through a grout pipe, which is previously inserted to the bottom of the drillhole, until the
grout completely fills the drillhole

(d) Centralizers

Centralizers are devices made of polyvinyl chloride (PVC) or other synthetic materials that
areinstalled at various locations along the length of each nail bar to ensure that a minimum
thickness of grout completely covers the nail bar. Centralizers shall be installed at regular
intervals, typically not exceeding 2.5 m, along the length of the nail and at distance of about
0.5 m from each end of the nail.

4) Facing types

Sail nail walls are generally provided with two types of facing: (a) temporary facing and
(b) Permanent facing
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(&) Temporary facing

Temporary facing shall be constructed by providing reinforcement in the form of welded
wire mesh ( conforming to IS: 1566) throughout the wall face, and by additiona bearing
plates ( see Clause 3 (b) above) and waler bars ( rebars of smaller lengths placed in the
vicinity of nail head) at the nail heads; which is, subsequently shotcreted in accordance with
IS 9012. Overal temporary facing thickness shall vary from 75 mm to 200 mm.

(b) Permanent facing

Permanent facing may be constructed as cast-in-place reinforced cement concrete
conforming to IS: 456, precast concrete or any suitable material to achieve desired strength
and aesthetics. Reinforcement in the permanent facing may be adopted in the form of welded
wire mesh or reinforcement barsin either direction. Permanent facing shall be connected to
the temporary facing by means of headed-studs ( usually four numbers per plate) welded on
the bearing plates installed during construction of temporary facing. Minimum thickness of
permanent facing shall not be less than 200 mm.

5) Construction sequence

Typica sequence of construction of soil naill wall shall be in accordance with following
steps;

Step 1: Excavation of initial cut of 1.0 m to 2.0 m depending upon the capacity of in situ
soil to stand unsupported for about 12 — 24 hrs.

Step 2: Drilling holes for nail

Step 3: Installation of nails followed by grouting and placing of drainage strip
Step 4: Placing of construction facing and installation of bearing plates

Step 5: Repetition of processtill final level is reached; and

Step 6: Placing of final facing

(6) Geotechnical aspect

() Soail investigation

For soil nail walls more than 30 m long, exploratory boring should be spaced between 30 to
60 m along the proposed centerline of the wall. For walls less than 30 m long, at least one
boring is necessary along the proposed centerline of the wall. Boring are also necessary in
front and . behind the proposed wall. Borings behind the wall should be located within a
distance upto 1 to 1.5 times the height of the wall behind the wall and should be spaced up
to 45 m along the wall alignment. Borings in front of the wall should be located within a
distance upto 0.75 times the wall height in front of the wall and should be spaced upto 60 m
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along the wall alignment. The depth of borings should extend at least one full wall height
below the bottom of the excavation.

(b) Bond strength

The bond strength is the mobilized shear resistance along the soil-grout interface. The bond
strength is adopted for the design of soil nailsis commonly based on conservative estimates
obtained from field correlation studies and local experience in similar conditions.
Consequently, some percentage of the soil nails shall be load tested according to standard
procedure (pullout tests) in the field to verify bond strength design.

(c) Suitablein-situ ground conditions

Following are the in-situ conditions considered favourable for the prospective use of soil
nailing techniques;

Soil shall be able to stand unsupported to a depth of about 1m — 2 m height vertical
or nearly vertical cut for 12 — 24 hours.

Ground water table shall be sufficiently below level of the lowermost soil nail at all
Cross sections.

Favorable soils. Stiff to hard fine grained soil, dense to very dense granular soils
with some apparent cohesion, weathered rock with no weakness planes and glacia
soils.

7 Analysis of failure modes

analysis of various failure modes of soil nail structures shall be performed using allowable
stress design methodol ogy in accordance with IRC publication™ Interim Guidelines for soil
Nailing Technique in Highway Engineering Application” or any other standards for
analysis, design and construction of soil nail walls. For rigorous analyses, use of
computational tools based on advanced numerical techniques such asfinite element method,
is strongly recommended.

(8) Initial design consideration
(&) Wall layout

Establish the layout of the soil nail wall including (1) wall height , (2) length of the wall, (3)
back slope, (4) wall face batter. Wall face batter typically ranges from O degreeto 10 degree.
The evaluation of the wall layout a so includes developing longitudina profile of the wall ,
locating wall appurtenance ( e.g. traffic barriers, utilities, and drainage systems) and
establishing ROW limitation.

(b) Soil Nail vertical and horizontal spacing

Typically, same nail spacing can be adopted in both horizontal Sy and vertical S, directions.
Nail spacing ranges from 1.25 to 2 m ( commonly 1.5 m) for conventional drilled and
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grouted soil nails, and as low as 0.4 m for driven nails. As a general rule, soil nail spacing
in horizontal and vertical direction must be such that each nail has an influence area Sn X
Si< 4 s sgm

(c) Soil Nail pattern on wall face

The soil nail pattern on wall face may be adopted as one of the following: (1) square ( or
rectangular), (2) staggered in triangular pattern, and (3) irregular ( a limited locations)
depending upon the ease of construction and site specific constraints.

(d) Soil Nail inclination

Soil nailsaretypicaly installed at aninclination ranging from O to 30 degree from horizontal
with atypical inclination of 10 — 25 degrees.

(e) Soil Nail length and distribution

The distribution of soil nail wall can be selected as either uniform (i.e. only one nail length
is used for the entire wall). or variable, where different nail lengths may be used for
individual soil nail levelswithin awall cross section. Uniform nail pattern is recommended
for most applications.

9 Other design consideration
(a) Loads and load combinations

Sail nail walls used on typical highway typically subjected to the following different loads
during their servicelife: (i) Dead loads DL ( e.g. weight of the soil nail wall system, lateral
earth pressure weight of anearby above- ground structure), (ii) LiveloadsLL ( e.g., traffic
loads); (iii) impact loads IL ( e.g., vehicle collision on barriers above soil nail wall ); and
(iv) earth quake loads EQ. Following load combinations are recommended to assess the
most critical loading condition”

()DL + LL
(ii) DL+LL+IL
DL+ EQ

For earthquake loads, allowable stress shall be increased by 133 percent from the values
obtained with factors of safety for static loads/

(b) Permissible soil nail wall defor mations

The maximum permissible lateral deformation at the top of the soil nail walls constructed
in weathered rock and stiff soilsis 0. 1 % H; sandy soil is0.2 %H and for fine grained soils
is 0.3%H. Under no circumstances maximum permissible lateral deformation shall exceed
0.3%H, where H is the vertical height of the soil nail wall. Permissible vertical deformation
(i.e. settlement) shall be considered to be same as the permissible horizontal deformation.

(c) Drainage measures
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(1) Short term drainage measures

Surface water and ground water must be controlled both during and after construction of the
soil nail wall. A surface water interceptor ditch, excavated along the crest of the excavation
and lined with concrete, is a recommended element for controlling surface water flows.
Additionally, if ground water impacts are temporary or localised , suitable dewatering
measures may be taken for lowering the ground water table.

(i) Long term drainage measures

Long term drainage shall be provided by means of the drainage system comprising of (i)
vertical geo- composite drain placed suitably along the face of wall, (ii) weep holesin the
form of perforated PV C pipesof typical diameter as 50 — 100 mm and 300 — 600 mm length,
placed through the face at the location of expected localised seepage, (iii) provision of
horizontal or dlightly inclined drain pipes of typica diameter 50 mm installed at the
locationswhereit is necessary to control the ground water pressuresimposed on the retained
soil mass, (iv) installation of permanent interception ditch behind the wall at its crest to
prevent surface water runoff from infiltrating behind the wall or following over the wall
edge; and (v) provision of vegetative protective cap/ cover to reduce or prevent water
infiltration into the soil.

(d) Corrosion protection

Corrosion potential of the soil must be evaluated for all permanent soil nail walls and ,in
some cases, for temporary walls.

Corrosion protection measures: (i) specify a minimum grout cover of 25 mm between the
reinforcement nail bar and the soil; (ii) recommend epoxy coating of minimum thickness 0.
4 mm on the nail bars shall be applied by the manufacturer prior to the shipment of nailsto
the construction site, which is, subsequently to be encased in grout cover/ and (iii) adopt
other site- specific suitable corrosion protection measures.

(10) Field pullout testing

(a) Field pullout testing of soil nails shall be conducted (i) to verify that the nail design
loads can be carried without excessive movements and with an adequate safety factor
for the service life of the structure , and (ii) to verify the adequacy of the contractor's
drilling , installation, and grouting operations prior to and during construction of
production soil nails.

(b) Typesof field pullout test

Depending upon the type of test being performed, the maximum test load, the load
increments, and the time that each load increment is held shall be determined. To prevent
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chances of explosive failure of the steel, in no case, the soil nail tendon be stressed to more
than 80 percent of its minimum ultimate tensile strength for grade Fe 415 steel, or more than
90 percent of the minimum yield strength for grade Fe 500 stee!.

(i) Verification Test

A verification test on soil nail is performed : (i) to determine the ultimate bond capacity (
if carriedto pullout failure) , (ii) verify the design bond factor of safety, and (iii) to determine
the soil nail load at which excessive creep occurs, Verification test are generally conducted
on non-production "sacrificial” nails as afirst order of work prior to construction.

(i1 ) Proof test

A proof test istypically performed on a specified number of the total number of production
soil nailsinstalled. Typically, successful proof tests shall be performed on 5 percent of the
production nailsin each row or aminimum of 1 test per row. Proof tests provide information
necessary to evaluate the ability of production soil nails to safely withstand design loads
without excessive structural movement or long-term creep over the structure's service life.

(iii)  Creep test

Creep tests are generally performed as part of a verification or proof test to ensure that nail
design loads can be safely carried throughout the structure service life.

(11) Measurement
The measurement for Earth work shall be in cubic meter.
The measurement of concrete work shall be in cubic meter and steel work shall be in tonne.

Measurement of faciais slope shall be in square metres of finished work of each face and
shall be measured in the plane of fina inclination specified in the drawings.

(120 Payment

Elements of soil nail shall be paid at the respective contract unit rates. In addition to Clause
112, the Contract unit rate shall be full and final compensation for cost of investigation,
design and construction of ground improvement measures.
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ANNEXURE 300-1
Al  DESIGN AND DRAWINGS
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Al1-1.2

Al1-1.3

SECTION 300

Where the contract provides for the design of reinforced soil structure, the same
shall be carried out in accordance with the following standards as applicable

B.S: 8006-1-2010 “Code of Practice for Strengthened/Reinforced Soils and other
Fills”

AFNOR NF-P94-270-“Geotechnical Design- Retaining Structures-Reinforced
and Soil Nailing Structures”.

FHWA-NHI-10-024 and FHWA-NHI-10-025 -“Design and Construction of
Mechanically Stabilized Earth Walls and Reinforced Soil Slopes”

The long term allowable design strength (Ta) of the geosynthetic reinforcement is
defined by the following relationship

T — Tult

*  RF.y RF, RF, RF. ~f

S

Where,

Tut is the ultimate tensile strength (also called characteristic or short term
strength)

RFcr - Reduction factor for creep.

RFp - Reduction factor for installation damage

RFw - Reduction factor for weathering

RFcH - Reduction factor for chemical/ environmenta effects.
fs - Factor for the extrapolation of data

The cumulative reduction factor obtained as RFcy x RFwis aso referred to as
reduction factor for durability.

In case of geo synthetics reinforcement RFW shall be applied only for those parts
which are permanently exposed to external weather condition, such as rain and
sunlight, if Geo synthetics reinforcement are covered with soil within the
maximum exposure time stated on the DoP of the material, RFW Shall not be
applied

The value of RFCR and RFCH corresponding to the Average Annua Daily
Temperature (AADT)/ design temperature of the project area shall be used in the
design.

The stresses calculated for any reinforcement layer as per the design method

adopted shall be compared with the long term allowable design strength (Taj ) to
check for adequacy. Connection strength and Pull-out safety shall also be checked.

The design shall conform to loadings of IRC-6 or as per contract. Earthquake
loadings shall be considered as per |S: 1893-Part 1. Checks shall be made for
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seismic conditions aso as per provisions of documents listed in 1.1.2 or 1.1.3 as
applicable.

The allowable bearing capacity of the ground shall be checked as a part of the
design process and for ensuring the safety of the structure. Where necessary,
measures to improve the bearing capacity shall be worked out and included in the
design, based on adequate subsurface investigation and testing.

The design for ground improvement shall be in accordance with the relevant
IS/IRC guidelines.

Where modular block walls are used in zones with seismic intensity of greater than
zone 3, connection strength shall be reduced to 80 % of its static values as per
FHWA NHI-10-024 guidelines Clause no 4.4.8.a. Further, the blocks above the
uppermost layer of soil reinforcement must be secured against toppling under all
Seismic events.

Crash Barrier: Where crash barrier is directly resting on reinforced soil facia,
Horizontal impact load of 29 KN/m shall be considered in the design of crash
barrier, which load shall be resisted by the upper two layers of the reinforcement
over the full length.

Where the height of reinforced soil wall exceeds 10 m, the designer may consider
providing a berm. The minimum width of such berm shall be 1.5 m. In case of
compositereinforced soil systems each tier height can beincreasedto 20 minview
of space constraint observed in hilly terrains.

Drawings showing layout of the reinforcing elements in the cross section shall be
provided for every 1 m change of height or such height where change in the layout
of reinforcements occurs. Complete plan and profile drawings shall also be
provided.

Design and drawings shall be submitted for approva of the Engineer at least 3
weeks before the proposed date of commencement of construction of the
reinforced soil wall/ structure.

Table Al: Indicative Range of Reduction factor values

Table Al: Indicative Range of Reduction factor values
RFcH’

Polymer Type RFcr RFio RFw=RFb fs
PET 1.36-1.67 1-1.31 1-1.3 1.2
PVA 15 1.06-1.31 1-1.3 12

HDPE 2.2-2.6 1.02-1.40 1-1.3 12

Note:
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1

2.

These values are the indicative range for different reduction factors for
geogrids made by using different types of materials and various
manufacturers. The value of reduction factors may differ from product to
product. However, only actual certified values shall be used in the design.

RFcr and RFcH values mentioned in the above table are for 20°C.

A2  SPACING AND LAYOUT OF REINFORCEMENT IN REINFORCED SOIL
WALLS

A2-1.1 The spacing of reinforcement shall be established based on the design principles
and standards as per provisions of Clause A1.

SECTION 300

(i)

(i1)

(iii)

(iv)

(v)

(vi)

To provide a coherent reinforced soil mass, the vertical spacing of primary
reinforcement shall not exceed 800 mm. For composite or hybrid reinforced
soil systems deriving their connection capacity by friction vertical spacing
shall not exceed 3000 mm where minimum 3 m secondary reinforcement shall
be provided at every maximum 1 m spacing which shall be integral part of
facia

For walls constructed with modular concrete blocks deriving their connection
capacity by friction, and aso for any other facia configurations, where
connection capacity is by friction or pins or keys, the maximum vertical
spacing of reinforcement shall be two times the block width (measured from
front face to back face of the block). Further, the maximum spacing of
reinforcing elements shall not exceed 800 mm. The maximum height of facing
left unreinforced a) above the uppermost reinforcing layer and b) below the
lowest reinforcing layer, shall not exceed the width of the block (measured
from the front face to back face of the block.)

In case modular concrete blocks are used for facia, no more than one
intervening block shall be left without having primary reinforcement.

In case of wraparound facings for walls or slopes with Geogrid or Geotextile
facing, the maximum spacing of reinforcing elements shall not exceed 500
mm, to protect against bulging.

Where Metallic facing, prefabricated in different shapesincluding Gabionsand
woven steel wire mesh are used for reinforced walls and slopes are used,
vertical spacing shall not exceed 3000 mm where minimum 3 m secondary
reinforcement shall be provided at every maximum 1 m spacing which shall
be integral part of facia

Where concrete panels are used, the maximum spacing of reinforcement shall
not exceed 800 mm. The spacing of nearest reinforcing element shall be such
that maximum height of facing above uppermost reinforcement layer and
below the lower most reinforcement layer does not exceed 400 mm.

SOIL IMPROVEMENT Page 3-21



A2-1.2

STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

(vii) Reinforcement spacing worked out from the design procedures shall be

configured to fit the above parameters.

Whereas the role of the primary reinforcement is to carry the tensile forces in the
reinforced fill, secondary reinforcement may be required to protect the slope face
from local sloughing and instability depending upon the facia configuration
adopted. In any case stability of the area near the slope face shall be checked
separately.

Where metallic type facia elements are used, the lower part of the facia element
may be extended into thefill to serve as a secondary reinforcement. In other types
of facia, geogrids may aso be used as a secondary reinforcement. The length of
the secondary reinforcement shall minimum 3m to provide local stability in the
vicinity of the slope face.

A3  REINFORCED SOIL SLOPES

A3-11

A3-1.2

SECTION 300

Reinforced Soil Slopes
Reinforced soil slopes are used in awide variety of situations, such as

a) Construction of new embankments

b) Widening of existing slopes.

c) To construct areinforced slope above areinforced soil wall.
Reinforced slopes with face angle between 70° and 45° are classified as steep
slopes and those with face angle flatter than or equal to 45° are classified as
shallow slopes.

Design: The design and spacing of reinforcement shall be established based on the
design principles of Clause A1 and per the provisions in standards B.S. 8006-1-
2010, FHWA-NHI-10-024 and FHWA-NHI-10-025. The design is mainly based
on rotational stability analysis.

Steep slopes require a suitable facing to hold the reinforcement in-place as well as
to protect the slope from local instability adjacent to the face. In the case of flatter
slopes a'so, facing may be called for. Depending upon the properties of thefill and
local climatic conditions of the area, suitable slope protection measures need to be
adopted.

Where wrap around facia, gabion facia with integrated tail, double twisted woven
and welded wire mesh facia are used suitable batter needs to be given. This batter
may also be achieved by means of providing stepped offsets in placing the facia
elements.

Facia

Facing shall enable the construction within specified tolerances of vertical and
horizontal alignment and it should perform over the design life. The facing system
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should be able to meet the functional requirements such as rigidity, flexibility,
aesthetics, environmental considerations etc. depending on location, purpose and
use of structure.

For reinforced soil slopes of permanent nature, the durability of basic material for
facing shall be ensured. A suitable filter should be provided behind the woven or
welded steel wire mesh elements when they are provided in wrap around form.
For steeper slopes in high rainfal intensity and/or high seismicity areas,
combination of woven and welded steel wire mesh elements with additional
stiffening elements and filter cloth shall be used to achieve flexibility, erosion
prevention and stiffness requirements.

Where geosynthetics are used as facing for permanent reinforced slope structures,
outer facia elements are required to be protected against UV degradation from
sunlight. When vegetation is used as the facia cover, the face should provide a
suitable medium like coir or jute or geosynthetic (e.g. polypropylene) mat (Clause
2403) for the establishment and continued growth of vegetation. For a vegetated
face, severa interrelated aspects need to be considered, including the climate,
water requirements of plants and water availability, site location aspect, altitude,
amount and frequency of precipitation, exposure, form of facing and erosion
resistance capability to ensure permanent vegetative covering throughout the
design life. If the characteristics of back fill soil are not adequate to support
vegetation, suitable top soil material may be placed at the front face.

The contractor shall providefacing for the reinforced soil slope as approved by the
designer and shown in the drawing plan.
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SECTION 400: FENCING
401 SCOPE

This Section covers the erection of new fences along the boundaries of the road reserve
and/or camp site as indicated on the Drawing or directed by the Engineer.

It shall aso include the erection and later removal of temporary fences other than temporary
fences for bypasses. Except for when the Engineer allows otherwise, new fences as well as
temporary fences shall be erected before construction on a particular portion of the road
where work is commenced with.

402 MATERIALS

D)

2)

©)

(4)

()

SECTION 400

Posts, Stays, Standards and Droppers

Posts, stays, standards and droppers shall be of the type and size indicated on the
Drawing. Concrete posts shall comply with the requirements of 1S: 4996 and the mild
stedl posts shall comply with the requirements of IS: 226.

Boltsfor Stay

Bolts shall be galvanized steel bolts of the required length and diameter. The diameter
shall not be less than 12 mm. All the necessary bolts, together with nuts and washers,
shall be supplied with each post.

Wire

(a) Barbed Wire

Barbed wire shall comply with the requirements of NS: 168 and shall be of mild steel
grade, double strand, unidirectional twist wire, each strand 2.50 mm diameter for use
at any height above ground. The wire shall be either lightly galvanized or fully
galvanized, as specified in the Bill of Quantities.

(b) Smooth Wire

Smooth wire shall comply with the requirements of NS: 163 and shall be of the type
specified below:

Straining wire shall be 4 mm diameter, lightly galvanized wire.

Fencing wire shall be high tensile grade, 2.24 mm diameter wire, either lightly or
heavily galvanized, as specified in the Bill of Quantities. Typing wire shall be 2.50
mm diameter, mild stedl, lightly galvanized wire for tying fencing wire to standards
and droppers, and 1.6 mm diameter, mild steel, lightly galvanized wire for tying
netting and mesh wire to fencing wire.

Wire Netting

Wire netting shall be heavily galvanized mild steel wire with a minimum diameter of
1.8 mm and hexagonal mesh of 60 * 80 mm or as shown on the Drawing.

The width shall be as shown in the Drawing.

Gates
Gates shall be completein every respect, including hinges, washers, bolts and locking
chain attached to the gate.
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(6) Manufacturing Tolerancesfor Wire

Nowhere the actual diameter of the wire shall be less than the specified diameter by
more than the following tolerances:

Specified diameter Tolerances
Upto 1.5mm +0.03 mm
Above 1.5 mmupto25mm +0.04 mm
Above 2.5 mm + 0.05 mm

INSTALLATION OF POST AND STANDARDS

Straining posts shall be erected at al ends, corners and bendsin the line of fences and at all
junctions with other fences. Straining posts not be spaced further apart than shown on the
Drawing. The height of posts above ground shall be such that the correct clearance between
the lowest wire and the ground can be obtained.

Posts shall be accurately set in holes and where shown on the Drawing be provided with
concrete bases to the dimensions shown on the Drawing.

Holes shall be dug to the full specified depth of the posts. Where due to the presence of rock
the holes cannot be excavated by means of hand or pneumatic tools and the Contractor has
to resort to the use of explosives, he shall be paid separately for the drilling and blasting
operations required.

Corner, gate, end and straining posts shall be braced by means of stay or anchors, as shown
on the Drawing or as directed by the Engineer. Pipe stays shall be bolted to the posts.

Standards shall be firmly planted into the ground at the spacing shown on the Drawing or
as directed by the Engineer. The spacing of standards between any two straining posts shall
be uniform and not greater than that shown on the Drawing. In rock or hard materia
standards shall be either driven or set in holes drilled into the rock. The size of drilled holes
shall be such that atight fit is obtained. Care shall be exercised when driving standards in
order to prevent buckling or damaging them.

All posts and standards shall be accurately aligned and set to plumb. After posts and
standards have been firmly set in accordance with the fore -going requirements, the fence
wire shall be attached thereto at the spacing shown on the Drawing.

INSTALLATION OF WIRE

All fencing wire shall be wired to the sides of standards or postsin order to prevent the wires
from being displaced and becoming loose. The wire shall be carefully stretched and hung
without sag in true alignment. It shall not be stretched so tightly that it breaks or the end,
corner, straining or gate posts are pulled up.

Each strand of fencing wire shall be securely fastened in the correct position to each standard
with soft galvanized binding wire. The binding wire for each horizontal fence wire shall
pass through a hole or notch in the standard to prevent dlipping of the fence wirein avertical
direction, while the ends of the wire shall be wrapped at least four times around the fencing
wire to prevent it from moving in avertical direction.
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At end, corner, straining and gate posts the fencing wire shall be securely wrapped twice
around the posts and secured against dlipping by tying the end tightly around the wire by
means of at least six snug, tight twists.

Splicesin the fencing wire shall be permitted if made in the following manner using asplice
tool. The end of each wire at the splice shall be carried at least 75 mm past the splice tool
and wrapped snugly around the other wire for not less than six complete turns, the two
separate wire ends being turned in opposite directions. After the splice tool is removed the
space left by it in the splice wire shall be closed by pulling the wire ends together. The
unused ends of wire shall be cut close so asto leave aneat splice.

The gaps between gate posts and the adjacent straining posts shall be fenced off with short
fencing wires or as shown on the Drawing.

Droppers shall be tied to each fence wire with soft binding wire in the required position as
specified for standards, to prevent slipping in a vertical direction. The spacing of droppers
between any two straining posts shall be uniform. Anchoring to structures shall be done as
shown on the Drawing.

The completed fences shall be plumb, true to line with all posts, standards and stays firmly
set. The height of the lower fencing wire above the ground at posts and standards shall not
vary by more than 25 mm from their prescribed relative vertical positions.

INSTALLATION OF GATE

(@) Gatesshal beinstaled at the positions indicated in the Drawing. The gates shall be
hung on gate fittings in accordance with the requirements shown on the Drawing.
Gates shall be so erected that they swing in a horizontal plane at right angles to the
gate posts, clear of the ground in all positions. At pedestrian and security fences the
double swing gates shall not leave agap of morethan 5 mm between them when closed
and single swing gates shall not leave a gap of more than 5 mm from the gate post
when closed.

(b) The Contractor shall, on completion of each Section of fencing, remove all cut-offs
and other loose wire or netting so as not to create a hazard to grazing animals or a
nuisance to the owners of the ground.

MEASUREMENT

The fencing shall be measured in linear meters inclusive of all excavations, installation of
posts and standards, barbed wires, painting if any, entry gates and other requirements
necessary to complete the work as per this Specification.

PAYMENT

The fencing, measured as stated above, shall be paid at the contract unit rate which shall be
the full and the fina compensation to the Contractor as per Clause 112.
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SECTION 500 - QUALITY CONTROL

501.

502.

503.

SCOPE

This Section covers the Quality Control System and procedures, Quality Assurance Plan,
program of tests, trials, and general procedures for acceptance as well as laboratory
arrangements and related facilities which are required for the selection and control of the
quality of materials and workmanship.

CONTRACTOR RESPONSIBLE FOR THE QUALITY OF THE WORKS

All materias incorporated and all workmanship performed shall be strictly in conformity
with the requirements of the Specifications and the Contractor shall be responsible for the
quality of the works in the entire construction within the contract.

The Contractor shall provide, use and maintain on the Site, throughout the period of
execution of the contract, a laboratory with adequate laboratory equipment operated by
competent staff for carrying out tests required for the selection and control of the quality of
materials and for the control of workmanship in accordance with these Specifications. The
list of laboratory equipment to be procured and laboratory facilities to be provided shall be
got approved from the Engineer.

The Contractor shall carry out quality control tests on the materials and work to the
frequency stipulated in subsequent paragraphs. In the absence of clear indications about
method and or frequency of tests for any item, the instructions of the Engineer shall be
followed.

For satisfying himself about the quality of the materials and work, quality control tests will
also be conducted by the Engineer (by himself, by his Quality Control Units or by any other
agencies deemed fit by him), generally to the frequency set forth herein under. Additional
tests may also be conducted where, in the opinion of the Engineer, need for such tests exists.

The Contractor shall provide necessary co-operation and assi stance in obtaining the samples
for tests and carrying out the field tests as required by the Engineer from timeto time. This
may include provision of labour, attendants, assistance in packing and dispatching and any
other assistance considered necessary in connection with the tests.

Unless stated otherwise, the cost of sampling and testing of various materials proposed to
be used on the works for quality control according to the Specification requirements shall
be deemed to be incidental to the work and no extra payment shall be made for the same.

QUALITY CONTROL SYSTEM

The Quality Control System comprises the methods, procedures and organization for the
Quality Control of the works. The Contractor shall implement the Quality Control System
in the following sequence:

(1) Sequence

(@ Complaint testing for materials including laboratory trials,
(b) Complaint testing for methods and equipment prior to the commencement of the
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work,
(c) Control testing during construction,

The Contractor shall carry out all necessary tests and shall report to the Engineer the
results of such tests before submitting materials and/or finished works or part of
works to the Engineer for approval in accordance with this Specification. In certain
circumstances, tests may be carried out at the place of manufacture as per the
Conditions of Contracts.

For satisfying himself about the quality of the works, quality control tests shall be
conducted by the Engineer himself or by any other agencies deemed fit by the
Engineer. Additional tests may also be conducted where in the opinion of the
Engineer such tests are needed.

Before commencement of the work, the Contractor shall demonstrate atrial run of al
construction equipment for establishing their capability to achieve the laid down
Specifications and tolerances to the satisfaction of the Engineer.

The supply, testing and monitoring shall be in compliance with a Quality Assurance
Plan, and the provisions in the contract.

504. FIELD LABORATORY

D)

)

3

SECTION 500

L ocation

The Contractor shall arrange fully furnished and adequatel y equipped field Laboratory
on the site as described in the contract or shown on the Drawing. It shall preferably
be located adjacent to the site office of the Engineer and provided with amenitieslike
water supply, electric supply. It may be established specifically for the contract with
the approval of the Engineer.

Setup

All laboratories to be provided under the contract shall be set up and shall bein fully
operating condition not later than sixty days after the Engineer issue a letter to
commence the work.

No construction work shall be permitted until the laboratories have been accepted by
the Engineer.

If the Contractor fails to provide the laboratories within the specified period, the
Engineer shall make alternative arrangements as he considers necessary. These
arrangements may include the use of rented accommodation, purchased caravans,
porta cabins and/or the contracting of laboratory services etc. The Contractor shall
bear all the costs of such temporary arrangements made by the Engineer, including
that of additional transport.

Laboratory Equipment

All equipment necessary for testing of materials and workmanship shall be deemed to
form part of the permanent works unless otherwise provide in the contract. It shall be
delivered to the site in accordance with the schedule of requirements of such
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equipment described in the contract.

The items of laboratory equipment shall be provided in the field laboratory as per
approval of the Engineer, For guidelines list of laboratory equipment are listed in
Table 5.1 The Laboratory equipment’s shall be delivered to the site not later than sixty
days after the issue aletter to commence the works.

Table5.1 List of Laboratory Equipment

SN DESCRIPTION OF EQUIPMENT QTY

A GENERAL

1 Weigh balance
i) 5— 20 kg Capacity electronic type accuracy 1 gm 1No
ii) 500 gm capacity electronic type accuracy 0.01 gm 1No
iii) 5 Kg capacity electronic type accuracy 0.05 gm 1No
iv) Platform Balance scale- 300 Kg capacity 1No
v) Chemical Balance 100 gm capacity Accuracy 0.001 gm 1No

2 Oven - Electrically operated, thermostatically controlled, (including 1No
thermometer) stainless steel interior range up to 200° C sensitivity 1 °C

3 i) Set of ISsieves as per |S 462 with lid and pan: 450 mm. diameter; 63mm, 1 set

53mm, 37.5mm, 26,5mm, 13.2mrn, 9.5 mm 6.7mm and 4.75mm size

ii) Set of ISsieves asper IS 462 with lid and pan: 200 mm diameter ~ ( Brass | 2 set
frame and steel / or brass wire cloth mesh) : 2.36mrn, 2.0mm, 1.18mm,
600micron, 425micron, 300micron, 150micron, and 75micron

4 Sieve shaker capable of asking 200 mm and 450 mm dia. sieves electrically 1No
operated with time switch

5 200 ton compression testing machine 1No

6 Stop watch 1/5 sec, accuracy 1No

7 Glassware comprising beakers, pipettes, dishes, measuring cylinders ( 100 to 2No
1000 cc capacity) glass rods and funnels, glass thermometers range 0° to 100°C | each
and metallic thermometers range up to 300°C

8 Hot plate 200 mm dia. ( 1500 watt) 1No
9 Enamel Trays
a) 600 mm X 450 mm X 50 mm 2 Nos
b) 450 mm X 300 mm X 40 mm 2 Nos
¢) 300 mm X 250 mm X 40 mm 2 Nos
d) Circular plates of 250 mm dia. 2 Nos
B FOR SOILS
1 Liquid limit device with ASTM grooving tools as per 1S 2720 1No
2 Sampling pipettes fitted with pressure and suction inlets, 10 ml capacity 1 set
3 Compaction apparatus ( Proctor ) as per |S 2720 ( part 7) complete with collar, | 1 Set
base plate and hammer with all other accessories
4 Modified AASHTO Compaction apparatus as per 1S 2720 ( part 8)or heavy 1 set
compaction, complete with collar, base plate and hammer with all other
accessories

5 Sand pouring cylinder with conical funnel and tap and complete as per IS2720 | 2 Sets
part 28 including modern equipment

6 Ennore Standard sand As
reguired
7 Sampling tins with lids 100 mm dia. X 75 mm ht ¥2 Kg capacity and 4 No
miscellaneous items like moisture tins 50 grams etc.
8 Lab CBR equipment for conduction CBR testing, load frame with 5 ton 1 set

capacity, electrically operated with speed control as per IS 2720 part 16, and
consisting of following;

a) CBR moulds 150 mm dia. 175 mm height 6 Nos
b) Tripod stands for holding dial gauge holder 4 Nos
¢) CBR plunger with settlement dial gauge holder 1No

d) Surcharge weight 147 mm dia. 2.5 kg weight 6 Nos
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SN DESCRIPTION OF EQUIPMENT QTY
€) Spacer disc 148 mm dia 47.7 mm ht with handle 2 Nos
f) Perforated plate ( Brass) 2 Nos
g) Soaking tank for accommodating 6 CBR moulds 2 Nos
h) Proving rings of 1000 kg, 2500 kg capacity 1No
each
i) Dial gauges 25 mm travel 0.01 mm/ division 2 No
9 Standard Penetration test equipment 1No
10 | Speedy moisture meter complete with chemicals 1No
11 | Unconfined Compression Test Apparatus 1 Set
C FOR BITUMEN AND BITUMEN MIXES
1 Constant temperature bath for accommodating bitumen test specimen, 1No
electrically operated, and thermostatically controlled ( to accommodate
minimum siX specimens)
2 Penetrometer automatic type, including adjustable weight arrangement and 1 set
needles as per |S 1203
3 Soxhlet extraction or centrifuge type apparatus complete with extraction 1 set
thimbles with solvent and filter paper
4 Bitumen laboratory mixer including required accessories ( 20 litres) 1 set
5 Marshall compaction apparatus, automatically operated as per ASTM 1559-62 | 1 set
T complete with accessories (with 180 N Marshall Moulds)
6 Viscometer set (for Absolute and Kinematic viscosity of Bitumen, Emulsion, 1 set
etc.).
7 Ductility meter 1 set
8 Softening point ( Ring and Ball) apparatus 1 set
9 Riffle box 1No
10 | Automatic Asphalt content meter 1No
11 | Thin film oven test apparatus for modified binder either with PMB or CRMB 1No
12 | Sand equivalent test apparatus 1 set
13 | Core cutting machine suitable for 150 mm dia core 1 set
14 | Thermometer 4 Nos
D FOR CEMENT, CEMENT CONCRETE AND MATERIALS
1 Water till 1 No
2 Vicat needle apparatus for setting time with plungers as per IS 269 1 set
3 Mould : 150 mm cube, 100 mm cube, 70.7 mm cube and 150 mm dia. 30 mmht | As
cylinder reguired
4 Concrete permeability apparatus 1 set
5 High frequency mortar cube vibrator for cement testing 1 No
6 Concrete mixture power driven 1 cu. Ft capacity 1 No
7 Variable frequency and amplitude vibrating tablesize Im X 1 m 1 No
8 Flakiness index test apparatus 1 set
9 Aggregate impact test apparatus as per |S 2386 part 4 1set
10 | LosAngeles abrasion test apparatus as per |S 2386 part 4 1 set
11 | Slump test apparatus 1 set
12 | Specific gravity test apparatus for fine and coarse aggregates as per IS : 2386 1 set
part 3
13 | Compression and flexure strength testing machine 200 T capacity with 1 set
additional dial for flexural testing
14 | Core cutting machine with 10 cm diamond cutting edge 1 set
15 | Needlevibrator 2 Nos
16 | Soundness testing apparatus for cement ( Lee chattlier) 1 set
E FOR CONTROL OF PROFILE AND SURFACE EVENNESS
1 Total station with accessories 1 set
2 Automatic level with micro meter attachment 1 set
3 Distomat or equivalent 1 set
4 Theodolite with electronically operated with computerized output attachment 1 set
5 Staff ( Precision) 2 set
6 3 meter straight edge and measuring wedge 1 set

QUALITY CONTROL
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SN DESCRIPTION OF EQUIPMENT QTY
7 Camber template 2 lane
a) Crown type cross section 1 set
b) Straight run cross section 2 set
8 Steel tape; 5m, 10 m, 20,m, 50 m long 2 nos
each
9 Rougho meter ( Bump Integrator ) 1 set
when
required
Note:

The Items and their numbers listed above table are indicative only and shall be
decided by the Engineer as per requirements of the Project and modified accordingly

Ownership

Unless otherwise stated in the contract the ownership of all laboratories and equi pment
shall revert to the Contractor.

Attendance

The Contractor shall keep the Laboratories in awell maintained, clean and habitable
condition until issue of taking over certificate for the completed works.

The Contractor shall provide all tools, consumable items for testing and all the
assistance as may be required by the Engineer and his staff for measuring and checking
the works.

M easur ement

(@ Thelaboratory which has been set up and equipped as per requirement of these
Specifications shall be measured for payment in number;

(b) Laboratory Equipment: -The laboratory equipment provided as per the required
list of these Specifications shall be measured for payment in one set for each
|aboratory;

(c) Laboratory Staff: - The laboratory staff assigned as per requirement confirming
to the list provided in the contract shall be measured in man-month for each
personnel. The man-month shall include the holidays and leaves as specified in
the contract.

Payment

The cost of laboratory building including services, essential supplies like water,
electricity, sanitary services and their maintenance and cost of all equipment, tools,
materials, labour and incidentals to perform tests and other operations of quality
control according to the Specification requirements shall be asfollows;

(@ Laboratory

The laboratory as measured in number shall be paid as per the contract price on lump
sum basis. The contract price shal be the full and the final compensation to the
Contractor for providing the laboratories premises; eectricity supply; water supply,
gas and heating, attendance etc. in accordance with the requirement of the
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Specifications.
(b) Laboratory Equipment

The laboratory equipment measured in aset shall be paid as per contract price on lump
sum basis. The contract price shal be the full and the fina compensation to the
Contractor for providing and maintaining all the equipment required for the proper
control of the quality of the materials and/or workmanship in accordance with these
Specifications. The price shall also include the cost for tests to be conducted outside
the site laboratories.

(c) Laboratory Staff

The laboratory staff shall be paid at the contract unit rate for each personnel required
and assigned to the laboratory, in accordance with their position and responsibilities.
The duration of the personnel shall be as required by quality control and testing
activities according to the general program of testing. The remuneration rate shall
cover salaries, including overtime remuneration if any, allowance, bonuses, social
charges and overheads, travel, accommodation and miscellaneous and incidental
expenses etc. and all costsincurred by the Contractor for the staff who will render their
services in the laboratory on site for the duration as required.

TESTING PROCEDURESAND SETSOF TESTS

For ensuring the quality of the work, the materials and the workmanship shall be subjected
to testing in accordance with procedures, sets of tests and frequencies are not restrictive.
The Engineer shall direct for the tests to be carried out as frequently as deemed necessary
that the materials and workmanship comply with their Specifications.

Sets of tests to be carried out on the materials and the workmanship as specified in these
Specifications or specified in Clause 510. Where no specific testing procedure is mentioned
in the Specifications, the tests shall be carried out as per the prevalent accepted engineering
practice or directions of the Engineer.

LABORATORY TRIALSTO CONFIRM COMPLIANCE WITH
SPECIFICATIONS

(1) Filling and Pavement Materials

For testing of samples of soils/soil mixes, granular materials, and mixes, bituminous
materials and mixes, aggregates, cores etc., samples in the required quantity and form
shall be supplied to the Engineer by the Contractor at his own cost.

Laboratory trials shall be carried out by the Contractor on filling and pavement
materials proposed to be used in the works in their natural state. The laboratory trials
shall establish arelationship between their specified requirements of the end product
and properties which can be determined in the field for construction control purposes.

The mixed materials, the composition of which meets the specified requirements and
is accepted by the Engineer, shall then be used in the site trials carried out in
accordance with Clause 507 to ensure that all specified requirements of the completed
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pavement courses can be achieved.

The Contractor shall submit the proposalsfor the sitetrailsto the Engineer at least two
weeks before he intends to use the mixed materialsin the site trials in accordance with
Clause 507.

Concrete

For testing of cement concrete at site during construction, arrangements for supply of
samples, sampling, testing and supply of test results shall be made by the Contractor
as per the frequency and number of tests specified in the relevant IS Codes or Clause
2004 of these Specifications, the cost of which shall be borne by the Contractor.

The compositions of concrete mixes which meet the specified requirements and are
accepted by the Engineer shall be then used in the site trials carried out in accordance
with Clause 507.

Other items

For cement, bitumen, mild steel, and similar other materials where essential tests are
to be carried out at the manufacturer’s plants or at laboratories other than the site
laboratory, the cost of samples, sampling, testing and furnishing of test certificates
shall be borne by the Contractor. He shall also furnish the test certificates to the
Engineer. Laboratory mixes and site trials shall be carried out in accordance with the
requirements of the Sections 600 and Clause 507.

Manufacturer’s test certificate together with invoice or delivery challan shall be
furnished for every lot of supply apart from tests to be conducted at site |aboratory for
prime properties of the material like cement, bitumen etc. Where facilities for testing
of materials are not available at site laboratory the same shall be tested at an outside
laboratory in the presence of the Engineer. For specialized items such as sign boards,
road marking paint, etc. the Engineer may instruct for third party test from approved
laboratory.

507. SITE TRIALSOR TRIAL SECTIONS

The Contractor shall demonstrate the efficacy of the equipment he intends to use at least
for following itemsin all contract having provision of field laboratory. The procedure to
be adopted for these site trials shall first be submitted to the Engineer for approval.

D)

SECTION 500

Earthworks and Pavement Materials

Site trails for laying and compaction shall be carried out by the Contractor on all
earthworks and pavement materials proposed for the works, using the same
constructional plant and methods proposed by the Contractor for usein theworks. The
trials shall demonstrate the suitability of the method and equipment for laying and
compacting the materia to the specified density and confirm that other specific
reguirements of the completed earthwork or pavement work can be achieved.

Each trial area shall be at least 100 meterslong and to the full construction width and
shall be laid to the specified depth for the material. It may form a part of the works
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STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

provided it complieswith the required Specifications. Any areas, which do not comply
with the Specifications shall be removed and new trial shall be made.

The Contractor shall allow in his program for conducting such site trials and for
carrying out the appropriate tests on them in accordance with the Quality Assurance
Plan. The trials on each pavement layer shall be undertaken at least 21 days ahead of
the commencement of the related work.

The Contractor shall compact each section of thetrial over the range of compact effort
the Contractor is proposing. The datain respect of the following shall be recorded for
each level of compact effort at each sitetrial:

(&) The composition and grading of the material before the sitetrial.

(b) The composition and grading of the material including thelime or bitumen content.

(c) The moisture content at the time of compaction and the optimum moisture content
for the specified compaction.

(d) The type, size, tyre pressures, frequency of vibration and the number of passes
made by the compaction equipment.

(e) The maximum dry density or target density as appropriate measured on a sample
before and at intervals through the site trials.

(f) The density achieved.

(g) The compacted thickness of the layer.

(h) Any other relevant information as directed by the Engineer.

At least, eight sets of tests shall be made by the Contractor on each 100 meters length
of trial section for each level of compact effort. If all eight setsof results over therange
of compact effort proposed by the Contractor meet the specified requirements for the
material, the site trial shall be deemed successful. The above data recorded in thetrial
shall become the agreed basis on which the particular material shall be provided and
processed to achieve the specified requirements. If required, the QAP shall be updated
or modified on the basis of these data.

If, during the execution of the works, the construction control tests indicate that the
requirementsfor amaterial are not being consistently achieved, then work on that layer
shall be stopped until the cause is investigated by the Contractor. Such investigation
may include further laboratory and site trials on the materials to determine a revised
set of data as stated above which when agreed, shall be the basis on which al
subsequent material shall be provided and processed to achieve the specified
requirements.

The Contractor shall carry out modifications in the procedure of work, if found
necessary, as directed by the Engineer during inspection. Worksfalling short of quality
shall be rectified/redone by the Contractor at his own cost, and defective work shall
also be removed from the site of works by the Contractor at his own cost.

The materials for embankment construction shall be got approved from the Engineer.
The responsibility for arranging and obtaining the land for borrowing or exploitation
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in any other way shal rest with the Contractor who shall ensure smooth and
uninterrupted supply of materials in the required quantity during the construction
period.

Similarly, the supply of aggregates for construction of road pavement shall be from
quarries approved by the Engineer. Responsibility for arranging uninterrupted supply
of materials from the source shall be that of the Contractor.

(2) Concrete

Site trials for concrete mixes as specified in Clause 2004 shall be carried out by the
Contractor to demonstrate the suitability of his mixing equipment. During the site
trials, compliance with the Specifications for weighing equipment, storage of
ingredients, means of transport for concrete, placing, compaction and curing shall be
checked by the Engineer.

During the sitetrial afull scale sequenceincluding placing and compaction of concrete
shall be carried out on a part of the works which will represent particular difficulties
due to the presence of reinforcement, obstructions or others.

The Contractor shall allow in his programme for conducting the site trials and for
carrying out the appropriate tests, including the time required to obtain compressive
strength test results at 28 days. The Contractor shall inform in writing the Engineer at
least two weeks before the date he proposes to use the concrete mixesin the sitetrials
with al relevant data including the trial programme, the results of the laboratory tria
tests for the proposed concrete mixes and compliance tests results of all constituents
I.e. cement, aggregates, water and admixtures, if any.

(3) Production of Materials and Crushing Plant

Full scale site trias corresponding to one day production shall be carried out by the
Contractor on all type of materials to be processed using the crushing plant, related
devices and methods to demonstrate the suitability of the equipment to provide
materials of the characteristics and performances specified in these Specifications.

At each stage of the processing, materials shall be sampled, and the following
characteristics shall be determined in the laboratory and recorded:

(@ thegrading of the material

(b) characteristics of the fine fraction: Sand Equivalent (SE): Mica Content;
and if SE<40, Plasticity Index.

(c) characteristics of the coarse fraction: LAA, AIV, ACV, Hl,
Adhesivity test, Crushing Ratio.

At least three sets of tests shall be conducted by the Contractor at each stage of the
production. If al the three sets of results over the full sequence of production
proposed by the Contractor meet the specified requirements for the materials, the
sitetrial shall be deemed successful.
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STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

Other Worksand Equipment

Site trials for Pre-stressed Concrete Works, Painting of Structural Steelwork etc. are
detailed in the relevant Sections of these Specifications.

Approva of the Engineer to a set of data recorded in a site trial shall not relieve the
Contractor of his responsibilities to comply with the requirements of these
Specifications

CONTROL TESTING DURING CONSTRUCTION

D)

)

Earthworks and Pavement Materials, Backfill to Drainage and Other
Structures

All earthworks, pavement layers, and backfill to drainage and other structures shall be
subject to control testing (process control) including, if required, testing by the
Engineer in accordance with the Conditions of Contract and Clause 503. The
Contractor shall allow in his programme or sequence of operationsfor any disturbance
or delays occasioned by such control and testing.

Other Worksand Equipment

Quality Control procedures are detailed in the relevant Sections of these
Specifications.

ACCEPTANCE TESTSFOR COMPLETED WORKSOR PARTSOF THE
WORKS

1)

Earthworksand Pavement Materials, Backfill to Drainage and Other Structures

The Contractor shall request, in writing for the Engineer’s approval for each layer of
each section of earthwork, pavement construction and backfill to drainage and other
structures. Such requests shall be made only when the Contractor isfully satisfied that
the section of the works concerned is in the condition required by the relevant
Specifications. Such request shall be accompanied by the tests results required by the
Sub-clause 503 (1) (@), (b), (c) and the relevant Sections of these Specifications.

The Engineer shall thereupon, without undue delay, inspect the Section for any visible
defects including, heaving material (visible during compaction) segregation, and for
the uniformity of the mixing and compaction. If the visual aspects are satisfactory the
Engineer shall test the section of the works submitted and inform the Contractor in
writing of the results of the tests specifying acceptance or rejection of the section or the
layer concerned.

Work on alayer shall in no circumstances commence until the preceding layer has been
approved and accepted by the Engineer in writing. The Contractor shall be fully
responsible for protecting and maintaining the condition of the work which has been
submitted for approval.

Should any layer be left unprotected for more than 24 hours subsequent to approval,
the Contractor shall request for re approval of the layer and the layer shall again be
subject to proof rolling, construction control testing, and tolerance checks in
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accordance with these Specifications.

Notwithstanding the Engineer’s approval of a layer, the Contractor shall be responsible

for making good any subsequent damage due to traffic, ingress of water or any other
reason and should any damage occur the layer shall again be subject to proof rolling,

construction control

testing and tolerance checks in accordance with these

Specifications.

)

Other Worksand Equipment

Acceptance tests for other works and equipment are detailed in the relevant Sections of
these Specifications.

510 SCHEDULE OF TESTS
(1) Test Schedule
The Contractor shall supply the materials and carry out the works as per specifications
prescribed in the Clauses for the relevant item of work. For ensuring the requisite
quality of construction, the material and works shall be subjected to quality control
tests, as prescribed herein after. The testing frequencies set forth are the desirable and
the Engineer shall have the full authority to carry out additional tests as frequently as
he may deem necessary, to satisfy himself that the materials and works comply with
the appropriate specifications. However, the number of tests recommended in Table
5.2 may be reduced at the discretion of the Engineer if it isfelt that consistency in the
quality of materials can still be maintained with reduced number of test.
Table5.2: Control Test and their Minimum Frequency for Road and Bridge
SNo | PART OR COMPONENT OF Section/ | TESTS FREQUENCY
THE WORK S Clause
No.
1 | PIPEDRAINS, PIPE CULVERTS | 700 .
AND CONCRETE CHANNELS IDENTIFICATION : As specified or
Gradation, required by the
MATERIALS FOR RE- FILLING 701 Plasticity Index, CBR In-Situ, Engineer
THE TRENCHES Density (95% MDD)
5 PRODUCTION OF Before starting
MATERIALS production
800 Site Trids: According to
NATURAL AND CRUSHED Other tests on materials the relevant
MATERIALS component of
the works
3 EARTHWORKS
FILL MATERIAL Material Identification, - For each new
MDD, OMC, CBR source and in
every 1500 cum
or part of it
900 MC - For each new
sourceand in
every 400 cum or
part of it
. . - Oneset[ 3tedt]
COMPACTION Field Density per 1000 sqm of
each layer
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SNo | PART OR COMPONENT OF Section/ | TESTS FREQUENCY

THE WORKS Clause

No.

4 SUBGRADE 1000 Same as mentioned under - Sameas
UNTREATED SUBGRADES 1003 & S.No. 3 mentioned under
CAPPING LAYERS S. No. 3
MATERIALS 1004

5 MECHANICAL STABILISATION

- For each new

IN SITU MATERIAL Material Identification, source and in

MC, MDD, OMC, CBR every 3000 sgm
or part of it
- For each new
source and in

STABILISER Grading, ES ( for sand) every 500 cum of
additive material
or part of it

1005 MDD, OMC, CBR - For each new

MIXED MATERIAL source and in
every 400 cum or
part of it

- Oneset of 3test
per 1000 sgm of

COMPACTION Field Density each layer

6 LIME STABILISATION

IN SITU MATERIAL Materia ldentification, - For each new

MC, MDD, OMC, CBR source and in
every 400 cum or
part of it

LIME Quality of Lime - Onetest for each
consignment

1006 subject to a
minimum of one
test per five
tones.

MIXED MATERIAL MC - Oneset of two
test per 300 sgm
of each layer

COMPACTION Field Density - Oneset of two
test per 300 sgm
of each layer

7 SUBBASE BASE, HARD 1200

SHOULDER AND GRAVEL

WEARING COURSE

MECHANICALLY STABLE

MATERIAL FOR SUBBASE 1201

MATERIAL Material Identification, - For each new

MC, MDD, OMC, CBR source and in
every 400 cum
or part of it

COMPACTION Field Density - Oneset of three
test per 1000 sgm
of each layer

SECTION 500 QUALITY CONTROL Page 5-12




STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

SNo | PART OR COMPONENT OF Section/ | TESTS FREQUENCY
THE WORKS Clause
No.
8 GRADED CRUSHED STONE 1202
FOR BASE AND SUBBASE
[WET MIX MACADAM]x
Material Identification, - For each new
MC, Gradation Plasticity source and in
index every 200 cum or
part of it
MATERIAL CBR, MDQ, oM C LAA/ - For each new
AlV, Crushing ratio source and in
every 1000 cum
or part of it
COMPACTION Field Density - Oneset of three
test per 1000
sgm of each
layer
9 GRAVEL WEARING COURSE 1205
MATERIAL Material Identification,; - For each new
Gradation, Plasticity source and in
index, CBR, LAA/AIV, every 400 cum or
MDD, OMC part of it
COMPACTION Field Density - Oneset of three
test per 1000
sgm of each
layer
10 BITUMINOUS SURFACE AND 1300
BASE COURSE
PRIME COAT - TACK COAT 1302
MATERIAL Quality of Binder as per - Certificates from
1S73( paving bitumen)/ 1S suppliers.
217 (Cut back bitumen)/ - One set of tests
1S 8887 ( cationic for each 50,000
emulsion) ; penetration, litres of supply or
Absolute and Kinematic part of it.
viscosity, flash point,
ductility, solubility in
Trichloroethylene,
Softening point, Tests on
residue from rolling thin
film oven) Viscosity ratio
at 60°C, Ductility:
CONSTRUCTION Bind_er t(_amperaturefor . At regular close
Application interval
Rate of spread of binder - Threetest per day
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SNo | PART OR COMPONENT OF Section/ | TESTS FREQUENCY
THE WORKS Clause
No.
11 | SURFACE DRESSING 1303
MATERIAL Quality of binder: - Same as mention
under SNo 10
LAA/AIV, - For each new
sourceand in
every 200 cum or
] ) part of it
Flakiness index, . For each new
Elongation index source and in
every 100 cum or
part of it
- Onetest of each
Stripping value, Water source and
absorption of aggregate whenever thereis
changein the
quality of
aggregate or
source of
aggregate.
] - Two test per day/
Grading of aggregate once per 250 cum
CONSTRUCTION Rate of application of - Threetest per day
chippings Binder or 1 test per 5000
sgm
Control temperature of - Atregular close
binder in boiler, aggregate interval
in the dryer, mix at the
time of laying and rolling
12 PENETRATION MACADAM ( 1304
SEMI GROUT)
MATERIAL Quality of binder: - Same as mention
under S.No. 10
LAA/AIV, Gradation - For each new
sourceand in
every 200 cum or
) ) part of it
Flakiness index . For each new
sourceand in
every 100 cum or
part of it.
CONSTRUCTION Rate of application of - Threetest per day
chippings binder or 1 test per 5000
sgm
Binder temperature for - Atregular close
application interval
SAND SEAL 1305
MATERIAL Quality of binder: - Same as mention
under SNo 10
Gradation, Plasticity - For each new
13 index sourceand in
every 200 cum or
part of it
CONSTRUCTION Rate of application of - Three test per day
chippings binder or 1 test per 5000
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BITUMINOUS CONCRETE
MATERIAL

CONSTRUCTION

Quiality of Binder as per
1S73( paving bitumen)/;
penetration, Absolute and
Kinematic viscosity, flash
point, ductility, solubility
in Trichloroethylene,
Softening point, Tests on
residue from rolling thin
film oven, Viscosity ratio
at 60°C, Ductility
IRC SP 53( modified
bitumen)/I S 15462
(Polymer and Rubber
modified bitumen)/
Penetration, Softening
point, FRAASS breaking
point, Flash point, Elastic
recovery of half thread in
ductilometer, Separation
difference in softening
point, Viscosity at 150° C,
, Testson residue from
rolling thin film oven)
Lossin mass, Increasein
softening point,
Reduction in penetration,
Elastic recovery of half
thread in ductilometer or
Complex modulus
AIV/LAA, Flakiness and
Elongation index,
Soundness test (SSS),

Sand equivalent, Plasticity
Index, Polished stone
value

Mix grading, for individual
constituent and mixed
aggregate from dryer,
Stability and void analysis
of mix including
theoretical maximum
specific gravity of loose
mix, Flow and voids,
density, Binder content
Rate of spread of mix

Density of Compacted
layer

Control temperature of
binder in boiler, aggregate
in the dryer, mix at the
time of laying and rolling

SNo | PART OR COMPONENT OF Section/ | TESTS FREQUENCY
THE WORKS Clause
No.
Binder temperature for sgm
application - Atregular close
interval
14 |DENSE BITUMINOUS MACADAM 1307/
ASPHALT CONCRETE/ DENSE 1308/
BITUMINOUS MACADAM/ 1309

- Certificates from

suppliers.

- One st of tests

for each 50,000
litres of supply or
part of it

- Once per 500

cum and change
in source.

- Oncetest for each

source and
changein source.

- One set

consisting of
three for each 400
ton of mix subject
to minimum of
two test per day
per plant

- do
- After every 5

truck load

- Onetest per 700

sgm area

- Asrequired

SECTION 500
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SNo | PART OR COMPONENT OF Section/ | TESTS FREQUENCY
THE WORKS Clause
No.
15 | OPEN GRADED PREMIX 1310/
SURFACING/ CLOSE GRADED 1311
PREMIX SURFACING
MATERIAL Quality of binder: - Same as mention
under SNo 10
LAA/AIV, - For each new
source and in
Flakiness index, every 200 cum or
Elongation index part of it
- For each new
Stripping value, Water sourceandin
absorption of aggregate every 100 cum or
part of it
Grading of aggregate - Onetest of each
source and
whenever thereis
changein the
quality of
aggregate or
source of
aggregate.
- Two test per day/
once per 250 cum
CONSTRUCTION Rate of application of - Two test per day
chippings Binder per plant or 1 test
per 5000 sgm
Control temperature of - Atregular close
binder At application interval
16 SAND ASPHALT 1312
MATERIAL Quality of binder: - Same as mention
under S.No 10
LAA/AIV, - For each new
sourceand in
every 200 cum or
part of it
Sand equivalent, Plasticity | - Once test for
Index, stability of mix each source and
changein source
- One s&et
Mix grading, Binder consisting of
content three for each 400
ton of mix subject
to minimum of
two test per day
per plant
17 BITUMINOUS COLD MIX 1313
1314
MATERIAL Quality of emulsion ( - Certificates from
binder) Anionic Emulsion suppliers.
asper IS 3117 and - One set of tests
Cationic asper ; ( for each 50,000
viscosity at 25°C, Bitumen litres of supply or
content, cement mixing, part of it.
sievetest, Miscibility with
water, Testson residue - For each new
etc.) source and in
every 200 cum or
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SNo | PART OR COMPONENT OF Section/ | TESTS FREQUENCY
THE WORKS Clause
No.
Gradation, Sand part of it
equivalent, water - One set
absorption, Soundness test consisting of
( Sodiumy Magnesium three for each 200
Sulphate test) ton
Quality of filer
CONSTRUCTION Rate of spread of - Onetest per 500
Emulsion sgm and not less
than two tests
per day
- Regular control
Rate of spread of mixed through checks
material of layer thickness
- One s&et
consisting of
three for each 400
Stability, Flow and voids, ton of mix subject
Binder content to minimum of
two test per day
per plant
- Onetest per 250
sgqm of area
Density of compacted mix
layer
18 OTTASEAL 1316
MATERIAL Quality of binder: - Same as mention
under SNo 14
Flakiness index - Onetest for each
new source and in
every 250 cum or
part of it
LAA/AIV, , Elongation One set of 3
index/Stripping value specimen for
each new source
and as directed
by the Engineer
- Onetest for 50
Grading cum of aggregate
CONSTRUCTION Temperature of binder - Atregular close
interval
Rate of Application of - Two test per run
Binder
19 CONCRETE 2000
MATERIALS Cements: Acceptancetests | - Conservative
samples for each
supply and not
less than every
200t or part of it
Control tests: Chemical - Testing in case of
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Acceptance tests.
CONTROL TESTS.

Grading

Silt & clay content:
Organic Impurities
Chloride content, sulphate
content,

Alkali reactivity,

Water, Admixtures

CONCRETE

LAB. TRIALS
SITETRIALS
CONTROL TESTS
COMPRESSIVE
STRENGTHS

AN

SNo | PART OR COMPONENT OF Section/ | TESTS FREQUENCY
THE WORKS Clause
No.

Composition Physical noncompliance of

Properties the mixes or
storage on site for
longer than 1
month

Adggregates: - 1lset(3nos) test

for each 10 to 50
cum and
additional test for
each 50 cum of
concrete t for

fine aggregate

- 1set(3nos) test

for each 25 to
125 cum and
additional test for
each 125 cum
and 250t part of
it for coarse

aggregate

- Asfrequently as

Required

- Sub-Clause

2004(7) and(8)

- Sub-Clause

2004(3)

- For 1-5cum

quantity of work
at oneplace 1
Set,

- For 5.1-15 cum

quantity of work
at oneplace 2 set

- For15.1t0 30

cum quantity of
work at one place
3sat

- For 30.1to 50

cum quantity of
work at one place
4 set

- For more than 50

cum quantity of
work at one place
4 set .of sample
plusone
additional for each
50 cum or part
thereof

- Early works

every 6 cum or
part of it

SECTION 500
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SNo

PART OR COMPONENT OF

THE WORKS

Section/
Clause
No.

TESTS

FREQUENCY

REINFORCEMENT

v" Mechanical properties
0.2 percent proof
stress/ yield stress,

v' Tenslestrength/ yield
strength ratio,

4 Elongation

- For 1-25 bundles

lot 3rod (one
from each
bundle) from
randomly
selected 3
bundles.

- For 26-65

bundles ot 4 rod
(one from each
bundle) from
randomly
selected 4
bundles

- For 66-180

bundieslot 5 rod (
one from each
bundle) from
randomly selected
5 bundles

- For 181- 300

bundleslot 7 rod
(‘one from each
bundle) from
randomly
selected 7
bundles
- For >300
bundleslot 10
rod ( one from
each bundle)
from randomly
selected 10
bundles

20

MISCELLANEOUS
STRUCTURES
GABIONS

MATERIALS

2400

2401

Gabion wires:

Tensile Strength, Mass,
Uniformity and adhesion
of Zinc coating

- Upto 25 coilstwo
set of sample

- 26-50 coilsthree
set of sample

- 51-150 coilsfive
set of sample

- 151-300 coils
eight set of
sample
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SNo | PART OR COMPONENT OF Section/ | TESTS FREQUENCY
THE WORKS Clause
No.
- >301 coils
thirteen set of
Specific gravity and water sample
absorption of stones - Atleast 3 set of
tests for every
source of material
CRIB WALLS 2402 Gradating of backfill - Minimum one
materials test for every 250
cum or part of it
and for each
source of material
SUB-SURFACE DRAINS 2404 Gradation Analysis - One set of test for
every 50 cum and
or part of it and
for each change
in source of
material
21 BRICK WORK FOR
STRUCTURES
MATERIALS Quality of Bricks - Asrequired
2502 Quality of cement and
sand
MORTAR Control tests - Every 10 cum of
2511 Compressive strength of brick work or part
mortar of it.
22 | MASONRY FOR STRUCTURES
MATERIALS 2602 Quality of cement and
sand
MORTAR Control tests - Asrequired
Compressive strength of - Every 10 cum of
2610
mortar masonry of part of
it

Note: For works of contract which do not require any qualification and scattered
(located at least 100 m from one location to other similar to road maintenance),
above frequency may reduce up to 50 % at the discretion of the Engineer if it isfelt
that consistency in the quality of materials and works can still be maintained with
reduced number of test but not less than as specified in Table 5.3.

Table5.3: Control Test and their Minimum Frequency for Small Works/
Maintenance Works of Road and Bridge

SNO PART OR COMPONENT SECTION/ TESTS FREQUENCY
OF THE WORKS CLAUSE NO.
1 EARTHWORKS 900 COMPACTION - Oneset [3 test]
Field Density per 2000 sgm.
of each layer
2 SUBBASE BASE, HARD 1201 COMPACTION . Oneset of three
SHOULDER AND GRAVEL Field Density test per 2000
WEARING COURSE 1201 sgm of each
MECHANICALLY STABLE layer
MATERIAL FOR SUBBASE
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SNO PART OR COMPONENT SECTION/ TESTS FREQUENCY
OF THE WORKS CLAUSE NO.

3 GRADED CRUSHED 1202 COMPACTION - Oneset of three
STONE FOR BASE AND Field Density test per 2000
SUBBASE [WET MIX sgm of each
MACADAM]x layer

WATER BOUND COMPACTION - Oneset of three

4 MACADAM FOR BASE 1203 Field Density test per 2000

AND Subbase sqm of each
layer
COMPACTION - Oneset of three
5 GRAVEL WEARING 1205 Field Density test per 2000
COURSE sgm of each
layer
BITUMINOUS SURFACE 1300
6 AND BASE COURSE
PRIME COAT - TACK COAT 1302

6.1 MATERIAL Quality of Binder - Certificates from
as per |S73( paving suppliers.
bitumen)/ IS 217
(Cut back
bitumen)/ IS 8887 (
cationic emulsion) ;
penetration,
Absolute and
Kinematic
viscosity, flash
point, ductility,
solubility in
Trichloroethylene,
Softening point,
Testson residue
from rolling thin
film oven)
Viscosity ratio at
60°C, Ductility:

6.2 CONSTRUCTION Binder temperature | - Atregular close
for Application interval
Rate of spread of - Threetest per
binder day

7 SURFACE DRESSING 1303 Rate of application | - Threetest per

of chippings/ day or 1 test per
CONSTRUCTION Binder 10000 sg. m
- Atregular close
Control interval
temperature of
binder in boiler,
aggregate in the
dryer, mix at the
time of laying and
rolling

8 PENETRATION MACADAM | 1304 Rate of application | - Threetest per
( SEMI GROUT) of chippings/ day or 1 test per
CONSTRUCTION binder 10000 sgm

Binder temperature | - Atregular close
for application interval

9 SAND SEAL 1305 Rate of application - Threetest per

of chippings/ day or 1 test per
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SNO PART OR COMPONENT SECTION/ TESTS FREQUENCY
OF THE WORKS CLAUSE NO.
CONSTRUCTION binder 10000 sgm
Binder temperature | - Atregular close
for application interval
10 SLURRY SEAL 1306 Rate of application - One per lane per
of durry mixture km
CONSTRUCTION Quantity of slurry
by weight - Daily ( Travel
time of machine)
11 DENSE BITUMINOUS 1307/ 1308/ 1309 Density of - Onetest per
MACADAM ASPHALT Compacted layer 1400 sgm area
BITUMINOUS CONCRETE L?:gg?:]uégi?;’
CONSTRUCTION aggregate in the
dryer, mix at the
time of laying and
rolling
12 OPEN GRADED PREMIX 1310/ 1311 Rate of application | - 1 test per 5000
SURFACING/ CLOSE of chippings/ sgm
GRADED PREMIX Binder - Atregular close
SURFACING Control interval
CONSTRUCTION temperature of
binder At
application
13 SAND ASPHALT 1312
Density of - Onetest per
CONSTRUCTION Compacted |ayer 1400 sgm area
Control - Asrequired
temperature of
binder in boiler,
aggregate in the
dryer, mix at the
time of laying and
rolling
14 EMULSION AGGREGATE 1313 Quality of emulsion | - Certificates from
MIX and 1314 ( binder) Anionic suppliers.
COLD ASPHALT Emulsion asper IS
MATERIAL 3117 and Cationic
asper ; ( viscosity
at 25°C, Bitumen
content, cement - Oneset
mixing, sieve test, consisting of
Miscibility with three for each
water, Testson 800 ton of mix
residue etc.)
Stability, Flow and
voids, Binder
content
15 OTTASEAL 1315 Temperature of - Atregular close
binder interval
CONSTRUCTION . Onetest per run
Rate of Application
of Binder
16 CONCRETE 2000
COMPRESSIVE - For 1-15 cum
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SNO

PART OR COMPONENT
OF THE WORKS

SECTION/
CLAUSE NO.

TESTS

FREQUENCY

STRENGTHS

- For15.1t0 30

- For more than 30

quantity of work
at oneplace 1
Set

cum quantity of
work at one
place 2 set

cum quantity of
work at one
place 3 set .of
sample plus one
additional for
each day
concreting.

17

REINFORCEMENT

Weight / tensile
strength

- Certificatesfrom

suppliers

18

GABION WIRE

2401

Gabion wires:
Mass of Zinc
coating

- Upto 50 coils

- >50 coilsfour

two set of
sample

set of sample

511 QUALITY ASSURANCE PLAN
The Contractor shall submit Quality Assurance Plan (QAP) to the Engineer for hisapproval.
The Quality Assurance Plan (QAP) shall be based on the detailed Program of the Works,
and process oriented focus on defect prevention, as per Clause 115 of these Specifications.
The Quality Assurance Plan shall include the following:
(1) The Quality Assurance Schedule Comprising of:

(&) The recapitulative test schedule and testing program detailing the list of tests for
compliance, laboratory trias, site trials and trials sections, construction control
tests and their frequencies, tests for acceptance of the completed works with their
dates. Asin following tabular form;

S. | Description | Description | Frequency of | Total quantity tobetestedin | Unit | Total TesttobeCarried | Re
N | Of Material/ of Test each Mile stone/ year as per Out in each Milestone/ | ma
o. activity Laboratory As Per Work Schedule year asper Work rks
Tests Specification Schedule
Milestone | Milestone Milestonel | Milestone
lyear 1 I lyear 2 lyear1l I lyear 2

(b) Recapitulative list of “critical” acceptance testing procedures, for equipment or
parts of the works which corresponds to the tasks on the Critical Path according to
the construction Program.
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(c) Estimate of the number of tests to be carried out, list and number of appropriate
equipment to conduct them, list of teststo be conducted outside the site laboratory,
if any, identification of the outside |aboratory where proposed to carry out the test
asin following table

SN

Description Of Material/ | Name of test Proposed laboratory for | Remarks
activity to be tested testing

2)

©)

SECTION 500

(d) List of staff assigned to the laboratory, their position and responsibilities in the
quality control procedures, their qualification and experience, general description
and detailed organization of the laboratory activities.

The list of sources of materials and/or of manufactured articles, their main
characteristics, their identification mode as provided by the supplier when required;
the program of supply and procurement of material and/or manufactured articles in
accordance with the Program pursuant to Clause 115.

The list of tests and quality control procedures to be implemented by the Sub-
contractors, if any, pointing out the “critical” acceptance testing procedures relating to
the Sub-contracted works, which correspond to the tasks on the Critical Path included
in the Sub-contracted works.

The Contractor shall implement the Quality Control in compliance with the approved
QAP.

The Engineer’s approval of the QAP shall not relieve the Contractor from his
responsibility of the quality of the Works as per the Conditions of Contract and these
Specifications nor shall the Engineer’s approval of the QAP exempt the Contractor of
any procedure to inform the engineer in writing or request for the Engineer’s approval
or re=approval as specified in the Conditions of Contract and/or in these
Specifications.

The Contractor shall monitor and update the QAP on the basis of the decisions taken
at the periodic review meetings or as directed by the Engineer and in accordance with
the program of the works as per Clause 115 and the Conditions of Contract.
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SECTION 600 - MATERIALSAND TESTING OF MATERIALS

601.

602.

603.

604.

SCOPE

This Section coversthe general requirementsrelating to materials, the specific requirements
for basic materials, the tests and methods of testing which are required for the section and
quality control of materials.

QUALITY OF MATERIAL

The materials supplied and used in the works shall comply with the requirements of these
Specifications. They shall be new, except as provided el sewherein the contract or permitted
by the Engineer in writing. The materials shall be manufactured, handled and used skilfully
to ensure completed works to comply with the contract.

SOURCES OF MATERIALS

The use of any one kind or class of material from more than one source is prohibited, except
by written permission of the Engineer. Such permission, if granted, shall set forth the
conditions under which the change may be made. The sources or kinds of material shall not
be changed without written permission of the Engineer. If the product of any source proves
unacceptable, the Contractor shall make necessary arrangements for the supply of
acceptable material. Any claims for compensation associated with such arrangements or
changes shall not be considered, unlessthe source of the unacceptable material is designated
in the contract as a source of material.

In the case of borrow pits, gravel, sand, binder, soil deposits and rock quarries, the “source
of material designated in the contract” shall be construed to mean:

(1) Any restricted area (within the pit or quarry) which is designated as the source of
material; or

(2) Theentireareaof the pit or quarry, if no such restricted areais designated.

Movements of equipment within the “source” as above defined shall not be considered as a
“change of source”

Selection and exploitation of material sources as well as use of the materials shall follow
the DOR Environmental Guidelines (latest publication) and comply with order pertinent
environmental specificationsincluding those detailed in Section 100 & 800.

When any manufactured product, either new or used isto be furnished by the Employer, the
location at which such material shall be delivered to the Contractor shall be designated in
the contract. In such cases, the Contractor shall haul the materials from the designated
delivery point to the point of use. The compensation for such hauling shall be included in
the contract unit rate for placing the materials in the finished work.

INSPECTION AND ACCEPTANCE OF MATERIAL

Final inspection and acceptance of materials shall be made only at the site of the work. The
Engineer reservesthe right to sample, inspect, and test the materials throughout the duration
of the works and to reject any materials which are found to be unsatisfactory.
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A preliminary inspection of materials may be made at the source for the convenience and
accommodation of the Contractor, but the presence of arepresentative of the Engineer shall
not relieve the Contractor of the responsibility of furnishing materials complying with their
Specification.

The representative of the Engineer shall have free entry at al times to those parts of any
plant which concern production of the Materials ordered.

MATERIALSAND MANUFACTURED ARTICLES
(1) Order for Materialsand Manufactured Articles

The Contractor shall, before placing any order for materials and manufactured articles
for incorporation in the Works, submit to the Engineer the names of the firms from
whom he propose to obtain such materials and manufactured articles, giving for each
firm a description of the materials and manufactured articles to be supplied, their
origin, the manufacturer’s specification, quality, weight, strength and other relevant
details. The Contractor shall submit the samples of such materials and manufactured
articles when requested by the Engineer and when appropriate, manufacturer’s
certificates of recent test carried out on similar materials and manufactured articles
shall also be submitted.

(2) Storage

All materials and manufactured articles shall be stored on site in a manner acceptable
to the Engineer. The Contractor shall carefully protect all work, materials and
manufactured articles from the weather and vermin.

(3) Test Certificates

When instructed by the Engineer, the Contractor shall submit to him all Test
Certificates from the suppliers/manufacturers of the materials and/or manufactured
articles to be used for the contract. Such certificates shall certify that the materials
and/or manufactured articles concerned have been tested in accordance with the
requirements of these Specifications. All Test results shall be enclosed along with such
certificates. The Contractor shall provide adequate means of identifying the materials
and/or manufactured articles delivered on the site with the corresponding certificates.

DEFECTIVE MATERIALS

All materials not conforming to the requirements of the contract shall be rejected whether
in place or not. They shall be removed immediately from the site unless otherwise permitted
by the Engineer. Even after rectification of the defects no rejected material shall be used in
the work unless approved by the Engineer in writing. Upon failure of the Contractor to
comply promptly with any order of the Engineer given under this Clause, the Engineer shall
have authority to cause the removal and replacement of rejected material and to deduct the
cost thereof from any monies due to the Contractor.

TRADE NAMESAND ALTERNATIVES

For conveniencein designation in the contract, certain articles or materia to beincorporated
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in the work may be designated under a trade name or the name of a manufacturer and his
catalogue information. The use of an alternative article or material which is of equa or
better quality and of the required characteristics for the purpose intended shall be permitted,
subject to the following requirements:

(1) The proof as to the quality and suitability of alternatives shall be submitted by the
Contractor. He shall aso furnish al information necessary as required by the
Engineer. The Engineer shall be the sole judge as to the quality and suitability of
aternative articles or materials and his decision shall be the final and binding upon
the Contractor

(2) Whenever the specifications permit the substitution of asimilar or equivalent material
or articles, no tests or action relating to the approval of such substitute material shall
be made until the request for substitution is made in writing by the Contractor
accompanied by complete data as to the equality of the material or article proposed.
Such request shall be made well in advance to permit approval without delaying the
work.

608. FOREIGN MATERIALS

Materials which are manufactured, produced or fabricated outside Nepal shall be delivered
at apoint in Nepal as specified in the contract where they shall be retained for a sufficient
time to permit inspection, sampling, and testing. The Contractor shall not be entitled to an
extension of time for acts or events occurring outside Nepal and it shall be the Contractor’s
responsibility to deliver materials obtained from outside Nepal to the point of delivery in
Nepal. The Contractor shall supply the facilities and arrange for testing required at his own
cost. All testing by the Contractor shall be subject to witnessing by the Engineer.

The Contractor shall furnish to the Engineer a “Certificate of Compliance” with the
specifications form the manufacturer, producer or fabricator of foreign material where
required. In addition, certified mill test reports clearly identifiableto thelot of material shall
be furnished where required in these Specifications or otherwise requested by the Engineer.
Where structural materials requiring mill test reports are obtained from foreign
manufacturers, such materials shall be furnished only from those foreign manufacturerswho
have previoudy established, to the satisfaction of the Engineer, the sufficiency of their in-
plant quality control, as deemed necessary by the Engineer or his representative, to give
satisfactory assurance of their ability to furnish material uniformly and consistently in
conformance with their Specifications. At the option of the Engineer, such sufficiency shall
be established whether by submission of detailed written proof thereof or through in-plant
inspection by the Engineer or his representative.

If the welding of steel for structural steel members or the casting and pre-stressing of pre-
cast pre-stressed concrete members is to be performed outside of Nepal, the following
requirements shall apply:

(1) Suchfabrication shall be performed only within the plants and by fabricatorswho have
previously established to the satisfaction of the Engineer, that they have the
experience, knowledge, trained manpower, quality control, equipment and other
facilities required to produce the quality and quantity of the work required. At the
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option of the Engineer, prequalification of plant and fabricator shall be established
either by the submission of detailed written proof thereof or through in-plant
inspection by the Engineer or his representative, or both.

The Contractor shall make written application to the Engineer for approval for such
foreign fabrication at the earliest possible time and in no case later than 60 calendar
days in advance of the planned start of fabrication. The application shall list the
specific units or portion of awork which shall be fabricated outside of Nepal.

The Contractor shall advise the Engineer, in writing, at least 20 caendar days in
advance of the actual start of any such foreign fabrication.

All documents pertaining to the contract, including but not limited to, correspondence,
tender documents, working drawings and data shall be written in the English/Nepali
language and all numerical data shall use the metric system of units of measurement.

609. GENERAL: CLASSIFICATION OF MATERIAL
Classes of soil and classes of materias referred to in the relevant Section correspond to the
General Classification of Soil and Materials for Road and Bridge Works in Nepal and are
giveninthe Table 6.1, Table 6.2 and Table 6.3.

610. DEFINITION OF GENERAL TYPESOF MATERIALS

The following definitions shall apply to materials in this Section and other relevant
Sections.

D)
)

©)

(4)

()
(6)

(7)

SECTION 600

“Topsoil” shall mean the top layer of soil that can support vegetation. It shall include

all turf acceptable for turfing.

“Suitable Material” shall comprise all that is acceptable in accordance with the

contract for use in the works and which is capabl e of being compacted in the manner

specified in Clause 909 and 910 to form a stable fill having side slopes as indicated

in the Drawing. The material used in fill (except rock fill) shall not contain rock

fragments with dimensions of more than 75 mm.

“Unsuitable Material” shall mean other than suitable material and shall include:

(@ Materia from swamps, marshes or bogs,

(b) Peat, logs, stumps, perishable material, organic clays,

(c) Materia susceptible to spontaneous combustion;

(d) Materid in afrozen condition;

(e) Clay of liquid limit exceeding 70 and/or plasticity index exceeding 45.

(f) Materias stated above in d), if otherwise suitable shall be classified suitable
when unfrozen.

“Rock fill” shall consist of hard material of suitable size for deposition and compaction

as given in Clause 909 and also may comprise rock as defined in Clause 903 and

broken stones.

“Well Graded Granular Material” Consisting of gravel and/or sand shall conform to

Clause 609.

“Rock Fall”, coarse alluvial material shall be loose soils such as moraines, debris, or

alluvia material containing large blocks or large boulders, individual blocks or

boulders of hard materials greater than 0.3 m? each in volume, shall be classified as

hard material.

“Hard Material” shall mean any material which conform to the requirements of Sub-

clause 903 (3).
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Table 6.1 : General Classification of Natural Materials
LITHOLOGICAL TYPE GENERAL TYPES GROUP TYPES IN COMMENT ON CHARACTERISTICS
SYMBOL NEPAL
SEDIMENTARY ROCK & METAMORPHIC SEDIMENTARY ROCK EVOLUTIVE ROCKS TO BE MENTIONED
CALCAREOUS ROCKS METAMORPHIC LIMESTONE R1 Limestone, Most tectonised Limestone evoluting on Clay
Marble,
Cipolins
DOLOMITE R2 Dolomite Less evoluting than above
ARGILLOUS ROCKS MARL, ARGILLYTES, PELITES R3 Mudstone, Most evolutive rock producing clay
Claystone & High plasticity Clay
SILICEOUS ROCKS QUARTZITE, SANDSTONE, | R4 Quartzite Fragile Sandstone disintegrating into Sands
PUDDING STONE, BROCKRAM Sandstone
1. MAGMATIC & METAMORPHIC ROCK
%) GRANITES, GABBRO, GNEISS | FINE GRAIN ROCKS R5 Granite, Aplite| Shales, Slates,, Phyllites, easily weathered
V4 METAMORPHIC SCHISTS, Gneiss, Schists| into Clay silts
O SHALES SLATES, Slates, Shales,
'e) AMPHIBOLITE, PHYLLITE Phylite
x LARGE GRAIN ROCKS R6 Pegmatite, Some GCranite may be susceptible to
Granite disintegration
ROCK SOILS CONTAINING LARGE BLOCKS OF ROCK MATERIAL OR BOULDER WITHIN A MATRIX OF SOFT SOILS
FALL BLOCK SIZE >0.3m? RF1 Landslides |
COARSE BLOCK SIZE < 0.3 m? RF2 Arenaceous materials
ALLUV.
MATER.
GRADATION GENERAL | GRADATION QUALITY REQUIREMENT  [OUP TYPES IN
CHARACTERISTICS SYMBOL NEPAL
|.GRAVEL & SAND
More than 50 % of materials is larger than 0.075 mm
GRAVEL More than 50 % of materials is larger than 4.75 mm
Less than 5% MWell graded Cu= D60/D10>4 and Cc= | GW Alluvial
of material is | Gravel (D30)/(D60XD10)=1t0 3 Gravel
smaller ~ than Poorly graded not meeting all Gradation | GP Ancient Glacial terraces, debris, screes
0.075mm Gravel requirements for Gw
More than 12 [Silty Gravel | Atterberg Limit below A line or Pl GM Alluvial If originating from evolutive rocks, may
% of material is <4 Gravel be sensitive to attrition
;’gi'ée;]m than lavey Gravelatterberg Limit above A fine or PI 3 GC Ancient Glacial terraces , debris, screes
. 7
SAND More than 50 % of materials is smaller than 4.75 mm
Less than 5 % MWell graded Cu= D60/D10>4 and Cc= | SW Alluvial
of material is | Sand (D30)/(D60XD10)= 1 to3 Material
smaller than [Poorly gradednot meeting all Gradation | SP Alluvial
0.075 mm Sand requirements for Gw Material
More than 12 [Silty Gravel Atterberg Limit below A line or PI | SM Yellow  Silty
9 % of material is <4 sand ( Terai)
- smaller  than (Clayey GravellAtterberg Limit above A line or Pl > SC Ancient Glacial terraces , debris, screes
O] 0.075 mm 7
n II. FINE GRAINED SOIL
More than 50 % of materials is smaller than 0.075 mm
o3 Atterberg limit below A line ML
[ Low Atterberg limit above Aline | CL
< Plasticity
S Clay
o Organic ~ SiltOrganic test Positive oL
N and Clay
0O High Atterberg limit below A line MH
e Plasticity Silt
b High PlasticityAtterberg limit above A line CH
Clay
Unified Soil Classification System Plasticity Chart
60
Cu: Uniformity Coefficient
* Cc: Coefficient of Curveture
% 40 =T D60 : Grain Diameter at 60 % Passing
o . . .
z 4 D30: Grain Diameter at 30 % passing
g® T D10: Grain Diameter at 10 % passing
% 20 fﬁ MH
* FHlcL-ML == -
10
Bt
o A HHH
0 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT
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Table 6.2 Soil and Materials Identification and Utilisation
UTILISATION CONDITIONS Provided Compliance with the Specification and Special Specification
GROUP | TYPES IDENTIFICATION & SUBGRADE CAPPING GRAVEL SUBBASE | BASE SURFACING
SYMBOL CHARACTERISATION LAYER Wearing Course
PROCEDURES
SEDIMENTARY ROCK
R1 LIMESTONE| ACCORDING TO | SUITABLE SUITABLE | SUITABLE SUITABL | SUITABL | SUITABLE
ROCKS MATERIAL Provided Provided as Graded | EasGCS | EasGCS | asGCS
DOLOMITE | QUALITY compliance compliance Crushed class D2 class C1, | Class A, B,
R2
CLASSES with the | WiIh 8 giones B C1 ( seal
R specification | SPecifieaton | e coat)
R3 ARGILLOUS for quality, | UNSUITABLE
0 ROCKS grading &
C R4 SILICEOUS construction | SUITABLE
K ROCKS Provided compliance with the specification
S MAGMATIC & METAMORPHIC ROCK
R5 FINE ACCORDING TO SUITABLE SUITABL | SUITABL | SUITABLE
GRAINS MATERIAL as GCS EasGCS | EasGCS | asGCS
ROCK QUALITY Depending on| Class D2 Class C1, | ClassA, B,
R6 LARGE CLASSES quality, B,
GRAINS Grading
ROCK ( Specifications)
ROCK RF1 | BLOCK BLOCKS: *Embankments: Not | SUITABLE | SUITABLE After After After
. to be placed within ; ; : . :
FALL SIZE > 0.3 | According 10 | 600 mm of the | "rovided Provided processin | processin | selection,
COARSE m? material  Quality | formation level. compliance | compliance g for size | g for size | processing
ALLUV. Classes * CuﬂngSfi to tﬁe ‘é";i‘ciﬁcaﬁé:e g;t‘ci ﬁcaﬂon‘he reduction | reduction | for  size
remove rom e .
MATER. SOIL  MATRIX: | sigate (30mm | a5 GCS asGCSafter | ool noc | SUTABL | reducton
: p deep) : as as
RE2 | BLOCK According to Spll Blocks 005 menar | &fter . processing Class D2 Class C1 as  GCS
SIZE < 0.3 a& Gravel Testing | 1o be placed within | processing | for size Class
5 | Procedures 450mm the | for siz¢ reduction ABCL
m formation level reduction 4D,
L GRAVEL
(0] GW Well graded | According to soil | if CBR>5 if CBR>15 | if CBR>20 if CBR>30 | if CBR>80 | SUITABLE for
gravel and Gravel Biuminous
0 GP | Poorly Testing ifCBR >5 fCBR>15| ifCBR>20 | ifCBR>30 accoring 1o
S g:\(jsld procedures specification
E GM Silty gravel if CBR>5 if CBR > 20 if CBR>30 | if CBR >80
GC Clayey if CBR>5 if CBR > 20 ifCBR>30| if CBR >80 | SUITABLE
M gravel & PI<15 &PI<15 Provided
compliance with
A the specification
T | SAND
SW Well According to soil | ifCBR>5 if CBR >15 | UNSUITABLE | if CBR>30 | UNSUITABLE | Sand  seal
graded and Gravel unless  mixed 0/10
& sand Testing with  medium Slurry seal
- - lasticity soil & —
SP Poorly procedures if CBR>5 if CBR > 15 gome tycoarse if CBR > 30 | UNSUITABLE
S gracéed materials
san
0 SM Silty sand if CBR > 5 or if CBR > 30 | UNSUITABLE
| Mech. Stab.
L SC Clayey if CBR >5 if CBR > 30 | UNSUITABLE
sand &Pl 5-12
S FINE GRAINED SOILS
ML Low According to soil | if CBR > 5 or UNSUITABLE | UNSUITABLE | UNSUITABLE
plasticity and Gravel | Mechanical unless blended
Silt Testing Stabilisation with ~ coarse
CL Low procedures if CBR > 5 or materials UNSUITABLE | UNSUITABLE
plasticity Mechanical
Clay Stabilisation
oL gr(g:;ryc S UNSUITABLE UNSUITABLE | UNSUITABLE UNSUITABLE | UNSUITABLE
MH High Mechanical UNSUITABLE | UNSUITABLE | UNSUITABLE
plasticity stabilisation unless blended
Silt with ~ coarse
CH | High Lime stabilisation materials UNSUITABLE | UNSUITABLE
plasticity or Mech. Stab.
Clay
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Table6.3: Material classification and Classes of Quality

MATERIAL LAA AV, ACV SSStest Flakiness | Crushing
CLASSES index Ratio
% % % % %
A <25 <20 <12 <20 100
B <30 <20 <12 <25 100
C C1 <35 <25 <12 <25 80
Cc2* <30 <20 <12 <25 -
D D1 <40 <30 <12 <30 60
D2 <35 <20 <12 <30 -
E El >35 &< 50 <25 <18 -
E2 >40 &<50 <30 <18
E3 >50 <30 <18
(2): Criteriato be applied to crushed materials only.
*  Classes for rounded materias only.
611. SIEVE
IS sieve shall be used for all tests. Based on 1S-460 the standard sieves series shall be as
follows:

125; 106; 100*; 90; 80*; 75; 63; 53; 50*; 45; 40; 37.50; 31.50; 26.50; 25*; 22.40; 20*; 19;
16; 13.20; 12.50*; 11.20; 10.00*; 9.50; 8; 6.70; 6.30*; 5.60; 4.75; 4.00; 3.35; 2.80; 2.60;

2.36;

2.00; 1.70; 1.40; 1.18; 1.00; 0.85; 0.71; 0.60; 0.50; 0.425; 0.355; 0.300; 0.250; 0.212;

0.180; 0.150; 0.125; 0.106; 0.090; 0.075; 0.063; 0.053; 0.045; 0.038; 0.032 mm

Note:

* size are Temporary

612. SOIL AND GRAVELS

D)

SECTION 600

Sampling and Samples

Sampling of soil and gravels shall be carried out as specified or as directed by the
Engineer.

Sample shall be prepared for testing asindicated in IS 2720-part |, except that:

(&) Themass (in g) of asamplerequired for sieve analysisis about 400D, D being the
maximum particle size (mm)

(b) Sample containing particles larger than 19mm size shall be prepared for
compaction and CBR tests as described hereunder, provided the proportion in
weight of such particlesisless than 30%:

An adequate quantity of representative material shall be sieved over the 50 mm and
19mm sieve shall be weighed and replaced with an with an equal mass of material
passing the 19 mm sieve and retained on the 4.75 mm sieve. The materia for
replacement shall be taken from the remaining portion of the main sample.

When preparing gravel samples, the aggregations of particles shall be broken with a
wooden or rubber hammer or pestle. Care shall be taken that no individual particles
are crushed in the operation.
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Standard Methods of Testing

Tests on soilsand gravels shall be performed in accordance with the standard methods
givenin Table 6.4

Table 6.4: Tests Procedures Applicable to disturbed/Undistributed Samples of
Soilsand Gravels

Test Test procedure/method
SNO Deter mination of
i) Moisture IS: 2720 | Part 2 (Oven-drying method)
i) Liquid Limit IS: 2720 | Part 5 (Cone Penetrometer or by Casagrande
apparatus)
iii) Plastic Limit IS: 2720 | Part5
iv) Plasticity Index IS: 2720 | Part5
V) Linear Shrinkage IS: 2720 | Part 20
vi) Specific  Gravity of | 1S:2720 | Part3
Particles
vii) Particles Size Distribution | 1S: 2720 | Part 4
viii) Organic Matter content IS: 2720 | Part 22
iX) Total Sulphate Content IS: 2720 | Part 27
X) pH Vaue IS: 2720 | Part 26 (Electrometric Method)
Xi) Mica Content IS: 2720 | Manual mineralogical counting
Xii) Density -Moisture | 1S: 2720 | Part 7
Content relationship (2.5
kg rammer)
Xiii) Density -Moisture | 1S: 2720 | Part 8
Content relationship (4.9
kg rammer)
Xiv) California Bearing Ratio IS: 2720 | Part 16
XV) Sand Equivalent IS: 2720 | Part 37 (Mechanica Shaker or Manua
Shaker Method)
XVi) Field Dry Density IS: 2720 | Part 28/Part 29
XVii) Unconfined compression | 1S: 2720 | Part 10
test
XViii) Unconfined compression | 1S: 2720 | Part 15
test
Xix) Direct shear test IS: 2720 | Part 13
XX) Triaxle test IS: 2720 | Part 11, 12
XXi) Hydrometer analysis IS: 2720 | Part 4
XXii) Vane shear test IS: 2720 Part 30

Wherever in the text of these Specifications and the Special Specification the term
“X% of MDD (IS: 2720 Part 27 and |IS: 2720 Part is used it shall mean that a standard
of compaction shall be achieved such that the dry density of the compacted material
is X% of the maximum dry density determined from the respective tests mentioned in
Table 6.4 Samples for the compaction tests shall be taken before compaction of the
layers begins unless in the opinion of the Engineer the comp active effort proposed or
applied by the Contractor is such that the:

a) Compaction tests: when the material is susceptible to crushing during compaction,
a separate and new sample shall be sued in the determination each point on the
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moisture/density curve.

b) The dry density of materia placed in the works shall be determined by the Sand
Replacement Method unless the Engineer directsto use a nuclear method or other
method. In the case of nuclear method, tests shall be done at least at the same
frequency required when using the Sand Replacement Method, but at each nuclear
densometer test location the average of three readings taken at positions rotated
by 90° shall be used. A check/comparison test using the Sand Replacement
Method shall be carried out at 10 test interval.

Initial calibration of the nuclear density testing equipment shall be done by carrying
out at least fifty testsin parallel with the Sand Replacement Method for each different
material encountered. The check tests shall be used to update the initial calibration of
the nuclear density testing equipment.

613. STONE, AGGREGATE, SAND AND FILLERS

1)

)

SECTION 600

Sampling and Preparation of Samples

Sampling shall be carried out as per IS: 2430 and the samples shall be prepared in
accordance with IS: 2486 or according to sampling procedures specified for the
Standard Methods of testing givenin Table 6.5.

Standard Method of Testing

Tests on stone, aggregate, sand and filler shall be performed in accordance with the
standard procedures given in the Table 6.5.

Table 6.5: Test Procedures Applicableto Stone Aggregate and Fillers

Tests Test Procedure
Deter mination of:
i) Particle Size Distribution 1S:2386 Part 1
(Gradation) Part 2
i) Clay, Silt, Dust in Aggregates IS: 2386 Part 1
iii) Flakiness Index IS: 2386 Part 3
iv) Specific Gravity IS: 2386 Part 3
V) Moisture Content IS: 2386 Part 3
vi) Bulk Density, Voids & Bulking IS: 2386 Part 117
vii) Compressive strength of stone IS: 1121 Part |
viii) Mica Content Manua mineralogical Counting
iX) Water Absorption IS: 2386 Part 3
X) Crushing Ratio Manua counting & weighing
Xi) Los Angeles Abrasion IS: 2386 Part 4
Xii) AIV-ACV IS: 2386 Part 4
Xiii) Polished Stone Vaue IS: 2386 Part 4
Xiv) Sodium Sulphate Soundness IS: 2386 Part 5
XV) Alkali Aggregate Reactivity Test IS: 2386 Part 7
XVii) Deleterious Substances IS: 2386 Part 2
xviii) | Sand Equivalent IS: 2720 Part 37
Xix) Crushing Strength of Stone IS: 2386 Part 4
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615.

STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

CEMENT

Ordinary and High Strength Portland Cement (OPC and HSPC), Portland Slag Cement
(PSC), Portland Pozzolana Cement (PPC) shall be sampled according to 1S: 3535 and tested
according to NS: 123/1S: 4031.

Chemical and physical requirementsfor Ordinary Portland Cement, High Strength Portland
Cement, Portland Slag Cement and Portland Pozzolana Cement shall be in accordance with
NS: 49/IS: 269, IS: 8112, IS: 12269, IS: 455, |IS: 1489 respectively.

The requirements on their physical characteristics shall be as given in Table 6.6
Table 6.6: Requirement on the Physical Characteristics of Cement

S.N. Physical Characteristics OPC/PSC | HSPC | Test Procedure

i) Fineness, m#kg: (by Blaine’s Air Permeability 225 225
method)

i) Setting Time: NS 123
(@Minimum Initial Setting Time(minutes) 45 45
(b)Maximum Final Setting Time(minutes) 600 600

iii) Soundness by Lechatelier Method, mm, maximum 10 10 NS: 123

iv) Compressive Strength:

Minimum average Compressive Strength of three mortar cube (N/mm?)
(a) 3days 16 27
(b) 7 days 22 37
(c) 28 days 33 53

LIME

Limes shall be sampled and tested in accordance with IS: 1514 and shall comply with all
requirements specified therein.

Lime for treatment of road materials shall be Hydrated Calcium Lime or Quicklime and,
unless otherwise specified, shall comply with the requirements given in Table 6.7.

Table 6.7: Requirementsof Limefor Treatment of Road Materials

.SN. Characteristics Hydrated lime Quicklime

i) Fineness

Residue on 0.212 mm sieve, Maximum 1% 10%

Residue on 0.775 mm sieve, Maximum 100% 50%

i) Chemical requirements

Free lime content, Minimum 50% 60%

Hydrated lime content, Maximum - 5%
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616. LIME TREATED MATERIALS
(1) Sampling

Sampling and preparation of samples of lime treated material shall be carried out as
specified or as instructed by the Engineer except that:

Samples containing particles larger than 19 mm shall be prepared for compaction and
CBR tests as specified in Clause 612 (1) b). (The fraction coarser than 19 mm shall be
replaced by an equal weight of materia passing through 19 mm sieve and retained on
4.75 sieves).

(2) Standard Methodsof Testing

Thetestson limetreated materials shall be performed in accordance with the Standard
methods given in Tables 6.4 and 6.8.

Table 6.8: Additional Tests Procedures Applicableto Lime Treated Materials
SN Tests Test Procedure

Deter mination of:

(i) | Unconfined Compressive Strength (UCS) IS: 2720 — Part10
(if) | Effect of immersion on UCS IS: 2720 — Part 10
(iii) | Lime Content IS: 4332 - Part 8

617. CONCRETE
Sampling and testing on concrete shall be carried out in accordance with the standard
methods given in the Table 6.9

Table 6.9 Tests Procedures Applicableto Concrete

SN Tests Test Procedure

Deter mination of:

) Air contents of fresh concrete IS: 1199
(i) Density of hardened concrete IS: 516
(iii) Compressive strength of concrete cubes IS: 516
(iv) Tensile splitting strength IS: 5816
(v) Flexural strength IS: 516
(vi) Compressive strength of concrete cores IS: 516

(vii) Water absorption

(viii) Mixing and sampling fresh concrete in laboratory IS: 516
(ix) Normal curing of test specimens IS: 516
(x) Accelerated curing of test specimens IS: 9013
(xi) Marking test cubes from fresh concrete IS: 516
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Non-destructive tests shall be carried out in accordance with the standard method and
recommendations given in Table 6.10 as when required.
Table 6.10: Non-destructive Tests Applicableto Concrete

SNO Test Referencesto
Test Procedures
() | ULTRASONIC PULSE VELOCITY (UPV)) IS: 13311 part-1
(i) Rebound hammer IS: 13311 part-2
(iii) Pull out test [ method of testing bond in reinforcement concrete] IS: 2720 part - 1
(V) | RADIOGRAPHIC METHODS BS: 1881 -205
(v) BAQKSCATTER RADIOMETRY (BSR) (Nuclear surface moisture ASTM C 1040
density gauge)
(Vi) | IMPACT-ECHO ASTM C 1383
(Vi) | COVER METER and Bar locator BS: 1881 204
(Vi) | coretest IS: 516
(ix) Corrosion assessment/ Half-cell potential ASTM C 876-9

The test specimens shall be cured at atemperature of 27°C + 2°C

Water used for concrete shall comply with al the requirement given in Table 6.11 Water to
be used in concrete shall be tested as specified in |1S: 3025

Table 6.11 Permissible limit for solidsfor water used in concrete

S.NO. Permissible limit , Max Test Procedure
0] 200 mg/l IS: 3025 part 18
(i) 3000 mg /I IS: 3025 part 18
(iii) 400 mg/l IS: 3025 part 24
(iv) 2000 mg/l, for concrete not consisting embedded steel and 500 mg/l for IS: 3025 part 32

RCC work
(v) 200 mg/I IS: 3025 part 17

The total chloride content, expressed as chloride ion, arising from all ingredients in a mix
including cement, water and admixtures shall not exceed the following limits, expressed as
a percentage of the weight of cement in the mix:-

For pre-stressed concrete, steam cured concrete or - 0.1 percent
concrete containing sulphate resisting or super

sulphated cement

For any other reinforced concrete - 0.4 percent

Thetotal sulphate content expressed as SOz of al the ingredientsin amix including cement
water and admixtures shall not exceed 0.4 percent by weight of the aggregate or 4.0 percent
of the weight of the cement in the mix, whichever isthe lesser.

BITUMINOUSBINDERS
(1) Sampling and samples

Sampling of straight-run and cut-back bitumen’s shall be carried out in accordance
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with NS: 230/ IS: 73 for paving bitumen or IS: 217 for cut back bitumen. Sampling
of bitumen emulsion shall be carried out in accordance with NS: 230/ 1S: 1201.

(2) Requirement

Before any bituminous binder is delivered to the site, the Contractor shall provide the
Engineer with a certificate form the manufacturer that the materia to be supplied
compliesin al respects with the relevant specifications.

Any bituminous binder delivered in leaking or deteriorated containers shall berejected

(@) Paving Bitumen

Paving bitumen shall comply with al requirement as specified in table 6-12 while.
Table6.12: Specification for Paving Bitumen

SNo. Characteristics Paving Grades M ethod of Test
VG10 | VG20 | VG30 VG40 Ref to
D 2 (©) (4) ©) (6) ()
_ Penetration at 25°C, 100 g, 5 80 60 45 35 NS 221.204.7
i) s 0.1 mm. Min (Part 111)/ 1S:;
' ' 1203
L R 800- 1600- | 2400- 3200- NS: 237:2050
i) ﬁgi‘“e viscosity a €0°C. | o0 | 2400 | 3600 | 4800 | (PatVINY/IS:
1206 -2
Kinematic viscosity at 135°C, 250 300 350 400 NS: 237:2050
iii) st Min (Part VIIN/ 1S
' :1206-3
_ Flash point (Cleveland open 220 220 220 220 NS 237.204&?
iv) aup), °C, Min (Part VID/ IS:
T 1448-69
Solubility in 99 99 99 99 NS: 221:2047
V) trichloroethylene, percent, (Part IV)/1S; 1216
Min
vi) Softening point (R&B), °C, 40 45 47 50 NS/I1S: 1205.
Min
. Tests on residue from rolling
vii) o
thin film oven test:
4 4 4 4 NS: 221:2046
a) Viscosity ratio at 60°C, Max (Part 1)/ IS:
1206-2
. o . 75 50 40 25 NS: 221:2046
b) Ductility at 25°C, cm, Min (Part 1)/ 1S: 1208

(b) Cut Back Bitumen

Test on cut-back bitumen shall be carried out in accordance with the standard methods
givenin Table 6.13.
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Table 6.13: Specification for Cut-Back Bitumen

REQUIREMENT OF RAPID CURING(RC) CUTBACK BITUMEN
S.NO CHARACTERISTICS RC70 RC250 RC80 RC 3000 Test
method
min max min max min  max min | max
i) Kinematic viscosity at 60°C, cSt 70 140 250 500 800 | 1600 | 3000 | 6000 IS: 1206
(Part3)
i) Flash point, Pensky Martens 26 - 26 - 26 - 26 - IS: 1209
closed type, °C
iii) Distillate volume percent of 1S: 1213
total digtillate up to 360°C
a) up to 190°C 10 - - - - - - -
b) up to 225°C 50 - 35 - 15 - - -
c)up to 260°C 70 - 60 - 45 - 25 -
d) up to 315°C 85 - 80 - 75 - 70 -
iv) Residue from distillation up to 55 - 65 - 75 - 80 -
360°C by percent by
volume(difference)
V) Test on residue from distillation
up to 360°C
a)Viscosity at 60°C, Poises 600 | 2400 600 2400 600 2400 | 600 2400 1S: 1206
(Part3)
b) Ductility at 27°C, cm 100 - 100 - 100 - 100 - IS: 1208
c) Matter solublein 99 - 99 - 99 - 99 - I1S: 1216
trichloroethylene, percent by
mass
vi) Water content percent by mass - 0.2 - 0.2 - 0.2 - 0.2 1S: 1211
REQUIREMENT OF MEDIUM CURING(MC) CUTBACK BITUMEN
SNO | CHARACTERISTICS MC30 MCT70 MC250 MC 800 M C3000 Test
min | max min max min | max | min | max | min | max Method
1 2 4 5 6 7 8
i) Kinematic viscosity at | 30 60 70 140 250 | 500 | 800 | 1000 | 3000| 6000 | IS:1206
60°C;cSt (P-3)
i) Flash point, Pensky 38 - 38 - 65 - 65 - 65 - IS:
Martens closed type, °C 1209-
iii) Distillate volume IS:
percent of total distillate 1213-
up to 360°C
a) up to 225°C - 25 - 20 - 10 - - - -
b)up to 260°C 40 70 20 60 15 55 - 35 - 15
C) up to 315°C 75 93 65 90 60 87 45 80 15 75
iv) Residue from distillation|] 50 - 55 - 67 - 75 - 80 -
up to 360°C by percent by
volume(difference)
V) Test on residue from -
ditillation up to 360°C
a)Absolute Viscosity at | 300 | 1200 | 300 1200 | 300 | 1200 | 300 | 1200 | 300 | 1200 IS:
60°C, Poises 1206(P-3)
b) Ductility at 27°C, cm 100 - 100 - 100 - 100 - 1S: 1208
c) Solubility in| 99 - 99 - 99 - 99 - 1S: 1216
trichloroethylene,
percent
vi) Water content percent - 0.2 - 0.2 - 0.2 - 0.2 I1S: 1211
by mass
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REQUIREMENT OF SLOW CURING(SC) CUTBACK BITUMEN
SNO CHARACTERISTICS SC70 SC250 SC80 SC 3000 Test
method
min max min max min | max min ma
X
1 2 3 4 5 6 7
i) Kinematic viscosity at 60°C ;cSt 70 140 250 500 800 | 1600 | 3000 | 600 | IS: 1206
0 (Part 3)
i) Flash point, Pensky Martens closed type| 65 - 79 - 93 - 107 IS: 1209
°C
iii) Total Distillate up to 360°C volume, | 10 30 4 20 2 12 - 5 1S: 1213
percent
iv) Kinematic viscosity on distillation | 4 70 8 100 20 160 40 350
residue up to 60°C ; cSt
V) Test on residue from distillation up to - -
360°C
a) Residue of 100 penetration; percent 50 - 60 - 70 - 80 IS: 1204
b) Ductility of residue a 27°C, cm 100 - 100 - 100 | - 100 IS: 1208
c¢) Solubility in trichloroethylene, percent | 99 - 99 - 99 - 99 1S: 1216
vi) Water content percent by mass 0.5 0.5 - 0.5 - 05 |Is 1211
(c) Maodified Bitumen

Modified bitumen shall comply with requirements as specified in Table 13.2

619. BITUMEN EMULSION
Test on bitumen emulsion shall be carried out in accordance with the standard methods
givenin Table 6.14 and 6.15.
Table 6.14: specification for Bitumen Emulsion (An ionic)
S.NO CHARACTERISTICS Rapid Medium Slow Method of test,
Setting Setting Setting ref to Annex of
1S:3117
1 2 3 4 5 6

i) Viscosity by  Saybolt Furol | 20-100 20-100 20-100 A
viscometer in second at 25°C

i) Bitumen content, percent by mass, 65 65 57 B
Min

iii) Settlement, 5 days, Max 3 3 3 C

iv) Demulsibility,35 ml of 0.02 N 60 - - D
calcium chloride, percent, Min

V) Miscibility® in water, coagulation in - Nil - E
2h

vi) Modified miscibility with water - - 45 F
difference of bitumen content

vii) Cement mixing test, percent, Max - - 2 G

viii) Coating ability and water resistance H
a) Coating dry aggregates - Good -
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S.NO CHARACTERISTICS Rapid Medium Slow Method of test,
Setting Setting Setting ref to Annex of
1S:3117
1 2 3 4 5 6
b) Coating after spraying - Fair -
¢) Coating wet aggregate - Fair -
d) Coating after spraying - Fair -
iX) Sieve test, percent, Max 0.1 0.1 0.5 J
X) Particle Charge Negative | Negative | Negative K

L 1f the sample of emul sified bitumen being tested fails to conformto the requirement the sample shall be tested
for 5 day settlement and for miscibility and if the numerical difference between the average percentage of
residuein the 5 day settlement islessthan 3, and if the miscibility test shows no appreciable cogulationin 2h,

then the emulsified bitumen shall be considered conforming to the standard

Table 6.15: Specification for Bitumen Emulsion (Cationic)

SN Characteristics Grade of Emulsion Test
@) RS1 RS2 MS SS1 SS-2 method
i) Residue on 600 micron IS 0.05 0.05 0.05 0.05 0.05 IS: 8887
Sieve, percent by mass, Max
i) Viscosity by Saybolt Furol IS: 3117-
viscometer in second
1. At25°C - - - 20-100 30-150
2. At50°C 20-100 100-300 30-300 - -
iii) Coagulation of emulsion at low Nil Nil Nil Nil Nil IS: 8887
temperature *
iv) Storage ability after 24 h, 2 1 1 2 2 IS: 8887
percent, Max
V) Particle Charge Positive | Positive Weak Positive | Positive IS: 8887
Positive
vi) Coating ability and water - F
resistance
1. Coating dry aggregates - Good - -
2. Coating after spraying - Fair
3. Coating wet aggregate - Fair - -
4. Coating after spraying - Fair -
vii) Stability to mixing with cement - - 2 IS: 8887
(percentage coagulation), Max
viii) Miscibility with water No Coagulation - No IS: 8887
Coagulatiq
n
iX) Tests on Residue:
1.Residue by evaporation, 60 67 65 50 60 IS: 8887
percent, Min
2. Penetration at 25°C 100g, | 80-150 80-150 60-150 60-350 60-120 IS: 1203
5sec, 0.1 mm, Min
3. Ductility at 27°C; cm, Min 50 50 50 50 50 IS: 1208
4. Solubility: In | 98 98 98 98 98 IS: 1216
Trichloroethylene, percent by
mass, Min

1 This requirement shall be applicable only under situations where the ambient temperature is below 15°C
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620. STEEL
(@ Reinforcing Steel

All reinforcement for use in the Works shall be tested for compliance as specified in Clause
2014 in aLaboratory acceptable to the Engineer and two copies of each test certificate shall
be supplied to the Engineer. The sampling and frequency of testing shall be as set out in the
NS: 84 and NS: 191. In addition to the testing requirements described above, the Contractor
shall carry out additional testing as instructed by the Engineer.

(b) Cast Stedl

The use of cast steel shall be limited to bearings and other similar parts. Stedl for castings
shall conform to Grade 280-520 N of IS: 1030. In case where subsequent welding is
unavoidable in the relevant cast steel components, the letter N at the end of the grade
designation of the steel casting shall be replaced by letter W. 0.3 per cent to 0.5 per cent
copper may be added to increase the corrosion resistance properties

(c) Sted for Pre-stressing
The pre-stressing stedl shall conform to either of the following:

i. Plain hard drawn steel wire conforming to IS: 1785 (Part ) and IS: 1785 (Part 11).
ii. Cold drawn indented wire conforming to 1S : 6003
iii. High tensile steel bar conforming to IS; 2090
iv. Uncoated stress relieved strands conforming to 1S: 6006
v. Uncoated stress relieved low relaxation seven ply strands conforming to IS: 14268

Datain respect of modulus of elasticity, relaxation loss at 1000 hours, minimum ultimate
tensile strength, stress strain curve etc. shall be obtained from the manufacturer. Pre-
stressing steel shall be subjected to acceptance tests prior to actual use in the works.

(d) Stee for forgings

Forged steel pins shall comply with Clause 3, 3A or 4 of IS: 1875 and steel forgings shall
comply with Clause 3, 3A or 4 of IS: 2004. Raw materials of the forging will be taken as
per IS: 1875 with minimum reduction ratio of 1.8:1. Alternatively, if forging is made from
ingot a minimum reduction ratio between the ingot and forging will be 4:1. Forging shall
be normalised

(e) Structural Steels

Unless otherwise permitted herein, all structural steel shall before fabrication comply with
the requirements of the following Indian Standards:

IS: 226 . Structura Steel (Standard Quality)

IS: 961 . Structural steel (High Tensile)

IS: 2062 : Wieldable Structural Steel

IS: 8500 : Wieldable Structural Steel (medium & high strength qualities)
IS: 1148 : Hot rolled rivet bars (up to 40 mm dia.) for structural purposes
IS: 1149 : High tensilerivet bars for structural purposes
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IS: 1161 . Stedl tubes for structural purposes

IS: 4923 : Hollow Steel sectionsfor structural use

IS: 11587 : Structural weather resistant steel

IS: 808 : Specificationsfor Rolled Steel Beam, Channel and Angle Sections

IS: 1239 : Mild Stedl Tubes

IS: 1730 : Dimension for Steel Plate, sheet and strip for structural and generd
engineering purposes

IS: 1731 : Dimension for Steel flats for structural and general engineering
purposes

IS: 1732 : Dimension for round and square steel bars for structural and
general engineering purposes

IS: 1852 > Rolling and cutting tolerances for hot rolled steel products

The use of structural steel not covered by the above standards may be permitted with the
specific approval of the authority. Refer to Section 2200 for further details.

621. TESTING OF WELDS
The tests detailed in Clause 2204 (7) shall be carried out by the methods described in IS:

7307.

622. PAINT FOR STRUCTURAL STEEL WORK

The Contractor shall submit the proposal to the Engineer about the paint system to be used
in the Works

The system shall comply with Clause 2205 and shall be defined at least by the following
information’s, supported by the paint manufacturer’s data sheets:

Type of system, composition of each component.
Minimum thickness of each coat.

Drying time at 10°C within a range a relevant hygrometric conditions, including handling
conditions, minimum and maximum time of overlap.

Type of painting method and thinner content, (airless spray, brush, roller etc.)

Thinner type

Blending ratio.

Maximum time limit of use, by 75% of relative humidity and for a relevant range of
temperature and hygrometric conditions.

Weather conditions constraint for painting and drying, including minimum and maximum
ambient temperature and temperature of surfaces to be painted.

623. BRICKS

Bricks shall conform to NS: 1 with the exceptions specified in Sub-clause 2502 (1).
624. MORTAR

Mortar shall comply with Sub-clause 2502 (2).
625. REINFORCED CONCRETE PIPES

Reinforced concrete pipes shall comply with the requirements of NS: 80/1S: 458.
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HIGH DENSITY POLYTHENE PIPES
High density polythene pipes shall comply with the requirements of NS: 40.
GEOTEXTILES

Geotextiles used for sub-surface drains shall be made of polyethylene or polypropylene or
polyester or similar fibres, either woven or nonwoven. Unless otherwise shown on the
Drawing, the geotextile shall: meet the minimum strength in terms of Minimum Average
Roll Value (MARYV) as specified in table 6.16

Table 6.16 Specification for Geotextile

Installation Type Strength Property Requirement (MARV)
condition Grab Strength in |Tear strength in Puncture Burst Strength
Newton (N) asper /| Newton (N) as strengthin  |in Newton (N) as
IS: 13162 part5 | per IS: 14293 | Newton (N) as | per IS: 1966
per IS: 13162
part 4
Elongation at Failure

< 50% >50% | <50% | >50% | <50% | >50% |<50%| >50%
Harsh installation 1400 900 500 350 500 350 | 3500 | 1700
. Typel
condition
Moderate 1100 700 400 250 400 250 | 2700 | 1300
installation Type 2
condition
Less severe 800 500 300 180 300 180 | 2100 950
installation Type 3
condition

All Numeric value in the above table represent Minimum Average Roll Value (MARV) in
weaker principal directions
When the Geotextile are joined together by field sewing, the seam strength shall be at least
60 % of the material’s tensile strength. All field seams shall be sewn with thread as strong
asthe material in the fabric

GEOGRID

Geo grid used for sub-base of flexible pavement shall be made of high tenacity polymer
yarn jointed at cross points by weaving. Unless otherwise shown on the Drawing, the geo
grid shall meet the minimum strength in terms of Minimum Average Roll Vaue (MARV)
as specified in Table 6.17

Table 6.17 Specification for Geogrid, Minimum Requirements for Geogrid for sub-Base of
Flexible Pavement

Property Test Method Unit Requirement

Stiffness at 0.5% strain SO 10319 KN/m >350 , both in machine and
cross machine direction

Tensile strength @ 2% strain ASTM D6637 KN/m >15% of Ti : both in machine
and cross machine direction

Tensile strength @ 5% strain ASTM D6637 KN/m >20% of Ti : both in machine
and cross machine direction

Junction Efficiency for extruded | GRI-GG2-87 or ASTM- | - 90% of rib ultimate tensile

geogrids WK 14256 strength

Ultraviolet stability ASTM D4355 - 70% after 500 hrs exposure
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TIMBER FOR STRUCTURAL WORKS
Timber used for structural works shall comply with IS: 883.
PAINT FOR ROAD MARKING

Paint for road marking shall comply with NS 408. Paint used for other purposes shall be as
specified in the respective Sections of these Specifications.

MANHOLE COVERSAND FRAMES

Manhole covers and frames shall be of cast iron and shall comply with IS: 1726. For
manhol es constructed in carriage way and shoulder, heavy duty circular covers and frames
shall be used. In footpaths, medium duty circular covers shall be used. In other locations
light duty covers and frames shall be used.

PRECAST CONCRETE CHANNELS

Precast concrete channels, kerbs, edging, quadrants and gutters shall comply with the
requirements of 1S: 5758.

CAST IRON DRAINAGE GRATINGS
Cast gratings for drainage purpose shall comply with the requirements of 1S: 5961.
GABION

All wire used in the fabrication of gabions and wiring operations during construction shall
comply with the requirements of NS: 163 — 2045. The wires shall be galvanized with heavy
coating of zinc. The coating of zinc shall comply with NS: 163 (Heavy Coated Wire) as
given in Clause 2401/ 2402.

MEASUREMENT AND PAYMENT

Unless stated otherwise, no separate measurement and payment be made for sampling and
testing of materias, trials and construction control/process control testing. It shall be
deemed to have included in the rates of the relevant items for complying with the
requirements of this Sections 600.
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SECTION 700: PIPE DRAINS, PIPE CULVERTSAND CONCRETE

701.
1
)
SECTION 700

CHANNELS

PIPE DRAINS AND PIPE CULVERTS

Scope
This Clause covers the works for the construction of pipe drains and culverts with or

without prefabricated reinforced cement concrete pipes and/or high density polythene
pipes (HDP Pipes).

Materials
(@ Reinforced Concrete Pipes
Reinforced concrete pipes shall comply with the requirements of NS: 80 /1S: 458.

Reinforced concrete pipes either spun or vibrated cast shall be such that the maximum
tensile stressin the circumferential steel dueto specified hydrostatic test pressure does
not exceed the limit of 125 N/mm? in the case of mild steel rods, 140 N/mm? in the
case of hard-drawn steel wires and high strength deformed steel bars and wires.

The barrel thickness shall be such that under the specified hydrostatic test pressure,
the maximum tensile stress in concrete, when Considered as effective to take stress
along with the tensile reinforcement. Shall not exceed 2 N/mm 2 for pressure pipes
and 1.5 N/mm 2 for non-pressure pipes But the barrel wall thickness shall be not less
than those given in Table 7.1 for pipes manufactured by spun process. For pipes
manufactured by vibrated casting process, the barrel wall thickness shall be as given
inTables 7.2

Table: 7.1: Design and Strength requirements of Concr ete Pipes of class NP3
Reinforced Concrete, medium duty, Non- Pressure Pipes.

Internal Barrel Reinforcements Strength, Test requirement for
diameter wall Three edge Bearing Test
of pipes | thickness
mm mm Longitudinal, mild Spira , Load to Ultimate
steel or hard drawn Hard drawn produce 0.25 Load
steel steel mm Crack KN/ Lin
Kg/ Lin KN/ Lin metre metre
Minimum | Kg/ Linear| metre
number metre
1) @) ©) (4) ) (6) (7)
300 40 8 0.78 1.8 155 23.25
450 75 8 0.78 3.79 21.56 32.34
600 85 8 or 6+6 1.18 7.01 28.74 43.11
900 900 6+6 2.66 18.30 43.11 64.67
1000 115 6+6 2.66 21.52 47.90 71.85
1200 120 8+8 3.55 33.57 57.48 86.22
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Table 7.2: Design and Strength Test requirements of Concrete Pipes of class NP3-
Reinforced concrete, Medium duty, Non pressure made by vibrated Casting

process.
Internal Barrel Reinforcements Strength, Test requirement
diameter wall for Three edge Bearing Test
of pipes thickness Longitudinal, mild Spird , Load to Ultimate
mm mm steel or hard drawn Hard drawn | produce 0.25 Load
steel steel mm Crack KN/ Lin
Minimum | Kg/ Lineary Ko/ Lin KN/ Lin metre
number metre metre metre
(1) (2) ) (4) (5) (6) ()
300 50 8 0.78 153 155 23.25
450 65 8 0.78 1.9 21.56 32.34
600 75 8 or 6+6 1.18 2.2 28.74 43.11
900 100 6+6 2.66 11.55 43.11 64.67
1000 115 6+6 2.66 15.70 47.90 71.85
1200 125 8+8 3.55 21.25 57.48 86.22
(a) HDP Pipes

HDP pipes shall comply with the requirements of NS: 40.
©)

Excavation for pipe

The foundation bed for the pipe culverts/drains shall be excavated in accordance with
Section 900 true to the lines and levels shown on the Drawing or to such other lines
and depths as the Engineer may direct. The pipes shall be placed in shallow excavation
of the natural ground or in open trenches cut in existing embankments, taken down to
the levels as shown on the Drawing. The additional width of the trench on either sides
of the pipe shal be 150 mm or one-fourth of the diameter of the pipe whichever is
more. Should the Contractor desire to use mechanical plant for excavating trenches or
for laying pipes he shall submit his proposals for approval by the Engineer, but such
approval shall not relieve the Contractor from his responsibilities in case of damage

to pipes.

The pipe shall be placed where the ground for the foundation is reasonable firm.
Where the bottom of the trench as excavated does not provide a suitably firm
foundation for the culvert, due to soft, mucky or other unsuitable material being
encountered, the unsuitable material shall be excavated to such depth, width and
length as directed by the Engineer. The excavation shall then be backfilled with gravel
or other approved granular material which shall be properly shaped and thoroughly
compacted up to the specified level.

(4) Timbering Pitsand Trenches
The sides of trenches shall, where required, be adequately timbered and supported to
the satisfaction of the Engineer. All such excavations shall be of sizes sufficient to

enable the pipes and concrete to be laid accurately and the formwork withdrawn
SECTION 700
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before refilling and ramming is carried out.

Water in Excavation

Trenches shall be kept free form water until the pipes are installed and the joints have
hardened. The Contractor shall, a hisown expense, construct any sumps or temporary
drains that the Engineer may consider necessary. The Contractor shall make good at
his own expense, any damage caused by prolonged and excessive pumping, and shall
take all precautions necessary for the safety of adjoining structures by shoring or
otherwise, during the time the trenches are excavated or open.

Laying and Jointing Pipes

Arrangement for handling lifting, loading, transporting, unloading, storage and
lowering the pipesin bed shall be such that the pipes do not suffer any damage.

The pipes shall be laid true to line and level, commencing from the outfall. No pipes
shall be laid until it has been approved by the Engineer. Pipes shall be laid such that
each oneisin contact with the bed throughout the length of barrel. The pipes shal be
laid closely together against each other so asto obtain tight joints.

Where two or more pipes are be laid adjacent to each other, they shall be separated
by adistance equal to half the diameter of the pipe subject to a minimum of 450 mm.

Concrete pipe culverts shall be laid on granular bedding or concrete bedding or as
shown on the Drawing.

The concrete pipes shall be jointed either by collar joint or flush joint. In case of collar
joint, the collar shall be of reinforced cement concrete 150 to 200 mm wide according
to the diameter of the pipe and having the same structural strength as the pipes to be
jointed. Caulking space shall be between 13 to 19 mm according to the diameter of
the pipe as specified by NS: 80/ IS: 458 caulking material shall be dightly wet mix of
cement and sand in the ratio of 1: 2 rammed with caulking irons. Before caulking, the
collar shall be placed such that its centre coincides with the joint and an even annular
spaceis|eft between the collar and the pipe. In case of flush joint, the ends of the pipes
shall be spaced to from a self-centring joint with a joining space of 13 mm side. The
jointing space shall befilled with cement sand mortar in the ratio of 1:2 Cares shall be
taken tofill all voids and to see that any excess of cement mortar is neatly cleaned off
while each joint is being made and any earth, cement or other material thoroughly
cleaned out of the pipes. All joints shall be made with care so that the interior surface
issmooth and consistent with theinterior surface of the pipes. After finishing, thejoint
shall be kept covered and damped for at least four days. A properly fitted plug shall
be well secured at the end of each pipes aready laid and shall be removed only when
next pipe is being laid or on completion of the culvert or drain. The trench shall be
kept free from water until the joint are thoroughly set. Jointing of HDP pipes shall be
done by heating as prescribed by the manufacturer.

Cement Mortar for Jointing

Cement mortar for jointing pipes shall consist of one part by weight of Portland
cement to two parts by weight of sand. Sand shall comply with Sub-clause 2502 (2).
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The materials shall be accurately gauged and mixed in an approved manner. Cement
mortar shall be made in suitable small quantities only and when required, and any
mortar which has begun to set or which has been mixed for a period of more than the
initial setting time shall be rejected.

Pipeto beleft Clean on Completion

On completion, al pipe lines, drains etc., shall be flushed from end to end with water
and left clean and free from obstructions.

Pipes Bedding and Encasing
Pipes shall be laid on granular or concrete bedding or as shown on the Drawing.

(a) Granular Bedding

The pipes shall belaid on alayer of fine granular material, 100 mm thick, after the
bottom of excavation has been shaped to conform to the lower part of the pipe as
shown on the Drawing. The bedding material shall be well graded granular
material passing 5.6 mm sieve and suitable compacted.

(b) Concrete Bedding

Whereindicated on the Drawing, the pipes shall belaid on grade M 10/40 concrete
confirming to Section 2000 so that the bottom of the pipe rests on concrete of the
specified thickness. The thickness of the concrete below the pipe and the height
to which it extends upwards shall be as indicated on the Drawing.

(c) Concrete Encasing

Where shown on the Drawing, pipes shall be fully encased in concrete as shown
on the Drawing. The grade of the concrete shall be as shown on the Drawing. In
carrying out this work the Contractor shall take care to pack the concrete under
and around the pipes to ensure even bedding and solidity in the concrete; in no
instance shall the concrete be thrown directly on the pipes. The concrete shall be
placed in such a way that all spaces around the pipe are completely filled with
concrete. Concrete casing shall be cast in one continuous operation until
completed. The upper surface of the concrete shall be struck off with a wooden
screed and neatly finished off.

Joining New Work to Old Work

Where partial demolition is required for extension to the existing structures, the
contact face shall be cut to predetermined lines and levels. The loose and fragmented
material shall be removed and projecting steel cleaned and bent as directed by the
Engineer. Where no partial demolition but only extension is required, the contact area
shall be roughened and cleaned of al dirt and loose particles.

Refilling Trenches

Backfill for pipes and minor drainage structure shall be obtained from the material
excavated in forming the excavation. In the event of there being insufficient excavated
material or the culvert is laid close to or above existing ground level then selected
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backfill shall be obtained from borrow pits. All backfill whether from excavated
material or borrow pits shall be suitable material as defined in Clause 902 and shall
have a CBR of at least 5% measured after 4 days soak on laboratory mix compacted
to 93% MDD (Heavy Compaction), plasticity Index of less than 35%, maximum
particle size of 40 mm and shall be compacted to a dry density of 93% MDD (Heavy
Compaction)

For pipe culvert which have been placed and where no concrete haunch or surround is
called for, selected fill of suitable material available from the excavation shall be place
in layers not exceeding 150 mm of loose thickness. The material shall be uniformly
mixed with water or dried out such that the moisture content at the time of compaction
is between 95% and 100% of the Optimum Moisture Content. Then it shall be
compacted thoroughly. Similar selected material shall then be laid in layers, not
exceeding 150 mm of loose thickness, mixed, dried or watered as necessary and
carefully compacted, and brought up uniformly on both sides of the pipe up to aheight
of not less than 300 mm over the crown. The remainder of the trench shall then be
backfilled with suitable materials, placed in layers not exceeding 150 mm of loose
thickness, mixed, watered or dried as necessary and carefully compacted. All
backfilling material except the top 300 mm below formation level shall be compacted
to a minimum dry density of 93% of MDD (Heavy Compaction). The top 300 mm
below formation level shall be placed in layers not exceeding 150 mm of loose
thickness, mixed, watered or dried as necessary and carefully compacted to at |east
95% of MDD (Heavy Compaction).

For pipe culverts which have been constructed close to, above or where the culverts
protrudes above the existing ground the backfilling under the flanks and alongside and
over the culverts shall be placed and compacted in layers not exceeding 150 mmto a
density of at least the density required for the material in adjoining layers of fill. All
existing ground under this backfill shall be compacted to 93% MDD (Heavy
Compaction) to adepth of 150 mm.

Backfilling shall be carried out simultaneously and equally on both sides of the culvert
to avoid unequal lateral forces. In all casesthere shall be cover of at least 600 mm over
the crown of the culvert before construction equipment is driven over it unless
protective measures approved by the Engineer have been provided.

Inlet and Outlet Structuresand Catch pits

Catch pits, headwalls, wing walls, aprons and other ancillary works shall be
constructed in accordance with the details shown on the Drawing. Masonry for these
works shall conform to Section 2500 or 2600 as applicable. Concrete shall conform to
Section 2000 and aprons shall conform to Section 2400.

Opening to Traffic

No traffic shall be alowed to cross the pipeline unless the height of the filling is not
than 600 mm above the top of the pipe line or is as shown on the Drawing.

Testsand Standard of Acceptance
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The Contractor shall submit manufacturer’s test certificate for each lot of pipes
supplied. The test result shall meet the requirements of the Specifications.

Backfilling/Refilling shall be tested in accordance with Section 900 and al the test
result shall meet the criteria specified. Compaction shall be tested in each layer of
backfill, gradation of granular bedding shall be tested at least once a day and the test
results shall meet the specified criteria

The pipe drains/culverts shall be constructed to the true lines and levels indicated on
the Drawing or instructed by the Engineer.

M easur ement

Pipes shall be measured along their centre between the inlet and outlet ends in linear
meters of individua pipe element of each sizes, completed and accepted in place.
Collar shall not be measured for payment. Excavation, bedding, concrete for encasing
and backfilling works shall be measured separately in cubic. Ancillary works such as
head walls, wing walls, etc., shall be measured as provided for in the respective
Sections of these Specifications.

Payment

Pipes, measured as provided above, shall be paid for at the contract unit rates per linear
meter of each particular size which shall be the full and the final compensation to the
Contractor as per Clause 112. Cost for cement jointing shall deemed to beincluded in
the contract unit rate of pipe. Ancillary works such as excavation, backfilling, granular
bedding and/or concrete for bedding/encasing and masonry shall be paid for
separately, as provided under respective Clause of these Specifications.

702. CONCRETE CHANNELLING

D)

)

©)

SECTION 700

Scope
This Clause coversthe worksfor the construction of concrete channelling for drainage.

Material

Concrete channels may be pre-cast units or may cast in-situ. All concrete works and
reinforcement shall be carried out in accordance with the requirements of Section
2000.

The material on which concrete is to be bedded shall be granular bedding as provided
in Clause 701.

Construction

(@) Excavation of Bedding
Trenches for channels shall be excavated to the required depth as shown on the

Drawing. The bottom and side of the trench shall be neatly trimmed. All loose
materials shall be thoroughly compacted. The bedding material shall then belaid
on the bottom of the trench and it shall be thoroughly compacted and accurately
shaped to the required line and level. No concrete shall be placed on un-
compacted or disturbed material.
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(b) Precast Concrete Channelling

(©)

Precast concrete channelling shall be laid with close joins with 1:2 cement sand
mortar at the ends. The joints shall not exceed 10 mm in thickness and shall be
neatly pointed with a pointing trowel. Guide lines and straight edges shall be
used to ensure that the exposed faces and edgings are set to true lines and levels.
Care shall be taken to protect all precast units against chipping or breakage
during handling and laying. Broken or chipped Sections shall not be used and
shall be replaced with undamaged units.

Cast in-situ Channéls

Channels shall be cast in aternative Sections. The length of Sections shall be
uniform throughout and shall be equal to 2 m, except where shorter Sections are
necessary for closures or where otherwise shown on the Drawing.

Forms shall be accurately set to line, levels and elevation and shall be firmly
held in position during the placing of the concrete. Stops at the ends of Sections
shall be placed accurately so as to ensure that the joints are truly perpendicular
to the surface of the concrete and right angles to the edge of the road. After
concrete has been placed in the forms, it shall be tamped and spaded until the
exposed surfaces are entirely covered with mortar. Exposed faces shall then be
finished to smooth and even surfaces.

The forms of exposed concrete surfaces shall be removed after 24 hours after
the concrete has been placed. Minor defects shall be repaired with a1:2 cement
sand mortar. Plastering shall not be permitted on exposed faces and all rejected
portions shall be removed and replaced at the Contractor’s expense. Exposed
surfaces shall befinished whilethe concreteis still green, by wetting a soft brick
or wooden block and rubbing the surfaces until they are smooth. When the
concrete has smoothed by using water, it shall be rubbed with athin paste of 1.1
cement sand mortar until a uniform colour is obtained. When completed the
Sections shall be cured in accordance with the requirements of Section 2000.

After the concrete in aternate Sections has been set, the intermediate Sections
shall be cast and finished in accordance with all the requirements specified
above. The exposed end surfaces of the alternate Sections cast first shall be
painted with a coat of approved bituminous emulsion containing 60% of net
bitumen by mass, and the emulsion shall be allowed to set and dry before the
intermediate Sections are cast.

Guide lines and straight edges shall be used to ensure that the exposed faces are
formed to the true line, level and elevation.

(4) Testsand Standard of Acceptance

All concrete works shall be tested in accordance with Section 2000 and the test results
shall meet the specified criteria.

SECTION 700

The concrete channelling works shall be constructed to the true lines and levels shown
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on the Drawing or instructed by the Engineer.

(55 Measurement

Unless stated otherwise, concrete channelling shall be measured in linear meter,
Formworks and reinforcement shall not be measured separately.

Excavation and bedding shall be measured as provided under respective Sections of
these Specifications.

(6) Payment

Concrete channelling shall be paid as per the contract unit rate which shall be the full
and the final compensation to the Contractor as per Clause 112. Excavation and
bedding shall be paid as provided under respective Sections of these Specifications.

703. COMPLETION OF DRAINAGE WORKS

All culverts and/or other drainage works shall be completed well in advance of the
construction of the base course, hard shoulders and/or surfacing of the carriageway.
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SECTION 800: TRANSPORTATION OF MATERIAL

801 GENERAL
Unless otherwise stated in the contact, it is the responsibility of the Contractor to select the
sources of aggregates for concrete, stone for base, sub base, bituminous mix base binder
course and wearing course, chipping for surface, rock fill for swamps etc. and the sources
of natural/suitable materials, such as fill material, for the construction of embankments,
gravel for sub base, base, surfacing and shoulder. Such sources shall be designated as rock
quarries, quarries, alluvial deposits and borrow and are defined in Clause 802. Certain rock
quarries, quarries, alluvial deposits, borrow pits may have or have been identified prior to
the commencement of the contract and the Engineer shall instruct the Contractor asto which
of these shall be utilized for the extraction as natural or suitable materias to be used in the
works.

Provisions are included in subsequent Clause of this Specification for additional rock
quarries, quarries, aluvia deposits borrow pitsto beidentified and located by the Contractor
during the contract. Stockpile and spoil shall be located by the Contractor subject to the
approval the Engineer.

802 DEFINITIONS
(1) Rock Quarry

A rock quarry isan open surface working in massive rock form which stoneisremoved
by drilling and blasting for use in the works.

(2) Quarry

A gquarry is an open surface working form which stone or aggregate for sub base, base
and surfacing is extracted for use in the works.

(3 Alluvial Deposit

An dluvial deposit isasite where gravel and aggregate of alluvial origin are extracted
for usein the works.

(4) Borrow Pit

A borrow pit isasite from which loose material, other than stone, is removed for use
in the works.

(5) Stockpile Area

A stockpile area is an area where material such as topsoil, fill material, gravel or
aggregate is stockpiled prior to use in the works.

(6) Spoail Area

A spoil areais asite upon which surplus or unsuitable materials arising out of works
are dumped within or beyond the road reserve as indicated on the Drawing or directed
by the Engineer.
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803 LOCATING MATERIAL SOURCES

D)

(2)

3)

(4)

SECTION 800

The Contractor shall be responsible for locating al material sources and for the
acquisition or renting of all land required for rock quarries, quarries, aluvia deposit,
borrow pits, spoil and stockpile areas and for access thereto in accordance with the
Conditions of Contract.

Thelocation and size of rock quarries, quarries, alluvial deposit borrow pits, spoil and
stockpile areas proposed by the Contractor shall be subject to the approval of the
Engineer.

The Contractor shall submit for the Engineer’s approval full information regarding the
proposed location of the material source not later than 30 days after issue the order to
commence the works of al rock quarries, quarries, and alluvial deposits, borrow pits,
spoil and stockpile areas that the Contractor will require for the whole the works.

The Contractor’s proposal shall include but not limited to the following;
(@) A siteplaninasuitable scale of proposed location of material source

(b) Laboratory test results of material as per requirement mention in the related
Section of the specification

(c) Other relevant information

Where the Contractor uses a rock quarry, quarry, aluvial deposit, or a borrow pit
identified or instructed by the Engineer he shall obtain the Engineer’s approval of the
areas required for the rock quarry, quarry, aluvia deposit, or borrow pit and of the
sitting of the access roads into the rock quarry, quarry, alluvial deposit, or borrow pit.
The Engineer may require the Contractor to modify his requirements for any of the
reasons outlined in Sub-clause 803 (1) (a), (b), (¢), (d) or ().

Where rock quarries, quarries, aluvia deposits, or borrow pits, available for
inspection at thetime of the Tender, areinstructed by the Engineer the Contractor shall
satisfy himself as to the quality and quantity of materials available before providing
the information required in this Clause. Should such investigations reveal that thereis
insufficient suitable material for the use for which such materia sources were
intended, the Contractor shall immediately inform the Engineer in writing and the
Engineer shall either direct that such sources are extended or that new sources shall be
used.

When a rock quarry, quarry, aluvial deposit, borrow pit spoil or stockpile area has
insufficient suitable material or area for the use for which it was intended the
Contractor shall proposeinwriting that either any existing rock quarry, quarry, alluvial
deposit, borrow pit, spoil or stockpile area be extended or that a new rock quarry,
quarry, aluvia deposit, borrow pit spoil or stockpile area shall be used. The approval
and acquisition of such new or extended rock quarries, quarries, alluvia deposits,
borrow pits, spoil or stockpile areas shall in accordance with all the above provisions
of this Clause for the acquisition of the origina rock quarries, quarries, aluvia
deposits, borrow pits, spoil or stockpile areas.
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SAFETY AND PUBLIC HEALTH REQUIREMENTS

The Contractor shall comply with the prevalent laws and Regul ations including those of the
Loca Authority regarding public health and safety in respect of the operation of rock
guarries, quarries, alluvial deposit, borrow pits, spoil or stockpile areas, and in the absence
of, or in addition to such Regulations, shall comply with the following conditions:

() All areas of work, if they are not naturally under water, shall be drained and kept
drained where a quarry or borrow pit has been excavated such that it will not drain
naturally, it shall be kept pumped dry while being used.

(2) The Contractor shall confine his operations solely to the areas provided and shall
demarcate the boundary of the area and erect temporary or permanent fencing as
instructed by the Engineer.

(3) Wherethe height of any face exceeds 1 meter, the Contractor shall provide, erect and
maintain at his own expense stock proof fencing and gates to prevent unauthorized
access to the top of the working face.

(4) Oncompletion of thework all faces shall be neatly trimmed to a slope flatter than 1:4.
Where this is impracticable or where the working face is to be left exposed, the edge
shall be permanently fenced, as instructed by the Engineer and measurement and
payment for such fencing shall be in accordance with Section 400.

(5) On completion of work temporary fences and al temporary structures shall be
demolished and removed. All latrine pits shall be filled in and drained. The site shall
be top soiled and |eft neat and tidy.

ACCESSROADSAND TRAFFIC CONTROL

The Contractor shall comply with the provisions of Clause 103 and with the Conditions
of Contract with regard to the construction and maintenance of accessroadsto rock quarries,
quarries, aluvial deposits, borrow pits spoil and stockpile areas and with regard to traffic
operations thereon.

SITE CLEARANCE AND REMOVAL OF TOPSOIL AND OVERBURDEN

Unless otherwise specified in the contract or instructed by the Engineer, the Contractor
shall clear the sites of al rock quarries, quarries, alluvial deposits, borrow pits, spoil and
stockpile areasin accordance with Section 200 but measurement and payment shall be made
in accordance with this Section. All existing fences, tree, hedges and other features which
the Engineer shall instruct shall not be removed or otherwise dealt. They shall be protected
in accordance with Section 200.

Unless otherwise directed by the Engineer, the Contractor shall remove topsoil and/or
overburden from rock quarries, quarries, and aluvia deposits, borrow pits and spoil and
stockpile areas. The Engineer shall direct whether topsoil shall be stripped and stockpiled
separately or shall be excavated and spoiled together with the overburden. If suitable, the
Engineer may direct for the use of overburden in the works.
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On completion of the work in any rock quarry, quarry, aluvia deposit, borrow pit, spoil or
stockpile area the overburden and/or topsoil which has not been used in the works shall be
pushed back, spread and landscaped over the area of the rock quarry, quarry, aluviad
deposit, borrow pit, spoil or stockpile area. Where topsoil has been stockpiled separately, it
shall be pushed back and spared over the rock quarry, quarry, alluvial deposit, borrow pit,
spoil or stockpile area after landscaping unless the Engineer has instructed that it shall be
used for top soiling in accordance with Section 600.

807 SELECTION OF MATERIALS

Before a quarry, aluvia deposit or borrow pit is opened, the Engineer shall instruct the
Contractor asto the type of material to be excavated and the areas and depth to be worked.
The Engineer may require specific operations of equipment according to the characteristics
of the raw material and the characteristics of the final product to be obtained in accordance
with relevant Section of those Specifications.

Materials of quality shall be tested according to their use in conformance with the relevant
Sections of these Specifications. When the requirements of the final products are not met,
the Engineer may require the Contractor to control the quality of the size selection.

808 MEASUREMENT AND PAYMENT

Unless stated otherwise, no separate measurement and payment shall be made in respect of
al items in this Section. The Contractor shal be deemed to have allowed the cost of
complying all requirements of this Section elsewherein hisratesincluding al site clearance,
overburden and topsoil removal, access roads to rock quarries, quarries, aluvia deposits,
borrow pits, spoil or stockpile areas and reinstatement including landscaping and spreading
topsoil.

Where the Engineer has instructed that overburden or topsoil will be used in the works,
measurement and payment shall be in accordance with the relevant Sections of these
Specifications.
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STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

SECTION 900: EARTHWORKS

This Section covers the works related to the roadway excavation, roadway filling,
excavation for foundation, backfilling, excavation for drains, channels, intercepting drains

DEFINITIONSAND GENERAL REQUIREMENTS

Earthwork includes two types of operations i.e. (i) earth excavation and disposal of
the excavated materias (ii) earth excavation and use of excavated materials. The use
of excavated material may be in the form of filling embankment, backfilling, filling
other areas as required.

Earth excavation and disposal implies excavation of all types of materials including
part of the structures below ground level within and outside of the limit of the right of
way except for otherwise specified, shaping the exposed surface of excavation as
specified or directed by the Engineer, removal, hauling and disposal of the excavated
materia at the locations and in the manner as specified or directed by the Engineer.

Excavation and filling implies excavation of materials and shaping the exposed surface
of excavated as stated, removal hauling and use of the excavated materia at the
location and in the manner as specified or directed by the Engineer.

Excavation and disposal shall include:

(1) Excavation and disposal of any type of material included on the Drawing.

(i)  Theexcavation and disposal of existing surfacing.

(ili)  Excavation and disposal of slides, breakages and caving-ins.

(iv)  Excavation and disposal for stream channel, trenches and drains etc.

(v) Excavation required in cuts or under embankments below the lowest normal
limit of excavation as indicated on the Drawing or below ground line.

(vi)  Excavation and disposal of unsuitable materials.

(vii)  Removal or partia removal of existing embankments and disposal of the
materials as shown on the Drawing or as directed by the Engineer.

(viii) Excavation for foundation and disposal of materials.

Excavation and filling shall include:

0] Filling for embankment

(i) Filling for guide bunds, coffer dams, etc.

(i)  Backfilling in trenches, foundation pits etc.

(iv)  Any type of other filling or backfilling whereby the ground level is raised or
aholeisfilled up.

Thefollowing definitions of earthworks materials shall apply to thisand other Clauses
of these specifications, if otherwise not specified.

(1) “Topsoil” shall mean the top layer of soil that can support vegetation. It shall

901 SCOPE
etc.
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include all turf acceptable for turfing.

(i) “Suitable Material” shall comprise all that is acceptable in the accordance with
the Contract for use in the Works and which is capable of being compacted in
the manner specified in Clause 909 and 910 to form a stable fill having side
slopes as indicated in the Drawing. The materia used in fill (except for rock
fill) shall not contain rock fragments with dimensions of more than 75 mm.

(i)  “Unsuitable Material” shall mean other than suitable material and shall
include:

(@) Materia from swamp, marshes or bogs,

(b) Peat, logs, stumps, perishable material, organic clays,

(c) Materia susceptible to spontaneous combustion;

(d) Materia in afrozen condition;

(e) Clay of liquid limit exceeding 70 and/or plasticity index exceeding 45;

Materia stated above in (d) if otherwise suitable shall be classified suitable
when unfrozen.

(iv)  “Rock Fill” shall consist of hard material of suitable size for deposition and
compaction as given in Clause 909 and also may comprise rock as defined in
Clause 903 and broken stones.

(v) “Well Graded Granular Material” consisting of gravel and/or sand shall
conform to Clause 609.

No excavated suitable material other than surplusto requirements of the contract shall
be removed from the site except on the direction of the Engineer. Should the
Contractor be permitted to remove suitable material from Site to suit his operational
procedure, then he shall make good at this own expense any consequent deficit of
filling arising therefrom.

Materia in surplus to the total requirements of works, and all unsuitable material
shall, unless the Engineer permits otherwise, be run to spoil dumps.

Where the excavation reveals a combination of suitable and unsuitable materials the
Contractor shall carry out the excavation in such a manner that the suitable materials
are excavated separately for usein the works without contamination by the unsuitable
materials.

The Contractor shall make his own arrangements for the stockpiling of top-soil and/or
suitable material.

At al times the Contractor shall ensure that earthworks are not damaged by weather
or traffic. In event of such damage, the Engineer may withdraw approva from the
affected works until the Contractor has carried out repairs to restore the worksto their
original condition.

The cost of al such repairs and any additional testing shall be borne by the Contractor.
Prior to commencement of any earthwork, the work shall be set out where required as
specified in Clause 104 following the clearing and grubbing as per Section 200 and

EARTHWORKS Page 9-2



9)

(10)

STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

survey of the existing ground shall be conducted jointly by the Contractor and the
Engineer. The survey records shall serve asinitial measurementsfor the determination
of the final quantities of earthwork performed under the contract.

Works on embankments and/or cutting in areas required for the construction of bridges
and other structures shall not be carried out until the Engineer agrees that construction
of such structures is sufficiently advanced that there is no interference or damage to
them.

The Contractor shall get approval of the Engineer in respect of method of earthwork,
type of equipment to be used, disposal and other details before commencement of the
earthwork.

903 CLASSIFICATION OF EXCAVATED MATERIALS

The excavated materials shall be classified under the following categories. The decision of
the Engineer in respect of the classification of excavated materials shall be the fina and
binding upon the Contractor.

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

D)

)

SECTION 900

Soil

This shall comprise topsoil, turf, sand, silt, loam, clay, mud, peat, black cotton soil,
soft shale or loose moorum, amixture of these and similar material which yieldsto 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 this category.

Ordinary Rock (not requiring blasting)
This shall include:

(i)  rock types such aslaterites, shales and conglomerates, varieties of limestone and
sandstone etc., which may be quarried or split with crow bars, 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; macadam surface
such as water bound and bitumen/tar bound; soling of roads, paths etc. and hard
core; compact moorum or stabilised 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; 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 bounders
which do not require blasting having maximum dimension in any direction of
more than 300mm, found lying loose on the surface or embedded in river bed,
soil, talus, slope wash and terrace material of dissimilar origin.
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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,;

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

(iif) boulders requiring blasting.

Hard Rock (blasting prohibited)

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

Marshy Soil

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

Authority for classification:

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

904 EXPLOSIVESAND BLASTING

1)

)

SECTION 900

General

The procurement, transportation, storage, use, account and disposal of balance and
defective explosive materials shall be strictly as per prevalent laws and ordinances
applicableto thework site. Should there be any discrepancy found between procedures
described hereunder and the prevalent laws and ordinance, the later shall supersede.
Blasting shall be carried out in a manner that completes the excavation to the

lines indicated on the Drawing or as directed by the Engineer, with the least
disturbance to adjacent material. It shall be done only with the written permission of
the Engineer.

The Contractor shall adopt such method that is consistent with the safety and job
reguirements. Prior to starting any phase of the operation, the Contractor shall provide
information describing pertinent blasting procedures, dimensions and notes.

Material, Tools and Equipment

All thematerial, tools and equipment used for blasting operations shall be off approved
type. The Engineer may specify the type of explosivesto be allowed in special cases.
The fuse to be used in wet locations shall be water-resistant and shall remain
unaffected when immersed in water for 30 minutes. The rate of burning of the fuse
shall be uniform and definitely known to permit such alength being cut as shall permit

EARTHWORKS Page 9-4



STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

sufficient time to the firer to reach to a safe place before explosion takes place.
Detonators shall be capable for giving effective blasting of the explosives. The
blasting powder, explosives, detonators, fuses, etc., shal be fresh and not damaged
due to dampness, moisture or any other cause. They shall beinspected before use. The
damaged articles, if any, shall be discarded totally and removed from the site
immediately.

(3) Personne

The blasting operation shall remain in the charge of competent and experienced
blaster with legal license and thorough knowledge of handling explosives and blasting
operations.

(4) Blasting Operations

Explosives shall be used in the quantities and manner recommended by the
manufactures. The written permission of the Engineer shall be obtained for each
location or series of locations where the Contractor wishes to use more than 5 kg of
explosives in one series of blast. Such permission shall not any way relieve the
Contractor of his liabilities under the Conditions of Contract.

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 peoplein thevicinity. All the charges
shall be prepared by the blaster only.

The Engineer must be notified at least 24 hoursin advance on any blasting operation.
When blasting is to be carried out, the Contractor shall determine the danger zone
likely to be created, and shall ensure that al personnel, vehicles and livestock are
clear of the zone before and during the blast. In settled areas, the Contractor shall take
steps to avoid damage to property from flying rock by using blasting mats or other
suitable blanketing materials.

The Contractor shall notify each public utility organization/company having structures
in proximity to the site to the work of hisintention 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.

Danger red flags shall be displayed prominently in al directions during the blasting
operations. The flags shall be planted 200 m from the blasting site in all directions.
Peopl e, 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, awarning siren being sounded for the purpose.

The charge holes shall be drilled to required depths and at suitable places. Blasting
shall 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. Not more than 10 charges shall be prepared and
fired a atime. The man in charge shall blow a siren in a recognized manner for
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cautioning the people. The charges shall be lighted by the blasters only. The blaster
shall count the number of explosions. He shall satisfy himself that al 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
removed below sub-grade and replace the material removed below sub-grade with
suitable material.

When forming final cut faces, pre-split blasting techniques as recommended in the
Specification for Road and Bridge (IRC) shall be carried out to ensure that blasting
damaged to the cut face is minimized. Details of the pre-splitting technique to be used
shall be notified to and approved by the Engineer at least 24 hours in advance of the
blasting operation.

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

(@ Sufficient timeshall be alowed to account for the delayed blast. Theblaster shall
inspect all the charges and determine the missed charge.

(b) Ifitisblasting 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, the blaster 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 30 mm of tamping
and the direction then ascertained by placing a stick in the hole. Another hole
may then be drilled 150 mm away and parale to it. This hole shall then be
charged and fired when the misfired hole should explode at the

(d) same time. The blaster shall at once report to the Contractor’s office and the
Engineer al cases of misfire, the cause of the same and what steps weretakenin
connection therewith.

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

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 al times. Records must be kept by the Contractor of al drilling and
blasting operations showing holes diameters and depths, drilling pattern, explosive
charge and type per hole, detonator delay times and total charge per blast. These
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records must be submitted to the Engineer on completion of charging.

905 EXCAVATIONIN CUTTING

D
)

©)

(4)

()

(6)

(7)

(8)

Cleaning and grubbing shall be performed as specified in Section 200.

While executing excavations, the Contractor shall take adequate precautions against
soil erosion and water pollution.

All suitable excavated materials shall be used in construction of the roadway to the
extent as required.

Hauling of material from cutting or borrow pits to embankments other areas of fill
shall proceed only when plant or labour isoperating at the place of deposition to ensure
that adequate spreading and compaction of material can take place.

Over-excavation shall not be permitted. Any excess depth excavated below the
formation levels as specified shall be made good by the Contractor at his own expense
by backfilling with suitable material of similar characteristics to those of moved
materials with compaction as specified in Clauses 909 and 910.

The slopes of cutting shall be cleared of all rock fragments which move when prized
by a crowbar, unless otherwise directed by the Engineer. Where the Engineer
considers that the slope, immediately after dressing, shall not be permanently stable,
he shall direct the Contractor asto the stabilization measures required. The Contractor
shall carry out these measures soon after Engineer’s instruction.

When completed, the excavation slopes shall be true to the lines and levels as shown
on the Drawing or directed by the Engineer. When compl eted, no point on slopes shall
vary from the designated slopes by more than 150 mm measured at right angles to the
slope, except where excavation isin rock, no point shall vary more than 300 mm from
the designated slope.

If dips, dlides, over breaks or subsidence occur in cutting, they shall be removed.
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 water is encountered in excavations due to seepage, springs, or other causes, it shall
be removed by suitable diversions or bailing out and the excavation shall be kept dry.
The drained water shall be discharged into suitable outlets as not to damage to the
works, crops or any other property. If any such damageis caused dueto any negligence
of the Contractor, 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.

906 EXCAVATION BELOW EMBANKMENTSAND BELOW FORMATION LEVEL

D

SECTION 900

Where any unsuitable materia below the natural ground level under proposed
embankments or below formation level in cutting is required to be excavated, it shall
be removed to such depth and over such areas as shown on the Drawing or as directed
by the Engineer. The excavated materials shall be disposed off as indicated on the
Drawing or directed by the Engineer. The resultant excavation shall be backfilled with
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suitable material and shall be levelled and compacted to the density as specified for
forming of the embankments.

Nevertheless, if such backfill has to be carried out in standing water, the Contractor
shall use only an approved non-plastic well-graded granular material having maximum
size of not greater than 75 mm. Such materials may be deposited in water without use
of compaction equipment.

Where shown on the Drawing, approved, graded stones having size from 380 mm to
150 mm and containing not more than 10 percent, below 150 mm in size shall be
placed directly on the natural occurring unsuitable material. This type of rock fill
material shall be deposited in accordance with the requirements of Clause 909 and
compacted as per Clause 910.

If after the removal of materia as specified in Sub-clause 906 (1), the Contractor
allowsthe material s so exposed to reach a condition where compaction of back filling
Is impracticable, he shall make good at his own expense either by additional
excavation and filling in the manner specified in this Clause, or by waiting until the
condition of the exposed material isfit to receive the approved backfill.

907 EXCAVATION FOR FOUNDATION

D)

)
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Slope

Excavation shall consist of theremoval of material for the construction of foundations
for drainage structures, retaining walls, head walls, cut off walls, culvert, bridges and
other similar structures to the lines and dimensions shown on the Drawing or as
instructed by the Engineer in accordance with the requirements of these specifications.
The work shall include construction of the necessary cofferdams and cribs and
subsequent remova of al necessary sheeting, shoring, bracing, diversion of
water/flow, draining and pumping, the removal of all logs, stumps, grubs and other
deleterious matters and obstructions necessary for placing the foundation; trimming
bottoms of excavations; and cleaning up the site and the disposal of all surplus
material.

Excavation

Excavation shall be taken to the length and width of the lowest step of the footing and
the sides shall be left to plumb where the nature of soil alows it. Where the nature of
soil or the depth of the trench does not permit vertical sides, the Contractor at his own
expense shall put up necessary shoring, strutting and planking or cut slopesto a safer
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
Drawing or as directed by the Engineer.

Where blasting is to be restored to, the same shall be carried out in accordance with
Clause 904.
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Dewatering, Diversion of Flow and Protection

Normally, open foundation shall belaid dry. Where water is encountered in excavation
due to stream flow, seepage, spring, rain or other reasons, the Contractor shall take
adequate measure such as bailing, pumping, constructing diversion channels, drainage
channels, bunds, cofferdams and other necessary works to keep the foundation pit or
trenches dry, when so required and to protect the green concrete/masonry against
damage by erosion, failure of cut slope 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 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 equipment, etc., inside the enclosed
area.

Cofferdam sheet-pilling shall be carried down well below the bottom of the pile caps
or footings, but without interference with any bearing piles. Cofferdams shall be
rigidly constructed and efficiently braced to withstand external pressures when water
is pumped out. Sheeting shall be reasonably watertight and all appreciable leaks
encountered during the operations shall be stopped so that construction of pile caps
can be carried out in the dry. The Contractor shall rectify any cofferdam which, for
any reason, has moved, tilted, or changed its shape and/or size.

Pumping form, the interior of any foundation enclosure shall be done in such amanner
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 aperiod of at least
24 hours thereafter, unless it is done from a suitable sump and is separated from the
concrete work by awatertight 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 area of excavation.

The Contractor shall take all precautions in diverting flow and in discharging the
drained water as not to cause damage to the works, crops or any other property. If any
such damage is caused due to any negligence of the Contractor, it shall be the sole
responsibility of the Contractor to repair/restore to the origina at his own cost or
compensate for the damage.

Preparation of Foundation Base

The bottom of the foundation pit shall be levelled both longitudinally and transversely
or stepped as directed by the Engineer. Before footing is laid, the surface shall be
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dlightly watered and rammed, if surface is not wet. In the event of excavation having
been made deeper than that shown on the Drawing or as otherwise ordered by the
Engineer, the extradepth shall be made up with concrete or masonry of the foundation
grade at the cost of the Contractor. Ordinary filling shall not be allowed for the purpose
to bring the foundation to level. When rock or other hard stratais encountered, it shall
be freed of all soft and loose materials, cleaned and cut to firm surface either levelled
or 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 rock
excavation, annular space around footing shall be filled with concrete of grade M 10
up to top level of rock.

After the excavation is completed, the Contractor shall inform the Engineer to that
effect and no footing, bedding materials or structures shall be placed until the Engineer
has approved the depth and the suitability of foundation material.

If, a any point, in any foundation excavation, material unsuitable for foundations is
encountered, the Contractor shall, if so instructed by the Engineer, shall remove all
such materials and refill with suitable materials thoroughly compacted by tamping or
rolling in layers of not more than 150mm thick each.

Slipsand Blows

If there are any dlips or blows in the excavation, these shall be removed by the
Contractor at his own cost.

Public Safety

Where required, trenches and foundations pits shall be securely fenced, provided with
proper caution signs and marked with red lights at night to avoid accident as per Sub-
clause 102 (5).

The Contractor shall take adequate protective measures to see that the excavation
operations do not affect or damage adjoining structures.

Removal of Cofferdams

All cofferdams with al temporary sheeting and bracing shall be removed by the
Contractor after the completion of the substructure unit. The removal shall be carried
out in such amanner as not to disturb or damage the finished concrete. However, sheet
pilling below the top of the pile caps may be left in place at the Contractor’s option
and expenses.

No bracing no other material shall be left in cofferdam in such away asto extend into
the concrete of the structure.

Cofferdam located in embankments under the roadways shall be removed to an
elevation at least 1.2 m below the subgrade. Those located in a stream or lake and
within the limits of low water shall be removed to the elevation of the stream or lake
bed, except that in established navigation channels, they shall be removed to an
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elevation at least 600 mm below the established bottom of the channel. Those located
outside the above defined limits shall be removed to an elevation at least 600 mm
below subgrade.

REFILLING OF FOUNDATION PITSAND TRENCHES, REMOVAL OF
SUPPORTSAND FILLING TO STRUCTURES

Refilling of foundation pits and trenches shall consist of previous backfill and/or common
backfill as shown on the Drawing or as directed by the Engineer.

D)

2)

Materials
(@ Pervious Backfill

Unless otherwise specified in the contract, it shall of gravel, crushed gravel,
crushed rock, natural sands, manufactured sands or combinations thereof. It shall
conform to the grading limits set out in Table 9.1.

Table 9.1: Grading Limits of Pervious Backfill

Sieve Size

(mm) Per centage Passing by Weight
40 100
10 45-100
2.36 25-80
0.60 8-48
0.075 06

(b) Common Backfill

Common backfill materials other than pervious backfill shall be suitable
material as defined in Sub-clause 902 (2).

Method of Filling

Backfilling material shall be placed and compacted in layers in compliance with the
requirements of Clause 910. Any support structures for the excavation shall be
withdrawn as the filling proceeds unless described in the contract or ordered by the
Engineer to be left in. The backfill shall be placed in by such methods which shall
avoid loading the structure in any manner which may affect its stability or overload
its underlying foundation material or substructure. The backfill in front of abutments
and wing walls shall be placed first to avoid the Possibility of forward movement.
Precautions shall be taken to prevent any wedge action against upright surfaces, and
the slopes bounding the excavation shall be stepped as directed by the Engineer before
backfill is placed. The backfill material around box culverts, piers and curtain walls
shall be placed simultaneously on both sides of the structure. When the structureis so
designed that its strength is dependent on the restraining effect of the superstructure
(such asin portal frames and propped abutments), the backfill shall not be placed until
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the superstructure has been completed to the extent and strength necessary to provide
therequired restraint. When the Contract requires wedges between steel superstructure
and the parapet of wing type abutments, the wedges shall be placed in advance of
placing any fill above the lower 1/3 of the abutment and shall be removed when
directed by the Engineer.

909 FORMING OF EMBANKMENT AND OTHERSAREASOF FILL

1)

)

3)

(4)

)
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The work shall consist of the construction of embankment, filling on other areas and
backfill not specified el sewhere by providing material as specified or approved by the
Engineer, placing, compacting and shaping to lines, levels, grades and cross sections
as shown on the Drawing or as directed by the Engineer. The maximum size of the
coarse material in the mixture shall not exceed 75 mm for general earth fill.

The limits of embankment shall be built sufficiently wider than the design dimension
to facilitate in achieving required compaction nearby outer faces of the embankment.
The surplus materia shall be trimmed to conform the specified side slopes and width
of the embankment.

Where necessary, the original ground shall be scarified, mixed with water, levelled
and then compacted so as to achieve the density mentioned in Clause 910. Where the
height of embankment, as measured from formation level to the original ground level,
is less than 200 mm, the embankment foundation shall be compacted in accordance
with the requirements of Clause 910 such that the required compaction is achieved
within the upper 300 mm below formation level.

Where necessary, embankment foundations shall be excavated/furrowed and brought
under OMC and re-compacted in layers of 150 mm each in order to achieve the
required level of compaction.

Embankments shall be built up evenly over the entire width and shall be maintained
a al times with a sufficient camber to enable surface water to drain rapidly from
them. Damage to compacted layers by constructional or other traffic shall be made
good by the Contractor.

The natural moisture content and the optimum moisture content of the material to be
placed in the embankment shall be checked before start of the placing material. If
found to be out of the specified limits, the same shall be made good. Where water is
required to be added in such constructions, water shall be sprinkled uniformly and
thoroughly mixed in soil by blading or harrowing until a uniform moisture content as
specified is obtained.

Moisture content, checked in accordance with IS 2720 (Part 2), at the time of
compaction shall be between 90% and 105% of the Optimum Moisture Content as
determined in accordance with IS 2720 (Part 8).

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

If the material deposited asfill subsequently reaches a condition such that it cannot be
compacted in accordance with the requirements of the specifications the Contractor
shall

(i) Make good by removing the materia off the embankment and placing suitable
material; or

(i) Make good by tipping it elsewhere it elsewhere until it isin a suitable physical
condition for re-use; or

(iii) Make good the material by mechanical or chemica means to improve its
properties acceptabl e to the Engineer.

(6) Wherefill isrequired to be constructed across water logged or soft clayey ground that
displays excessive movement under normal constructional equipment, it may be
necessary to construct a capping layer in accordance with Clause 1004.

(7) Rock use in rock fill embankments shall be deposited in horizontal layers not
exceeding 450 mm each extending up to the full width of the embankment.

Material shall be spread, levelled and compacted in accordance with Clause 910. Each
layer shall consist of reasonably graded rock and all surface voids shall be filled with
broken fragments before the next layer is placed. The top surface and side slopes of
embankments so formed shall be thoroughly blinded with approved well graded
material to seal the surface

(8) Isolated boulders each within the range of0.05 cubic meters in size may be
incorporated in embankments, not of rock fill, at the discretion of the Engineer
provided that the specified compaction requirements are met and it shall not be placed
less than 1 m below formation level of carriageways or shoulders.

While filling embankment up to or over culverts or pipe drains, and where required
in the contract, up to bridges, the Contractor shall bring the embankments up equally
on both sides. In rock fill embankments the rock shall be carefully packed for such
distance from the structure asis described in the contract.

Where provision of filter membrane is specified behind structures, the same shall be
laid in layers ssmultaneously with the laying of fill material.

(9) If the Contractor wishes to continue to use the surface of embankments including
shallow filling for constructional traffic before trimming to formation level, he shall
bring up and maintain the area between the extremities of the carriageway including
(if any) central reserve and hard shoulders to a level not less than 150 mm above
formation level whereupon constructional traffic shall be allowed to use the surface
and shall be made good by the Contractor at his own expense. When it is necessary
to complete the formation level and this has been done, the movement and use of
construction equipment thereon shall be in accordance with Clause 1103.
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910 COMPACTION OF EMBANKMENT AND OTHER AREASOF FILL/BACKFILL

D)

)

3

(4)

)

(6)

(7)

The Contractor shall obtain the Engineer approval of al fill layers before covering
with subsequent layers.

All fill shall be compacted to the depth and degree of compaction as specified in
Table 9.2 or as shown on the Drawing. This requirement applies whether the
specified zone is in fill or in existing ground, except for any part which may fall
within rock or rock fill. Formation level if this context shall mean top of subgrade.

Table 9.2: Compaction Requirements

L ocation Depth below Minimum Compaction
Formation Level (% MDD Heavy
(mm) Compaction
Roadway Embankment 0-300 95
Roadway Cut 0-300 95
All other roadway fills and 93
backfill not separately specified

Each layer of rock used to fill in embankments shall be spread and levelled in
accordance with Sub-clause 909 (7) and systematically compacted.

Layers of materia other than rock fill shall not exceed 150 mm compacted depth
unless and until the Contractor can demonstrate to the satisfaction of the Engineer that
he can successfully Compact layers of a greater thickness.

Each layer shall be constructed in lengths suitable to the compaction and working
methods used. Materials of each layer shall be thoroughly mixed with water as
necessary to facilitate its compaction to the specified density.

In cut areas, the subgrade shall be processed as necessary and compacted to the depth
and compaction requirements as given in Table 9.2. In the event that the Contractor is
unable to achieve the minimum compaction requirements below formation level he
shall excavate and re compact in layer as necessary.

Where it may be impracticable to use to conventional rollers, the compaction shall be
carried out by appropriate mechanical means such as small vibratory rollers, power
rammers or plate compactor. Care shall be taken to ensure that the compaction
equipment does not hit or come too close to any structural member so as to cause any
damagetoit.

911 COMPACTION TRIALS

1)

SECTION 900

Before commencing filling embankment and from time to time as may be considered
necessary by the Engineer, the Contractor shall carry out compaction trials in the
presence of the Engineer on each of the main types of soil and rock fill to be used and
compacted in the Works. He shall carry out all necessary laboratory and field testing
as required by the Engineer and shall submit to the Engineer the results of all tests.
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Thetrial procedure shall include the compaction of trial areas selected by the Engineer.
The surface of each area shall first be well compacted to the satisfaction of the
Engineer. Each type of material being used shall be compacted in equal layers at
uniform but differing moisture contents to a predetermined number of passes using
the Contractor’s proposed compaction equipment.

Following completion of the compaction trials, the Contractor shall submit to the
Engineer, for his approval, his proposals for the compaction of each type of materia
to be encountered in the Works and its degree of compaction specified. The
Contractor’s proposals shall include reference to the types of equipment, the operating
weights and type pressure, the methods of adjusting the moisture content, the number
of passes and the loose depth of each layer.

If, in the opinion of the Engineer, the results of the compaction trials indicate that the
Contractor’s proposed plant and methods shall achieve the densities as specified, the
Engineer shall approve the same. Otherwise the Contractor shall submit, in writing,
proposals for modifying the plant and/or methods and shall, if the Engineer so
requires, compact further trial areasin accordance with these modified proposals until
the Engineer approves of Contractor’s proposals.

When compaction of earthworks is in progress, the Contractor shall adhere to the
compaction procedure approved by the Engineer.

Notwithstanding the Engineer’s approval of any of the Contractor’s plant or methods,
the Contractor shall at al times be solely responsible for executing the earthworks in
accordance with the Specifications and the Drawing.

912 BENCHING

1)

2)

SECTION 900

Where embankment is to be constructed on hill slopes or slopes with more than or
equal to 1 vertical to 4 horizontal slopes, benches with vertical and horizontal faces
shall be cut into the existing slope (including rock) and the embankment shall be built
up in successive layers. Where the cross slope is less than 1 vertical to 4 horizontal
slope (other than rock) shall be loosened by scarifying to a depth of not less than 100
mm measured perpendicular to the slope, to ensure a good bond between the
embankment and the embankment foundation. Material which has been loosened shall
be covered with the first layer and compacted to the specified density simultaneously
with the first layer of embankment material placed.

Where existing embankment are to be widened or included in anew embankment and
slopes are not more than 1 vertical to 4 horizontals, the slope of the existing
embankment shall be scarified to a depth of not less than 100 mm to ensure bond.
Wherethe slopeislessthan 1 vertical to 4 horizonta's, continuous horizontal benches,
each at least 300 mm wide, shal be cut in existing slopes and the widened
embankment shall be built up in successive layers of thickness of 150 mm to the level
of old road.

Where the width of the widened portions is insufficient to permit the use of heavy
rollers, compaction to the specified density shall be carried out with the help of small
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vibratory roller/plate compactor/rammer or other approved methods.
EARTHWORKSTO BE KEPT FREE OF WATER

By providing temporary water course, ditches, drains, pumping or other means the
Contractor shall arrangefor the rapid dispersal of water from the areas of earthworks. Where
practicable the water shall be discharged into permanent outfal for the drainage system.
Adequate means for trapping silt shall be provided on temporary systems while discharging
into permanent drainage systems.

WATERCOURSES

Excavations carried out in the diversion, enlargement, deepening or straightening of
watercourses shall include the operations of any necessary trimming of slopes, grading of
beds, disposa of excavated materials and pumping, tampering works and materials
necessary for dealing with the flow of water.

FILLING EXISTING WATERCOURSES

Where watercourses have to be diverted from the sites of embankments or other works, the
origina channels shall be cleared of all vegetable growths and soft deposits and filled in
with suitable materials deposited and compacted as specified in Clauses 909 and 910.

PROCESS CONTROL

(1) Throughout the works the Contractor shall perform tests to determine the suitability
and compaction characteristics of soils to be used in roadway. The maximum dry
density (MDD) and Optimum moisture content (OMC) test shall be conducted in
accordance with 1S 2720 Part 8 as specified in table 5.2.

(2) Inaddition to the foregoing tests, the Contractor shall carry out field density tests on
the compacted fill materials in accordance with 1S 2720 part 28/29. As specified in
Table 5.2 and shall be carried out in each layer, including original ground surface on
which embankment is to be constructed. If the result of any test shows that the
minimum specified density has not been achieved, further compaction shall be
executed to the area concerned and the layer re-tested. Unless the test results are
satisfactory, the addition of another layer shall not be allowed.

(3) The Contractor shall carry out tests for determination of moisture content at frequent
intervals on al materials during the course of compaction as per Sub-clause 909 (5)
to ensure that the requirements of Clause 910 are met with.

MEASUREMNT

(1) The quantities of the various classes of earthwork to be measured for payment under
the contract shall be limited to the lines, grades, slopes and dimensions shown on the
Drawing or as determined by the Engineer.

(2) Except for foundation, all roadway excavation including side drains, filling and
backfilling compacted in place shall be measured in cubic meters by the average end
area method as computed from the original and final cross-sections of the completed
work. The distance between two end areas shall be the distance measured along central
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line of the road. Where due to changed conditions, or the nature of a particular
operation, or for any other reason, it is impossible or impractical to measure the
guantities by means of average end areas, the Engineer shall compute the quantities
by a volumetric method, if in his opinion, it is the best suited method to obtain an
accurate determination.

No separate measurement for payment shall be made for excavation made on borrows,
guarries, temporary works or in places outside the scope of permanent works specified
in the contract.

Foundation excavation for structures shall be measured in cubic metersirrespective of
all classes of materials except rock encountered. The quantities to be measured shall
be the net cubic content of the voids formed by the removal of the materials enclosed
between the bottom of the footing and existing ground level by a surface generated by
vertical lines passing through the periphery of the bottom of the footing. No payment
shall be made for any excavation other than the limited excavation described above.
Excavation over increased width or length, cutting of slopes, removal of dlides,
shoring, shuttering and planking shall be deemed as convenience for the Contractor in
executing the work and shall not be measured and paid for. Backfill to be measured
shall be limited to this void only with due consideration of the nature of the structure.

Foundation excavation in rock shall be deemed to be covered by the rate for rock
excavation.

Consumption of explosive materias, levelling, watering and compaction of original
ground, construction of coffer dams, pumping out water and other ancillary and
incidental works necessary to complete the item as per this specification shall not be
measured for payment. They are deemed included in the measurement of the
concerned item.

Unless stated otherwise, Lead and Lift of excavated materials for disposal shall not be
measured for payment. They are deemed to be included in the quoted rates for the
earthwork operations irrespective of haulage distance and lift height.

PAYMENT

1)

(2)

Various classes of earthworks i.e. roadway excavation, roadway filling, backfilling,
additional leads and lifts measured as described above shall be paid at contract unit
rate of the respective item.

The contract unit rates shall be the full and the final compensation to the Contractor
as per Clause 112 and for the cost of:

()  Arrangement of land as source of materials as much as needed.
(i)  Process Control tests.

(iii) Execution of al relevant operations described above in this Section and
necessary to complete the item as per this specification.

Foundation excavation for structures, measured as described above, shall be paid for
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at the contract unit rate for all classes of excavation. The contract unit rate for
foundation excavation shall be the full and the final compensation to the Contractor as
per Clause 112 and for the cost of carrying out the required operations to excavate to
the lines and levels as required by the Drawing or as directed by the Engineer. No
payment shall be made for the disposal of the excavated materials irrespective of all
leads and lifts, preparation of foundation base, cofferdams, cribs, sheeting, shoring
and bracing, foundation sealing, dewatering including pumping, removal of logs and
stumps, cleaning and grubbing, diversion of flow/channel, if required and al
incidentals works necessary to complete the item in accordance with this
Specification.
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SECTION 1000 - SUBGRADES

1001. SCOPE

This Section deal swith the treatment of the upper layers of earthworksincluding preparation
and surface treatment of the formation, the addition of layers of selected material, the
improvement of in-situ materials by addition and mixing of selected materialsor by addition
and mixing of lime.

1002. DEFINITIONS
(1) Formation Level
The level of the top surface of the subgrade upon which pavement structures is built
up.
(2) Subgrade

Up to 500 mm below formation (Lowest level of pavement crust) level is designated
as “subgrade”.

(3) CappingLayers

Capping layers are layers of specified materias to be laid and compacted in the
subgrade and below as required, in replacement of in-situ materials to achieve CBR
conforming to Clause 609, Table 6.2.

(4) Stabilizer

The selected natural or crushed material, lime, cement and other similar materials to
be mixed into the in-situ material of the subgrade is defined as the “stabilizer”.

(5) Mechanical Stabilization

The addition and mixing of natural or crushed material to improve the in-situ material
of the subgrade.

(6) Lime Stabilization

The addition and mixing of lime to improve in-situ material of the subgrade such as
in-situ material with a CBR isless than 5% or saturated soils.

(7) Treated Materials

Following the addition of stabilizer to the in-situ materials, the material isreferred to
as “treated material”. Treated materials may be either mechanically stabilized, lime
stabilized, cement stabilized, or so on.

1003. PREPARATION AND SURFACE TREATMENT OF FORMATION

Preparation and surface treatment of formation shall be carried out only after completion of
al drainage works unless otherwise agreed by the Engineer and prior to laying the sub base
or the base where no sub base is required. The sequence of operations shall be as follows:

(1) Formation of Loose Untreated Materials

Materials for use in the subgrade shall not contain particles larger than 60 mm. In
addition, the material shall have a CBR of not less than 5% measured after a 4-day
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soak on alaboratory mix compacted to 95% MDD (heavy compaction), aswell of less
than 1%, a plasticity index of less than 40% and an organic matter content less than
3%. In-situ materia in the subgrade in cutting that does not meet these requirements
shall either be spoiled or, if suitable, placed in the embankment. The spoiled material
shall be replaced with material meeting the requirements for loose material in the
subgrade.

In fill areas, and in cutting except otherwise instructed by the Engineer, according to
the material encountered, loose materials of the embankment and cuttings shall be
deposited in the layers of 150 mm compacted depth. Each layer shall extend
reasonably more than the full width of the embankments or cutting and shall be
compacted in accordance with requirements as specified hereunder: -

(@ The materia shall be broken down to the above specified grading and any
oversize material which cannot be broken down to the require size shal be
removed and disposed off. The material shall be scarified and the moisture
content shall be adjusted by either uniformly mixing in water or drying out the
material such that the moisture content during compaction is between 95% and
100% of the Optimum Moisture Content. The moisture content shall be kept
within these limits until compaction is complete except where otherwise
instructed by the Engineer.

(b) Eachlayer shall be compacted to adry density equal to at least 95% MDD (heavy
compaction).

() Inaccordance with Section 500, the Contractor shall submit to the Engineer his
proposals for the compaction of the material to be used in the subgrade. The
proposal shall be based on the type of plant, the range of passes and the loose
depth of the layer.

The Contractor shall carry out site compaction trials, supplemented by necessary
laboratory investigations, and shall satisfy the Engineer that all the specified
requirements regarding compaction shall be achieved.

Site compaction trials shall be completed and approved by the Engineer before
the permanent Works commences.

(d) Testing to be carried out during the construction of subgrade shall include the
following:

i.  TheMDD (heavy compaction), Field density and OMC shall be determined
for each new material encountered as specified in Table 5.2. Thetest of field
density shall be conducted in staggered manner i.e. at left, at crown and at
right in the carriageway.

ii.  Thesoaked CBR of materia inthe subgrade shall be determined as per Table
5.2 for each layer.

The Contractor shall request in writing for the Engineer’s approval for each layer in
accordance with Sub-clause 509 (1) and such request shall be accompanied by thetests
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results of the above described testing and al additional relevant information required.
If the results are as specified, he will approve for addition of another layer or will ask
for further tests or rework to meet the requirements.

Formation of Loose Treated Materials

The sequence of operation shall be as described in Clauses 1005 to 1006 of this
Specification.
Formation in Rock Cutting

The subgrade in rock cutting shall be regulated after trimming the rock excavation by
aregulating course of minimum 150 mm compacted depth of natural complying with
the requirements of natural material for sub base as specified in Sub-clause 1201 (3).

The regulating course shall be laid, compacted and tested in accordance with Clause
1201 and the surface regularity shall meet the requirements of Clause 1101.

Preparation of Formation for Rehabilitation Works

After reinforcement of any soft areas, all surface below carriageways, lay-bys, cycle
tracks, footways and hard shoulders shall be well cleaned and freed from mud aslurry

Surface Regularity and Tolerances

The surface regularity and tolerance of the subgrade shall meet the requirements of
Clause 1101.

When each layer is completed the Contractor shall comply with the requirements of
Clause 510 for requesting the Engineer’s approval and protecting the layer.

1004. CAPPING LAYER

Where shown on the Drawing or where in-situ material in the subgrade in cutting does not
meet the requirements, in-situ materials shall be replaced with selected materia from
cuttings or borrow pits.

Where materials of differing quality are available for placing in the embankments, the
Engineer may also instruct that certain materials should be excluded from the subgrade and
that certain materials should be set part, or obtained from borrow pits for use in the upper
layers.

When materials for subgrade are extracted from borrows to form the capping layers they
shall be natural material complying with the following requirements: -

1)

2)

Material classification

Materials used for use in capping layers shall be selected among soils classified as
GW, GP, GC, and SW in the General Classification of Soils, described in Clause 609.

Material Requirements

Material for usein the capping layers shall not contain particleslarger than 75 mm and
their percentage passing by weight the 0.075 mm sieve shall be less than 15%. The
material shall have a CBR of not less than 15% measured after a 4-day soak on a
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laboratory mix compacted to 95 % MDD (heavy compaction), aswell of lessthan 1%,
aplasticity index of less than 12%.

(3) Laying and Compaction

The material shall be deposited in the layer of 150 mm compacted depth. Each layer
shall extend over the full width of the embankments or cutting and shall be compacted
in accordance with the requirements specified in Sub-clause 1003 (1) (a) to (d).

(4) Tolerances

Tolerances of capping layers shall be in accordance with Sub-clause 1003 (5)
When each layer is completed the Contractor shall comply with Clause 510 for
requesting the Engineer’s approval and protecting the layer.

1005. MECHANICAL STABLISATION
(1) Genera

The extent of the mechanical stabilization shall be detailed in the Specid
Specification or shown on the Drawing.

In-situ subgrade materials subject to mechanical stabilization shall be generally soils
classified as SM, ML, CL, MH, CH in the Genera Classification of Soils describedin
Clause 609 with a CBR less than 5% or a moisture content close to saturation or too
high moisture content to meet the compaction requirements as set out in Sub-clause
1003 (1).

(2) Material Requirement
(a) Stabilizer (Additive Material)

Additive material shall be gravel, crushed stone/gravel or sand, according to the
type and characteristics of the in-situ soil as shown in the Table 10.1.

It may be crushed stone/crushed gravel, (CS) discarded material from primary
crushing, or screened stone (SS) from debris and screes.

Sand may be soils classified as SP, SW in the General Classification of Soil
described in Clause 610 or Sand (SSFF) obtained by screening the discarded fine
fraction of primary crushing.

Gravel 12/40 shall have a percentage in weight passing the 12 mm sieve less
than 20% and a percentage in weight passing the 40 mm sieve more than 85%.

Sand shall have a Sand Equivalent more than 60.
Table 10.1: Type of Additive Material

In-situ soil stabilizers (Additive material)
Gravel Sand
SM CS, SS, 12/40
ML CS, SS, 12/40
CL CS, SS, 12/40
MH SP, SW, SSFF
CH SP,SW, SSFF
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(b) Stabilized Material Requirements

The amount of stabilizer shall be determined by the Engineer after laboratory
test

The mechanically stabilized materials after mixing and compacting shall
conform to the following

Maximum size of particles 60 mm
Uniformity Coefficient min 5
CBR at 95% MDD (heavy compaction)

measured after 4 days’ soak min 25 %
Swell max 1%

Amount of stabilizersto be added

The amount of stabilizer to be added shall be generally between 15% and 25% in
weight of the in-situ material and shall be determined by the Engineer following
laboratory trials, and site trials to be carried out by the Contractor in accordance with
Section 500.

During the site triads, the control testing requirements shall be in accordance with
Clause 507 and in addition, each set of test shall include the following:

The MDD (heavy compaction) and OM C determined on the mixed material before
compaction.

The CBR at 95% MDD (heavy compaction) after 4 days’ soak.

Mixing

(@ Mixing Equipment
The equipment for scarifying the in-situ material and mixing it with the
stabilizer, such as scarifies and grades, shall be capable of scarifying the
materials and mixing it with the stabilizer to the full depth of the loose layer

necessary to give the specified thickness of compacted materia mixed and
compacted in accordance with this Clause.

The equipment shall be only acceptable, if during the site trials carried out in
accordance with Section 500, it produces the material to the specified
requirements.

(b) Preparation of the Layer

Before the stabilizer is applied, the materia to be treated shall be scarified. If
required or instructed by the Engineer, oversize material shall be removed or
broken down so that the maximum size of the particlesisnot more than specified.

(c) Spreadingthe Stabilizer

After the layer to be treated has been prepared, the stabilizer shall be uniformly
spread over the width to be worked at the specified rate.
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Mixing and Watering

After the stabilizer has been spread, it shall be thoroughly and intimately mixed
into the material for the full depth of the layer. Mixing shall continue until the
resulting mixture forms a homogeneous filth.

Care shall be taken both during mixing and subsequent watering operations so
that the underlying layer is not disturbed. No material from the underlying layer
is mixed with that being processed.

If watering is necessary to bring the mixture to the required moisture content,
this shall be done after spreading and mixing with the stabilizer. Water shall be
added in auniform and controllable manner and, where necessary, in successive
increments. Each increment shall be mixed in as a separate mixing operation.
Concentration of water at any point or aflow of water over the surface shall be
avoided.

Any part of the mixture which becomestoo wet for compaction shall be allowed
to dry out until its moisture content is satisfactory for compaction.

Throughout the process of mixing the stabilizer and watering, a uniform
thickness of the mixture shall be maintained and, if necessary, the mixture shall
be graded to maintain the correct un-compacted thickness and shape. Any part
of the mixture that becomes segregated shall be removed and replaced.

(5) Compaction

(@

(b)

(©

Thickness of Layers
The subgrade shall be constructed in the layer of 150 mm compacted depth.

Compaction Requirements

The minimum density for mechanically stabilized materials shall be 95% MDD
(Heavy compaction). The moisture content at the time of compaction shall be
between 97% and 103% of Optimum M oisture Content.

Finishing

The surface finish after compaction of any treated layer shall be freefrom ridges,
compaction planes, laminations, |oose and segregated material and other surface
irregularities and shall be to the line and the level within the tolerances as
specified in Clause 1101. If the surface fails to meet the requirements of this
Specification, the Contractor shall take the action set out in the appropriate part
of Section 1100 or such other action as the Engineer may instruct, or agree.

(6) Construction Control Testing

(@)

SECTION 1000

In-situ Material

The following properties of subgrade material shall be determined as per Table
5.2.:

Grading,
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Moisture Content,

Atterberg limits,

The MDD (heavy compaction) and MOC,

The CBR at 95% MDD (heavy compaction) after 4 days’ soak.

Stabilizer

The following properties of the additive material shall be determined as per
Table 5.2 and when in opinion of the Engineer the nature of the materia is
changed

Grading,

SE

Control of Mixing

Prior to compaction in every 400 m?or part thereof the following properties shall
be determined on each new treated material used after mixing for subgrade of
each layer.

The MDD (heavy compaction) and OMC,

The CBR at 95% MDD (heavy compaction) after 4 days’ soak.

Control after Completion of Each Layer

Thefield dry density shall be determined as specified in Table 5.2 of compacted
subgradein staggered manner i.e. at left, at crown and at right in the carriageway.

(7) Tolerances

(@

(b)

Geometric Tolerances
As specified in Clause 1101.
Amount of Stabilizer

The average amount of stabilizer, measured before mixing, over alength of 100
m, shall not be less than the amount specified.

The average amount of stabilizer, in the treated material, measured at five points
over alength of 100 m, shall not be less than the amount specified.

1006. LIME STABILISATION
(1) Genera

The extent of lime stabilization shall be as detailed in the Special Specification or as
shown on the Drawing In-situ subgrade materials subject to lime stabilization shall be
generdly soils classified as ML, CL, MH, CH in the General Classification of Soil
described in Clause 609, with a CBR less than 5% or a moisture content close to
saturation.

(2) Material Requirements

(@)

SECTION 1000

Lime
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Lime shall comply with the requirements of Clause 615.

Quick like shall be used on in-situ materials which have a CBR less than 2% and
which moisture content is close to saturation.

Hydrated lime shall be used on in-situ materials which have CBR between 2%
and 5%.

(b) Storageand Handling

All lime shall be kept under cover and protected from moisture. Consignments
shall be use in the same sequence as they received at the site. Damaged stocks or
stored on the site for more than 3 months shall not be used. The Contractor shall
replace them at his own cost. Operators and labour shall be provided with
protective shoes, clothing, masks, gloves and goggles when they work with lime.

(c) Requirement of Lime Treated Materials

The lime treated materials after mixing and compacting shall conform to the
following requirements:

» Maximum size of particles : 20mm
= CBR a 95% MDD (heavy compaction)

measured after 4 days’ soak : min15%
=  Swdl : max. 1%

(3 Amount of Limeto beadded

The amount of lime to be added shall be determined by the Engineer following
laboratory and sitetrialsto be carried out by the Contractor in accordance with Section
500.

For thelaboratory trias, the requirements of limetreated materials shall be as specified
in Sub-clause 1006 (2) (c) except for that the CBR at 95% MDD (heavy compaction)
measured on a laboratory mix after 3 days curing at ambient temperature and 4 days’
soak which shall not be less than 30%.

During the site trids, the control testing requirements shall be in accordance with
Clause 507 and in addition, each set of test shall include the following:

The MDD (heavy compaction) OMC determined on the mixed material before
compaction,

The CBR at 95% MDD (heavy compaction) after 3 days curing at ambient temperature
and 4 days’ soak shall not be less than 15%.

(4 Mixing
(@ Mixing Equipment

The equipment for pulverizing the in-situ material and mixing in the stabilizer
shall be purpose-built equipment capable of pulverizing the materialsand mixing
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in the stabilizer to the full depth of the loose layer necessary to give the specified
thickness of compacted material mixed and compacted in accordance with this
Clause.

The equipment shall be only acceptable, if during the site trials carried out in
accordance with Section 500, it can produce the materia of the specified
requirements.

The mixers shall be equipped with a device for controlling the depth of
processing and mixing blades shall be maintained or reset periodically so that
the correct depth of mixing is obtained at all times.

Mixing by grader shall not be permitted.

Preparation of the Layer

Beforethe stabilizer is applied, the material to be treated shall be scarified and/or
spread and broken down and oversize material shall be removed or broken down
so that the maximum size of the particles is not more than the specified. The
material shall first be pulverized to the required filth by successive passes. Then
it shall be shaped true to line, grade and cross Section and, if required, lightly
compacted. The loose thickness shall be such asto give specified thickness after
full compaction has been carried out.

The moisture content of the layer before addition of the stabilizer shall be
adjusted to within the range of 80% to 90% of the OMC.
Spreading the Stabilizer

After thelayer to be treated has been prepared to the satisfaction of the Engineer,
the stabilizer shall be uniformly spread at specified rate over the width to be
worked at atime. If aspreader is used to spread the stabilizer ahead of the mixer,
it shall be fitted with a device to ensure a uniform and controllable rate of spread
both transversely and longitudinally.

Only sufficient stabilizer for immediate use shall be spread ahead of the mixing
operation. If, in the opinion of the Engineer, any part becomes defective, the
Contractor shall replace the material of that part as his own cost and shall rework
to meet the requirements.

Only equipment actually used in the spreading or mixing operation shall be
allowed to pass over the stabilizer, when so spread before it had been mixed into
the material to be treated.

Mixing and Watering

Immediately after the stabilizer has been spread, it shall be thoroughly and
intimately mixed into the material for the full depth of the layer. Mixing shall
continue until the resulting mixture forms a fine and homogeneous tilth. The
mixing machine shall be set so that it cuts at least 100 mm into the edge of any
adjoining lane processed previously so asto ensure that all the material forming
the layer has been properly processed.
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Care shall be taken during mixing and subsequent watering operations that the
underlying layer is not disturbed and that no material from the underlying layer
is mixed with that being processed.

If watering is necessary to bring the mixture to the required moisture content,
then this shall be done after spreading and mixing in the stabilizer. Water shall
be added in a uniform and controllable manner and, where necessary, in
successive increments. Each increment shall be mixed in as a separate mixing
operation. Concentration of water at any point or flow of water over the surface
shall be avoided.

Any part of the mixture becomes too wet after the stabilizer has been added
and/or before the mixture is compacted shall be allowed to dry out until its
moisture content is satisfactory. This part shall be retreated with fresh stabilizer
and finished off in accordance with this Clause.

Throughout the process of mixing in the stabilizer and water, auniform thickness
of the mixture shall be maintained and, if necessary, the mixture shall be graded
to maintain the correct un-compacted thickness and shape. Any part of the
mixture that becomes segregated shall be replaced by new one.

Manual Mixing

Where manual mixing is permitted the soil from borrow area shall be freed of all
vegetation and other del eterious matters and placed on the prepared surface. The
soil shall then be pulverized by means of crow bars, pickaxes or other means
approved by the Engineer.

Water in requisite quantities may be sprinkled on the soil for aiding
pulverization. On the pulverized soil the blending materia (lime) in requisite
guantities shall be spread uniformly and mixed thoroughly by working with
spades or other similar tools till the whole mass is uniform. After adjusting the
moisture content to be within the limits mentioned later the mixed material shall
be levelled up to the required thickness so that it is ready to be rolled.

(5) Compaction and Finishing

For lime treated materials, fina compaction and finishing shall be completed within 4
hours after the lime comes into contact with the material to be treated.

(@

(b)

(©)

SECTION 1000

Thickness of Layers

The subgrade shall be constructed in the layers of 150 mm compacted depth
each.

Compaction Requirements

The minimum density for lime treated materials shall be 97% MDD (Heavy
compaction). The moisture content at the time of compaction shall be between
95% and 100% of Optimum M oisture Content.

Finishing
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The surface finish after compaction of any treated layer shall be freefrom ridges,
compaction planes, laminations, |oose and segregated material and other surface
irregularities and shall be to the line and the level within the tolerances as
specified in Clause 1101. If the surface fails to meet the requirements of this
Specification, the Contractor shall take appropriate action to set out to comply
with the requirements of the Section 1100 or agree with other action as the
Engineer may instruct.

Joints between New and Existing Work

The forming of construction joints and the protection of previously treated or other
work shall be carried out so as to produce a uniformly compacted and homogeneous
layer free from ridges or other irregularities.

Full working width, without longitudinal joints, will generally be required. Half
working width may be instructed by the Engineer to pass traffic. When forming
longitudinal joints at least 100 mm of the first laid half-width layer shall be retreated
and mixed in with the layer of second half-width.

When forming transverse joints, at least 1.0 m length of the previously laid work shall
be incorporated into the new treated layer and the Engineer may instruct that the
percentage of stabilizer be increased at these places.

Protection and Curing

Treated layers shal be kept continuously damp by lightly spraying with water or
adhering to one of the curing systems specified below.

Treated layers shall be protected, within 8 hours of completion by one of the following
methods:

(@) Completely covering the layer with clear or light coloured approved polythene
sheeting of minimum thickness 0.1 mm. The sheeting shall be laid to cover the
whole of the surface of thelayer. At jointsthe sheeting shall be lapped by at |east
500 mm and any damaged sheeting shall be replaced at the Contractor’s expense.

The sheeting shall be securely held in contact with the layer by an approved
method.

(b) Completely covering the treated material with alayer of damp uncompact gravel
or soil material of minimum thickness 100 mm. The material which may form
part of the next layer, shall be kept continuously damp.

Plant used for dumping and spreading material, and spraying water shall be
approved by the Engineer and shall have individual axle loads not exceeding 6
tons.

Immediately prior to application of a curing system the surface of the treated
layer shall be made thoroughly damp by lightly spraying water.

The curing system shall be kept in place and intact for aminimum of 7 days after
completion of compaction. Shall areas may be temporarily removed for the
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purposes of carrying out control testing but only for the minimum amount of
time required for the testing.

(8) Construction Control Testing/Process Control Testing
(@ In-situ Material

The following properties shall be determined for the subgrade materia as per
Table5.2:

= Grading, Moisture Content, Atterberg limits,
= The MDD (heavy compaction) and OMC.
= The CBR at 95% MDD (heavy compaction) after 4 days’ soak.

(b) Lime

Lime shall be tested in accordance with Clause 615 for each consignment
delivered at the site.

(c) Control of Mixing

The following properties shall be determined after mixing on every new treated
material used for subgrade and in every 400 m? and part thereof of each layer of
mixed material prior to compaction:

The MDD (heavy compaction) and OMC

The CBR at 95% MDD (heavy compaction) after 3 days curing at ambient

temperature and 4 days’ soak which shall be not less than 15%.

(d) Control of Compaction

The field dry density shall be determined in each layer of compacted subgrade
in a staggered manner i.e. left, at crown and at right in the carriageway.
(9) Traffic

Traffic or equipment other than that actually engaged in the various treatment or
protection processes, shall not run over the layer bring processed or compacted.

On compaction of curing, no traffic or equipment shall be allowed on the treated layer
with the exception of that required for priming or construction of the subsequent layer.

(10) Tolerances
(& Geometric Tolerances

The work shall be completed within tolerance as specified in Sub-clause 1003
(6).
(b) Amount of Stabilizer

The average amount of stabilizer, measured before mixing, over alength of 100
m, shall not be less than the amount instructed by the Engineer.

The average amount of stabilizer, in the treated material, measured at five points
over a length of 100 m, shall not be less than the amount instructed by the
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Engineer

The amount of stabilizer, measured at any point after mixing may vary within +
3 % of the amount instructed by the Engineer.

(c) Determination of Stabilizer Content
The lime content in mixed materials shall be determined according to IS: 2720.
1007. MEASUREMENT

(1) Subgrade construction with loose untreated/treated materials, formation in rock
cutting shall be measured in cubic meter by taking cross Sections at intervals of 10
meters or as directed by the Engineer in the original position before the work starts
and after its completion and computing the volumes of the respective work in cubic
meters by average end area method.

(2) Preparation of formation for rehabilitation works shall be measured in square meter.

(3) Capping layer shall be measured in cubic meter by end area method as described in
Sub-clause 1007 (1).

(4) Mechanicaly stabilized subgrade shall be measured in cubic meter as described in
Sub-clause 1007 (1) and shall be exclusive of the measurement on the stabilizer.

Stabilizers (additive material) such as gravel, crushed stone/gravel or sand shall be
measured in cubic meter as per procedure described below.

(@) Before mixing the stabilizer (i.e. gravel, crushed stone/gravel sand) quantity to
be used shall be measured in stacks or in the body of transporting trucks/trippers,
if it can be measured.

(b) Inalength of 100 m five standard holes at the equal distances shall be dig up
and materials shal be collected separately from each hole. The average
percentage of stabilizer obtained from each hole shall be worked out. Based on
average percentage of stabilizer and volume treated total quantity of stabilizer
used shall be computed.

Least of the quantities computed in (a) and (b) above shall be accepted for payment.

(5) Thevolume of lime stabilized material shall be measured in cubic meter as per end area
method inclusive of lime used. The lime used shall be measured in ton.

(6) Quick lime/Hydrated
Lime (stabilizer) shall be measured in ton as per actual consumption.

1008. PAYMENT
The subgrade construction with loose untreated/treated materials, formation in rock cutting,
additive materials and stabilizers, preparation of formation, capping layer, mechanically
stabilized subgrade, and lime stabilized materia shall be paid at their respective contract
unit rate which shall be the full and the final compensation to the Contractor as per Clause
112 and also for the cost of:
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Arrangement of land as a source of supply and material required

Compacting the ground supporting subgrade where removal and replacement of
unsuitable material or loosening and re compacting is involved.

Watering or drying of materia in the subgrade as required.

Mixing, spreading in layers brining in appropriate moisture content and compacting
to the requirement of Clause 1003.

All other operations including incidental costs necessary to complete the item as per
this Specification.
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SECTION 1100: ROADWORKS OVERALL REQUIREMENTS

1101 HORIZONTAL ALIGNMENTS, SURFACE LEVELSAND SURFACE
REGULARITY OF PAVEMENT COURSES

D

)

Construction Control Testing/Process Control Testing

Unless otherwise directed, values given in these Specifications are minimum values
for the properties of materials and the workmanship. They shal be considered
satisfactory, if all results of the tests, taken at the frequencies specified, are at least
equal to the values given in the relevant Section of these Specifications.

Tolerances
(@) Horizontal Alignments

Horizonta alignments shall be determined from the centreline of the pavement surface
as shown or calculated from the Drawing. The centreline of the pavement surfaces as
constructed, and all other parallel alignments, shall be correct within a tolerance as
specified in Table 11.1.

Table11.1: Tolerancesfor Horizontal Alignment
Functional Class Centreline of Edge of carriage Edge of road way
of Road pavement way
Class | (ADT > +10mm +15mm +25mm
20000 PCU)
Class Il (ADT > +20mm +30mm +50mm
5000- 20000 PCU
Class llll  (ADT +30mm +45mm +75mm
2000-5000 PCU
Class IV(ADT < +40mm +40mm +100mm
2000 PCU

(b) Width of Pavement

The average width of pavement layer measured at five conjugative points at every 200
m in any Section shall be as specified in Table 11.1

(c) Thicknessof Pavement Layers

The average thickness of any pavement layer measured at five conjugative points at
every 20 m in any Section shall not be less than the thickness specified nor more than
120% of the thickness specified or directed by the Engineer.

(d) Surfacelevels

The level measured at any point on the levels of the subgrade and different pavement
courses as constructed, shall not vary from those calculated with reference to the
longitudinal and cross profile of the road shown on the drawings or as directed by the
Engineer beyond the tolerance mentioned in Table 11.2

For checking compliance with the requirement of Table 11.2 measurements of surface
levels shall be taken on a grid of points placed at 12.5 m centres longitudinally and at
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2 m transversely. At junctions, the grid point spacing’s shall be determined by the
Engineer.

For any 10 consecutive measurements taken longitudinally or transversely, not more
than one measurement shall be permitted to exceed the tolerance asin table 11.2., this
one measurement being not in excess of 5 mm above the permitted tolerance.

Table11.2; Tolerancesfor L eve

SN Class| Classl| Classlll | ClasslV
1 Subgrade +20 mm +30 mm +40 mm +50 mm
2 Sub base

a. Flexible pavement +10 mm +15 mm +20 mm +25 mm

b. Concrete pavement +6mm +10 mm
3 Base course for flexible pavement

a. Bituminous Base/ Binder course £ 6mm +10 mm + 15mm

b. Granular

i) Machine laid +10 mm +15 mm +20 mm +25 mm

ii) Manually laid +15mm +20 mm +25 mm +30 mm
4 Wearing course for Flexible Pavement

a. Machinelaid

b. Manualy laid +6 mm +10 mm +15 mm +20 mm

+10 mm +15 mm +20 mm +25 mm

5 Cement concrete Pavement 5 mm +10 mm +10 mm +10 mm

However, the negative tolerance for wearing course shall not be permitted in
conjunction with the positive tolerance for base course, if the thickness of the former
is thereby reduced by more than following limits;

4 mm for bituminous wearing course of thickness 40 mm or more
3 mm for bituminous wearing course of thickness 40 mm or less
5 mm for concrete pavement slab

(e) SurfaceRegularity
The longitudinal profile bituminous concrete shall be checked with 3 metre long
straight edge/ moving straight edge as directed by the Engineer at the middle of each
traffic lane along aline parallel to the centre line of the road.
The maximum permitted number of surface irregularities shall be as per Table 11.3.

. Table 11.3: Maximum per mitted number of surfaceirregularities

Surface of Carriageways Surface of Laybys, Service Areas
and Paved shoulders and all Bituminous base course
Irregularity 4 mm 7 mm 4 mm 7 mm
Length (m) 300 75 300 75 300 75 300 75
Number of Surface 15 9 2 1 40 18 4 2
Irregularities on Class|
roads
Number of Surface 40 18 4 2 60 27 6 3
Irregularities on ClassI,
11, 1V roads
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The maximum allowable difference between the road surface and underside of a3 m
straight edge when placed parallel with, or at right anglesto the centre line of the road
at points decided by the Engineer shall be aper Table 11.4.

Table 11.4: Tolerancefor Surface Regularity

SN Class| Classll | Classlll | Class1V
1 | Subgrade +15mm | £220mm | £30 mm | 40 mm
2 | a Granular Base/ Subbase| 8 mm | +12mm | £15mm | £20 mm
course +10 mm | =10 mm 10 mm 10 mm
b. under Concrete pavement

3 Bituminous Base course +6mm | £10mm | £15mm

4 | Pavement surface (Asphalt/ | t5mm | £10mm | £10mm | £10 mm
Cement concrete)

If tolerances given in Table 11.2 for level and straight edge are not in agreement, in
that case the tolerances given for straight edge shall prevail.

The tolerances for level and surface regularity as given in Table 11.2, 11.3 and 11.4
shall be applicable only for new construction, Re-construction and Rehabilitation
works. These shall be not applicablein case of resealing by surface dressing/sand seal/
dlurry seal in existing paved road.

() Riding Quality

The riding quality of bituminous concrete / Asphalt concrete wearing surface, as
measured by a standard Bump integrator or other roughness measuring instrument as
directed by the Engineer, shall not be more than 2000 mm per Km

(9 Shoulders

Shoulders shall be constructed to the same requirements of thickness, level and
surface regularity as for the adjacent pavement layers.

(h) Cuttingsand Embankment Slopes

In final trimmed slope of cuttings or embankment a tolerance of +0.25 shall be
permitted, i.e. if aslope of 1in 2 is specified, the acceptable slope shall be not
stegper than 1 in 2 or slacker than 1 in 2.25.

(i) Width of Cutting and Embankments

The tolerance permitted in the width of the bottom of cutting shall be 200 mm
between the centreline of the road and the toe of the cutting slope.

The width of embankments measured horizontally and perpendicular to the
centreline of the road at the top of the embankment shall not be less than shown
on the Drawing or more than that shown on the Drawing plus 50 mm.
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(j) Depth of SideDrains

The difference between road level measured at the centre line of the road and
that of the bottom of the side drain measured perpendicular to the centre line of
the road shall not deviate from the specified in the drawing by + 25 mm.

Rectification of Earthworks and Pavement L ayers Exceeding Tolerances

Where any tolerances in Sub-clause 1101 (2) are exceed, the Contractor shall assess
the full extent of the area which is out of tolerances and shall make good the surface
of the pavement course, earthworks or formation either by removing or by replacing
the material and reworked.

M easurement and Payment

The Contractor shall be deemed to have alowed in his general rates and prices for the
cost of complying with the requirements of Clause 1101.

Notwithstanding the provisions of Sub-clauses 1101 (2) and 1101 (3) measurement
and payment for earthworks and pavement works shall be made on the basis of the
net-cross section directed by the Engineer or as shown on the Drawing. No additional
payment shall be made for any variation. If the executed work is within the limit of
tolerance, but less than the specified on drawing or directed by the Engineer, the
payment shall be made for actual quantity executed, if the executed work is more, the
payment shall be made for as shown on the drawing or directed by the Engineer.

1102 ADVERSE WEATHER WORKING

1)

)

3

(4)

()

(6)

No materia in frozen condition shall be incorporated in the works, but it shall
remain on site for use, if suitable when unfrozen.

Laying of material containing bitumen, or mixture thereof, shall cease under the
following adverse conditions:

(@) during foggy and rainy weather;
(b) when rain isimminent

while the air temperature is rising, work may be performed at the
temperatures of;

= 6 degree Celsiuswith awind velocity of 25 km/hr.
= 10 degree Celsius with awind velocity of 55 km/hr.

When the air temperature is falling, works must be stopped as soon as temperature
reaches 6 degree Celsius regardless of wind velocity. It shall not be resumed until the
temperature is definitely rising.

When strong wind is blowing and thisis likely to interfere with the proper execution
of the work, no surfacing, especially spraying of binder shall be done.

Concrete shall not be placed during falling temperatures when the ambient falls below
7 degree Celsius or during rising temperatures when the ambient temperature is below
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3 degree Celsius. The temperature of the placed concrete shall not be allowed to fall
below 5 degree Celsius until the concrete has thoroughly hardened. When necessary,
concrete ingredients shall be heated before mixing but cement shall not be heated.

When the ambient air temperature exceeds 40 degree Celsius during the concreting
operation, the Contractor shall take measures to control the temperature of the
ingredients. Such measures shall include spraying the aggregates stockpile with water
to promote cooling down by evaporation and, where feasible, shading of stockpiles
and the area where concreting is carried out, reducing time between mixing and
placing, and restricting concreting as far as possible to early morning and late
evenings. Curing shall commence after placing of the concrete in order to prevent
excessive |oss of moisture.

1103 USE OF SURFACESBY CONSTRUCTION TRAFFIC

1104

1)

2)

3)

The loads and intensity of construction traffic used on pavements under construction
shall be regulated so that no damage is caused to sub-grade and pavement layers
already constructed.

The wheels and track of plant moving over various pavement courses shall be kept
free of deleterious materials.

Bituminous base course shall be kept clean and uncontaminated as long as it remains
uncovered by a wearing course and surface treatment. Should the base course or
tack/prime coat becomes contaminated, the Contractor shall make good by cleaning it
to the satisfaction of the Engineer, including removal of the contaminated layer and
replacing it as per the requirements of these Specifications which shall be done by the
Contractor at his own risk and cost.

CARE OF WORKS

The general obligations for “Care of the Works” shall inter-aliainclude the following:

D)

)

3

Material shall not be spread on a layer that is wet and may damage it during
compaction of subsequent layer or when opened to traffic.

When material is spread out on theroad, it shall, be given agood cross-fall and alight
compaction on the surface with a steel-tyre roller, in order to facilitate run-off during
rainy weather.

All completed worksin alayer shall be protected and maintained until the subsequent
layer is placed. Maintenance shall include immediate repairsto any damage or defects,
which may occur and shall be repeated as often as is necessary to keep the layer
continuously intact and in agood condition.

Before priming any completed layer or placing a subsequent layer thereon, any
damage to the existing layer shall be repaired so that after repair or reconstruction if
necessary, it shall conform in all respects to the requirements specified for that layer.

All repair work other than repairs of minor surface damages shall be inspected and
tested before covering up.
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The previously constructed layer shall also be thoroughly cleaned of all foreign
material before construction of asucceeding layer. In the case of bituminous work, the
existing layer shall be thoroughly broomed and all dung, clay, mud and other
deleterious and |oose material shall be removed.

Where necessary, the surface shall be sprayed with water before, during and after
brooming to remove all foreign material.

Roads shall not be made dirty as a result of construction of works, transportation of
equipment, plants, labour and/or materials. In the case of becoming dirty, they shall
be cleaned immediately.

The provision of temporary drainage works such as drains, open channels, bank etc.
and the furnishing and operation of temporary pumps and such other equipment as
may be necessary to adequately drain, protect and de-water the Works and Temporary
works. This will be in addition to any permanent drainage works specified and
installed, and in addition to any temporary drainage works specifically pad for
separately.

Care shall be exercised not to allow materia in borrow pitsto become excessively
wet, to keep all completed layers properly drained, to avoid dumps of material on
completed layer work that shall inhibit surface drainage or from wet spots under and
around dumps, and to protect all parts of the Works against erosion by floods and rain

Fill and cut slopes shall be promptly repaired whenever damaged by surface water

Excavation for pipes drains, culverts, service ducts and similar structure shall be
adequately protected against possible ingress of water during rainstorms.

The Contractor shall inform the Engineer of damage or defect to any work before
repair or maintenance and the Engineer shall instruct the extent and method of repair.
The previously constructed layer shall be thoroughly cleaned of all foreign material
and the Contractor shall request its inspection by the Engineer before construction of
the following layer or application of prime coat, surfacing or surface treatment. In the
case of al bituminous work in particular the existing layer shall be thoroughly
broomed and all dung, clay, and other deleterious material completely removed.
Where necessary the surface shall be sprayed with water before, during and after
brooming to remove all foreign material.

1105 MEASUREMENT AND PAYMENT

No measurement and payment shall be made for the works required under this Clause. All
costs in connection with the requirements specified herein shall be deemed included in the
rates and prices of the related items of worksin the Bill of Quantities.
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STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

SECTION 1200: SUBBASE, BASE, HARD SHOULDER AND GRAVEL
WEARING COURSE

1201 GRANULAR SUBBASE
(1) Scope

This Clause covers the construction of subbase with naturally occurring quarzitic
gravel, river gravels and transported gravels, or materials resulting from the
weathering of rocks, or clayey/silty sand.

(2) Sourcesof Materials

The material to be used for the work shall be natural sand, crushed gravel, and crushed
stone, crushed slag or combination thereof depending upon the grading requirement.

Sub base materials shall be obtained from approved sources in borrow or cut or from
such other sources of supply as may be specified or approved from time to time for
use.

The Contractor shall comply with all requirements of Section 800 in respect of borrow
pits.

(3) Material Requirements

The material shall be free from organic or other deleterious constituents and shall
confirm to the grading given in Table 12.1 and physical Requirement 12.2. Gradings
Il and IV shall preferably be used in lower sub-base. GradingsV and VI shall be used
as sub-base cum drainage layer. Where the sub-baseislaid in two layers as upper sub-
base and lower sub-base, the thickness of each layer shall not be laess than 150 mm.
Grading to be adopted for a project shall be as specified in the Contract.

Table 12.1: Grading Envelopefor Granular sub base material

Sieve Size
g;p;;tis Per centage passing by weight
on (mm)
Gralding Graluljing Grlaldling Gr?\(jing Grattljing Grading VI
75 100 100
53 80-100 100 100 100 80-100 100
26.5 55-90 79-90 55-75 50-80 55-90 75-100
9.5 35-65 50-80 35-65 55-75
4.75 25-55 40-65 10-30 15-35 25-50 30-55
2.36 20-40 30-50 10-20 10-25
0.85 2-10
0.425 10-15 10-15 0-5 0-8
0.075 <5 <5 <5 <5 0-3
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Table 12.2: Physical Requirement for Materialsfor Granular Sub-base

Physical Test method Requirement for Requirement for ClassllIl , IV
properties Classl & I and maintenance work
Aggregate Impact | 1S 2386-4 or 1S 5640 Maximum 40 Maximum 45
Value (AlV)
Liquid Limit IS 2720-5 maximum 25 maximum 25
Plasticity Index IS 2720-5 Maximum 6 Maximum 6
CBR at 95 % dry IS 2720-5 Minimum 30 unless Minimum 25 unless specified in the
density (at IS specified in the Contract
2720- part8) Contract
(4) Compaction Trials
Before commencing construction and from time to time as may be considered
necessary by the Engineer, the Contractor shall carry out compaction trials in the
presence of Engineer on each main types of materials to be compacted in the Works.
He shall carry out all necessary laboratory and field testing and supply the Engineer
with the copies of the results of all tests.
Following completion of the compaction trials, the Contractor shall submit to the
Engineer, for hisapproval, proposalsfor the compaction of each main type of material.
The Contractor’s Proposals shall include reference to the type of equipment, the
operating weights and tyre pressures and the method of adjusting moisture content.
If, in the opinion of the Engineer, the results of the compaction trials indicate that the
Contractor’s proposed plant and methods shall achieve the densities specified, the
Engineer shall approve the same. Otherwise the Contractor shall submit in writing
proposals for modifying the plant and/or methods and shall compact further trials in
accordance with these modified proposals until the Engineer approves the
Contractor’s proposals.
(5) Layingand Compacting

SECTION 1200 SUBBASE, BASE, HARD SHOULDER AND GRAVEL WEARING COURSE

Immediately before laying the sub base material, the underlying layer shall be checked
by the Contractor for any damage or deficiencies, which shall be made good as
instructed by the Engineer.

The material shall be deposited in such quantity and spread in a uniform layer across
the full width required, so that the final compacted thickness is nowhere less than
shown on the Drawing or instructed by the Engineer. Every reasonable effort shall be
made to prevent segregation during mixing, dumping, spreading, trimming and
compacting operations.

The compacted thickness of any layer laid, processed and compacted at one time shall
not exceed 150 mm and when a greater compacted thickness is required, the material
shall be laid and processed in two or more layers. The minimum layer thickness shall
be 100 mm.

The material shall be down to the grading specified in Sub-clause 1201 (3). Any
oversize material which cannot be broken down to the required size shall be removed
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and disposed off.

The material shall be scarified and the moisture content adjusted by either uniformly
mixing with water or drying out the material such that the moisture content during
compaction is between 95% and 100% of the Optimum Moisture Content (IS: 2720
Part 8). It shall be graded and trimmed to final line and level. Light compaction may
be applied before the final trim is carried out, but once 25% of the compactive effort
has been applied no further trimming or correction of surface irregularities shall be
allowed.

All rolling shall be longitudinal and shall commence at the outer edges of the
pavement and progress towards the center, except that on super elevated curves,
rolling shall progress from the lower to the higher edge. Where laying is carried out
in lanes care must be taken to prevent water entrapment.

The final trim shall be in cut and the Contractor shall ensure that material from the
trim is neither deposited in low areas nor spread across the section but graded clear of
the works. Following the final trim the material shall be compacted to adry density of
at least 95% of MDD (IS: 2720 Part 8). During the grading, trimming and compaction
of the material the Contractor shall ensure that the surface and/or the material does not
dry out. If so, the Contractor need to apply fog sprays of water or other approved
means sufficient to maintain the surface and/or material within the specified limits of
moisture content.

On completion of compaction, the surface shall be well closed, free from movement
under compaction plant and free from compaction planes, ridges, cracks, loose or
segregated material. If the surface fails to meet the specified requirements, the
Contractor shall take the action set out in the appropriate part of Section 1100 or such
other action as directed by the Engineer.

(6) Setting out and Tolerances
The layer shall be set out and constructed to the appropriate tolerance specified in
Section 1100.

(7) Drainage of Subgrade and Sub base

The subgrade and sub base shall be kept continuously drained and any damage caused
by water accumulating on or running off the surface shall be made good at the
Contractor’s expense.

Water accumulated on any part of the subgrade or sub base, shall be removed and
disposed off. Any material which becomes saturated, or cannot then be compacted to
the required density, shall be replaced as specified at Contractor’s own expense.

(8 Requirement for Granular sub base

The minimum testing frequency for the purpose of process control shall be as given
in Table5.2

Routine inspection and testing shall be carried out by the Engineer to test the quality
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of materials and workmanship for compliance with the requirement s of this Section.

Any materials or workmanship that do not comply with the specified requirements
shall be replaced with materials and/or workmanship complying with the specified
reguirements or be replaced to comply with the specified requirements.

(99 Measurement

Granular sub base shall be measured in cubic meter by taking cross section at intervals
of 20 meters or as directed by the Engineer in the original position before the work
starts and after its completion and computing the volumes in cubic meters by average
end area method.

(10) Payment
The sub base construction shall be at their respective contract unit rate. In addition to
stated in Clause 112, the contract unit rate shall be also full and thefinal compensation

for cost of making arrangement for traffic control and other costs required to complete
the work complying with the requirement of Sections 500, 800 and Clause 1201.

1202 CEMENT TREATED SOIL SUB-BASE/BASE
(1) Scope

Thiswork shall consist of laying and compacting a sub-base/base course of soil treated
with cement on prepared subgrade/sub-base, 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.

(2) Materials
(i) Material tobe Treated:

The material used for cement treatment shall be soil including sand and gravel,
laterite, kankar, brick aggregate, crushed rock or slag or any combination of
these. For use in a sub-base course, the material shall have a grading shown in
Table 12.3; it shall have a uniformity coefficient not less than 5, capable of
producing a well closed surface finish. For use in a base course, the material
shall be sufficiently well graded to ensure awell-closed surface finish and have
a grading within the range given in Table 12.3. If the material passing 425
micron sieveisplastic, it shall have aliquid limit not grater than 45 per cent and
plasticity index not grater than 20 percent determined in accordance with IS :
2720 (Part 5). The physical requirements for the material to be treated with
cement for use in a base course shall be same as for Grading | Granular Sub-
base, Clause 1201.

(i) Cement:

Cement for cement stabilization shall comply with the requirementsof IS : 269,
455 and 1489.
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Table 12.3. Grading limits of Material for Stabilisation with Cement

Sievesize Per centage by mass passing
Base/ sub base
53.0 mm 100
37.5mm 95-100
19.0 mm 45-100
9.5mm 35-100
475 mm 25-100
600 micron 8-65
300 micron 5-40
75 micron 0-10

(iii) Lime
Lime shall have purity of > 70 % by weight of quick lime (CaO) when tested in
accordance with 1S 1514.

If needed for pre-treatment of highly clayey soils shall apply.
(iv) Quantity of cement in stabilised mix:

The quantity of cement to be added as per cent by weight of the dry soil shall be
specified in the Contract. Also if lime is used as pretreatment for highly clayey
soils, the quantity as percent by weight of dry soil shall be specified in the
Contract. The mix design shall be done on the basis of 7-day unconfined
compressive strength (UCS) and/or durability test under 12 cycles of wet-dry
conditions. The laboratory strength vaues shall be at least 1.5 times the
minimum field UCS value stipulated in the Contract.

(v) Water

The water to be used for the cement stabilisation shall be clean and free from
injurious substances. Potable water shall be preferred.

(3 Construction Operations
1) Weather limitations. Stabilisation shall not be done when the air temperature
in the shadeis less than 10°C.
ii)  Degreeof pulverisation: For stabilisation, the soil before addition of stabilizer,
shall be pulverised where necessary, to the extent that it passes the requirements
assetoutin Table12.4.

Table 12.4. Soil Pulverisation requirementsfor Cement stabilisation

IS Sieve designation Minimum per cent
by weight passing the IS sieve
26.5 mm 100
5.6 mm 80

iii) Equipment for Construction: Stabilised soil sub-bases shall be constructed by
mix-in-place method of construction or as otherwise approved by the Engineer.
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Manual mixing shall be permitted only where the width of laying is not adequate
for mechanical operations, asin small-sized jobs.

The equipment used for mix-in-place construction shall be arotavator or similar
approved equipment capabl e of pulverising and mixing the soil with additive and
water to specified degree to the full thickness of the layer being processed, and
of achieving the desired degree of mixing and uniformity of the stabilised
material. If so desired by the Engineer, trial runs with the equipment shall be
carried out to establish its suitability for work.

The thickness of any layer to be stabilised shall be not less than 100 mm when
compacted. The maximum thickness shall be 200 mm, provided the plant used
is accepted by the Engineer.

Iv)  Mix-in-place method of construction: Before deploying the equipment, the soil

after it is made free of undesirable vegetation or other deleterious matter shall be
spread uniformly on the prepared subgrade in a quantity sufficient to achieve the
desired compacted thickness of the stabilised layer. Where single-pass
equipment is to be employed, the soil shall be lightly rolled at the discretion of
the Engineer.
The equipment used shall either be of single-pass or multiple pass type. The
mixers shall be equipped with an appropriate device for controlling the depth of
processing and the mixing blades shall be maintained or reset periodically so that
the correct depth of mixing is obtained as all times.

With single-pass equipment the forward speed of the machine shall be so
selected in relation to the rotor speed that the required degree of mixing,
pulverisation and depth of processing is obtained. In multiple-pass processing,
the prepared subgrade shall be pulverised to the required depth with successive
passes of the equipment and the moisture content adjusted to be within
prescribed limits mentioned hereinafter. The blending or stabilising material
shall then be spread uniformly and mixing continued with successive passes until
the required depth and uniformity of processing have been obtained.

The mixing equipment shall be so set that it cuts slightly into the edge of the
adjoining lane processed previously so asto ensurethat all the material forming
alayer has been properly processed for the full width.

v)  Construction with manual means: Where manua mixing is permitted, the soil
from borrow areas shall first be freed of all vegetation and other deleterious
matter and placed on the prepared subgrade. The soil shall then be pulverised by
means of crow-bars, pick axes or other means approved by the Engineer.

Water in requisite quantities may be sprinkled on the soil for aiding
pulverisation. On the pulverised soil, the blending materia(s) in requisite
quantities shall be spread uniformly and mixed thoroughly by working with
gpades or other similar implements till the whole mass is uniform. After
adjusting the moisture content to be within the limits mentioned | ater, the mixed
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material shall be levelled up to required thickness so that it is ready to berolled.

vi)  Moisture content for compaction: The moisture content at compaction checked vide
IS: 2720 (Part 2) shall not be less than the optimum moisture content corresponding
to IS: 2720 (Part 8) nor more than 2 percent above it.

vii)  Roalling: Immediately after spreading, grading and levelling of the mixed
material, compaction shall be carried out with approved equipment preceded by
afew passes of lighter rollersif necessary. Rolling shall commence at edges and
progress towards the centre, except at superelevated portions where it shall
commence at the inner edge and progress towards outer edge.

During rolling the surface shall be frequently checked for grade and crossfall
(camber) and any irregularities corrected by loosening the material and
removing/adding fresh material. Compaction shall continue until the density
achieved is at least 98 per cent of the maximum dry density for the materid
determined in accordance with IS : 2720 (Part 8).

Care shall be taken to see that the compaction of cement stabilised material

is completed within two hours of its mixing or such shorter period as may be
found necessary in dry weather.

viii) Curing: The sub-base/base course shall be suitably cured for 7 days. Subsequent
pavement course shall be laid soon after to prevent the surface from drying out
and becoming friable. No traffic of any kind shall ply over the completed sub-
base unless permitted by the Engineer.

(4) SurfaceFinish and Quality Control of Works

The surface finish of construction shall conform to the requirements of section 1100.

(5) Quality control

Cement treated soil sub-base/base shall be tested for the unconfined compressive
strength (UCS) value at 7 days, actually obtained in situ. In case of variation from the
design UCS, in situ value being on lower side, prior to proceeding with laying of
base/surface course on it, the pavement design shall bereviewed for actual UCSvalue.
The extra pavement thickness needed on account of lower UCS shall be constructed
by the Contractor at his own cost.

(6) Measurements
Stabiliser soil sub-base/base shall be measured as finished work in position in cubic
metres.

(7) Payment

The cement treated soil sub-base/base construction shall be at their respective contract
unit rate. In addition to stated in Clause 112, the contract unit rate shall be also full
and thefinal compensation for cost of making arrangement for traffic control and other
costs required to complete the work complying with the requirement of Sections 500,
800 and Clause 1202
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1203 WATER BOUND MACADAM BASE AND SUB-BASE
(1) Scope

This work shall consist of clean, crushed aggregates mechanically interlocked by
rolling and bonded together with screening binding material and water laid on a
properly prepared subgrade/subbase/base or existing pavement, as the case may be
and finished in accordance with the requirements of this specification and in close
conformity with the lines, grades, cross Sections and thickness as per approved plans
or as directed by the Engineer.

Grading to be adopted for a project shall be as specified in the Contract
(2) Sourcesof Materials

The Contractor shall be responsible for locating and devel oping suitable sources of
material for water bound macadam. Such sources shall be termed quarries or borrows.
The opening up of quarries/borrows and the construction and maintenance of access
roads shall be carried out in accordance with Section 800.

(3 Material Requirements
(@) Coarse Aggregates

Coarse aggregates shall be either crushed or broken stone, crushed slag. The
aggregates shall conform to the physical requirements set forth in Table 12.5.

Table 12.5: Physical Requirements of Coar se Aggregatesfor Water Bound
Macadam for Sub base/ Base course

Test Requirements | Requirements | Test
(Base) Sub base method
1 Loss Angeles Abrasion 40 max 45 IS: 2386 -4
Vaue (LAA)
Or
Aggregate Impact 30 max 40 max IS: 2386-4
Value (AlV) orlS:
5640**
2 Combined Flakiness and 35 max 35 max IS: 2386 -1
Elongation index **

Note:
1. **Aggregates which get softened in presence of water shall be tested for

Impact value under wet condition as per |1S: 5640

2. ***The requirement of flakinessindex and elongation index shall be enforced
only in the case of crushed broken stone and crushed slag.

The crushed or broken stone shall be hard, durable and free from excess flat,
elongated, soft and disintegrated, dirt and other deleterious material.

After processing, placing and compaction in the place the grading of the material
shall be a smooth curve within and approximately parallel to one of the envelopes
defined in Table 12.6.
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Table 12.6: Grading Envelope of Coar se Aggregates

Per centage passing by weight
Sieve Size

(mm)

Grading 1 Grading 2

(63-45 mm) (53-22.4 mm)
75.0 100
63.0 90-100 100
53.0 25-75 95-100
450 0-15 65-90
224 0-5- 0-10
11.2 - 0-5

(b) Screening

Screening to fill voids in the coarse aggregate shall generally consist of the same
material as of the coarse aggregate. However, where permitted predominantly non-
plastic material like crushed rock fines or natural angular pit sand may be used for this
purpose.

Screening shall conform to the grading set forth in Table 12.7

Table 12.7: Grading Requirementsfor Screenings

Per cent passing by Weight
Sieve Size (mm)

Grading 1 Grading 2

(13.2 mm) (11.2mm)
13.2 100
11.2 95-100 100
9.50 80-100
5.6 15-35 50-70
0.18 0-10 5-25

(c) Binding material

Binding materia to be used for water bound macadam as a filter material meant for
preventing ravelling, shall comprise of a suitable material approved by the Engineer
having a Plasticity Index (Pl) value of lessthan 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
screenings. Generally, the quantity required for 75 mm compacted thickness of water
bound macadam will be 0.06-0.09 m3/10m2 ( The 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 screenings used are of crushable type such
as moorumor gravel)
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(49) Compaction Trials

The Contractor shall carry out trialsin accordance with Sub-clause 1201 (4).
(5) Construction Operations

(@) Preparation of Base

The surface of the sub-grade/sub-base/base to receive the water bound macadam
course shall be prepared to the specified lines and crossfall and made free of dust and
other extraneous material. Any ruts or soft yielding places shall be corrected in an
approved manner and rolled if necessary by sprinkling water until firm surface in
obtai ned.

As far as possible, laying water bound macadam course over an existing thick,
bituminous layer may be avoided since it shall 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, in exceptional cases, where the intensity of rain islow and
the interface drainage facility is efficient, water bound macadam can be laid over the
existing thin bituminous surface by cutting 50 mm x 50 mm furrows 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 coarse beneath the existing
thin bituminous surface.

(b) Inverted Choke

If water bound macadam is to be directly over the sub-grade, without any other
intervening pavement course, a25 mm thick screenings or coarse sand shall be spread
on the prepared subgrade before application of the coarse aggregatesis taken up.

(c) Spreading Coarse Aggregates

The coarse aggregates shall be spread uniformly and evenly upon the prepared
subgrade/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 twice the maximum size of the aggregate. Whenever possible, approved
mechanical devices shall be used spread the aggregates uniformly so as to minimize
the need for manual rectification afterwards. Aggregates placed at locations which are
inaccessible to the spreading equipment, may be 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 vehicles. In no case the aggregates shall be dumped in heaps directly on the
surface prepared to receive the aggregate nor shall hauling over uncompact or partially
compacted base be permitted. No segregation of coarse or fine aggregates shall be
allowed and the coarse aggregate as spread shall be of uniform gradation with no
pockets of fine material.

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

(d) Ralling

Immediately following the spreading of the coarse aggregate, rolling shall be started
with three wheeled power rollers of 8 to 10 ton capacity or tandem or vibratory rollers
of approved type. The type of roller to be used shall be approved by the Engineer
based on tria run.

Except on super elevated portions where the rolling shall proceed from inner edge to
the outer rolling shall begin from the edges gradually progressing towards the center.
First the edge/edges shall be compacted with roller running forward and backward.
Theroller shall then moveinwards parallel to the centerline of the road, in successive
passes uniformly lapping preceding tracks by at least one half width of wheel of the
roller.

Rolling shall be discontinued when the aggregates are partially compacted with
sufficient void spacein them to permit application of screenings. During rolling, slight
sprinkling of water may be done, if necessary. Rolling shall not be done when the
subgrade is soft or yielding or when it causes a wave-like motion in the subgrade or
subbase course.

The rolled surface shall be checked transversely and longitudinally, with templates
and any irregularities corrected by loosening the surface, adding or removing
necessary amount of aggregates and re-rolling until the entire surface conforms to
desired crossfall and grade. In no case shall the use of screenings be permitted to make
up depressions.

Material which have been crushed excessively during compaction or have become
segregated shall be replaced with aggregates of the same or better quality.

(e) Application of Screenings

After the coarse aggregate has been rolled as above screenings shall be applied
gradualy over the surface to completely fill the interstices. These shall not be damp
or wet at the time of application. Dry rolling shall be done while the screenings are
being spread so that vibrations of the roller cause them to settle into the voids of the
coarse aggregate. The screenings shall not be dumped in piles but be spread uniformly
in successive thin layers either by the spreading motions of hand shovels or by
mechanical spreaders, or directly from tipper with suitable grit spreading arrangement.
Tipper operating for spreading the screening shall be so driven as not to disturb the
coarse aggregate.

The screenings shall be applied a a slow and uniform rate (in three or more
applications) so as to ensure filling of al voids. This shall be accompanied by dry
rolling and brooming with mechanica brooms, hand-brooms or both. In no case shall
the screenings be applied as fast and thick asto form cakes of ridges on the surfacein
such a manner as would prevent filling of voids or prevent the direct bearing of the
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roller on the coarse aggregate. These operations shall continue until no more screening
can be forced into the voids of the coarse aggregate.

The spreading, rolling, and brooming of screening shall be carried out in only such
lengths of the road which could be completed within one day’s operation.

(f) Sprinkling 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 sprinkling, sweeping and rolling operation
shall be continued, with additional screenings applied as necessary until the coarse
aggregate has been thoroughly keyed, well-bonded and firmly set initsfull depth and
a grout has been formed of screenings. Care shall be taken to see that the base or
subgrade 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 shall be taken up after curing of sub as directed by the Engineer.

(g) Application of binding material:

After the application of screenings in accordance with above (e) and (f). the binding
material whereit is required to be used shall be as per Clause 1203(c) successively in
two or more thin layers at aslow and uniform rate. After each application, the surface
shall be copiously sprinkled with water, the resulting slurry swept in with hand
brooms, or mechanical broomsto 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 awave ahead of the wheels of the moving roller.

(h) Setting and Drying

After the final compaction of water bound macadam course the pavement shall be
allowed to dry overnight. Next morning hungry spots shall be filled with screenings
or binding material 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 hisopinion it would cause excessive damage to the surface.

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

(6) Setting out and Tolerances

Water bound macadam base and subbase shall be set out and constructed within the
tolerances given in Section 1100.

(7) Quality control
The minimum testing frequency for process control shall be as per Table 5.2 and
construction tolerance shall be as specified in Section 1100.
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Routine inspection and testing shall be carried out by the Engineer to test the quality
of materials and workmanship for compliance with the requirements of this Section.

Any materias or workmanship that do not comply with the specified requirements
shall be replaced by materials and workmanship complying with the specified
requirements, or be repaired so that after being repaired it shall comply with the
specified requirements.

Reconstruction of defective macadam:

The finished surface of water bound macadam shall conform to the tolerance of
surface regularity as prescribed in Section 1100. However, where the surface
irregularity of the course exceeds the tolerances or where the course is otherwise
defective due to subgrade 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 screening or binding material.

M easur ement

Water bound macadam subbase/base shall be measured in cubic meter by taking cross
sections at intervals of 20 metersor asdirected by the Engineer in the original position
before the work starts and after its completion and computing the volumes in cubic
meters by average and area method.

Payment

Water bound macadam subbase/base shall be paid at their respective contract unit rate.
In addition to state in Clause 112, the contract unit rate shall be also the full and the
final compensation for cost of making arrangement for traffic control and other costs
required to complete the work complying with the requirement of Sections 500, 800
and Clause 1203.

CRUSHER-RUN MACADAM FOR BASE AND SUBBASE

D)

)

Scope

This work shall consist of furnishing, placing and compacting crushed stone
aggregate sub-base and base courses constructed in accordance with the requirements
set forth in this Specification and in conformity with the lines, grades, thickness and
cross-sections shown on the plans or as directed by the Engineer.

Materials

The materia to be used for the work crushed rock. If crushed gravel/shingleis used,
not less than 90 percent by weight of the gravel/ shingle pieces retained on 4.75 mm
sieve shall have at least two fractured faces. It shall be from any organic matter and
other deleterious substances and shall be of such nature that it can be compacted
readily under watering and rolling to form afirm , stable base. The aggregates shall
confirm to the grading and quality requirements given in Tables 12. 8 and 12.9

The grading to be adopted shall be asindicated in the Contract
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Tablel2.8: Aggregate Grading Requirements

Sievesize Per centage Passing by weight
53 mm nominal size 37.5 mm nominal size
63 mm 100
45 mm 87 -100 100
22.4 mm 50-85 90 - 100
5.6 mm 25-45 35-55
0.71 mm 10-25 10-30
0.09 mm 2-5 2-5

Tablel2.9: Physical requirement sof Coarse Aggregatesfor Crusher run material

Base
Test Test method Requirements
Loss Angeles Abrasion Valug(LAA) IS: 2386 -4 40 max
1 Or
Aggregate Impact Value ( AlV) 30 max
5 Combined Flakiness and Elongation IS: 2386 -1 35 max
index
3 Water Absorption IS: 1386 -3 2 % max
4 Liquid limit of material passing 425 IS: 2720- 5 25 max
micron
5 Plasticity index of material passing IS: 2720- 5 6 max
425 micron
Note:
1. If thewater absorption is more than 2 %, soundnesstest shall be carried out as per
|S: 2386 -5

2. To determine combined portion, the flaky stone from a representative sample
should first be separated out. Flakinessindex isweight of flaky stone metal divided
by weight of stone sample. Only the elongated particle s be separated out from the
remaining (non flaky) stone metal. Elongation index is weight of elongated
particles divided by total non flaky particles. The value of flakiness index and
elongation index so found are added up.

(3) Construction Operations
(i) Preparation of sub-grade

The surface of sub-grade shall be prepared in accordance with procedure mention in
water bound macadam. Any ruts, deformations or soft yielding places which occur in
the sub-base or sub-grade shall be corrected and compacted to the required density
before the aggregate base course is placed thereon.
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(i) Spreading, Watering, Mixing and Compaction

The aggregate shall be uniformly deposited on the approved sub-base by means of
hauling vehicle with or without spreading devices. . Aggregate will be distributed
over the surface to the depth specified on the drawings or as directed by the Engineer.

After the base course material has been deposited, it shall be thoroughly blade- mixed
to full depth of the layer by aternately blading the entire layer to the centre and back
to the edges of the road. It shall then be spread and finished to the required cross
section by means of a motor grader.

Water shall be applied prior to and during al blading and processing operations to
moisten the material sufficiently to prevent segregation of thefine and coarse particles.
Water shall be applied sufficient amounts during construction to assist compaction.

Compaction shal commence immediately after to placement of the base. 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 up to 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. The speed of the roller shall not exceed 5
km/h. Each layer of material shall be compacted to not less than 98 per cent of the
maximum density as determined by IS: 2720 (Part - 8).

(4) SurfaceFinish and Quality Control of Work
The surface finish of construction shall conform to the requirements of section 1100.

Control on the quality of materials and works shall be exercised by the Engineer in
accordance with Section 500.

(55 Measurement

Crusher-run macadam base shall be measured in cubic meter by taking cross Sections
at intervals of 20 meters or as directed by the Engineer in the original position before
the work starts and after its completion and computing the volumes in cubic meters by
average end area method.

(6) Payment

The Crusher-run macadam base construction shall be paid at their respective contract
unit rate. In addition to stated in Clause 112, the contract unit rate shall be also thefull
and thefinal compensation for cost of making arrangement for traffic control and other
costs required to complete the work complying with the requirement of Section 500,

800 and Clause 1204.
1205 SHOULDER ISLANDSAND MEDIAN
(1) Scope

The work shall consist of constructing shoulder (hard/paved/earthen with brick or
stone block edging) on either side of the pavement, median in the road dividing the
carriageway into separate lanes and islands for channelising the traffic at junctionsin
accordance with the requirements of these Specifications and in conformity with the
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lines, grades and cross-sections shown on the drawings or as directed by the Engineer.
(2) Material

Shoulder on either side of the road may be of selected earth/granular material/ paved
conforming to the requirements of Clause 909/1201 and median may be of selected
earth conforming to the requirements of Clause 909.

Median/Traffic islands shall be raised and kerbed at the perimeter and the enclosed
area filled with earth and suitably covered with grass turf/shrubs or paved as per
corresponding Section of specification .

Paved shoulders shall consist of sub-base, base and surfacing courses, as shown in the
drawings and materials for the same shall conform to relevant Specifications of the
corresponding items. Where paved or hard shoulders are not provided, the pavement
shall be provided with brick/stone block edgings as shown in the drawings.

Material for construction of shoulders shall be as shown on the Drawing or instructed
by the Engineer. It may consist of and include:

(@) Gravel wearing course or natural materia in accordance with Clauses 1205 /
1201.

(b) Wet mix macadam in accordance with Clause 1208
(c) A single bituminous surface treatment (SBST) in accordance with Clause 1303.
(d) A sand surfacing in accordance with Clause 1305.

(3 Construction of Shoulders

Shoulder shall be constructed concurrently with construction of the adjacent pavement
layers and with the same materials, except in case the base course is bituminous mix,
the “upper shoulder” shall be constructed subsequent to the base course. Shoulders
shall not be constructed ahead of adjacent pavement layers and the Contractor shall
ensure that the method of construction is such that at no time water gets prevented
form draining off the pavement layers. The method of laying and compacting shoul der
material and the compaction requirements shall be in accordance with the relevant
Sub-clauses of 1201, 1204 and 1208.
(4) Setting out and Tolerances

Shoulders shall be set out and constructed to the tolerances given in Section 1100.
(5) Surface Treatment of Shoulders

Surface treatment of shoulders shall be as shown on the Drawing or instructed by the
Engineer. Materia for Bituminous surface treatment shall be in accordance with Sub-
clause 1204 (2) and the method of construction shall bein accordance with therelevant
Clause of Section 1300.

Where topsoil and grassing is shown on the Drawing or instructed by the Engineer, 50
mm of humus or topsoil shall be spread on the completed shoulder and lightly rolled.
Grass seeds shall be planted in accordance with the relevant Clauses of Section 2800
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and kept watered until growth is established. Top soiling and grassing shall be in
accordance with relevant Clause of Section 2800.

(6) Measurement and Payment

Where shoulders are constructed with the same materia as the adjacent pavement
layers no separate items shall be included in the Bill of Quantities for shoulder
construction and the measurement and payment shall be in accordance with the
relevant Clause of Section 1200.

Where shoulder construction differsfrom that of adjacent pavement layers the method
of measurement and payment shall be in accordance with the relevant Clause relating
to the type of material shown on the Drawing or instructed by the Engineer for
shoulder construction.

Bituminous surfacing shall be measured and paid in accordance with relevant Clause
of Section 1300. Top soiling and grassing shall be measured and paid in accordance
with relevant Clauses of Section 200 and 2800.

1206 TELFORD BASE (BLOCK PITCHING)

(1) Block pitching shall consist of clean hard durable single size stones of size equivaent
to the thickness of the base course, but not less than 150 mm nor more than 300 mm
in their longest dimension.

(2) A layer of sand or quarry dust shall first be laid over the base to a thickness of 75 mm.
The block pitching shall then be laid with the longest dimension of each stone in the
vertical direction and breaking joint with adjoining stones. The highest points of
protruding stones shall then be broken off with a knapping hammer and the interstices
filled with spalls. The whole shall then be rolled with a smooth wheeled roller of not
less than 8 tons capacity. Spalls shall be continuously added to the interstices during
rolling until the whole remains immovable under the roller and has a uniform surface
without high or low spots.

(3 Measurement

Telford base shall be measured in cubic meter by taking cross sections at intervals of
20 meters or as directed by the Engineer in the original position before the work starts
and after its completion and computing the volumes in cubic meters by average end
area method.

(4) Payment

The Telford base construction shall be paid at their respective contract unit rates. In
addition to as stated in Clause 112, the contract unit rate shall be also the full and the
final compensation for cost of making arrangement for traffic control and other costs
required to complete the work complying with the requirement of Section 500, 800
and Clause 1206.

SECTION 1200 SUBBASE, BASE, HARD SHOULDER AND GRAVEL WEARING COURSE Page 12-17



STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

1207 DRY BOUND MACADAM BASE AND SUB-BASE
(1) Scope

This work shall consist of clean, crushed or broken aggregates mechanically
interlocked by compacting rolling and bonded together with screening binding
material in dry condition and laid on a properly prepared subgrade/subbase/base or
existing pavement, as the case may be and finished in accordance with the
requirements of this specification and in close conformity with the lines, grades, cross
sections and thickness as per approved plans or as directed by the Engineer.

(2) Sourceof Material

The Contractor shall be responsible for locating and developing suitable sources of
material for dry bound macadam. Such sources shall be termed quarries or borrows.
The opening up of quarries/borrow and the construction and maintenance of access
roads shall be carried out in accordance with Section 800.

(3) Materials Requirements
(@) Coarse Aggregates
Coarse aggregate shall conform to the requirements of Clause 1203 (3) (a).
(b) Screenings

Screenings to fill voids in the coarse aggregate shall generally consist of the same
material as of the coarse aggregate. However, where permitted predominantly non-
plastic material like crushed rock fines or natural angular pit sand may be used for this
purpose.

Screenings shall conform to the grading set forth in Table 12.10

Table 12.10: Grading Requirementsfor Screenings

Sieve Size (mm) Per cent passing by Weight
9.50 100
4.75 95-100
2.80 65-95
0.71 30-65
0.30 15-30
0.075 0-15

(4) Compaction Trials
The Contractor shall carry out trials in accordance with Sub-Clause 1201 (4).

(5) Construction Operations
(@) Preparation of Base

The surface of the sub-grade/sub-base/base to receive the dry bound macadam course
shall be prepared to the specified lines and cross fall and made free of dust and other
extraneous material. any ruts or soft yielding places shall be corrected in an approved
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manner and rolled if necessary until firm surface is obtained.

As far as possible, laying dry bound macadam course over an existing thick,
bituminous layer may be avoided since it shall cause problems of internal drainage of
the pavement at the interface of the two courses. It is desirable to completely pick out
the existing thin bituminous wearing course where dry bound macadam is proposed to
be laid over it. However, in exceptional cases, where the intensity of rain is low and
the interface drainage facility is efficient, dry bound macadam can be laid over the
existing thin bituminous surface by cutting 50 mm x 50 mm furrows 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 coarse beneath the existing
thin bituminous surface.

(b) Inverted Choke

If dry bound macadam is to be laid directly over the sub-grade, without any other
intervening pavement course, a25 mm thick screenings or coarse sand shall be spread
on the prepared subgrade before application of the coarse aggregate is taken up.

(c) Spreading Coarse Aggregates

The coarse aggregate shall be spread uniformly and evenly upon the prepared
subgrade/subbase/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 twice the maximum size of the aggregate. Wherever possible, approved
mechanical devicesshall be used to spread the aggregates uniformly so asto minimize
the need for manual rectification afterwards. Aggregates placed at |ocations which are
inaccessible to the spreading equipment, may be 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
form vehicles. In no cases the aggregates shall be dumped in heaps directly on the
surface prepared to receive the aggregates nor shall hauling over uncompact or
partially compacted base be permitted. No segregation of coarse or fine aggregate
shall be allowed and the coarse aggregate as spread shall be of uniform gradation with
no pockets of fine material.

The surface of the aggregate spread shall be carefully checked with templates and all
high or low spots shall be remedied by removing or adding aggregates as 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 plan.

(d) Ralling

Immediately following the spreading of the coarse aggregate, rolling shall be started
with three wheeled power rollers of 8 to 10 ton capacity or tandem or vibratory rollers
of approved type. Thetype of roller to be used shall be approved by the Engineer based
on tria run.
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Except on super elevated portions where the rolling shall proceed from inner edge to
the outer, rolling shall begin from the edges gradually progressing towards the center.
First the edge/edges shall be compacted with roller running forward and backward.
Theroller shall then move inward parallel to the centerline of the road, in successive
passes uniformly lapping preceding tracks by at least one half width of wheel of the
roller.

Rolling shal be discontinued when the aggregate are partially compacted with
sufficient void space in them to permit application of screening. Rolling shall not be
done when the subgrade is soft or yielding or when it causes awave-like motion in the
subgrade or sub base course.

The rolled surface shall be checked transversely and longitudinally, with and any
irregularities corrected by loosening the surface, adding or removing necessary
amount of aggregates and re-rolling until the entire surface conforms to desired cross
fal and grade. In no case shal the use of screenings be permitted to make up
depressions.

Material which have been crushed excessively during compaction or have become
segregated shall be replaced with aggregates of the same or better quality.

(e) Application of Screenings

After the coarse aggregate has been rolled as above screenings shall be applied
gradualy over the surface to completely fill the interstices. These shall not be damp
or wet at the time of application. Dry rolling with vibratory roller shall be done while
the screenings are being spread so that vibrations of theroller cause them to settle into
the voids of the coarse aggregate. The screenings shall not be dumped in piles but be
spread uniformly in successive thin layers either by the spreading motions of hand
shovelsor 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 coarse aggregate.

The screenings shall be applied a a slow and uniform rate (in three or more
applications) so as to ensure filling of al voids. This shall be accompanied by dry
rolling and brooming with mechanical brooms, hand-brooms or both. In no case shall
the screenings be applied as fast and thick asto form cakes of ridges on the surfacein
such a manner as would prevent filling of voids or prevent the direct bearing of the
roller on the coarse aggregate. These operation shall continue until no more screenings
can be forced into voids of the coarse aggregate.

The spreading, rolling, and brooming of screenings shall be carried out in only such
lengths of the road which could be completed within one day’s operations.

The minimum dry densities of the dry bound macadam to be achieved as a percentage
of the specific gravity shall be:

Base : 82% of the specific gravity
Subbase : 80% of the specific gravity
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Setting out and Tolerances

Dry bound macadam base and subbase shall be set out and constructed within the
tolerances given in Section 1100.

Quality Control
The minimum testing frequency for process control shall be asgivenin Table 5.2.

Routine inspection and testing shall be carried out by the Engineer to test the quality
of materials and workmanship for compliance with the requirements of this Section.

Any materials or workmanship that do not comply with the specified requirements
shall be replaced by materials and workmanship complying with the specified
requirements, or be repaired so that after being repaired it shall comply with the
specified requirements.

M easur ement

Dry bound macadam subbase/base shall be measured in cubic meter by taking cross
section at intervals of 10 meters or as directed by the Engineer in the original position
before the work starts and after its completion and computing the volumes in cubic
meters by average end area method.

Payment

Dry bound macadam construction shall be paid at their respective contract unit rate.
In addition to as stated in Clause 112, the contract unit rate shall be also the full and
the final compensation for cost of making arrangement for traffic control and other
costs required to complete the work complying with the requirement of Section 500,
800 and Clause 1207.

1208 WET MIX MACADAM BASE AND SUBBASE

1)

2)

3

Scope and Definition

This Clause covers procuring, furnishing and placing of approved crushed graded
aggregate and granular material, premixed with water on top of the complete subgrade
or subbase and constructing a subbase or base, as the case may be, in accordance with
the requirement of this Specification.

“Graded crushed stone” shall mean crushed stone with a smooth grading curve within
aspecified envelope. Asmentionin Table 12.1.The grading to be adopted for a project
shall be as specified in the contract.

Sourcesof Materials
The Contractor shall be responsible for locating and devel oping suitable of material.

Material Requirements
The material shall comply with following requirements:

(@ It shal consist of crushed stone, free from clay, organic or other deleterious
matter.
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(b) It shall comply with the physical requirements defined in Table 12.11.
Table 12.11: Physical Requirement for Materialsfor Wet mix macadam subbase/
base
Physical Test method | Requirement for class Requirement for classllII, 1V
properties | & 11 (max %)
(Max %)
Base(Bl) | Sub base | Base(B2) Sub base (S2)
(S1)
Los Angeles
Abrasion value
(LAA) or IS: 2386-4 40 45
Aggregate
Impact Value _ e e x
(AIV) IS: 5640 30 35 40 45
Combined
Flakiness and
Elongation index IS: 2386-1 35
(Total)

*

B1, B2, Sl and 2 are classes of materials

** |n case of use of Low grade aggregates, Wet Aggregate Impact value (Test method

IS 5640) should not exceed given range and thickness of pavement layer should
be at least 15 cm.

(o) It shall comply with the Following Grading’s After processing, placing and
compaction in the pavement the grading of the material shall be smooth curve
within and approximately parallel to one of theenvelopesdefinedin Table 12.12.

Table 12.12 Grading Envelopesfor Wet mix Macadam

Sieve Size Per centage passing by weight
(mm) Base Subbase
S1* S2*
53.0 100- 100 100
45.0 95-100 75-100 85-100
26.5 42-75 75-95
22.4.0 60-80 25-60 60-87
11.2.0 40-60 15-45 50-80
4.75 25-40 12-37 12-32
2.36 15-30 6-25 7-21
0.60 8-22 5-21 6-17
0.075 0-5 3-12 3-10

*Sland S2 are classes of subbase
(4) Crushing, Screening and Mixing
Unless otherwise instructed, crushing shall be carried out at least in two stages.

The crushing, screening and proportioning of materials and their subsequent mixing
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shall be carried out using methods machines or Batching plant acceptable to the
Engineer. To avoid segregation, graded crushed stone shall be moistened when being
handled and shall not be stockpiled in heaps higher than 5 m.

If the Contractor wishes to add material from another source in order to achieve the
specified grading the following conditions shall apply:

(@ The Contractor shall be responsible for all costs associated with the provision
and mixing in of the material, including land acquisition.

(b) The materia shall be non-plastic, hard and durable as specified. Particles shall
be free from organic materias, clay and other deleterious substances.

(c) Only material passing the 6.3 mm sieve may be added, the percentage to be
added shall be agreed with the Engineer and in any case shall not exceed 15%
by weight of the mixture.

(d) The minimum crushing rations as well as other physical requirements as
specified in Sun-clause 1208 (3) shall be maintained.

(e) The mixed material should be uniformly wet and no segregation should be
permitted
(5) Transporting
The mixed material shall be transported and dumped in such away that no segregation
OCCUr'S.
(6) Compaction Trials
The Contractor shall carry out compaction trials in accordance with Sub-clause 1208
(7) Laying and Compacting
The Contractor shall take appropriate measuresto prevent segregation during dumping
and spreading operations.
The graded crushed stone shall be laid by plant capable of distributing the graded
crushed stone in alayer of uniform thickness and without segregation.

The compacted thickness of any layer laid, processed and compacted at one time shall
not exceed 150 mm, and where a greater thickness is required, the graded crushed
stone shall be laid in two or more equal layers.

The compacted thickness of any base layer shall not be less than 3 times the maximum
size of the graded crushed stone and the compacted thickness of any subbase layer
shall not be less than 2 times the maximum size of the graded crushed stone.

As soon as possible after laying, compaction shall be carried out. The moisture
content shall be adjusted as necessary and, during compaction, care shall be taken to
maintain the moisture content evenly at the specified value. Unless otherwise
instructed by the Engineer, the moisture content at the time of compaction shall be
between 95 and 100% of the Optimum Moisture Content determined as per 1S: 2720
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Part 8. The appropriate Sections of Sub-clause 1201 (5) shall also be applicable for
this Clause 1208.

All rolling shall belongitudinal and shall commence at the outer edges of the pavement
and progress towards the center, except that on super elevated curves, rolling shall
progress from the lower to the higher edge. Where laying is carried out in lanes care
must be taken to prevent water entrapment.

The minimum dry densities to be achieved as a percentage of the Maximum Dry
Density (MDD) determined in accordance with IS 2720 Part 8 shall be:

Base : 98% of MDD
Subbase : 95% of MDD

On compl etion of the compaction the surface shall bewell closed, mechanically stable,
free from visible movement under compaction plant and free from compaction planes,
ridges, cracks, loose or segregated material. If the surface fails to meet the
requirements of these Specifications, the Contractor shall take the action set out in the
appropriate part of Section 1100 or such other action as directed by the Engineer.

After final compaction of wet mix macadam course, the road shall be alow to dry for
24 hours. No vehicular traffic shall be alowed on the finished wet mix macadam
surface. Construction equipment may be allowed with the approval of the Engineer.

(8) Tolerances

Wet mix Macadam subbase and base shall be set out and constructed to the tolerances
given in Section 1100.

(9 Quality control
The minimum testing frequency for process control shall be as specified in Table 5.2

(10) RoutineInspection and Testing

Routine inspection and testing shall be carried out by the Engineer to test the quality
of materials and workmanship for compliance with the requirements of this Section.

(11) Rectification of Surfaceirregularity

Where the surface irregularity of the wet mix macadam exceeds the permissible
tolerances or where the course is otherwise defective due to sub-grade soil getting
mixed with the aggregates, the full thickness of the layer shall be scarfied over the
affected area , re-shaped with added premixed material or removed and replaced
with fresh premixed material as as applicable and re-compacted in accordance with
the Clause 1208 (7) The areatreated in the aforesaid manner shall not be less than
5mlong and 2 m wide. In no case shall depression be filled up with unmixed and
ungraded materia or fines.

(12) Measurement

Wet mix macadam base and sub base shall be measured in cubic meter by taking cross
sections at intervals of 10 metersor asdirected by the Engineer in the original position
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before the work starts and after its completion and computing the volumes in cubic
meters by average end area method.

(13) Payment

The wet mix macadam base and sub base construction shall be paid at their respective
contract unit rate. In addition to stated in Clause 112, the contract unit rate shall be
also the full and the fina compensation for cost of making arrangement for traffic
control and other costs required to complete the work complying with the requirement
of Section 500, 800 and Clause 1208.
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SECTION 1300-BITUMINOUS SURFACE AND BASE COURSE
1301 GENERAL REQUIREMENTSFOR BITUMINOUS PAVEMENT LAYERS
(1) Scope

This Clause comprises genera requirements for bituminous pavement courses. The
use of machinery and equipment mentioned in various Clauses of these Specifications
IS mandatory.

(2) BituminousBinder

All bituminous binders shall comply with the relevant requirements set out in Section
600. The choice of binder shall be stipulated in the Contract or by the Engineer. Where
viscosity grades of bitumen are specified, IS: 73. Where modified bitumen is specified,
it shall conform to the requirements of IRC: SP: 53 and IS. 15462; and the following
provision of this Specification shall apply.

i) Modified bitumen from refinery sources or blended at approved central plant or at
site using appropriate industria process and plant with high shear mill, and testing
facilities to achieve stable and homogenous mix shall be used. The use of high
shear mixer or any other device capable of producing a homogeneous blend is
essential when the modifier isin powder form.

ii) Transportation tanks and storage tanks shall be insulated and equipped with
effective heating system and circulation/ agitating device to maintain the specified
temperature, homogeneity and viscosity of the bitumen during transit and storage.

1ii) Separation, difference in softening point (R&B), shall not be more than 3°C for
any type of specified modified bitumen when tested as per Annex B of |IS; 15462.

Selection criteriafor viscosity grade bitumen, based on highest and lowest daily mean
temperatures at a particular site, Table 13-1.

Selection criteria for modified bitumen shall be in accordance with IRC- Sp. 53, /
Table 13-2.

Table 13-1: Selection Criteriafor Viscosity-Graded (VG) Paving Bitumen Based
on Climatic Conditions

Lowest Daily Mean Highest Daily Mean Air Temperature, °C
Air Temperature,
°C Lessthan 20°C 20t030°C Morethan 30°C
Morethan -10°C VG-10 VG-20 VG-30
-10°C or lower VG-10 VG-10 VG-20

Table 13-2 Sdlection criteria for Modified bitumen. Based on Climatic Conditions
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S. Highest Mean Air <20°C [20°C - 35% Above 359 Method
No Temperature C C of Test IS
L owest Mean Air Temp | >-10°C No (6)
Characteristics Specified value for Bitumen
(1) 2 3 (4) ®)
[ Penetration at 25° C 0.1| 60to120 | 50t0o 80 | 30to 50 1203
mm, 100g, 5S
ii | Softening point, (R& B) °C 50 55 60* 1205
Min
il | FRAASS** Braking Point, -20 -16 -12 9381
°C Max
iv | Flash point COC °C Min 220 220 220 1209
v | Elastic Recovery of half 50 60 60 IRC - SP53
thread in ductilometer at annexure- 2
15° C, percent Min
vi | Complex modulus 58 70 76 IRC - SP
(G*/sin) as minimum 1.0 53
Kpa a 10 rad/S a a annexure-
temperature° C 1
vii | Separation , difference in 3 3 3 IRC - SP
softening point (R & B) °C 53
Max annexure-
3
viii | Viscosity at 150 ° C Poise 1-3 3-6 59 1206 (part 2)
iXx | Thin film oven test on
residue
a | Lossin mass, percent ,Max 1 1 1 9382
b | Increase in softening point 7 6 5 1205
¢ | Reduction in penetration of 35 25 35 1203
residue ,at 25°C, percent,
Max
d | Elastic recovery of half 35 50 50 IRC-SP
thread in ductilometer at 53
25°C or annexure-
4
Complex modulus 58 70 76 IRC - SP
(G*/sin®) as minimum 2.2 53
Kpa a 10 rad/S a a annexure-
temperature® C 1

Where Max Temperature exceeds 40°C , Softening point should be at 65°C

** Fraass breaking point requirement will be applicable for area of subzero
Temperatures.

Choice/ selection criteria of cold mix treatment for different Climate/ Traffic
conditions shall be in accordance with IRC- Sp. 100/ Table 13-3.
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Table 13-3: Choicel salection criteria of cold mix treatment for different

Climate/ Traffic conditions

Type of Traffic Climate Choice of Emulsion
Treatment (CVPD) Temperature Rainfall
Prime Coat No No Limit No Limit SS1
Limit
Tack coat No No Limit No Limit RS-1
Limit
Seal Coat <1500 No Limit No Limit SS2
Sand Seal <1500 No Limit No Limit SS2
Cap Sed <3000 No Limit No Limit RS2/ SS-2,/
Modified
Chip Sed <1500 Avoidin Cold No Limit Rs-2/ Modified
Climate
Slurry Sedl <1500 No Limit No Limit SS2
Micro surfacing No No Limit No Limit Modified
Limit
Open Graded <1500 Moderate & cold Medium MY SS-2,/ Tailor
Premix Carpet climate ( maximum made
(OGPC) air temperature 40°
)
Mix Seal <1500 Moderate & cold Low MS SS-2,/ Tailor
Surfacing (MSS) climate ( lessthan 40° made
®)
Bituminous Mix <1500 Moderate & cold Low MS/ SS-2, / Tailor
(BM) climate ( maximum air made
temperature 40° C)
Semi Dense <3000 Moderate & cold Low SS-2, / Taillor made
Bituminous climate ( maximum
Concrete ( air temperature 40°
SDBC) (@]
Half Warm Mix <4500 Moderate & cold NoLimit | SS-2,/ Tailor made
(DBM, SDBC, climate ( maximum
BC) air temperature 40°
)
Cold Recycling No Moderate & cold NoLimit | SS-2,/ Tailor made
Limit climate
Patching No No Limit No Limit MS/ SS-2/ Tailor
Limit made

Recommended uses for different types of Emulsion on Climatic Conditions are as

follows:
Type Recommended Use
RS1 | A quick setting Emulsion used for Tack coat
RS2 | A quick setting Emulsion used for surface treatment , Surface dressing
Penetration Macadam
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MS A medium setting emulsion used for plant or road mixes with coarse
aggregate for premix carpet

1 | A slow setting emulsion used for priming

2 | A slow setting emulsion used for plant mixes with graded fine
aggregates in SDBC, MSS, BM, DBM and BC. Thisemulsion is used
for durry seal treatment and tack coat

Modified| Modified Emulsion is used for micro surfacing

SS -
SS -

(3) Storageand Handling of Bituminous Binder

When carried in bulk containers, of binder temperature during and at the time of
storage shall be kept in a manner acceptable to the Engineer. During storage the
temperature of the bituminous binder shall be kept as low as possible, consistent with
reasonable pump ability. Any bituminous binder not conforming to the requirements
of Sub-clause 1301 (4) shall be rejected by the Engineer as unsuitable for use.

When bitumen emulsion are stored on site in large container, then the conditions of
storing shall comply with the manufacturer’s instructions and/or as per IS: 3117/8887.

Where bitumen emulsions are stored on site in drums, the drums shall be regularly
“rolled” to ensure mixing of the contents. Prior to using, all bituminous emulsion
drums shall be “rolled” just before opening and use. Emulsions shall be protected
against frost and temperatures below 3° C.

The bitumen storage area and heating station shall be cleared of vegetation, kept neat
and tidy. The drums shall be stacked on their sides in small quantities with gaps
between each stack to reduce fire risk.

Bitumen distributors and boilers shall be kept clean at all times. When changing the
grade of bitumen and at the end of each day’s work, all boilers and distributors shall
be thoroughly cleaned out with a solvent. The flushing’s from boilers and distributors
shall not be poured anywhere indiscriminately, but shall be led by drainage channels
to disposal pits. Care shall be taken that flushing’s do not find their way into storm
water ditches or streams. All boilers, pre-heating pits, tools and plant shal be kept
scrupulously clean.

When filling the bitumen distributor from the boilers or bulk containers, the bitumen
shall be passed through afilter of fine wire mesh having opening of not more than 0.6
mm.

On completion of the works, the disposal pit and drainage channels shall be filled in
and top soiled. The site shall be left clean and tidy.

(4) Heating of Bituminous Binder

The bituminous binder shall be heated in boilers or bulk storage containers, equipped
with adequate pumps and accurate thermometers. No bitumen shall be heated in a
boiler when the thermometer is broken, inaccurate or not equipped with it.

Pre-mixed bituminous materials shall be prepared in a hot mix plant of adequate

SECTION 1300 BITUMINOUS SURFACE AND BASE COURSE Page 13-4



STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

capacity and capable of yielding amix of proper and uniform quality with thoroughly
coated aggregates. Appropriate mixing temperatures are given in Table 13.4 of these
Specifications. The difference in temperature between the binder and aggregate shall
at no time exceed 14°C. In order to ensure uniform quality of the mix and better
coating of aggregates, the hot mix plant shall be calibrated from time to time. The
essential features of the hot mix plants are given in Annex A. of IRC: 27

The minimum pumping temperatures, the range of spraying temperatures and the
maximum heating temperatures of cut-backs, Viscosity grade bitumen’s and
emulsions are given in Table 13.4 below.

Table 13.4: Temperatures Rangesfor Heating and Spraying Binders

Binder Minimum | Temperatures (°C) Spraying* | Maximum
Pumping Slot- Atomizing jets Heating
jets

Cut-back RC 800 60 110-115 - 120
Cut-back RC 3000 80 125-135 - 135
Cut-back MC 30 10 35-45 50-60 65
Cut-back MC 70 25 55-65 70-85 85
Cut-back MC 800 60 100-115 120-135 135
Cut-back MC 3000 80 125-135 135-150 150
Paving Bitumen 105 155-165 160-170 170
Emulsion * - - - 95
Cationic

Emulsion * - - - 95
Anionic

*  These spraying temperatures are for guidance only, since the optimum spraying
temper ature depends on the temper atur e/viscosity relationship of the bitumen.

*  The minimum pumping and spraying temperatures for Cationic / Anionic

Emulsion shall be in accordance with the manufacturer’s recommendations.
Recommended Mixing, Laying and Rolling Temperatures for Bituminous Mixes
(Degree Celsius) is specified in Table 13.5 . In case of modified bitumen, the
temperature of mixing and compaction shall be higher than the mix with conventional
binder. The exact temperature depends upon the type and amount of modifier used and
shall be adopted as per the recommendation of the manufacturer.

Table 13.5: Mixing, Laying and Rolling Temperature for Bituminous mix

Bitume Bitumen Aggregate Mixed Laying *Rolling
n Temperatur| Temperatur| Material | Temperatur | Temperatur
Viscosit e e Temperatur e e
y e
Grade
VG-40 | 160-170 160-175 160-170 150 Min 100 Min
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VG-30 | 150-165 150-170 150-165 140 Min 90 Min
VG-20 | 145-165 145-170 145-165 135 Min 85 Min
VG-10 | 140-160 140-165 140-160 130 Min 80 Min

For dot-jets the viscosity for spraying shall be 70 to 100 centistokes and for atomizing
jets 35 to 60 centistokes.

No pavement bitumen, cut-back bitumen, or emulsion shall be heated above the
maximum temperature given in the Table.13.4 Any overheated bitumen or emulsion
shall be removed from the site and disposed off by the Contractor.

The rates of application of binder specified or instructed by the Engineer refer to
volumes of binder shall be corrected to 15.6°C using Standard Petroleum
M easurement as specified in Annex 1300-1

(5) Weather Limitations

In case of following situation

Laying shall be suspended:

i. Inpresence of standing water on the surface;

ii. When rainisimminent, and during rains, fog or dust storm;

iii. When the base/binder course is damp;

iv. When the air temperature on the surface on which it isto belaid isless than 10°C
for mixeswith conventional bitumen andislessthan 15°C for mixeswith modified
bitumen;

v. Whenthewind speed at any temperature exceeds the 40 km per hour at 2 m height.

Bituminous material, except for bitumen emulsions and certain types of prime coat if
instructed by the Engineer, shall not be applied on a damp surface.

(6) Cutting Back of Bitumen

The maximum amounts of paraffin as given in Table 13.6 may be added with the
permission of the Engineer to the basic grade of bitumen upon the road surface
temperature at the time of spraying. Lesser amounts than those indicated may be used,
if the site conditions allow the development of sufficient adhesion between binder,
aggregate and existing surface. Diesel or kerosene shall be used for cutting back of
bitumen as per the direction of the Engineer.

Table 13.6: Maximum Addition of Paraffin
Maximum Addition of

Range of Road Range (approximate) of

Surface Temperature | Paraffin by Volume % | Corresponding Ambient
oc Air Temperature®C
22-29 7 10-16
22-36 5 16-21
39-43 3 21-26
43-50 1 26-31
above 50 NIL above 31
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The temperature of bitumen, when paraffin isintroduced, shall not be higher than 120°
C. The paraffin shall be sucked from 200 litre drums in measured quantities through
the bitumen pump and circulated with the bitumen for a minimum of 45 minutes.
During this process all burners shall be shut off and no open flames allowed near the
distributor.

Cutback bitumen may be produced by the addition of volatile diluents (cutter) in
accordance with Transport Research Road Laboratory TRRL Research Report RR 140
"Preparation of Cutback Bitumen”

Adhesion Agent /Anti-Stripping Agent

Where the proposed aggregate fails to pass the stripping test then an approved anti-
stripping agent may be added to the binder in accordance with the manufacturer's
instructions. The effectiveness of the proposed anti-stripping agent must be
demonstrated by the Contractor, before approval by the Engineer

The Engineer may prescribe some additional periodic test such as “ under water
coating test” stripping value for passive adhesive, Thermal stability, or solubility in
high speed diesel” to confirm that the adhesive agent being used is as claimed by the
manufacture.

The anti-stripping agent shall meet the requirements as given in Table 13.7;
Table 13.7 Specification for Anti-stripping Agent

Description Test method Requirements
Appearance Visud Dark Brown Liquid
Specific Gravity at 27°C IS 1448 0.85+0.1
Pour point 1S 1448 Max 42
Flash point IS 1448 >150°C
Moisture content IS 1448 Max 1.0 %
Solubility in Diesel Qil in IS 6241 Min 95%
the Ratio 2:98 at 50° C
Stripping  Vaue with 1S 6241 No Stripping
Bitumen Containing 1 %

Agent 40° C for 24 Hours
Under water coating test IS 6241 Min 95%
Thermal stability at 163°C IS 6241 Stable

Where required the adhesion agent shall be of an approved type and shall be used in
accordance with the manufacturer’s instructions and as instructed by the Engineer.

(7) Requirement of Bituminous Mix
(@) Asphalt Plant

Bituminous materials shall be mixed in aplant complying with IS: 3066 and shall be
located on nearby location of the site unless otherwise agreed by the Engineer. It shall
be equipped with at least three bins for the storage of heated aggregates and a separate
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bin for filler. All bins shall be covered to prevent the ingress of moisture.

The plant may be either batch-mix type or the continuous-mix type and shall be
capable or regul ating the composition of the mixture.

The bitumen tank shall be capable of maintaining its contents at the specified
temperature within a tolerance of plus or minus 5° C and shall be equipped with a
thermostat to prevent the temperature rising above 180°C and a fixed thermometer
easily read from outside the tank. Any bitumen which has been heated above 180°C
or has suffered carbonization from prolonged heating shall be removed from the plant
and disposed off.

(b) Mix design
The bitumen content required shall be determined following the Marshal mix design
procedures contained in Asphalt institute manual MS-2.

At least two months prior to commencing work using abituminous mix, the Contractor
shall be having demonstrated that he can produce aggregates meeting the grading
requirements of the Specification, submit samples of each constituent of the mix to the
Engineer.

The maximum size of the aggregate for wearing course shall equal to or less than the
thickness of wearing course divided by 2.5 and that for binder course shall equal to or
less than thickness or binder course divided by 2.

The Contractor shall then carry out laboratory testsin order to propose the proportions
of each consistent of the initial mix or mixesto be used for site trials to be carried out
in accordance with these specifications.

The Engineer shall conclude form the site trials that the mix proportions or aggregate
grading are to be changed, the Contractor shall submit further samples of the
constituents, carry out further laboratory and site trials as directed by the Engineer.

(c) Mixing of Aggregate and Bitumen
The bitumen shall be heated so that it can be distributed uniformly. Care shall betaken
not to overheat it. The temperature shall never exceed 170° C for paving bitumen.

The aggregate shall be dried and heated so that they are mixed at the following
temperatures unless otherwise specified in respective Clause.

Proposed Bitumen Temperaturein °C
VG 10 125-160
VG20or VG 30 130- 170

The dried aggregates shall be combined in the mixer in the amount of each fraction of
the agreed mix and the bitumen shall then be introduced into the mixer in the amount
specified. The materials shall then be mixed until a complete and uniform coating of
the aggregate is obtained.
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The mixing time shall be the shortest required to obtain a uniform mix and thorough
coating. The wet mixing time shall be determined by the Contractor and agreed by the
Engineer for each plant and for each type of aggregate used. It shall normally not
exceed 60 seconds.

(d) Transportation of theMixture

The bituminous mix shall be kept free of contamination and segregation during
transportation. Each load shall be covered with canvas or similar covering to protect
it from dust and adverse effect of the weather.

(e) Layingof theMixture

Immediately after the surface has been prepared and approved, the mixture shall be
spread to line and level by the laying plant without segregation and dragging.

The mixture shall be place in widths of one traffic lane a a time, unless otherwise
agreed by the Engineer. The compacted thickness of nay layer shall be at least 2.5
times the maximum size of the aggregate for wearing course and at least 2 times the
maximum size of the aggregate for binder course.

Only on areawhereirregularities or unavoidable obstacles make the use of mechanical
laying impracticable, the mixture may be spread and compacted by hand.

(f) Compaction

Immediately after the bituminous mixture has been spread, it shall be thoroughly and
uniformly compacted by rolling.

The layer shall be rolled when the mixture isin such a condition that rolling does not
cause undue displacement or shoving.

The number, weight and type of rollers furnished shall be sufficient to obtain required
compaction while the mixture is in a workable condition. The sequence of rolling
operations shall be as agreed with the Engineer.

Initial rolling with a steel tandem of three-wheeled roller shall follow the laying plant
as closely as possible. The rollers shall be operated with the drive roll nearest the
laying plant, at a slow and uniform speed (not exceeding 5 km/h).

Rolling shall normally commence from the outer edge and proceed longitudinally
paralel to the centreline, each trip overlapping one half of the roller width. On super
elevated curves, rolling shall begin at the low side and progressto the high side. Where
laying is carried out in lanes care must be taken to prevent water entrapment.

Intermediate rolling with apneumatic tyre or vibratory roller shall follow immediately.
Final rolling with asteel wheeled roller shall be used to eliminate marks from previous
rolling.

To prevent adhesion of the mixture to the rollers, the wheels shall be kept lightly
moistened with water.

In areastoo small for theroller, avibrating rate plate compactor or a hand tamper shall
be used to achieve the specified compaction.

(9) Finishing, Joint and Edges
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Any mixture that becomes loose and broken, mixed with dirt or foreign matter or isin
any way defective, shall be replaced with fresh hot mixture, which shall be compacted
to conform to the surrounding area.

Spreading of the mixture shall be as continuous as possible. Transverse joints shall be
formed by cutting neatly in a straight line across the previous run to expose the full
depth of the course. The vertical face so formed shall be painted lightly with hot VG10
or similar grade bitumen just before the additional mixture is placed against it.

Longitudinal joints shall be rolled directly behind the paving operation. Thefirst lane
shall be placed true to line and level an approximately vertical face. The mixture
placed in the abutting lane shall than be tightly crowded against the face of the
previoudly placed lane. The paver shall be positioned to spread materia overlapping
the joint face by 20 — 30 mm. Before rolling, the excess mixture shall be raked off and
discarded.

When the abutting lane is not placed in the same day, or the joint is destroyed by
traffic, the edge of the lane shall be cut back as necessary, trimmed to line and painted
lightly with hot VG 10 or similar grade bitumen just before the abutting lane is placed.

Any fresh mixture spread accidentally on the existing work at ajoint shall be carefully
removed by brooming it back on to un-compacted work, so as to avoid formation of
irregularities at the joint. The finish a joints shall comply with the surface
requirements and shall present the same uniformity of finish, texture and density as
other sections of the work.

The edges of the course shall be rolled concurrently with or immediately after the
longitudinal joint. Inrolling the edges, roller wheel s shall extend 50 to 100 mm beyond
the edge.

(h) Sampling and testing of Bituminous mixtures

The test and their minimum frequencies for the different types of bituminous work
shall be as given in Table 5.2. The Engineer may direct additional testing as required
to fulfil the requirement as specified in corresponding Clause.

The acceptance criteriafor tests on density shall subject to the condition that the mean
valueis not less than the specified value plus:

1.65
1.65 - — timesstandard deviation

“No of samples

Where the Contract specifies the surface roughness requirements, in terms of Bump
integrator value, the surface roughness value shall be measured by a calibrated Bump
integrator as per the procedure described in IRC: SP: 16. The measurements shall be
taken at centre line of each lane for a minimum compl eted length of one Km.

During mixing and laying of bituminous mixtures, control tests on the constituents and
on the mixed material shall be carried out in accordance with Section 600 and relevant
Clauses of Section 1300.

If the results of any tests show that any of the constituent materialsfail to comply with
this Specification, the Contractor shall carry out whatever changes may be necessary
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to the materials and/or to the source of supply to ensure compliance.

If the results of more than one test in ten on the mixed material show that the material
failsto comply with this Specification, laying shall forthwith cease until the reason for
the failure has been found and corrected. The Contractor shall replace any faulty
material laid with material complying with this Specification al at his expense.

(i) Tolerance

Surfacing and base shall be constructed within the geometric tolerance specified in
Section 1100.

The Contractor shall maintain the composition of the mixture as determined from the
laboratory and site trials with the following tolerances, per single test:-

(@ Bitumen :+ 0.3% of total weight of bitumen in total mix

(b) Aggregates

(i) | Passing through 10 mm sieve and larger sieves +6% of Total weight
of aggregate
(i) | Passing through 10 mm sieve and retained on +4% of including
1Immsieve minera filler
(iii) | Passing through 1 mm sieve and retained on +3% of

0.075 mm sieve

(iv) | Passing through 0.075 mm sieve +2% of

The average amount of bitumen in any length of any layer, calculated as the product
of the bitumen contents obtained from single tests and the weight of the mixture
represented by each tests, shall not vary beyond the limit of tolerance of the amount
specified.

The average amount of bitumen for each day’s production calculated form the check
weights of mix shall not vary beyond the limits of tolerance of the amount specified.

The final average overal width of the upper surface of a bituminous mix layer
measured at six equidistant points over alength of 100 m shall be at least equal to the
width specified. At no point shall the distance between the centreline of the road and
the edge of the upper surface of abituminous mix layer be narrower than that specified
by more than 13 mm.

(8) Safety Precautions

The Contractor shall take every precaution to avoid fire or health hazards. He shall
always ensure that:

(a) bitumen is heated only to the temperature required for the particular application;

(b) hot bitumen never comes in contact with water;
(c) suitable protective clothing, foot wears and gloves are used when handling
bitumen; and
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(d) Dust isreduced to the minimum.

Care is required when using rapid-curing cut-back, because of the highly flammable
nature of the solvent.

(9 Trial Sections

Before commencing execution and from time to time as may be considered necessary
by the Engineer the Contractor shall carry out trial sections at location instructed by
the Engineer to demonstrate to the Engineer that this his surfacing operation is capable
of executing the works in accordance with the Specification.

The Contractor shall allow in his program for conducting site trials and for carrying
out the appropriate tests on them. Thetrial on any pavement layer shall be undertaken
at least 21 days ahead of the Contractor proposing to commence the full scale work on
that layer

In case of Bituminous mix Full scale laying and compacting site trials shall be carried
out by the Contractor on al asphalt pavement materials proposed for the works using
the construction plant and methods proposed by the Contractor for construction the
works. The trials shall be carried out at a location approved by the Engineer in his
presence.

The trials shall be carried out to enable the Contractor to demonstrate the suitability
of his mixing and compaction equipment to provide and compact the materials to the
specified voids content and confirm that the other specified requirements of he
completed asphalt pavement layer can be achieved.

Each trials area shall be at least 100 metres long to the full construction width and
depth for the material. It may form part of the Works provided it complies with this
Specification. Any areas which do not comply with this Specification shall be
removed.

The Contractor shall compact each section of trial over the range of compact effort the
Contractor is proposing. The following data shall be recorded for each level of
compact effort at each sitetrial.

(i) The composition and grading of the material including the bitumen content and
type and grade of bitumen used.

(i)  The moisture content of aggregate in the asphalt plant hot bins.

(iii) The temperature of bitumen and aggregate immediately prior to entering the
mixer, the temperatures of the mix on discharge from the mixer and the
temperature of the mix on commencement of laying, on commencement of
compaction and on completion of compaction.

(iv) Thetype, size, mass, width of roll, number of wheels, wheel |oad, tyre pressures,
frequency of vibration and the number of passes of the compaction equipment,
as appropriate for the type of roller.

(v) Thetarget voids and other target properties of the mix together with the results
of the laboratory tests on the mix.
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(vi) Thedensity and voids achieved.
(vii) The compacted thickness of the layer.
(viii) Any other relevant information as directed by the Engineer.

At least eight sets of tests shall be made by the Contractor on each 100 metres of trial
for each level of compact effort and provided all eight sets of results over the range of
compact effort proposed by the Contractor meet the specified requirements for the
material then the site trial shall be deemed successful. The above data recorded in the
trial shall become the agreed basis on which the particular material shall be provided
and processed to achieve the specified requirements.

During the execution of the works, if the Construction control/process control tests
indicate that the requirements for a material are not consistently achieved then work
on that layer shall be stopped until the cause is investigated by the Contractor. Such
investigation may include further laboratory and/or site trials on the material to
determine a revised set of data as described above which when agreed, shall be the
basis on which all subsequent material shall be provided and processed to achieve the
specified requirements.

Agreement of the Engineer to a set of datarecorded in asite trial shall not relieve the
Contractor of any responsibility to comply with the requirements of this Specification.

In the course of such trials the Engineer may call upon the Contractor to modify his
method of working, to employ other items of equipment and to amend the rates of
spread at which various materials are applied.

When the Engineer is satisfied that the Contractor is capable of constructing surfacing
that complies with the Specification after trial section or section, the Contractor shall
receive permission to commence the work. No variation in the approved procedures
shall be made without the Engineer’s prior consent in writing.

(10) Measurement and Payment

Unless stated otherwise, no separate measurement and payment shall be made for
complying with the requirements of Clause 1301. The Contractor shall include related
costs of complying with the requirements of Clause of Section 1300.

1302 PRIME COAT AND TACK COAT
(1) Scopeand Definitions

This Clause covers the application of a bitumen prime and tack coat to be applied on
aprepared pavement layer.

A prime coat means a thin layer of low viscosity bituminous binder applied to an
absorbent non-bituminous surface. If the prime coat is to be trafficked, it shall be
covered with binding material.

A tack coat means athin layer of bituminous binder applied to a bituminous surface.
(2) Materials
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The primer shall be cationic bitumen emulsion SS1 grade conforming to IS: 8887 or
medium curing cutback bitumen conformingto IS: 217 or as specified in the Contract.
The primer shall comply with Section 600 from a source approved by the Engineer.
The grade and the rate of application of cutback to be used shall be instructed by the
Engineer on site after field trials. Spray rate may be used as given in Table 13.8 and
Table 13.9 asa guidelines.

Table 13.8: Quantity of SS1 grade Bitumen Emulsion for Various Types of
Granular Surfaces

Type of Surface Rate of Spray (kg/sg.m)
Low porosity(WMM/WBM) 0.7-1.0
Medium porosity ( Mechanically stabilized soil base, 0.9-1.2
lime/ cement stabilized soil and lime cement base)
High porosity (Stabilized soil bases/Crusher Run 12-15
Macadam)

Table 13.9: Type and Quantity of Cutback Bitumen for Various Types of
Granular Surface

Type of Surface Type of Cutback Rate of Spray
(kg/sg.m)
WMM/WBM MC 30 0.6-0.9
Stabilized soil bases/ Crusher Run MC 70 0.9-1.2
Macadam

For Tack coat, the binder shall be an either Cationic bitumen emulsion (RS 1)
complying with IS: 8887 or suitable low viscosity paving bitumen of VG 10 grade
conforming to IS: 73. The use of cutback bitumen RC: 70 as per IS 217 shall be
restricted only for sites at sub-zero temperatures or for emergency applications as
directed by the Engineer.

No dilution or heating at site of RS 1 bitumen emulsion shall be permitted. Paving
bitumen if used for tack coat shall be heated to appropriate temperature in bitumen
boilers to achieve viscosity less than 2 poise. The normal range of spraying
temperature for a bituminous emulsion shall be 20°C to 70°C and for cutback, 50°C
to 80°C. The method of application of tack coat will depend on the type of equipment
to be used, size of nozzles, pressure at the spray bar, and speed or forward movement.
The Contractor shall demonstrate at a spraying trial, that the equipment and method to
be used is capabl e of producing auniform spray, within the tolerances specified. Spray
rate of Tack coat given in Table 13.10 may be used as guidelines.
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Table 13.10: Rate of Application of Tack Coat

Type of Surface Rate of Spray (kg/sg.m)
Bituminous surfaces 0.40-0.60
Granular surfaces 0.50- 0.60
treated with primer
Cement concrete 0.60-0.70
pavement

The binding layer, if any shall be crushed rock or river sand having grading within the
limits of the table below. The aggregate shall be clean, hard and free from excessive
dust. It shall contain no clay, loam or other deleterious materials. Grading for sand
for Prime coat shall satisfy the requirement specified in Table 13.11

Table 13.11: Grading Envelopefor Sand for Prime Coat

Sieve size (mm) Per centage Passing ( by mass)
4.75 100
2.36 80-100
1.18 60-95
0.6 30-80
0.3 20-55
0.075 10-30

(3) Preparation of Surface.

The surface to be sprayed shall be thoroughly cleaned by sweeping with mechanical
brooms and/or washing or other approved means. All laitance of soil or binder
material, loose and foreign material shall be removed.

All loose materia shall be swept clear of the layer to expose the full width of the layer
upon which prime/tack coat shall be applied. The surface to be sprayed shal be
checked for line, camber and level, and the surface corrected, made good as necessary
and approved by the Engineer before any bituminous spray is applied. The Engineer’s
approval, or otherwise, of the surface shall be given immediately prior to the
Contractor’s intention to start spraying.

Unless otherwise directed by the Engineer, immediately prior to the application of
prime coat, the surface of the layer shall be sprayed with water to dampen the surface,
but in no case the surface shall be made saturated. If the water is over applied, the
surface shall be alowed to dry until dampnessis uniform over the entire surface.

In order to bring the surface to be primed to the condition required, water shal be
applied in small increments by a distributor. Any water on the surface after spraying
shall be allowed to drain away before the prime coat is applied.

No traffic shall be allowed on the prepared surface.
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(4) Spraying of Prime Coat and Tack Coat

Soon after the surface to be sprayed has been prepared as specified in Sub-clause 1302
(3) and approved by the Engineer, the edges of the area shall be marked out with aline
of string or wire pegged down at intervals not exceeding 15 m on straights or 7.5 m
on curves. The prime or tack coat shall be sprayed on to it at the specified rate.
Spraying shall be carried out not later than 12 hours after the surface has been
prepared.

The quantity of binder used shall give complete coverage of the surface with a slight
trace of run-off in places. Shall the specified rate of spray appear to be incorrect, the
Contractor shall immediately stop spraying, inform the Engineer and amend the spray
rate as instructed by the Engineer.

The temperature for storage and spraying shall be as given in the Table 13.12.

Table 13.8: Temperaturefor Storage

Typeof Prime Maximum storage temperature© C
Upto24hrs. Over 24 hrs.
Cutback
bitumen’s
MC-30 65 40
MC-70 80 50

Bitumen shall be sprayed from a pressure distributor complying with the requirements
of Sub-clause 1303 (6) and no spraying shall be permitted except in small areas, or to
make good a defective area caused by a blocked nozzle.

The nozzle shall be arranged to give a uniform spray and shall be tested prior to
spraying by discharging on to suitable material (such as building paper, metal sheets,
etc.,) or into special troughs made for this purpose. Testing shall not take place on the
road, and any bitumen spilt on the ground shall be cleaned off.

If during spraying, a nozzle becomes blocked or develops a defect, the spraying shall
be made good with a hand spray, and the machine repaired before further spraying is
commenced.

When commencing and stopping spraying, sheets of building paper or metal at least 2
m wide shall be spread across the full width to be spread across the full width to be
sprayed to give a clean sharp edge.

The metal sheets used for stopping and starting work shall be cleaned after each run
and the troughs used for testing shall be cleaned at the end of each day’s work.

During spraying all kerbs, road furniture, culvert headwalls, tree boles and the like
which are liable to be disfigured by splashing of bitumen shall be protected, and any
such feature which is accidentally marred by bitumen shall be cleaned off with a
suitable solvent or made good.
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(5) Curingand Blinding of Prime Coat

If after application of the prime coat, the bituminous material fails to penetrate within
the time specified of if the road must be used by traffic, blinding material shall be
spread in the amount required to absorb any excess bituminous material and to protect
the primed surface.

Blinding material shall be spread from trucks in such a manner that no wheel shall
travel on uncovered bituminous material.

Unless the Engineer permits otherwise, al loose material on the sprayed surface,
including any blinding material, shall be removed before any further layer of the
pavement islaid.

(6) Tolerances

The actual rate of application of bituminous binder across the width of each spray run
shall not vary by more than £ 5% of the rate ordered and the actual of application of
binder for each single run of the spray shall not vary from this specified rate by more
than 0.03 litre per square meter.

(7) Testing

Tray tests shall be taken at least twice a day during priming operation to check
calculations based on dipping of spray trucks.

The minimum testing frequency for the purpose of process control shall be asgivenin
the Table 5.2

(80 Measurement

Binding material shall be measured in litre. For computation of the quantity following

methods shall be adopted.

(a) Designed/instructed rate of application times specified area sprayed, computed
in litres corrected to 15.6° C.

(b) Actua rate of application measured through tray tests times specified area
sprayed, computed in litres corrected to 15.6° C.

(c) Actua consumption in the specified area sprayed measured in litres corrected
to 15.6° C by dip stick reading of the distributor.

The lowest value of the above three methods shall be adopted for payment. However,
if the rate of actual spray of binder is much less or more than the designed/instructed
rate of spray so appropriate rectification which the contractor shall execute at hisown
cost.

Emulsion/bitumen and cutter shall be measured on the basis of their percentage
actually used in the work.

(9 Payment

Emulsion/bitumen and cutter shall be paid at the respective contract unit rate which
shall be the full and the final compensation for compliance of al requirements
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specified in Clause 1301 and 1302 in addition to those specified in Clause 112.

1303 SURFACE DRESSING

(1)

)

Scope

This Clause covers the application of one or more coats of surface dressing, each coat
consisting of a layer of bituminous binder sprayed on a based prepared previoudly,
followed by a cover of stone chipping properly rolled to form awearing course to the
requirements of these Specifications.

A single surface dressing means an application of bituminous binder to the road
surface followed immediately by asingle layer of uniform sized chippings.

A multiple surface dressing means two or more surface dressing placed one on the
other.

Materials
(a) Binder

The binder shall be either bitumen conforming to IS: 73 or rapid setting cationic
bitumen emulsion (RS-2) conforming to IS: 8887. Grade of bitumen shall depend upon
the climatic condition, for selection of grade of bitumen guidance may be taken from
Table 13.1. The type of binder to be used shall be stated in the Contract, or as directed
by the Engineer

(b) Adggregates/ Chippings

The stone chips (cover aggregate) shall confirm the requirement as specified in Table
13.9. They shall be clean, hard, and durable, of cubical shape, free from dust and soft
or friable matter, organic or other deleterious substances. Where the Contractor’s
selected source of aggregates has poor affinity for bitumen, the contractor shall
produce test results that with the use of anti- stripping agents, the stripping value is
improved to satisfy the specification requirements. The Engineer may approve such a
source and as a condition for the approval of the source, the bitumen shall be treated
with an approved anti-stripping agent, as per the manufacture’s recommendations, at
the cost of the contractor. The aggregate shall satisfy the requirements specified in
Table 13.13.

Table 13.13: Physical Requirement of Aggregate for Surface Dressing

Property. Test Specification / Test Method
Requirement
Cleanliness ( Grain size analysis Max 1.5% passing IS: 2386 (Part-1)
dust) 0.075 mm sieve
Particle shape | Combine Flakiness and Max 35 % IS: 2386 (Part-1)
Elongation Indices (Total)
*
Strength Los Angeles Abrasion Max 355 IS: 2386 (Part-4
Vaueor
Aggregate Impact Value Max 27 %
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Table 13.13: Physical Requirement of Aggregate for Surface Dressing

Property. Test Specification / Test Method
Requirement
Durability Soundness: Sodium Max 12 % IS : 2386 (Part-5)
sulphate or
Magnesium sulphate Max 18 %
*
Water Water absorption Max 1% IS: 2386 (Part-3)
Absorption *
Coating and stripping of Minimum retained IS: 6241
Stripping aggregate mix coating 95 %
Polishing Polished Stone Vaue Min 60 BS:812-114

To determine this combined proportion, the flaky stone from a representative
sample should first be separated out. Flakinessindex isweight of flaky stone metal
divided by weight of stone sample. Only the elongated particles be separated out
from the remaining (non-flaky) stone metal. Elongation index is weight of
elongated particles divided by total non-flaky particles. The value of flakiness
index and elongation index so found are added up.

The size of aggregate shall depend upon the type of surface on which it islaid and the
traffic intensity. The Table 13.14 May be used as guidance,

Table 13.14: Recommended nominal size of aggregate ( chips) in mm

Type of Trafficintensity in Terms of Number of vehicles per day in
surface thelane under consideration
1000-2000 200- 1000 20-200
Very hard 10 6 6
Hard 13 10 6
Normal 13 10 6
Soft 19 13 13
Very soft 19 13

The grading requirements of chipping shall be as specified in the Table 13.15.

Table 13.15: Grading Requirements of Chippings

Sievesize Per centage passing by weight
(mm) Nominal size
19 13 10 6
26.5 100
19.5 85-100 100
13.2 0-40 85-100 100
9.5 0-7 0-40 85-100 100
5.6 0-7 0-35 85-100
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Table 13.15: Grading Requirements of Chippings

Sievesize Per centage passing by weight
(mm) Nominal size
19 13 10 6

4.75 0-10

3.35 0-30
2.36 0-2 0-2 0-2

0.6 0-10
0.075 0-15 0-15 0-15 0-15

The Engineer shall rgject the chipping not conforming to be the above requirements.
(3) Rateof Application of Binder and Chips

The rate of spray of binder and chips shall be depend upon the nominal size of the
aggregate and the extent of its embedded into the surface. Therate shall be determined
as per procedure given in “Overseas Road Note- 3, Guide to Surface Dressing in
Tropical and Sub-tropical countries”. Approximate rate of application of aggregates,
and binder under average condition are given in Table 13.16.

Table 13.16: Approximate Rate of Application of Binder and Aggregates

Nominal Binder ( kg/ sqgm) Aggregates
Aggregate Uncoated Coated Aggregates | cu.m/sgm
sizemm Aggregates
Bitumen Emulsion Bitumen
19 1.2 18 1.0 0.014 - 0.015
13 1.0 15 0.8 0.009 - 0.011
10 0.9 13 0.7 0.007 - 0.009
6 0.75 11 0.6 0.003 - 0.005

Note: above rate of spray of Bitumen is excluding cutter and Anti-stripping agent, if
applicable

The size and rate of spread of chippings shall be as specified in the Specia
Specification, BOQ or as instructed by the Engineer.

Tray tests shall be carried out at |east twice per run during surface dressing operations
to check spray and spread rates calculated from spray truck chippings and chip-
spreader coverage, and more frequently when a number of short lengths are being
surface dressed. Spray truck dipping and chip-spreader coverage shall be checked for
each length sprayed.

(4) .Crushing, Screening, Washing and Stockpiling Chippings.

The construction plant provide and the methods of operating it, shall be such as to

produce chippings which shall meet the specified requirements of Sub-clause 1303 (2)

(b). This may require washing the chippings to meet the cleanliness requirements.
SECTION 1300
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The Contractor shall comply with Section 800 when chipping are stockpiled. If
required, the stockpiles areashall be surfaced with 100 mm thickness of gravel or other
material, acceptable to the Engineer. Any contaminated chippings shall not be used in
the Works. After use the stockpile area shall be cleared, top soiled and left neat and
tidy.

(5 Pre-coated Chippings

The bituminous binder used for pre-coated chipping shall be a medium curing cut-
back MC-30 or a semi-stable or stable emulsion unless otherwise instructed by the
Engineer. The amount of bitumen binder used to Pre-coat chipping shall be specified
in the Special Specification or shall be as instructed by the Engineer.

Pre-coating shall be carried out in a mixing machine acceptable to the Engineer. The
Pre-coated chipping shall not be tacky and liable to agglomerate. The chipping Pre-
coated with cut-back or emulsion shall be stockpiled for the lapse of time required by
the solvents or water to evaporate.

The Pre-coated chipping shall be kept free of contamination by dust or other
del eterious matter.

(6) Construction Plant for Pavement Works
(@) Bitumen Distributors

Bitumen distributors shall be truck mounted and shall have sufficient power to
maintain uniform speeds for the proper application of the binder. The truck shall be
equipped with an accurate tachometer showing the driver the speed in meters per
minute. The truck shall be fitted with a gauge bar and chain or any other acceptable
device clearly visible to the driver to enable him to follow the required edge. The
distributor tank shall have a capacity of at least 4,000 litres and shall be fitted with a
device for indicating the quantity in the tank at any time. It shall be equipped with

heaters capable of maintaining temperatures up to 200°C and befitted with an accurate
thermometer.

The circulation system shall permit pumping around the tank and around the spray bar
without actually spraying. Spray bars shall be available for spraying in widths varying
from 0.5 mto 4 m and shall be adjustable transversely so that the operator can follow
the required edge independently. The spray nozzles shall be arranged to give auniform
spray and the shut-off shall be quick-acting with an antidrip device. The pressure in
the spray bar shall be sufficient to give agood distribution and spraying of the binder.

Distributors shall be capable of applying bituminous binder within the limits of + 5%
of the specified rate of application over any portion of the surface.

Distributors shall be checked and calibrated before starting any work or when required
by the Engineer. This shall include the calibration of all the metering devices and
checking the uniformity of the transverse distribution of spray. All distributors shall
be furnished with a “rate of spray/machine speed” chard.
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(b) Chip-spreaders

Mechanical chip-spreaders shall be capable of spreading the chippings uniformly over
variable widths, from 0.5 to 3.5 m, at the rates specified.

The number and output of chip-spreaders shall be sufficient to ensure that chippings
are spread immediately after the bituminous binder has been applied.

Chip-spreaders shall be checked and calibrated before starting any work or when
required by the Engineer.

(c0 Rallers

The main rolling shall be carried out with self-propelled pneumatic tyred rollers,
having awheel-load of more than 2 tons. The tyres shall be smooth and their pressure
shall be more than 0.4 N/mmz2.

Where approved by the Engineer steel-wheeled rollers shall be used in tandem with
pneumatic tyred rollers after all excess chippings have been removed and
insufficiently chipped areas have been chipped over. Only steel-wheeled rollers
weighing less than 8 tons (total weight) shall be accepted.

The number and output of rollers shall be sufficient to ensure that rolling does not lag
behind spreading. To the extent possible, two pneumatic tyred rollers shall be used for
each chip-spreader.

(d) Miscellaneous Equipment

Sufficient trucks and loading machinery shall be employed to ensure an adequate,
prompt and continuous supply of chippings.

Rubber tyred mechanical rotary broomstowed by or mounted on rubber tyred vehicles
shall be provided. Tractor toed air compressor with sufficient length of hose pipes and
air jet nozzle shall be provided to ensure sufficient cleaning of surface to be sprayed
with bituminous layers.

(7) Preparation of Surface

Immediately before spraying, all loose material and foreign matter shall be removed
by thorough brushing with mechanical brooms and/or washing or by use of
compressors or by other methods acceptable to the Engineer. All hardened mud or
other foreign matter shall be loosened by scraping before sweeping. The debris shall
be deposited well clear of the surface to be sprayed. Road furniture (manholes covers
etc.) shall be covered with adhesive paper or ssimilar materials. Kerb stones, roadside,
and any other objects what shall not benefit from binder spray shall be protected in a
manner approved by the Engineer.

Any defect of the surface shall be made good as instructed by the Engineer and no
binder shall be sprayed until the surface has been approved by the Engineer. The
Engineer’s approval or otherwise of the surface shall be given immediately prior to
the Contractor’s intention to start spraying.
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(8) Application of Surface Dressing
a) Application of Binder

The specified bitumen binder, cut back if instructed by the Engineer, its application
rate and spraying temperature shall be instructed by the Engineer on site after design
based on Traffic, Existing surface, climatic condition and type of chippings. Therange
of spraying Temperature for binder is normally within the range of 140° to 170° C.

The Contractor shall present his detailed program and arrangements and methods for
the planning and execution of the surface dressing process to the Engineer for approval
at least 28 days before he intends to commence this work. The Contractor’s authorized
representative shall be responsible for preparation of the programs and arrangements
and the Contractor shal not commence surface dressing until the Engineer has
approved his program

All operation associated with the surface dressing process shall be described in the
Contractor’s arrangements and shall include but not limited to;

Method of bitumen supply, decanting, cutting back where required, heating and
storing, transfer of distributor including list of equipment and capacities
Location and method of production of cover aggregates and pre-coating with
type and output of equipment, including crushers where appropriate; and
Method of performing the surface dressing process including type and capacity/
weight of all main and ancillary items of equipment along with work force
details.
The contractor shall provide, one day in advance his following day’s surface dressing
work program, including his expected spray lengths and widths for each run with
detail s of the quantity of cover aggregate availablein approved chip spreaders standing
by at the commencement of the spray run. Spraying shall not commence until
sufficient cover aggregate is in this position to cover the area programmed for
spraying.

The distributor shall be filled with preheated bitumen binder on the same day, shortly
before start of binder application. The distributor spray bar and jets shall be preheated
by circulating hot binder and the jets operated for at least 10 seconds for testing. The
operation shall be carried out before each spray run, off road onto trays, or at alocation
where no environmental damage will be created. Jets shall be inspected by the
Engineer for shape, direction, blockage or any other defects which shall be corrected
before spraying is permitted. At the end of each spray run the distributor shall be
driven off- road to avoid binder drip page on the pavement surface. Binder drip page
from any location which may contaminate the road surface shall be sufficient for the
Engineer to order removal of the offending source from the roadway until repairs are
completed.

As emergency/ temporary measures, drip protection of the pavement surface shall be
provided by use of buckets trays etc. These shall be available for use at all times,
along with equipment for removal of binder spillages on the pavement surface, to the
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approval of the Engineer.

The Contractor shall carry out atrial section of surface dressing at alocation instructed
by the Engineer to demonstrate to the Engineer that this surface dressing operation is
capable of constructing the surface dressing in accordance with Specification. Thetria
length shall be minimum 200 meters using full spray bar width with full width
application of cover aggregate. If the trial section of surface dressing complies with
the Specification, the Contractor shall receive payment for the Work in accordance
with the Contract as if it were permanent Work. If the trial section of the surface
dressing fails to comply with the Specification, the Contractor shall carry out further
trialsuntil his surface dressing operation complies with the Specification. No payment
will be made for trial sections that do not comply with the Specification.

When the Engineer is satisfied that the Contractor is capable of constructing surface
dressing that complies with the Specification after trial section, the Contractor will
receive permission to commence surface dressing as permanent Work on the road
pavement.

Application of binder shall only be under taken when the surface is dry or dlightly
damp, but no circumstances when wet, If in the opinion of the Engineer rainfal is
likely before the application of binder or cover aggregate or the temperature or the
pavement surface hastimeto fall below the specified minimum temperature (normally
150° C), the Engineer will instruct the Contractor to delay surface dressing work until
weather conditions are satisfactory. Areas damaged by rainfall shall berectified by the
Contractor without additional payment, in a manner instructed by the Engineer.

If in the opinion of the Engineer the ambient temperature is too cold for surface
dressing, the Contractor shall delay this operation until the temperature increases to
the specified minimum level.

Building paper or other approved protective material shall be used at the start and
finish of each spray run of sufficient width (not less than 600 mm) to enable the
distributor to reach its calibrated road speed with spray jets open before discharging
binder onto the pavement under treatment. Ends of previous surface treatment runs
shall be trimmed back to clean, straight transverse edges and these shall form the start
point for subsequent runs, with completed work suitably protected as described above.
Spray runs will be limited to 300 meter length initially until the Contractor
demonstrates his ability to plan and execute long length. Spray width shall be
calculated allowing for 150 mm longitudinal overlap with adjacent passes and for the
width that the following chipping spreader is ableto cover. Longitudinal sprayed butt
joints will not be permitted. The Contractor shall submit his spray width and length
proposal to the Engineer for approval.

During spraying all passing traffic shall be stopped. If spray jets block, or the chipping
spreader stops or any other event occurs which may affect the surface treatment
process, then the spray bar operator immediately shall stop spraying. When the
defective equipment or operation is rectified, spraying may restart with the Engineer’s
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approval.

The distributor shall be dipped and the binder temperature recorded before and after
each spray run and spray length and width recorded on approved record sheets. The
hot application rate shall be calculated and recorded and checked against the specified
rate. The calculated actual rate shall not vary by more than = 5% from the specified
rate. The actual quantity of binder sprayed corrected to 15.6° C shall be calculated.

At least eight clean pre weighted metal spray trays shall be available for sampling the
spray rate for each spray run. To ensure that spray runs are paralée with the road
pavement the road centreline or edge line shall be marked every 25 meters and string
line laid out for the distributor driver to follow with the guide bar attached to his side
of the cab.

Where a second surface dressing is specified, the first surface dressing shall be left
open to traffic for aminimum period of 21 days and preferably alonger period before
applying the second surface dressing unless special approva is obtained from the
Engineer for a shorter period. Surplus chippings shall be removed by firm hand
brooming or power brooming before applying the second surface dressing.

The spraying widths shall be so selected that the centreline joint of the second surface
dressing is offset from that in the first surface dressing by minimum of 300 mm.

Hand pouring pots or hand lances shall be used to touch up carefully any parts of the
first surface missed by the distributor/ Chipping spreader, or for the treatment of areas
in which the distributor cannot operate and in this case only, chippings may be applied
by an approved manual method. Areas damaged by excess bitumen or spillage of
diesel or other deleterious material shall be repaired by careful cutting out and
removed followed by careful hand poured or hand lance application of binder and
chipping in amanner approved by the Engineer.

The second surface dressing shall be under taken when the first surface has been
approved by the Engineer after al surplus chippings are removed, repairs carried out
and the surface thoroughly cleaned as specified. The procedures to be followed are
those specified for surface dressing in this Section.

b) Application of cover Aggregate

The cover aggregate shall be applied at the rate instructed by the Engineer on sitein
square meters of coverage per cubic meter of loose aggregate after design of the
surface dressing.

The cover aggregate shall be applied immediately after the binder is applied and the
approval of the Engineer may be applied slightly damp if not pre coated to depress
dust and help adhesion. Aggregate applied to sprayed bitumen emulsion shall however
be dry.

The cover aggregate shall be applied using approved mechanical spreaders, which
shall be tailgate mounted on tipper trucks, pushed spreaders or self-propelled
spreaders, specifically manufactured for the purpose and they shall preferably be
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metered. They shall be capable of uniformly spreading the same speed as the binder
distributors during spraying.

The bitumen binder surface shall be covered with cover aggregate closely packed in
one layer so that adjacent chippings are touching and no bitumen binder is left
uncovered.

A sufficient number of loaded spreaders shall be available at the start of binder
application to provide cover aggregate over the whole area programmed for spraying.
The Contractor shall not commence spraying unless sufficient loaded spreaders arein
place. Aggregate spreading by manual methods will not be permitted except in
circumstances where

Mechanical spreaders cannot operate effectively or safely

Additional aggregate ( back up work) isrequired

Breakdown of mechanical spreaders occurs during the spreading operations
before stoppage of spraying

Minor surface repairs are instructed

The spreader shall follow the distributor at an interval not exceeding 10 m for hot
binder work and not exceeding 5 m when using bitumen emulsion binder. A back-up
vehicle or other approved means shall be constantly in attendance during surface
dressing, from which additional aggregate may be hand applied to ensure complete
and rapid coverage.

Where an adjoining pass of the distributor is required, no aggregate shall be applied
to the binder over a 150-200 mm strip so asto permit subsequent overlap

Under no circumstances will general brooming of the chipped surface be permitted.
Aggregate spillage shall be removed with care and excess aggregate may be brushed
off carefully after aminimum 3 days under traffic, after approval of the Engineer.

The cover aggregate shall be rolled with pneumatic multi- tyred power rollers.
Pneumatic-tyred roller shall have a whedl load in the 1000 — 2000 kg range. Tyre
pressure and sizes shall be in accordance with the manufacture’s recommendations
and shall be the same on each axle and tyres shall be smooth and in good condition to
provide uniform rolling of chippings. The roller shal follow directly behind the
spreader and shall continueto roll at speed of approximately 8-10 K ph, so asto provide
minimum 6 passes over the entire treated area. Each pass shall overlap the previous
pass by minimum half width of roller rolling shall be continued until all cover
aggregate particle are firmly bedded. Tyres shall be in good condition and be kept
clean and smooth to avoid pick-up of bitumen and chippings.

(9) Aftercareand Control of Traffic

Theroad shall not be opened to traffic until the binder has attained sufficient viscosity
to prevent the stones being whipped off.

The Contractor shall erect temporary traffic restriction signs, barriers and removable
bumps or any other device, asinstructed by the Engineer, to prevent vehiclestraveling
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too fast over the newly laid surface dressing. Vehicle speed shall be restricted to a
maximum of 30 km/h, until there is sufficient adhesion to ensure that the chippings
shall not be dislodged by faster vehicles.

Where possible, the traffic shall be distributed across the road so as to obtain uniform
polishing of the road surface.

After traffic has been permitted to run on the surface dressing for a period of at least
two weeks and when instructed by the Engineer, all loose chippings shall be swept and
taken away. Windrows of loose chipping shall not be allowed to accumulate at the
sides of the road.

(10) Rectification of Defects

If any defect in surface dressing work is found, the reasons of the defect shall be
established and keeping them in view the defect shall be rectified as per direction of
the Engineer. It required, the Engineer shall ask the contractor for redoing the defective
portion.

The Contractor shall rectify or redo the defective work at his own expense.
(11) Tolerance

The final average overall width of the surface dressing measured at six equidistant
pointsover alength of 100 m shall be at least equal to the width specified or instructed.
At no point shall the distance between the centreline of the road and the edge of the
surface dressing be narrower than that instructed by more than 13 mm.

The actua rate of application of binder across the lane width shall not by more than
=+ 5% of the rate ordered and for each single run of the spray it shall not vary from
the specified rate by more than 0.03 lit per square meter.

The actual rate of application of chipping along and across the lane width for each
single run of the chip-spreader shall not vary by more than £ 5% of the rate ordered.

(12) Testing

The minimum testing frequency required for the process control shall be as given in
the Table 5.2

Routine inspection and testing shall be carried out to test the materials and
workmanship for compliance with the requirements specified in this Section.

Any materials or workmanship not complying with the requirements specified, shall
be replaced or redone with the materials or workmanship complying with the
Specifications or, be repaired so as to comply with the requirements specified.

(13) Measurement

Each coat of surface dressing shall be measured asfinished work for the areainstructed
to be covered, in square metres. Binding material (emulsion/bitumen, Anti-stripping
agent, cutter etc. if applicable) shall be measured for adjustment as follows;
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(@) Design/instructed rate of application time’s specified area sprayed computed in
litre corrected to 15.6 °C after deduction of cutter and anti-stripping agent
component.

(b) Actua rate of application measured through tray tests times specified area
sprayed, computed in litre corrected to 15.6°C. after deduction of cutter and anti-

stripping agent

However, if the rate of actual spray of binder is deviate more than 10 % than the
designed/ instructed rate of spray so asto impair quality of surface dressing, the
Engineer shall reject the work or shall ask for appropriate rectification which the
contractor shall execute at his own cost.

Cover aggregate (Chipping) of each nominal size shall be measured as finished
work in sg. m.

Anti-stripping agent and Cutter shall be separately measured in litre.
Measurement of pre coated chippings shall be as stipulated in the contract.
(14) Payment

The binder (emulsion/ bitumen and cutter) shall be paid as per their respective contract
unit rate.

Cover aggregate (chippings) of each nominal size as specified shall be paid at their
respective contract unit rate.

Anti-stripping agent and Cultter if applicable shall be separately paid as per Contract.
The pre-coated chipping shall be stipulated in the contract

The Contract unit rate shall be the full and the final compensation for the cost of
preparation of surface, to receive binder, heating, mixing with cutter, spraying,
rectification wherever required, compliance of all provisions specified in Clause 1301
and 1303 in addition to those specified in Clause 112.

1304 PENETRATION MACADAM, SEMI-GROUT
(1) Scope.

This work shall consist of compacted crushed coarse aggregates with application of
bituminous binder and choke aggregate in accordance with the requirements of these
Specifications. Reference shall be made to Clause 1301, as provisions contained
therein shall bein this Clause also.

(2) Materials

(@) Adggregate

The aggregate shall consist of crushed rock or crushed gravel. They shall be of angular
shape and of such character that it shall compact and interlock under rolling. It shall
be of reasonably uniform quality throughout and free from clay, earth, dust or other
deleterious matter. It shall comply with the requirements specified in Table 13.17.
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Table 13.17 Physical Requirement of Aggregate for Penetration Macadam

Los Angeles Abrasion (LAA) Max. 40%
Aggregate Impact Vaue (AlV) Max. 30%
Sodium Sul phate Soundness (SSS) Max. 12%

The grading of coarse and choke aggregate shall be within the limits specified in the

Table 13.18.

Table 13.18: Grading of Aggregate for Penetration Macadam

Sieve Per centage passing by weight
Size Coarse Coarse Key Key
(mm) aggregate aggregate Aggregate Aggregate
(Course 75 mm|(Course 75 mm|  (typel) (typell)
thick) thick)
75.00 100 - - -
63.00 90-100 100 - -
53.00 20-55 90-100 - -
37.50 0-15 40-75 - -
26.50 - 15-35 - -
19.00 0-15 0-15 100 100
11.20 - 0-5 90-100 90-100
95 - - 40-70 40-75
4.75 - - 0-15 5-25
2.36 - - 0-5 0-10
1.18 - - - 0-5

When the emulsion is used in place of bitumen the aggregate shall be of the
composition as specified in the Table 13.19.

Table 13.19: Composition of Aggregate

Compacted thicknessof | Nominal single sized Per centage

L ayer aggregate

50 mm 37.5mm 60%

26.5 mm 30%

13.2-19 mm 10%

65 mm - 75 mm 53 mm 60%

37.5mm 30%

13.2-19 mm 10%

(b) Binder

The binder shall be paving bitumen VG10 or similar, or cut-back bitumen or cationic
or Anionic emulsion as specified in the Special Specification or in the Bill of

Quantities.
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(3) Rateof Application of Binder and Aggregates

Unless otherwise specified the rate of spray of binder and aggregate shall be as given
in the Tables 13.20 and 13.21.

Table 13.20: Rate of Application of Binder and Rate of Spread
of Aggregate per sgq.m

Compacted Binder Coarse Key Aggregate
thickness Aggregate
75 mm 5.2 litres 0.09 m? 0.018 m®
50 mm 3.5 litres 0.06 m® 0.015m3

When emulsion is used, rate of application of emulsion shall be as specified in the
Table 13.21.

Table 13.21: Rate of Application of Emulsion

Thickness of layer (mm) Rate of application (lit/m?)
50 3.0-5.5, (4.0)*
65 4.0-7.0, (5.5)*
75 5.5-8.0 (6.5)*

* Rategiven in the bracket is the nominal rate of application.
(4) Preparation of Existing Surface

The surface containing holes or depressions shall be repaired by removal of all loose
materials and replacement with a suitable patching mixture or other material approved
by the Engineer. This shall be compacted to produce atight surface conforming to the
adjacent areas. Bumps and waves which impair the riding qualities of the surface, shall
be removed and required cross slope and grade shall be provided by scarification and
re-compaction or by other such means as shall be agreed or ordered by the Engineer.
The base shall then be swept clean of all loose and foreign materials.

For use of emulsion clean sand or quarry fines shall normally belaid upon the prepared
based to a depth not exceeding 13 mm.

(5 Application of Coarse Aggregate

Immediately following preparation of the base (if thisis not practicable the base must
be re-cleaned of loose and foreign material) coarse aggregate shall be spread in loose
depth so as to provide the specified thickness of surface course with required cross
slope and grade after compaction. The aggregate shall be spread by hand or by an
approved spreading device. Dumping in mass on the base shall not be permitted. The
shallers at the edge of the surface course shall be prepared in advance of spreading the
aggregateto allow theroller to roll the shaller edge and the edge of the loose aggregate
simultaneously. Precautions shall be taken to prevent the coarse aggregate form
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becoming mixed or coated with earth or other del eterious matter both before and after
spreading. The surface of the loose aggregate shall be carefully shaped and al high
and low spots shall be remedied by removing or adding aggregate. The coarse
aggregate shall then be dry rolled with athree-wheel roller weighing not less than 8.00
tons. Rolling shall start longitudinally at the sides and proceed towards the centre of
the pavement overlapping on successive passes by at least one half the width of the
rear wheel. The compacted coarse aggregate shall then be tested with a straight-edge
and camber template to ensurethat it has afirm, even surface true to cross-section and
having atexture which shall allow uniform penetration of the binder.

The aggregate shall be spread to the required contour and to such athicknessthat, after
being compacted its minimum thickness shall not be less than specified.

In case of hand spreading, each load of aggregate shall be unloaded outside the area
upon which it is to be spread, and precaution shall be taken prevent the aggregate
becoming contaminated with dust or foreign matter during the whole of the operations.
The spreading shall be carried out with shovels and not with forks, care being taken to
avoid segregation of the different sizes of aggregate. In case of mechanical spreading,
the aggregate shall be spread by mechanical means such as a spreader box.

Where emulsion is used instead of bitumen, the aggregate of various sizes shal be
thoroughly mixed and shaped before compaction. Alternatively, 14 mm to 20 mm
materials may be spread over the larger material after the later has been placed in
position and vibrated into the interstices. The minimum quantity of water shall be
applied during rolling to bring up a slurry evenly in the aggregate within such a depth
of the surface of the road as may be specified. It is preferable that the lower or slurred
layer, which is thus water bound, shall not exceed two thirds of the total thickness of
the compacted thickness of the aggregate.

(6) Application of Binder

Binder shall be applied to the rolled coarse aggregate by means of an approved binder
distributor complying with the requirements of Sub-clause 1303 (6) or such other
means as the Engineer shall approve. The quantity of binder to be applied shall be as
specified in Tables 13.20/ Table 13.21 and it shall be applied at the temperatures
specified in Sub-clause 1301 (4). At the time of applying straight run bitumen or cut
back bitumen binder, the aggregate shall be dry for the full depth of layer. When
emulsion isused, the quantity of emulsion used shall be sufficient to coat the aggregate
to the full depth of the layer above the slurred or water bound layer.

(7) Application of Key Aggregate

Immediately after the binder has been applied to the coarse aggregate, key aggregate
shall be sprinkled lightly over the surface in sufficient quantity to prevent sticking of
the roller wheels. Then this shall be rolled and ssimultaneously with the rolling
additiona key aggregate shall be added in small quantities and lightly broomed over
the surface while rolling continues until the surface interstices between the coarse
aggregate have been filled but without covering the coarse aggregate itself. The
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surface shall then be rolled until the stone is thoroughly imbedded into the binder and
anchored in place. Rolling shall be continued until the surfaceis hard and smooth and
shows no perceptible movement under the roller.

(8 Seal coat

The surface shall be swept clean of al loose material and treated with a second coat a
binder and cover aggregate as specified in Clause 1303.

(9) Protection of Pavement

The seal coat shall be applied as soon as practicable after the application of the choke
aggregate and the surface course shall be protected from al traffic (other than that
essential to the construction) until the completion of the seal coat.

(10) Tolerances

Penetration macadam course shall be set out and constructed to the tolerances given
in Section 1100 of this Specification.

The actual rate of application of binder across the lane width shall not vary more than
+5% of the rate instructed and for each single run of the spray shall not vary from the
specified rate by more than 0.03 litre per square meter.

The actual rate of application of chippings for each single run of the chip-spreader
shall not vary by more than £5% or the rate ordered.

(11) Quality control

The minimum testing frequency for the purpose of process control shall be givenin
the Table 5.2.

Routine inspection and testing shall be carried out to test the materials and
workmanship for compliance with the requirements specified in this Section.

Any materia or workmanship that does not comply with the requirements specified
shall be replaced with materials and workmanship complying with the Specifications
or, be repaired so that after being repaired it shall comply with the requirements
specified.

(12) Measurement
Penetration macadam course shall be measured as finished work in square meters.
Seal coat shall be measured as per Sub-clause 1303.

(13) Payment

The penetration macadam shall be paid as per contract unit rate which shall be the full
and the final compensation to the Contractor for the cost of preparation of existing
surface, providing, hauling and spraying bituminous binder, coarse and choke
aggregates and complying with Clauses 1301 and 1304 in addition to those specified
in Clause 112.

Seal coat shall be paid as provided in Clause 1303.
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(14) Adjustment in Contract Unit Rate.

In case of any variation between the specified (nominal) rate of application of binder,
coarse aggregate and/or choke aggregate and their respective rate of application
actually used in the work as per direction of the Engineer, the contract unit rate for
penetration macadam shall be adjusted based on contract unit rate of the respective
material quoted by the Contractor for the purpose of this adjustment.

The varied penetration macadam shall be paid as per adjusted rate.

1305 SAND SEAL

D)

)

©)

(4)

Scope

This Clause covers the materials, method of construction and requirements for the
construction of sand seal.

Definition

A sand seal means an application of bituminous binder covered with aggregate as
specified hereunder.

Materials

(@) Binder

The binder shal be a medium-curing cut-back MC-800 or MC-3000 or cationic
emulsion unless otherwise specified.

(b) FineAggregate

The aggregate shall consist of sand, or fine screenings free from organic matter, clay
and other deleterious materials. The fines (passing a 0.425 mm sieve) shall be non-
plastic. The grading shall be as specified in the Table 13.22

Table 13.22: Grading of Aggregate

Sieve (mm) Per centage passing by weight
9.50 100
4.75 70-90
2.36 45-70
0.60 15-35
0.15 0-2

The material shall be wet screened to ensure all material greater than 100 mm is
eliminated together with dust and foreign matter.

Rate of Application of Binder and Fine Aggregate

The rate of spray of binder and the rate of spread of the fine aggregate shall be as
specified in the Special Specification or as provided in the BOQ or as instructed by
the Engineer.

During the sand sealing operation tray tests to determine spray rate of binder and
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spread rate of fine aggregate shall be carried out at |east twice per spray run.
(5) Construction
The surface to be covered shall be prepared in accordance with Sub-clause 1303 (7).

The binder shall be uniformly at the specified rate. After this, the fine aggregate shall
be uniformly spread and rolled, al in accordance with Sub-clause 1303 (8).

(6) Aftercareand Control of Traffic
The road shall be opened to traffic when instructed by the Engineer.
Traffic speed shall be restricted as per Sub-clause 1303 (9) for aslong as the Engineer
may require.
Any whipped-off aggregate shall be broomed back onto the road, as many timesasare
necessary for it to adhere fully to the binder.

(7) Tolerance

Sand seal shall be constructed within the same width tolerance as given in Sub-clause
1303 (11) for surface dressing.

The actual rate of application of binder across the lane width shall not vary be more
than #=5% of the rate ordered and for each single run of the spray shall not vary from
the specified rate by more than 0.003 litre per square meter.

The actua rate of application of fine aggregate along and across the lane width for
each single run of the chip spreader shall not vary by more than £5% of the rate
ordered.

(8 Quality control
The minimum testing frequency required for the test shall be as given in the Table 5.2

Routine inspection and testing shall be carried out to test the materials and
workmanship for compliance with the requirements specified in this Section.

Any materials or workmanship that does not comply with the requirements specified
shall be replaced with materials and workmanship complying with the specifications
or, be repaired so that after being repaired it shall comply with the requirements
specified.

(9 Measurement
Sand seal shall be measured as finished work in square meter.

(10) Payment
Payment for sand seal shall be as per contract unit rate which shall be the full and the

final compensation for the cost of compliance of all requirements specified in Clause
1301 and 1305 in addition to those specified in Clause 112.

(11) Adjustment in Contract Unit Rate
In case of variation between the specified rates of binder and/or aggregate and their
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actual rate of application as per the instruction of the Engineer respectively, the
contract unit rate for sand seal shall be adjusted based on contract unit rates of these
materials quoted by the Contractor for the purpose of adjustment.

The varied work shall be paid as per adjusted rate.

1306 SLURRY SEAL

D)

(2)

®3)

Scope
This Clause covers the materials, method of construction and requirements for the
construction of slurry seal.

Definition

Slurry seal means a mixture of bitumen emulsion, fine aggregate, cement or lime and
water prepared in amixer and then spread on the road surface.

Materials

(@ Emulson

The emulsion shall be either and anionic emulsion (slow setting) or a slow-acting
cationic emulsion unless otherwise instructed by the Engineer.

(b) Adggregate

The aggregate shall be free of organic matter, clay silt or other deleterious matter. It
shall have a Sand Equivalent of at least 50.

The grading curve shall be within one of the envelopes provided in the Table 13.23 or
as specified in the Special Specification or in the Bill or Quantities.

Table 13.23: Grading Envelopes of Aggregate

Sieve Percentage passing by weight

Size Typel (Fine) Typell (General) Typelll (Coarse)
(mm)

9.50 - - 100
4.750 100 90-100 70-90
2.360 90-100 65-90 45-70
1.180 65-90 45-70 28-50
0.600 40-60 30-50 19-34
0.300 25-42 18-30 12-25
0.150 15-30 10-21 7-18
0.075 10-20 5-15 5-15

(4)

SECTION 1300

(c) Cement/Lime
Cement and lime shall comply with the requirements of Section 600.
Preparation of the Slurry Mix

The proportion by weight of dry aggregate, bitumen emulsion and cement or lime shall
be specified in the Special Specification or in the Bill of Quantities. This shall be
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termed the nominal proportions of bitumen emulsion and cement or lime.

Water shall be added in sufficient quantity to obtain the correct slurry consistency as
directed by the Engineer.

The slurry mixture shall be prepared in the presence of the Engineer in aslurry mixer
acceptable to him. The mixer shall be charged with materials in the proportions
specified.

The mixing cycle shall be sufficient to produce a uniform coating of the aggregate and
a uniform consistency of the dlurry. It shall continue until the slurry mixture is
discharged into the spreader box or onto the road surface. The entire batch shall be
discarded, if there is evidence that the emulsion has broken. The durry, ready for
application, shall be a smooth, free flowing mixture throughout.

(5 Rateof Application of Slurry Mixture

The rate of application of the slurry mixture shall be as specified in the Specia
Specifications or as instructed by the Engineer.

Tray tests shall be carried out at least two tests for every 1000 square meter of spray
during slurry seal operations.

(6) Construction

Where adlurry seal isto be applied to a surface dressing, the surface dressing shall be
trafficked for a period of at least two prior to the application of the slurry seal.

The surface to be covered shall be prepared in accordance with Sub-clause 1303 (7).

Unless otherwise agreed by the Engineer, the slurry mixture shall be evenly spread by
aslurry machine at the specified rate.

The surface immediately ahead of the spreader shall be dightly dampened, unless
otherwise instructed by the Engineer. Slurry seal shall receive at least 6 passes of the
pneumatic tyred roller unless otherwise directed by Engineer. The rolling shall
commence as soon as the slurry has set sufficiently to ensure that no rutting or pick up
will occur.

The finished slurry seal shall be of uniform surface texture and colour throughout the
work. The finished surface shall be free from blow-holes and irregul arities.

(7) Curingand Control of Traffic

All traffic shall be kept off the slurry sea until it has cured to a firm condition to
prevent pick-up of the mixture. Where two application of slurry arerequired, theinitial
treatment shall be cured thoroughly prior to placing the succeeding application.

(8) Tolerance

Slurry seal shall be constructed within the same width tolerance given in Sub-Clause
1303 (11).

The rate of application of slurry seal across the width of alane sealed in asingle pass
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shall not vary be more than £5% of the rate ordered, and the average rate of
application along the length of a single pass shall be not less than the rate ordered.

(99 Quality Controal

The minimum testing frequency required for the process control shall be as given in
the Table 5.2

Routine inspection and testing shall be carried out to test the materials and
workmanship for compliance with the requirements specified in this Section.

Any materials or workmanship that does not comply with the requirements specified
shall be replaced with materials and workmanship complying with the specifications
or, be repaired so that after being repaired it shall comply with the requirements
specified.

(10) Measurement
Slurry seal shall be measured as finished work in square meter.

(11) Payment

Slurry seal shall be as per contract unit rate which shal be the full and the final
compensation for the cost of compliance of al requirements specified in Clause 1301
and 1306 in addition to those specified in Clause 112.

(12) Adjustment in Contract Unit Rate

In case of any variation between the specified rates of binder and/or aggregate and
their actual rate of application as per the instruction of the Engineer respectively, the
contract unit rate for sand seal shall be adjusted based on contract unit rates of these
materials quoted by the Contractor for the purpose of adjustment.

The varied work shall be paid as per adjusted rate.
1307 BITUMINOUS MACADAM
(1) Scope

This Clause comprises all the genera requirements for bituminous Macadam. This
work shall consist of construction in a single course having 50 mm to 100 mm
thickness or in multiple courses of compacted crushed aggregates premixed with a
bituminous binder on a previously prepared base to the requirements of these
Specifications. Since then, Bituminous macadam is an open-graded mix, there is a
potential that it may trap water or moisture vapour within the pavement system.
Therefore, adjacent layer (shoulders) shall have proper drainage quality to prevent
moi sture-induced damage to the BM.

(2) Materials
(@ Bitumen

The bitumen shall be viscosity graded paving bitumen complying with Indian
Standard Specification for paving bitumen, 1S: 73 or as specified in the Contract. The
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type and grade of bitumen to be used would depend upon the climatic conditions and
the traffic. Guidelines for selection of bitumen are given in Table 13.1.

(b) Coarse Aggregates

The coarse aggregates shall consist of crushed rock, crushed gravel or other hard
material retained on- 2.36 mm sieve. It shall be clean, hard, durable and cubical shape,
free from dust and soft organic and other deleterious substances. The aggregate shall
satisfy the physical requirements specified in Table 13.24 Where crushed gravel is
proposed for use as aggregate, not less than 90 percent by weight of the crushed
material retained on 4. 75 mm sieve shall have at least two fractured faces resulting
from crushing operation. Before approva of the source, the aggregates shall be tested
for stripping. Where the Contractor's sel ected sources of aggregates have poor affinity
for bitumen, asacondition for the approval of that source, the bitumen shall be treated
with approved anti-stripping agents, as per the manufacturer's recommendations,
without additional payment.

Table 13.24: Physical Properties of Coarse Aggregate

Property Test Requirement Test method
Cleanliness Grainsizeanaysis | Max. 5% passing | 1S:2386 Part |
0.075 micron
Particle shape Combined Flakiness | Max. 35% 1S:2386 Part |
and Elongation
Indices
Strength Los Angeles | Max. 40% 1S:2386 Part |V
Abrasion Value or
Aggregate  Impact | Max. 30% 1S:2386 Part |V
Value
Durability Soundness (Sodium | 5 cycles
or Magnesium)
Sodium Sulphate | Max. 12% 1S:2386 Part V
Magnesium Sulphate | Max. 18% 1S:2386 Part V
Water absorption | Water absorption Max. 2% 1S:2386 Part Il
Stripping Coating and | Min. Retained | 1S:6241
Stripping of Bitumen | Coating 95%
Aqggregate
Water sensitivity | Retained Tensile | Min. 80% AASHTO 283
strength*

(c) FineAggregates

Fine aggregates shall consist of crushed or naturally occurring mineral material, or a
combination of two, passing 2.36 mm sieve and retained on 75 micron sieve. It shall
be clean, hard, durable, and free from dust and soft organic and other deleterious
substances. Natural sand shall not be used in the binder course.
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If the minimum retained tensile strength falls below 80 percent, use of anti-stripping
agent is recommended to meet the minimum requirement.

(d) Aggregate Grading and Binder Content

The combined grading of the coarse aggregates and fine aggregates, when tested in
accordance with IS: 2386 Part 1, wet sieving method, shall conform to limitsgivenin
Table 13.25. Thetype and quantity of bitumen and appropriate thickness shall confirm
to limit given in Table 13.25.

(e) Proportioning of Material

The combined aggregate grading shall not vary from the lower limit on one sieve to
the higher limit on the adjacent sieve to avoid gap grading. The aggregate may be
proportioned and blended to produce a uniform mix complying with the requirements
in Table 13.20. The binder content shall be within a tolerance of+ 0.3 percent by
weight of total mix when individual specimens are taken for quality control tests in
accordance with the provisions of Table 5.2.

Table 13.25: Aggregate Grading and Bitumen Content

Grading 1 2
Nominal maximum aggregate | 40 mm 19 mm
size*
Layer thickness 80-100 mm 50-75 mm
IS Sieve size (mm) Cumulative % by weight of total aggregate passing
45 100
375 90-100
26.5 75-100 100
19 - 90-100
13.2 35-61 56-88
4.75 13-22 16-36
2.36 4-19 4-19
0.3 2-10 2-10
0.075 0-8 0-8
Bitumen content ** percent by 3.3** 3.4**
mass of total mix

*  Nominal maximum aggregate sizeisthe largest specified sieve size upon which any of the
aggregate material isretained.

*  Corresponds to specific gravity of the Aggregate being 2.7. In case aggregates have
specific gravity more than 2.7, bitumen content can be reduced proportionately. Further,
for regions where highest daily mean air temperature is 30°C or lower and lowest daily
mean air temperature is -10°C or lower, the bitumen content may be increased by 0.5
percent.

(3) Construction Operation
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(@) Weather and Seasonal Limitations
Clause 1301 (5) shall apply.

(b) Preparation of the Base

The base on which bituminous macadam is to be laid shall be prepared, shaped and
compacted to the required profile in accordance with Clauses 1101 as appropriate, and
a prime coat, shall be applied in accordance with Clause 1302 where specified, or as
directed by the Engineer. The surface shall be thoroughly swept clean by amechanical
broom, and the dust removed by compressed air. In locations where mechanical broom
cannot get access, other approved methods shall be used as directed by the Engineer.

(c) Tack Coat

A tack coat in accordance with Clause 1302 shall be applied as required under the
Contract or as directed by the Engineer.
(d) Mixing and Transportation of the Mix
The provisions of Clauses 1301 shall apply.
(e) Laying
The provisions of Clause 1301 shall apply

(f) Compaction
Compaction shall be carried out in accordance with the provisions of Clauses 1301

Rolling shall be continued until the specified density is achieved, or where no density
is specified, until there is no further movement under the roller. The required
frequency of testing is defined in Table 5.2.

(4) SurfaceFinish and Quality Control of Work

The surface finish of the completed construction shall conform to the requirements of
Section 1100. For control of the quality of materials and the works carried out, the
relevant provisions of Section 600 shall apply.

(5) Protection of the Layer

The bituminous macadam shall be covered with either the next pavement course or
wearing course, as the case may be, within a maximum of forty-eight hours. If there
isto be any delay, by the Contractor the course shall be covered by a seal coat before
opening to any traffic. The seal coat in such cases shall be considered incidental to the
work and shall not be paid for separately.

(6) Arrangementsfor Traffic

During the period of construction, arrangementsfor traffic shall be madein accordance
with the provisions of Clause 112.

(7) Measurement
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Bituminous macadam shall be measured asfinished work in cubic meters, or by weight
in metric- tons, where used as regulating course, or square meters at the specified
thickness as indicated in the Contract or shown on the drawings, or as otherwise
directed by the Engineer.

Payment

Bituminous Macadam shall be paid as per contract unit rate which shall be the full and
final compensation for the cost of compliance of all requirements of Clauses 1301 and
1307 in addition to those specified in Clause 112.

1308 DENSE BITUMINOUSMACADAM

1)

)

Scope

The specification describes the design and construction procedure for Dense
Bituminous Macadam, (DBM), for .use mainly, but not exclusively, in base/binder
and profile corrective courses. The work shall consist of construction in a single or
multiple layers of DBM on a previously prepared base or sub-base. The thickness of
asingle layer shall be 50 mm to 100 mm.

Materials

(a) Bitumen

The bitumen shall be viscosity grade paving bitumen complying with the Indian
Standard Specification 1S: 73, modified bitumen complying with IS 15462 or as
otherwise specified in the Contract.

The type and grade of bitumen to be used shall be specified in the Contract.
(b) Coarse Aggregates

The coarse aggregates shall consist of crushed rock, crushed gravel or other hard
material retained on 2.36 mm sieve. They shall be clean, hard, and durable, of cubical
shape, free from dust and soft or friable matter, organic or other deleterious substances.
Where the Contractor's selected source of aggregates has poor affinity for bitumen,
the Contractor shall produce test results that with the use of anti-stripping agents, the
stripping value is improved to satisfy the specification requirements. The Engineer
may approve such a source and as a condition for the approval of that source, the
bitumen shall be treated with an approved anti-stripping agent, as per the
manufacturer's recommendations, at the cost of the Contractor. The aggregates shall
satisfy the requirements specified in Table 13.26

Where crushed gravel is proposed for use as aggregate, not less than 90 percent by
weight of the crushed material retained on the 4.75 mm sieve shall have at least two
fractured faces.

(c) FineAggregates

Fine aggregates shall consist of crushed or naturally occurring mineral material, or a

combination of the two, passing the 2.36 mm sieve and retained on the 75-micron
sieve. These shall be clean, hard, durable, dry and free from dust, and soft or friable
matter, organic or other deleterious matter. Natural sand shall not be alowed in binder
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courses. However, natural sand up to 50 percent of the fine aggregate may be allowed
in base courses. The fine aggregate shall have a sand equivalent value of not less than
50 when tested in accordance with the requirement of IS: 2720 (Part 37). The plasticity
index of the fraction passing the 0.425 mm sieve shall not exceed 4, when tested in
accordance with IS: 2720 (Part 5).

(d) Filler

Filler shall consist of finely divided mineral matter such as rock dust, hydrated lime
or cement approved by the Engineer. The filler shall be graded within the limits
indicated in Table 13.27.

Thefiller shall be free from organic impurities and have a plasticity Index not greater
than 4. The Plasticity index requirement shall not apply if filler is cement or lime.
Wherethe aggregatesfail to meet the requirements of the water sensitivity testin Table
13.26, then 2 percent by total weight of aggregate, of hydrated lime shall be used and
percentage of fine aggregate reduced accordingly.

(e) Aggregate Grading and Binder. Content

(i)

When tested in accordance with 1S:2386 Part 1 (wet sieving method), the

combined grading of the coarse and fine aggregates and filler for the particular
mixture shall fall within the limits given in Table 13.28 for grading 1 or 2 as
specified in the Contract. To avoid gap grading, the combined aggregate
gradation shall not vary from the lower limit on one sieve to higher limit on the
adjacent sieve.

Table 13.26: Physical Requirementsfor Coar se Aggr egate for Dense Bituminous

Macadam
Property Test Specification Method of Test
Cleanliness | Grain size analysis Max 5% passing | 1S:2386 Part |
(dust) 0.075 mm sieve
Particle Combined Flakiness and Max 35% 1S:2386 Part |
shape Elongation Indices*
Strength Los Angeles Abrasion Vaue Max 35% 1S:2386 Part IV
or Max 27%
Aggregate Impact Vaue
Durability | Soundness either: Sodium Max 12% 1S:2386 Part V
Sulphate or
Magnesium Sulphate Max 18%
Water Water Absorption Max2% 1S:2386 Part Il
Absorption
Stripping | Coating and Stripping of Minimum 1S:6241
Bitumen Aggregate Mix retained coating
95%
Water Retained Tensile Min. 80% AASHTO 283
Sensitivity | Strength**
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To determine this combined proportion, the flaky stone from a representative
sample should first be separated out. Flakinessindex isweight of flaky stone metal
divided by weight of stone sample. Only the elongated particles are separated out
from the remaining (non-flaky) stone metal. Elongation index is weight of
elongated particles divided by total non-flaky particles. The values of flakiness
index and elongation index so found are added up.

If the minimum retained tensile test strength falls below 80 percent, use of anti-
stripping agent is recommended to meet the requirement.

Table 13.27: Grading Requirementsfor Mineral Filler

IS sieve (mm) Cumulative Per cent Passing by
Weight of Total Aggregate
0.6 100
0.3 98-100
0.075 85.-100

Table 13.28: Composition of Dense Graded Bituminous

Macadam
Grading 1 2
Nominal aggregate 35.5 mm 26.5 mm
Size*
Layer thickness 75-100 50-75
IS Sieve! (mm) Cumulative % by weight of total
aggregate passing
45 100
375 95-100 100
26.5 63-93 90-100
19 - 71-95
13.2 55-75 56-80
95 - -
4.75 38-54 38-54
2.36 28-42 28-42
1.18 - -
0.6 - -
0.3 7-21 7-21
0.15 - -
0.075 2-8 2-8
Bitumen content % Min 4.0** Min 4.5**
by mass of total
mix

*

SECTION 1300

The nominal maximum particle size is the largest specified sieve size upon which any of
the aggregate is retained.
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*  Corresponds to specific gravity of aggregates being 2.7. In case aggregate have
specific gravity more than 2. 7, the minimum bitumen content can be reduced
proportionately. Further the region where highest daily mean air temperature is
30°C or lower and lowest daily air temperature is - 10°C or lower, the bitumen
content may be increased by 0.5 percent.

(i)  Bitumen content indicated in Table 13.28 is the minimum quantity. The quantity
shall be determined in accordance with sub Clause (3) below.
(3 Mix Design

The bitumen content required shall be determined following the Marshall Mix design
procedure contained in Asphalt Institute Manual MS-2.
The Finesto Bitumen (F/B) ratio by weight of total mix shall range from 0.6 to 1.2.

(@ Requirementsfor the Mix

Apart from conformity with the grading and quality requirements (or individual
ingredients, the mixture shall meet the requirements set out in Table 13.29.

Table 13.29: Requirementsfor Dense Graded Bituminous M acadam

Properties Viscosity | Modified bitumen Test Method
Grallde Hot Cold
Paving . .
. climate | climate
Bitumen
Properties 75 blows on each face of the specimen
Minimum stability
: 12. 10. AASHTO T24
(KN 2t 60°C) 9.0 0 0.0 SHTO T245
Marshal flow (mm) 2-4 254 355 | AASHTO T245
Marshall Quotient
Stability 2-5 2.5-5 MS-2 and ASTM 02041
Flow )
% air voids 35
% Voids Filled with
Bitumen (VFB) 0575
Codling — of 95% Minimum 1S:6241
aggregate particle
rT;i”:'e Strength 80% Minimum AASHTO T 283
% Voidsin Minera | Minimum percent voids in mineral aggregate (VMA) are set
Aggregate (VMA) | outin Table 13.30

(b) Binder Content

The binder content shall be optimized to achieve the requirements of the mix set out
in Table 13.30. The binder content shall be selected to obtain 4 percent air voidsin the
mix design. The Marshall method for determining the optimum binder content shall
be adopted as described in the Asphalt Institute Manual MS-2.
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Where maximum size of the aggregate is more than 26.5 mm, the modified Marshall
method using 150 mm diameter specimen described in MS-2 and ASTM D 5581 shall
be used. This method requires modified equipment and procedures. When the
modified Marshall test is used, the specified minimum stability valuesin Table 13.29
shall be multiplied by 2.25, and the minimum flow shall be 3 mm.

Table 13.30: Minimum Percent VoidsIn Mineral Aggregate (VMA)

Nominal Maximum Minimum VMA Percent Related to
Particle Size (mm) Design Percentage Air voids
3.0 4.0 5.0
26.5 11.0 12.0 13.0
375 10.0 11.0 12.0

Note:  Interpolate minimum voids in the mineral aggregate (VMA) for designed
percentage air voids values between those listed.

(c) Job Mix Formula

The Contractor shall submit to the Engineer for approval at least 21 days before the
start the work, the job mix formula proposed for use in the works, together with the
following details:

(i) Source and location of all materids;
(if) Proportions of all materials expressed as follows:

1. Binder type, and percentage by weight of total mix;

2. Coarse aggregate/Fine aggregate/Mineral filler as percentage by weight of
total aggregate including minera filler;

(ilf) A single definite percentage passing each _sieve for the mixed aggregate;

(iv) Theindividua grading of the individual aggregate fraction, and the proportion
of each in the combined grading;

(v) The results of mix design such as maximum specific gravity of loose mix
(Gmm), compacted specimen densities, Marshall stability flow, air voids, VMA,
VFB and related graphs and test results of AASHTO T 283 Moisture
susceptibility test;

(vi) Where the mixer is a batch mixer; the individual weights of each type of
aggregate, and binder per batch;

(vii) Test results of physical characteristics of aggregates to be used;

(viii) Mixing temperature and compacting temperature.

While establishing the job mix formula, the Contractor shall ensure that it is based on
acorrect and truly representative sample of the materials that will actually be used in
the work and that the mix and its different ingredients satisfy the physical and strength
requirements of these Specifications. Approval of the job mix formula shall be based
on independent testing by the Engineer for which samples of all ingredients of the mix
shall be furnished by the Contractor as required by the Engineer.
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The approved job mix formula shall remain effective unless and until a revised Job
Mix Formulais approved. If a change in the source of materials be proposed, a new
job mix formula shall be forwarded by the Contractor to the Engineer for approval
before the placing of the material.

(d) Plant Trials- Permissible Variation in Job Mix Formula

Once the laboratory job mix formulais approved, the Contractor shall carry out plant
trialsto establish that the plant can produce a uniform mix conforming to the approved
job mix formula. The permissible variations of the individual percentages of the
various ingredients in the actual mix from the job mix formula to be used shal be
within the limits as specified in Table 13.31 and shall remain within the gradation
band. These variations are intended to apply to individual specimens taken for quality
control testsin accordance with Section 500.

Table 13.31: Permissible Variationsin the Actual Mix from the Job Mix Formula

Description Base/binder Course

Aggregate passing 19 mm sieve or larger + 8%
Aggregate passing 13.2 mm, 9.5 mm +7%
Aggregate passing 4.75 mm +6%
Aggregate passing 2.36 mm, 1.18 mm, +5%

0.6 mm

Aggregate passing 0.3 mm, 0.15 mm +4%
Aggregate passing 0.075 mm +2%

Binder content + 0.3%
Mixing temperature +10°C

(e) Sitetrials

Once the plant trials have been successfully completed and approved, the Contractor
shall carry out laying trials, to demonstrate that the proposed mix can be successfully
laid and compacted all in accordance with Clause 1301.

The laying trial shall be carried out on a suitable area which is not to form part of the
works. The area of the laying trials shall be a minimum of 100 sgq.m of construction
similar to that of the project road, and it shall be in al respects, particularly
compaction, the same as the project construction, on which the bituminous material is
to belaid.

The Contractor shall previously inform the Engineer of the proposed method for laying
and compacting the material. The plant trials shall then establish if the proposed laying
plant, compaction plant, and methodology is capable of producing satisfactory results.
Thedensity of the finished paving layer shall be determined by taking cores, no sooner
than 24 hours after laying, or by other approved method. The compacted layers of
Dense Graded Bituminous Macadam (DBM) shall have aminimum field density equal
to or more than 92% of the density based on theoretical maximum specific gravity
(Gmm) obtained on the day of compaction in accordance with ASTM D 2041.
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Once the laying trials have been approved, the same plant and methodology shall be
applied to the laying of the material on the project, and no variation of either shall be
acceptable, unless approved in writing by the Engineer, who may at his discretion
require further laying trials.

(4) Construction Operations
(@) Weather and Seasonal Limitations
The provisions of Clause 1301 (5) shall apply.
(b) Preparation of Base

The base on which Dense Graded Bituminous Materia is to be laid shall be cleaned
off al loose materials and foreign matter with mechanical brooms or by other
approved methods. Any defect of the surface shall be made good no bituminous mix
shall be laid until the surface has been approved by the Engineer.

(c) Geosynthetics

Where Geo synthetics are specified in the Contract, this shall be in accordance with
the requirements stated in Clause 3111

(d) StressAbsorbing Layer

Where a stress absorbing layer is specified in the Contract, this shall be applied in
accordance with the requirements of crack prevention courses.

(e) Prime Coat

Where the material on which the dense bituminous macadam isto belaid is other than
a bitumen bound layer, a prime coat shall be applied, as specified, in accordance with
the provisions of Clause 1302, or as directed by the Engineer.

(f) Tack Coat

Where the materia on which the dense bituminous macadam is to be laid is either
bitumen bound layer or primed granular layer, tack coat shall be applied, as specified,
in accordance with the provisions of Clause 1302, or as directed by the Engineer.

(g) Mixing and Transportation of the Mix

The provisions as specified in Clauses 1301 shall apply. Clause 1301 givesthe mixing,
laying and rolling temperature for dense mixes using Paving bitumen. In case of
modified bitumen, the temperature of mixing and compaction shall be higher than the
mix with viscosity grade bitumen. The exact temperature depends upon the type and
amount of modifier used and shall be adopted as per the recommendations of the
manufacturer. In order to have uniform quality, the plant shall be calibrated from time
to time.

(h) Laying
The provisions of Clauses 1301 shall apply.
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(i) Compaction

The genera provisions of Clauses 1301 shall apply, as modified by the approved
laying trials. The compaction process shall be carried out by the same plant, and using
the same method, as approved in the laying trias, which may be varied only with the
express approval of the Engineer in writing.

Openingto Traffic
It shall be ensured that the traffic is not allowed without the approval of the Engineer

in writing, on the surface until the dense bituminous layer has cooled to the ambient
temperature.

Surface Finish and Quality Control of Work

The surface finish of the completed construction shall conform to the requirements of
Clause 1100. All materials and workmanship shall comply with the provisions. Set out
in Section 600 of these Specifications.

Arrangementsfor Traffic

During the period of construction, arrangementsfor traffic shall be madein accordance
with the provisions of Clause 104.

M easur ement

Dense Bituminous Macadam shall be measured as finished work either in cubic
meters, tons or by the square meter at a specified thickness asindicated in the Contract
drawings, or documents, or as otherwise directed by the Engineer.

Payment

Dense Graded Bituminous Macadam shall be paid as per contract unit rate which shall
be the full and final compensation for the cost of compliance of al requirements of
Clauses 1301 and 1308 in addition to those specified in Clause 112.

1309 ASPHALT CONCRETE/BITUMINOUS CONCRETE

D)

2)

Scope

This Clause covers the materials, method of construction and requirements for the
construction of Asphalt Concrete. / Bituminous concrete

This work shall consist of construction of Bituminous Concrete, for use in wearing
and profile corrective courses. Thiswork shall consist of constructioninasingle layer
of bituminous concrete on a previously prepared bituminous bound surface. A single
layer shall be 30 mm/40 mm/50 mm thick

M aterial

(@ Bitumen
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The bitumen shall be viscosity grade paving bitumen complying with the Indian
Standard Specification |IS: 73, modified bitumen complying with IS: 15462 or as
otherwise specified in the Contract.

(b) Coarse Aggregates

The coarse aggregates shall be generally as specified in Clause 1307 (2), except that
the aggregates shall satisfy the physical requirements of Table 13.32 and where
crushed gravel is proposed for use as aggregate, not less than 95 percent by weight of
the crushed materia retained on the 4.75 mm sieve shall have at least two fractured
faces.

Table 13.32: Physical Requirementsfor Coar se Aggregate for Bituminous

Concrete
Property Test Specification Method of Test
Cleanliness Grain size anaysis Max 5% passing | 1S:2386 Part |
(dust) 0.075 mm sieve
Particle shape | Combined Flakiness and | Max 35% 1S:2386 Part |
Elongation Indices
Strength Los Angeles Abrasion | Max 30% 1S:2386 Part 1V
Valueor Aggregate Impact | Max 24%
Value
Durability Soundness either: Sodium | Max 12% 1S:2386 Part V
Sulphate or
Magnesium Sul phate Max 18%
Polishing Polished Stone Value Min 55 BS:812-114
Water Water Absorption Max 2% 1S:2386.Part 1l
Absorption
Stripping Coating and Stripping of | Minimum |S: 6241
Bitumen Aggregate Mix retained coating
95%
Water Retained Tensile | Min 80% AASHTO 283
Sensitivity Strength*

*If the minimum retained tensile test strength falls below 80 percent, use of anti-
stripping agent is recommended to meet the requirement.

(c) FineAggregates

Thefineaggregates  shall be al as specified in Clause 1308 (2) (¢)
(d) Filler

Filler shall be as specified in Clause 1308 (2) (d).

(e) Aggregate Grading and Binder Content
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When tested in accordance with IS; 2386 Part 1 (Wet grading method), the combined
grading of the coarse and fine aggregates and filler shall fall within the limits shown
in Table 13.31. The grading shall be as specified in the Contract.

Table 13.31: Composition gty. Bituminous Concr ete Pavement Layers

Grading 1 2
Nominal aggregate 19 mm 13.2 mm
Size*
L ayer thickness 50 mm 30-40 mm
IS Sieve! (mm) Cumulative % by weight of total
aggr egate passing
45
375
26.5 100
19 90-100 100
13.2 59-79 90-100
9.5 52-72 70-88
4.75 35-55 53-71
2.36 28-44 42-58
1.18 20-34 34-48
0.6 15-27 26-38
0.3 10-20 18-28
0.15 5-13 12-20
0.075 2-8 4-10
Bitumen content % by Min 5.2* Min 5.4**
mass of total mix

Notes:

*  The nominal maximum particle size is the largest specified sieve size up on which any of
the aggregate is retained.

** Corresponds to specific gravity of aggregate being 2.7. In case aggregate have specific
gravity more than 2. 7, the minimum bitumen content can be reduced proportionately.
Further the region where highest daily mean air temperature is 30°C or lower and lowest
daily air temperature is - 10°C or lower, the bitumen content may be increased by 0.5
percent

(3 Mix Design
(@ Requirementsfor the Mix
Clause 1308 (3) (a) shall apply.
(b) Binder Content
Clause 1308 (3) (b) shall apply.
(c) Job Mix Formula
Clause 1308 (3) (c) shall apply.
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(d) Plant Trials- Permissible Variation in Job Mix Formula

The requirements for plant trials shall be as specified in Clause 1308 (3) (d), and
permissible limits for variation as given in Table 13.34

Table 13.34: Permissible Variationsin Plant Mix from the Job Mix For mula

Description Permissible Variation

Aggregate passing 19 mm sieve or larger 7%
Aggregate passing 13.2 mm, 9.5 mm +6%
Aggregate passing 4.75 mm +5%
Aggregate passing 2.36 mm, 1.18 mm, 0.6 +4%

mm

Aggregate passing 0.3 mm, 0.15 mm +3%
Aggregate passing 0.075 mm +1.5%

Binder content +0.3%

Mixing temperature +10°C

(e) LayingTrials

The requirements for laying trials shall be as specified in Clause 1308. (3) (.€). The
compacted layers of bituminous concrete (BC) shall have a minimum field density
equal to or more than 92 percent of the average theoretical maximum specific gravity
(Gmm) obtained on the day of compaction in accordance with ASTM 02041.

(4) Construction Operations
(@) Weather and Seasonal Limitations
The provisions of Clause 1301 (5) shall apply.
(b) Preparation of Base

The surface on which the bituminous concrete is to be laid shall be prepared in
accordance with Section 1200 and 1100 as appropriate, or as directed by the Engineer.
The surface shall be thoroughly swept clean by mechanical broom and dust removed
by compressed air. In locations where a mechanical broom cannot get access, other
approved methods shall be used as directed by the Engineer.

(c) Geosynthetics
Where Geosynthetics are specified in the Contract, this shall be in accordance with the
requirements stated in Clause 3111.

(d) StressAbsorbing Layer

Where a stress absorbing layer is specified in the Contract, this shall be applied in
accordance with the requirements of relevant specification.

(e) Tack Coat
The provisions as specified in Clause 1302 shall apply.
(f) Mixing and Transportation of the Mix

SECTION 1300 BITUMINOUS SURFACE AND BASE COURSE Page 13-51



()

(6)

(7)

(8)

9)

STANDARD SPECIFICATIONS FOR ROAD AND BRIDGE WORKS

The provisions as specified in Section 1200 shall apply.

(@) Laying

The genera provisions of Clauses 1301 shall apply, as modified by the approved
laying trials

(h) Compaction

The genera provisions of Clauses 1301 shall apply, as modified by the approved
laying trials.

Openingto Traffic

Provisions in Clause 1307 (4) shall apply.

Surface Finish and Quality Control

The surface finish of the completed construction shall conform to the requirements of
Section 1100. All materials and workmanship shall comply with the provisions set out
in Section 600 of these Specifications.

Arrangementsfor Traffic

During the period of construction, arrangementsfor traffic shall be madein accordance
with the provisions of Clause 104.

M easur ement

Asphalt concrete/ Bituminous concrete of specified grading in contract document
shall be measured as finished work either in cubic meters, tons or by the square meter
at a specified thickness as indicated in the Contract drawings, or documents, or as
otherwise directed by the Engineer

Payment
Asphalt concrete/ Bituminous concrete shall be paid as per contract unit rate which

shall be the full and final compensation for the cost of compliance of al requirements
of Clauses 1301 and 1309 in addition to those specified in Clause 112.

1310 CLOSE-GRADED PREMIX SURFACING/MIXED SEAL SURFACING

1)

2)

Scope

(@ Thework shall consist of the preparation, laying and compaction of a close
graded premix surfacing material of 20 mm thickness composed of graded
aggregates premixed with a bituminous binder on a previously prepared
surface, in accordance with the requirements of these Specifications, to serve as
awearing course.

(b) Close graded premix surfacing shall be of Type A or Type B as specified in the
Contract documents. Type A. grading is recommended for use in areas having
rainfall more than 150 cm per year. In other areas Type B grading may be used.

Materials
(@) Binder
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The binder shall be viscosity grade bitumen of a suitable grade as specified in the
Contract, or as directed by the Engineer, and satisfying the requirements of IS: 73. For
selection of grade of bitumen guidance may be taken from Table 13.1.

(b) Coarse Aggregates

The aggregates shall conform to Clause 1309 (.2) (b) except that the water absorption
shall be limited to a maximum of 1 percent. The Polished Stone Value, shall not be
less than 55, when tested as per BS. 812-114.

(c) FineAggregates

Thefine aggregates shall consist of crushed rock, or natural sand or a mixture of both.
These shall be clean, hard, durable, un-coated, mineral particles, dry; and free from
injurious, soft or flaky particles and organic or del eterious substances.

(d) Aggregate Gradation

The coarse and fine aggregates shall be so graded or combined as to conform to one
or the other grading’s given in Table 13.35, as specified in the contract.

Table 13.35: Aggregate Gradation

| S Sieve Designation Cumulative Percent by Weight of
(mm) Total Aggregate Passing
TypeA TypeB
13.2 - 100
11.2 100 88-100
5.6 52-88 31-52
2.8 14-38 5-25
0.090 0-5 0-5

(e) Proportioning of Materials

The total quantity of aggregates used for Type A or B close-graded premix surfacing
shall be 0.27 cubic meter per square meter area. The quantity of binder used for
premixing shall be 22.0 kg and 19.0 kg per 10 square meter areafor Type A and Type
B surfacing respectively.

(3) Construction Operations
(@) Weather and Seasonal Limitations

The provisions of Clause 1301 (5) shall apply.

(b) Preparation of Surface

The underlying surface on which the bituminous surfacing is to be laid shall be
prepared, shaped and conditioned to the specified lines, grade and cross-section in
accordance with Section 1100. A prime coat where needed shall be applied in
accordance with Clause 1302 as directed by the Engineer.
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(c) Tack Coat

A tack coat complying with Clause 1302, shall be applied over the base preparatory to
laying of the surfacing.

(d) Preparation of Premix

Hot mix plant of appropriate capacity and type shall be used for the preparation of the
mix material. The hot mix plant shall have separate dryer arrangement for heating

aggregate.

The temperature of the binder and aggregate at the time of mixing, laying and
compaction shall be in conformity with the temperature given in Table 13.5. The
difference in temperature between the binder and aggregate shall a no time exceed
14°C. Mixing shall bethorough to ensure that a homogeneous mix isobtained in which
all particles of the aggregates are coated uniformly.

The mix shall beimmediately transported from the mixer to the point of usein suitable
vehicles or hand barrows. The vehicles employed for transport shall be clean and the
mix being transported covered in transit if so directed by the Engineer.

(e) Layingand Compaction

The pre mixed material shall be spread on a previously prepared base to Clause 1301
by a paver unless specified otherwise in the Contract to the desired thickness, grades
and cross fal (camber). The cross-fall shal check by means of camber boards and
irregularities levelled out. Excessive use of blades or rakes shall be avoid. As soon as
sufficient length of bituminous material has been laid, rolling shall commence with 8-
10 ton rollers, smooth wheel tandem type or other approved equipment. Rolling shall
begin at the edge and progress towards the centre longitudinally, except that on super
elevated and uni-directional cambered portions, it shall progress from the lower to
upper edge paralld to the centre line of the pavement. When theroller has passed over
the whole area once, any high spots or depressions, which become apparent, shall be
corrected by removing or adding premixed materials. Rolling shall then be continued
until the entire surface has been rolled and c: ill the roller marks eliminated. In each
pass of the roller the preceding track shall be overlapped uniformly by at least one
third width. Theroller wheels shall be kept damp to prevent the premix from adhering
to the wheels. In no case shall fuel/lubricating oil be used for this purpose. Excess use
of water for this purpose shall aso be avoided.

Rollers shal not stand on newly laid material. Rolling operations shall be completed
in every respect before the temperature of the mix falls below the rolling temperature
indicated in Table 13.5.

(4) Openingto Traffic
Traffic may be allowed after completion of the final rolling when the mix has cooled
down to the surrounding temperature. Speed restrictions may be imposed at initial
stages.

(5 Surface Finish and Quality Control of Work
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The surface finish of construction shall conform to the requirements of Section 1100.
For control on the quality of materials and the works carried out, the relevant
provisions of Section 600 shall apply.

(6) Arrangementsfor Traffic

During the period of construction, arrangementsfor traffic shall bein accordance with
the provisions of Clause 104.

(7) Measurement
Close-graded premix surfacing, Type A or B shall be measured as finished work, for
the area specified to be covered, in square meters at a specified thickness. The area
will be the net area covered.

(8 Payment
Close-graded premix surfacing, Type A or B shall be paid as per contract unit rate
which shall be the full and final compensation for the cost of compliance of all
requirements of Clauses 1301 and 1310 in addition to those specified in Clause 112.

1311 OPEN-GRADED PREMIX SURFACING
A. Open-Graded Premix Surfacing using Viscosity Grade Paving Bitumen
(1) Scope

This work shall consist of preparation, laying and compaction of an open-graded
premix surfacing material of 20 mm thickness composed of small-sized aggregate
premixed with bituminous binder on a previously prepared base, in accordance with
the requirements of these Specifications to serve as a wearing course.

(2) Materials
(a) Binder

The binder shall be._ viscosity grade bitumen of a suitable grade as specified in the
Contract, or as directed by the Engineer, and satisfying the requirements of I1S: 73. For
selection of grade of bitumen guidance may be taken from Table 13-1.

(b) Adggregates

The aggregates shall conform to Clause 1307 (2) except that the water absorption shall
be limited to amaximum of 1 percent. The Polished Stone Value, shall not be lessthan
55, when tested as per BS: 812-114.

(c) Proportioning of Material

The materials shall be proportioned in accordance with Table 13.36.

Table 13.36 Quantitiesof Materials Required for 10 m2 of Road Surface for 20
mm Thick Open-graded Premix Surfacing

Material Quantity
Aqggregates
a | Nominal Stone size 13.2 mm (passing 22.4 mm | 0.18 m®
sieve and retained on 11.2 mm sieve)
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b | Nomina Stone size 11.2 mm (passing 13.2 mm | 0.09 m®
sieve and retained on 5.6 mm sieve)

Total | 0.27 cum

Binder
a | For 0.18 m3 of 13.2 mm nomina size stone of | 9.5 kg
52 kg bitumen per m?
b | For 0.09 m3 of 11.2 mm nominal size stone of | 5.1 kg
56 kg bitumen per m®

Total | 14.6 kg

(3) Construction Operations
(@) Weather and Seasonal Limitations

Clause 1301 (5) shall apply.
(b) Preparation of Surface

The underlying surface on which the bituminous surfacing is to be laid shal be
prepared, shaped and conditioned to the specified lines, grade and cross-section in
accordance with Clause 1100. A prime coat where needed shall be applied in
accordance with Clause 1302 as directed by the Engineer.

(c) Tack Coat

A tack coat complying with Clause 1302, shall be applied over the base preparatory to
laying of the surfacing.

(d) Preparation of Premix

Hot mix plant of appropriate capacity and type shall be used for the preparation of the
mix material. The hot mix plant shall have separate dryer arrangement for heating

aggregate.

The temperature of the binder and aggregate at the time of mixing, laying and
compaction shall be in conformity with the temperature given in Table 13-5. The
difference in temperature between the binder and aggregate shall at no time exceed
14°C. Mixing shall bethorough to ensure that a homogeneous mix isobtained in which
all particles of the aggregates are coated uniformly.

The mix shall beimmediately transported from the mixer to the point of usein suitable
vehicles or hand barrows. The vehicles employed for transport shall be clean and the
mix being transported covered in transit if so directed by the Engineer

(e) Spreadingand Rolling

The pre mixed material shall be spread on a previously prepared base by a paver or as
directed by the Engineer to the desired thickness, grades and cross fall (camber). The
cross-fal shall be check by means of camber boards and irregularities levelled out.
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Excessive use of blades or rakes shal be avoid. As soon as sufficient length of
bituminous material has been laid, rolling shall commence with 8-10 ton rollers,
smooth wheel tandem type or other approved equipment. Rolling shall begin at the
edge and progress towards the centre longitudinally, except that on super elevated and
uni-directional cambered portions, it shall progress from the lower to upper edge
parallel to the centre line of the pavement. When the roller has passed over the whole
area once, any high spots or depressions, which become apparent, shall be corrected
by removing or adding premixed materials. Rolling shall then be continued until the
entire surface has been rolled and c: ill theroller marks eliminated. In each pass of the
roller the preceding track shall be overlapped uniformly by at least one third width.
The roller wheels shall be kept damp to prevent the premix from adhering to the
wheels. In no case shall fuel/lubricating oil be used for this purpose. Excess use of
water for this purpose shall also be avoided.

Rollers shall not stand on newly laid material. Rolling operations shall be completed
in every respect before the temperature of the mix falls below the rolling temperature
indicated in Table 13-5.

(f) Seal Coat

A seal coat conforming to specification of the type specified in the Contract shall be
applied to the surface immediately after laying the surfacing.

Openingto Traffic

No traffic shall be allowed on the road until the seal coat has been laid. In the case of
Type B sead coat, traffic may be allowed soon after final rolling when the premixed
material has cooled down to the surrounding temperature. In the case of Type A seal
coat, traffic shall not be permitted to run on any newly sealed area until the following
day. In special circumstances, however, the Engineer may open the road to traffic
immediately after rolling, but in such cases traffic shall be rigorously limited to 20 km
per hour until the following day.

Surface Finish and Quality Control of Work

The surface finish of construction shall conform to the requirements of Clause 1100.
For control of the quality of materials and the works carried out, the relevant
provisions of Section 500 shall apply.

Arrangementsfor Traffic

During the period of construction, arrangementsfor traffic shall be madein accordance
with the provisions of Clause 104.

M easur ement

Open graded premix surfacing shall be measured as finished work, for the area
instructed to be covered, in square meters.

Payment
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Open-graded premix surfacing shall be paid as per contract unit rate which shall be
the full and final compensation for the cost of compliance of all requirements of
Clauses 1301 and 1311 in addition to those specified in Clause 112.

B Open Graded Premix Surfacing Using Cationic Bitumen Emulsion
(1) Scope

Thiswork shall consist of the preparation, laying and compaction of an open graded
premix surfacing of 20 mm thickness composed of small-sized aggregate premixed
with a cationic bitumen emulsion on a previously prepared surface, in accordance
with the requirements of these Specifications to serve as a wearing course.

(2) Materials
(& Binder

The binder for Premix wearing course shall be Cationic Bitumen emulsion of
Medium Setting (MS) grade complying with IS: 8887 or as specified in the
Contract.

(b) Adggregate
The requirements of Clause 1307 (2) shall apply.

(3) Proportioning of Materials
The materias shall be proportioned as per quantities given in Tables 13.37.

Table 13-37: Quantities of Aggregate for 10 sq. m Area

Aqggregates
a) Coarse aggregate nominal 13.2 mm size, passing 1S22.4mm | 0.18 m®
sieveand retained on IS 11.2 mm sieve
b) Coarse aggregate nominal 11.2 mm size; passing 1S13.2 mm | 0.09m?
sieve and retained on IS 5.6 mm sieve
Binder 20to 23 kg

(4) Construction Operations
(@) Weather and Seasonal Limitations

Clause 1301 (5) shall apply except that the minimum air temperature for laying shall
be 10°C. Cationic bitumen emulsions shall not normally be stored below 0°C.

(b) Preparation of Surface

The underlying surface on which the bituminous surfacing is to be laid shal be
prepared, shaped and conditioned to the specified lines, grade and cross-section in
accordance with Clause 1100. A prime coat where needed shall be applied in
accordance with Clause 1302 as directed by the Engineer.

(c) Preparation of Binder
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Before opening, the cationic bitumen emulsion drums shall be rolled at a slow speed,
to and fro at least 5 times, for a distance of about 10 meters, to distribute any storage
sedimentation.

(d) Tack Coat

A tack coat complying with Clause 1302, shall be applied over the surface preparatory
to laying of the surfacing where specified in the Contract, as directed by the Engineer.

(e) Preparation of Premix

Premixing of cationic bitumen emulsion and aggregates can be carried out in asuitable
mixer such as cold mixing plant as per IS: 5435 (Revised) or concrete mixer or by pay
loaders in exceptional cases where approved by the Engineer. Where specified in the
Contract, continuous mixing operation shall be done either in batch or continuous hot
mix plant suitable for emulsion mixes.

When using concrete mixer for preparing the premix, 0.135 cu.m (0.09 cu.m of 13.2
mm size and 0.045 cu.m of 11.2 mm size) of aggregates per batch shall be used. This
guantity will be for 5 sq.m of road surface with 20 mm average thickness.

The aggregates required for one batch shall be prepared adjacent to the mixer.

The coarse aggregate of 13.2 mm size shall be placed into the mixer followed by 5 to
6.5 kg of Cationic bitumen emulsion and then the 11.2 mm size aggregate shall be
added, followed by 5to 6.5 kg of Cationic bitumen emulsion. After the materials have
been mixed thoroughly, the mix shall be, immediately transported to the laying sitein
suitable vehicles. Too much mixing shall be avoided.

(f) Spreading and Rolling

The premixed cationic bitumen emulsion and aggregates shall be spread uniformly by
apaver within 10 minutes of applying the tack coat. All levelling, raking etc. shall be
complete within 20 minutes of the time of mixing. The mix shall be spread uniformly
to the desired thickness, grades and crossfall (camber). The crossfall shall be checked
by means of camber boards and irregularities levelled out. Too much raking is to be
avoided.

Theroalling shall start immediately after laying the premix. A smooth wheeled tandem
roller of 8-10 tons shall be used, unless other compaction methods are approved by
the Engineer, based on the results of laying trias, if necessary. While rolling, wheels
of roller shall be clean and kept moist to prevent the premix from adhering to the
wheels. In no case shall fuel/ lubricating oil be used for this purpose. Use of water for
this purpose shall be strictly limited to an absolute minimum.

Rolling shall commence at the edges and progress towards the centre longitudinally
except inthe case of super elevated and unidirectional cambered sectionswhererolling
shall be carried out from the lower edge towards the higher edge parallel to the centre
line of the road.
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After one pass of roller over the whole area, depressions or uncovered spots shall be
correct by adding premix material. Rolling shall be continued until the entire surface
has been rolled, to maximum compaction and all the roller marks eliminated. In each
pass of the roller, the preceding track shall be overlapped uniformly by at least one-
third width. Roller(s) shall not stand on newly laid material. Joints, both longitudinal
and transverse to the road sections laid and compacted earlier, shall be cut vertically
to their full depth so asto expose fresh surface which shall be painted with athin coat
of binder before the new mix islaid.

Seal Coat

A sedl coat, conforming to relevant specification, as specified in the Contract, shall be
applied immediately after laying the premix carpet.

Openingto Traffic

Traffic shall not be allow over the premix surface till seal coat islaid. After the seal
coat islaid, traffic may be alowed in accordance with Clause 1305.

Surface Finish and Quality Control

The surface finish of construction shall conform to the requirements of Clause 1100.
For control of the quality of materials and work carried out, relevant provision of
Section 900 shall apply.

Arrangementsfor Traffic

During the period of construction, arrangementsfor traffic shall be madein accordance
with the provisions of Clause 104.

M easur ement

Open graded premix surfacing shall be measured as finished work, for the area
instructed to be covered, in square meters.

Payment

Open-graded premix surfacing shall be paid as per contract unit rate which shall be
the full and final compensation for the cost of compliance of al requirements of
Clauses 1301 and 1311 in addition to those specified in Clause 112.

1312 SAND ASPHALT

D

)

©)

Scope

This Clause covers the materials, method of construction and requirements for the
construction of Sand Asphalt.

Definition

Sand Asphalt means a controlled, hot-mixed, hot-laid, plant mixture of sand and
penetration grade bitumen.

Materials

(a) Sand
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Sand shall consist of clean, tough, screened or crushed rough surfaced grains. As
delivered to the mixer it shall be free from lumps or loosely bonded aggregations and
the individual particles shall be free from adhering dust. It shall be non-plastic and
Sand Equivalent shall be not less than 40. The grading shall be within the limits set
out in the Table 13.38.

Table 13.38: Grading Requirement of Sand

Sieve Size (mm) Per centage passing by weight
4.750 100
2.360 76-100
0.600 27-90
0.075 6-14

Sand which fails to meet this requirement may be used provided it isfirst mixed with
other mineral products to produce a mixture which falls within the grading limits of
Table 13.38 and has the specified Marshall Test stability.

(b) Mineral Filler
The minerd filler shall comply with Sub-Clause 1309 (3) (c).
(c) Binder

The binder shall be paving bitumen of VG 10 complying with the requirements
specified in Section 600.

(4) Requirementsfor Sand Asphalt
The mixture shall comply with the following requirement:
» Marshall Stability 50 blows (N): Min. 3,500
The proportion, by weight of total mixture, of bitumen shall be stated in the Specia
Specification or in the Bill of Quantities. This shall be termed the nomina binder
content. The binder content of the working/job mix shall be instructed by the Engineer

following laboratory and site trials. The Contractor shall carry out such tests as the
Engineer may require to determine the optimum mix composition of the job mix.

(5) Mixingand Laying Sand Asphalt

The mixture shall be transported, laid and compacted in accordance with Clause 1301.
The minimum temperature of the mixture at the time of completion of rolling shall be

not less than 80° C.
(6) Compaction

Rolling shall be sequence of roller in such amanner that it will ensure thefull specified
compaction and at the same time will provide a finished surface within the tolerance
laid down in this Specification. The minimum in-situ density shall be 87% of the
density of the Marshall specimens compacted forms the Approved Job Mix.

(7) Quality Control
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(@ Sampling

Prior to use the Contractor shall supply the Engineer with samples of all materials
proposed to be used. He shall carry out all the specified tests as the Engineer may
require to satisfy himself that the material and proportions satisfy this Specification.
No material shall be used, nor job mix adopted until they are approved in writing by
the Engineer.

Sampling of mixes shall normally be carried out at the mixing plant or from Lorries
conveying the material from the mixing plant to the paver, but the Engineer may direct
for sampling to be carried out form the paver, if there is any danger of segregation of
the mix during transporting and spreading process.

(b) ProcessControl

The minimum frequency of testing for process control shall be as given in the Table
52

Routine inspection and testing shall be carried out by the Engineer to test the
completed work for compliance with the dimensional tolerances, quality of material,
density of compaction and any other requirements stated in this Specification.

Any material and workmanship that do not comply with the requirements specified,
shall be replaced by materia and workmanship complying with their respective
Specification.

(8 Measurement

Sand Asphalt concrete shall be measured cubic meter as the product of the length and
the compacted cross-sectional area of the sand asphalt laid as per drawing or as
instructed by the Engineer.

(9 Payment

The sand asphalt shall be paid as per contract unit rate which shall be the full and the
final compensation for the cost of compliance of all requirements specified in Clause
1301 and 1312 in addition to those specified in Clause 112.

(10) Adjustment in Contract Unit Rate

If any variation between the specified (nominal) rates of application of binder, sand
and/or mineral filler and their respective rate of application actually used in the work
as per the direction of the Engineer, the contract unit rate for asphalt concrete shall be
adjusted as per contract unit rate of the respective material quoted by the Contractor
for the purpose of this variation.

The varied sand asphalt shall be paid as per adjusted rate.

1313 BITUMINOUS COLD MIX BITUMINOUS MACADAM (INCLUDING COLD MIXED
SEMI DENSE BITUMINOUS CONCRETE)

(1) Scope

This Clause covers the materials, method of construction and requirements for the
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construction of Bituminous cold mix bituminous macadam (CMBM) and Cold mixed
semi dense Bituminous concrete (CMSDBC).

(2) Definition

Bituminous Macadam (BM) is an open graded bituminous mixture suitable for
moderate traffic roads used for construction of bituminous base course as well as for
strengthening of flexible pavements. Cold Mixed Bituminous Macadam (CMBM)
shall involve construction of one or more courses of compacted mixture prepared with
bitumen emulsion and mineral aggregate, laid immediately after mixing to required
grade and camber using appropriate machinery

Semi dense bituminous concrete (SDBC) is a continuously graded mix, which can be
used as binder course or wearing course in a flexible pavement.

(3 Materials
(a) Binder

Bitumen emulsion for preparation of CMBM shall be Medium Setting (MS), Slow
Setting (SS-2) grade or a tailor made for compatibility with available minera
aggregates, conforming to IS: 8887 or other international standard (ASTM or
AASHTO). The actual grade of the emulsion to be used would depend on the
characteristics of the aggregates. If the sand equivalent value of the aggregates is
between 50 to 70, use SS-2 grade of emulsion and for sand equivaent values more
than 70, use MS grade of emulsion. The Rapid Setting (RS-1) grade of bitumen
emulsion, conforming to |S: 8887 shall be used in Tack Coat.

The general guide for selection of binder isgivenin .Table 13.3
(b) Aggregates

The aggregates shall comply with the requirements of Clause 1308 the aggregates shall
consist of crushed stone, crushed slag, crushed gravel (shingle) or other suitable. The
aggregates shall be clean, strong, durable and fairly cubical, free from clay and
disintegrated pieces, organic and other deleterious matter. The coarse aggregates shall
be crushed material retained on 2.36 mm IS sieve while fine aggregates shall be
fraction passing, 2.36 mm sieve and retained on 75 micron sieve. The aggregate shall
satisfy the physical requirements as given in Table 13.21 with sand equivalent value
of more than 50. The requirement of filler (material passing 75 micron sieve) in
CMBM shall be met from stone dust, cement, hydrated lime or any other non-plastic
mineral matter. The blended aggregates for CMBM shall satisfy the grading given in
Table 13.39.
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Table 13.39: Grading Requirement of Combined Aggregate

Sieve Size (mm) Per centage passing by weight
for 50 mm thick for CMSDBC
CMBM
26.5 100
19.0 90-100
13.2 56-88 100
9.5 20-55 90-100
4.75 16-36 35-51
2.36 4-19 24 - 39
1.18 15-30
0.3 2-10 9-19
0.075 1-4 2-8
Sand Equivalent Value (ASTM D . 50 minimum
50 minimum
2419)
Percent Crushed Faces 75 % minimum 75 % minimum
Bitumen Emulsi N(I)inx% by weight of 5 % minimum 8-10%

(4) Mix Design

The detailed procedure for mix design shall be as specified in appendix -9 of IRC: SP:
100. The mix shall meet the requirement shown in Table 13.40.

Table 13.40: Design Requirement for Cold Mix

Parameter Cold Mix Bituminous Cold Mixed Semi Dense
Macadam (CMBM) Bituminous Concrete
(CMSDBC)
Number of compaction blows on each 50 50
side of Marshall specimen
Marshall Stability at 25°Cin kg 350 500
(minimum), after curing the specimen at
room temperature for 72 hours
Marshall flow (mm) Max 8 Max 8
Per cent voidsin mixture 10- 14 6- 10
Binder content (residual bitumen) by 35 45
weight of total mix (%),min
Retained indirect tensile strength at 25°C 50 75
after conditioning for 72 hoursin air and
72 hours at 40°C, in water %

Method for Design of Cold Mixes

The cold mix design procedure involves optimization of water as well as content of
bitumen emulsion for the aggregates in the mix. The aggregates are made moist with
water to wet its surface and then coated with cationic bitumen emulsion. The different
sizes of aggregates are blended in proportions to achieve the best standard gradation
of BM or SDBC. Thefollowing stepsare necessary to design cold mixed BM or SDBC
with cationic bitumen emulsion:
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a) Testing of aggregate:

The aggregates supplied are subjected to sieve analysis and other physical tests for
determining the properties such as specific gravity, aggregate impact value, water
absorption and sand equivalent value.

b) Testing of bitumen emulsion :

The samples of slow setting bitumen emulsion (SS-2) to be used for construction of
BM shall betested as per IS: 8887. The coating test of aggregates shall also be carried
out as per ASTM D 2397 or AASHTO M 208.

c) Determination of premixing water content :

For determination of optimum water content for premixing, the quantity of bitumen
emulsion isfirst determined using the following equation.

P=0.05A+0.1B+0.5C ... (1)

Where,

P = Quantity of bitumen emulsion (%)

A = Percent aggregate retained on 2.36 mm sieve

B = Percent aggregate passing 2.36 mm sieve and retained on 90 micron sieve

C = Percent aggregate passing on 90 micron sieve

Different samples of aggregates and emulsion mixes are prepared keeping the quantity
of bitumen emulsion constant (as determined from Equation 1) and varying the water
content. The coated aggregates are then visually observed for coated area of the
aggregate by the binder. The optimum water content is the water content at which
maximum coating of aggregate occur. This water content is taken as premixed water
content in designing the cold mixed BM or cold mixed SDBC. The optimum water
content for BM or SDBC isnormally found to be 2 to 3 percent by weight of aggregate.
However, this quantity may vary depending on the weather condition (temperature,
humidity and wind velocity) and properties of aggregates

Deter mination of Optimum Binder Content

The procedure for the design of cold mix utilises standard Marshall Equipment.
Marshall Test specimens in triplicate are prepared with different binder content
(bitumen emulsion). Different sizes of aggregates are blended to achieve the specified
aggregate gradation. About 1100 gm of graded aggregates are made wet uniformly
with optimum water content. The different percentage of bitumen emulsion, say 5
percent by weight of aggregate, are then added to the aggregates and mixed for 1-2
minutesfor achieving uniform binder coating. The mixtureisdried for about 1 -2 hours
using a fan. The cold mix is then kept in oven at 40°C for 2 hours. The cold mix is
then transferred into the Marshall mould with a filter paper on base plate and
compacted with 50 blows of Marshall Hammer on both faces. Similarly, the Marshall
specimen are prepared with optimum water content and bitumen emulsion contents of
5, 6, 7, 8 and 9 percent by weight of aggregates. The Marshall specimens are then
extracted from the mould after 24 hours and cured in air oven at 40°C for 72 hours
before subjecting to different Marshall Stability Tests. Marshall Specimen are
subjected to different tests viz. bulk density, stability and flow values. Marshall
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Stability and flow values are determined in dry state at 25°C. Different properties of
the mixes are determined and other design parameters like voids content, voids filled
with binder etc. are calculated.

(5) Construction Procedure
(@) Weather and Seasonal Limitation

CMBM/ CMSDBC shall not be laid during raining or when the granular base course
iIswet or when the atmospheric temperature in the shade is below 8°C.

(b) Preparation of the Base

All equipment necessary for the proper construction work shall be available at the
work site in good working condition. Adequate provisions for safe movement of
vehicular traffic shall be made in advance. The underlying surface on which
CMBM/CMSDBC isto belaid shall be prepared, shaped and conditioned to auniform
grade and camber. Depressions, ruts or potholes shall be repaired in advance at |east
before the day of laying. The surface of underlying course shall be thoroughly swept,
made clean free from the dust and foreign materials. If the existing base is extremely
uneven, a profile correction course may be considered.

(c) Tack Coat

Thetack coat with emulsion shall be applied not earlier than 10 minutes before laying
the cold mix.

(d) Preparation and Transportation of the Mix

It isimperative to prepare cold mix of proper and uniform quality by using a cold mix
plant or a modified hot mix plant switching off the heating. The production of high
quality cold mixes requires a well-controlled operation. The set up for a central cold
mix plant may vary depending on the quality required and the type of mix. It is
recommended that the plant shall have (1) atwin shaft pug mill, (2) atank for emulsion
storage, (3) metered pumps for emulsion transfer to pug mill and water, valves and
spray bars, (4) aggregate feeder bins, (5) conveyor belts for moving aggregate and
mix, and (6) a power source. The pug mill shall allow a variation in the mixing time
to ensure proper coating of aggregate with emulsion. The use of a surge bin or storage
siloisdesirable for continuous mixing and improved mix uniformity. Batch type pug
mills can be used but the production of cold mixesisideally suited for continuous type
mixers. The ingredients shall be mixed for about one minute to achieve the uniform
coating of bitumen on mineral aggregates. Excessive mixing may un-coat the

aggregates.

(e) Spreading and Compaction

For plant produced cold mixes, the paving procedures are similar to those used for hot
bituminous mixes. The self-propelled pavers are recommended. Cold mixes are

generally stiffer than hot mixes or not as workable as hot mixed materials, with open-
graded mixture being the most difficult to place. Proper paver operation is thus very
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critical for obtaining auniform and smooth mat. Thisincludes keeping the paver speed
as constant as possible and the level of mix on the augers at a nearly constant depth.
If the mix sticks to paver screed or tearing of the mat occurs, a change in the mixing
time or the water content shall be adjust ,which eliminate the problem. The screed
should not be heated.

For an open-graded mix like the CMBM, the breaking of bitumen emulsion usualy
occurs quickly. With open-graded mixes, rolling may normally begin immediately
behind the paver. Vibratory rolling for open-graded mixes is not recommended
because fracture of aggregate and bitumen debonding may occur. A light "choke" or
"blotter" of acoarse sand or fine crusher screenings may be applied after steel-wheeled
rolling. The choke or blotter permits rolling with a pneumatic-tired roller and prevents
pick-up of mix and damage of compacted cold mix layer by the traffic. Properly
designed uniformly cold mix shall be discharged to the tippers for transportation to
site. The spreading of cold mix will be done preferably by means of a self-propelled
mechanical paver at a suitable speed capable of spreading, tamping and finishing to
the proper grade, line and cross-section. The mix shall be spread in such amanner that,
after compaction, the required thickness of surfacing layer is achieved. The paver laid
cold mix, after becoming black from origina brown colour due to breaking of
emulsion on surface of aggregate, shall be thoroughly and uniformly compacted by a
set of rollers at a speed not more than 5 km per hour. The break down rolling shall be
done with 8-12 tonne three whedl sted roller and the final rolling shall be done with 8
- 10 tonnetandem roller. Before finishing rolling by tandem roller, break down rolling
shall preferably be followed by an intermediate rolling with smooth wheel pneumatic
roller of 15 -30 tonne capacity having a tyre pressure of 7 kg/cm? the wheels of the
roller shall be kept moist to prevent the picking up of mix. Rolling shall commence
longitudinally from edges and progress towards the centre except on super elevated
portions, where it shall progress from lower to the upper edge. Rolling shall be
continued till the specified density is achieved and all roller marks are eliminated.
Traffic shall be allowed after 2-3 hours, when the cold mix iswell set and isnot picked
up by the vehicles.

(6) Quality Control

Adequate quality control at every stage of the work is essential. Therefore, field
laboratory must be set up. Periodic sieve analysis of each type of mineral aggregate
shall be done to ensure that the gradation of aggregate follows close to the original
gradation of designed job mix. The number of samples to be taken per day would
depend upon the bulk supply of aggregates made in a day at the plant site. The
characteristics of mineral aggregate shall be determined at the rate of onetest for every
100 m® of aggregates. Periodic checks of the properties of emulsion such as residue
content, viscosity and residue on 600 micron IS sieve shal be done in field, in
accordance to IS: 8887-2004. At least one sample for every 100 tonnes of cold mix
discharged at the pug mill chute or a minimum of one sample per plant per day shall
be collected and various tests shall be carried out. These specimens shall be tested for
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density. Residual bitumen shall be extracted from mix after curing and emulsion shall
be determined.

For the compacted surface of every 700 m? or less, one field density test shall be
conducted to determine the density of mix as laid and compacted. The density shall
not be less than 95 percent of the maximum laboratory density. The longitudinal
profile of the finished surface shall betested by 3 m straight edge, paralel to the centre
line, and the transverse profile by a camber template. Any irregularity greater than 6
mm shall be corrected.

(7) Measurement

Bituminous cold mix bituminous macadam (CMBM) / Cold mixed semi dense
Bituminous concrete ( CMSDBC) shall be measured in cubic meter calculated as the
product of the length and the compacted cross-sectional area of the cold mix laid as
per Drawing or by weight in metric tonne or by square meter at a specified thickness
as specified in the Contract.

(8 Payment

Bituminous cold mix bituminous macadam (CMBM) / Cold mixed semi dense
Bituminous concrete ( CMSDBC) shall be paid as per contract unit rate which shall
be the full and the final compensation for the cost of compliance of all requirements
specified in Clause 1301 and 1313 in addition to those specified in Clause 112.

1314 BITUMINOUSCOLD MIX
(1) Scope

This Clause covers the materials, method of construction and requirements for the
construction of bituminous cold mix.

(2) Definition

Bituminous cold mix consisting of mixture of unheated mineral aggregate and
emulsified or cutback bitumen, laid in single layer of 25 — 75 mm. The mix shall bea
either design mix or recipe mix.

(3) Materials
(@) Binder

The binder shall be a slow/ medium setting bitumen conforming to IS 8887 or a
medium curing cut-back conforming to IS: 217.

The final selection of binder shall be made only after laboratory evaluation with the
aggregatesto be used. The genera guidefor selection of binder isgivenin . Table 13.3

The binder with the highest residual viscosity at ambient temperatures that can be
reasonably be handled by the mixing and laying equipment proposed shall be used.

(b) Adggregates
The aggregates shall comply with the requirements of Clause 1308 if the aggregates
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are not properly coated with the binder, a small amount of hydrated lime on an
approved antistripping agent shall be proposed by the contractor, for the approval of
the Engineer.

The combined aggregates grading for the particular mixture when tested in accordance
with IS 2386 part | (wet sieving method) shall fall within the limits shown in Table

13.41.
Table 13.41: Aggregate Grading and Bitumen Content
Nominal Maximum size 9.5 13.2 19.0
(mm)
Allowable Thickness ( 25-35 36-50 51-75
mm)
Sieve Size (mm) Cumulative % by weight of total aggregate passing
375
26.5 100
19.0 100 90-100
13.2 100 90-100
9.5 90-100 60-80
4.75 60-80 45-70 35-65
2.36 35-65 25-55 20-50
0.3 6-25 5-20 3-20
0.075 2-10 2-9 2-8
Binder content, percent by weight of total mix
Cutback 4-6
Emulsion 7-10

The binder content shall be determined by the modified Marsha Test.
(5) Mix Design
The procedure for mix design shall be as specified in appendix -9 of IRC SP: 100. The
mix shall meet the requirement shown in Table 13.42.

Table 13.42: Mix requirement for Design Mix

Parameter Emulsion?! Cutback?
Minimum Stability 2.2KN at 2.2KN at 25° C for
22.2°C for maintenance 3.3 KN at 25°
paving C for paving
Percent Maximum stability loss on 50° 25%
soaking
Minimum flow (mm) 2 2
Compaction level ( number of blows) 50 75
Percent void voids 35 3-5
Percent void in mineral aggregate | SeeTable
(VMA) 13.43
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Percent minimum coating® 50

Notes:

1Using Marshal Method for emulsified Asphalt aggregate cold mix design, Appendix F MS-14
2Using Marshal Method for cut-back Asphalt aggregate cold mix design, Appendix H MS-14
3With vacuum saturation and immersion
4 Four days soak at 25° C

5 Refers to total voidsin the mix occupied by air and water

6 Coating Test Appendix F, MS-14.

Table 13.43: Minimum percent Voidsin Mineral

Aggregates (VMA)
Nomina Maximum Particle Nomina VMA
size (Percent)
IS sieve (mm)
9.5 16.0
125 15.0
19.0 14.0
25.0 13.0
375 12.0

Binder content

The binder content shall be optimized by the Modified Marshal Test to achieve the
requirements of the mix set out in Table 13.42. The adopted shall be that described in
the Appendix F and H of Asphalt Institute Manual MS-14.

Job Mix Formula

The Contractor shall submit to the Engineer for approval at least one month before the
start of the work, the job mix formula proposed for use in the works together with the
following details:

i.  Source and location of materials
ii. Proportions of all materials expressed as follows where each is applicable:
a. Binder as percent by weight of total mix
b. Coarse aggregate/fine aggregate as percentage by weight of total aggregate
iii. A single definite percentage passing each sieve for the mixed aggregate
iv. Theresult of tests enumerated in Table 13.42 as obtained by the Contractor.
v. Test result of the physical characteristics of the aggregates to be used
vi. Spraying temperature of binder if applicable

While working out the job mix formula, the Contractor shall ensure that it is based on
acorrect and truly representative sample of the materials that will actually be used in
the work and that the mix and its different ingredients satisfy the physical and strength
requirements of these specifications.

Approved of the job mix formula shall be based on in depending testing by the
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Engineer for which samples selected jointly with the Engineer of all ingredients of the
mix shall be furnished by the Contractor as required by the former.

The approved job mix formula shall remain effective unless and until modified by the
Engineer. In case of change of source of materials, a new job mix formula shall be
established by the Contractor and approved by the Engineer before actually using the
materials.

Permissible Variation from the Job mix For mula

It shall be responsibility of the Contractor to produce auniform mix conforming to the
approved job mix formula, subject to the permissible variation of the individua
percentages of the various ingredients in the actual mix from the job mix formulato
be used, within thelimitsas specified in Table 13.31 and Table 13.34. These variations
are intended to apply to individual specimens taken for quality control tests in
accordance with Section 500.

(6) Construction Procedure
(@) Weather and Seasonal Limitation

Construction with cold mix must not be undertaken when ambient temperatures below
10° C are expected, during rain, in standing water, or generally when poor weather is
predicted. Bitumen emulsions and cutbacks depend on the evaporation of water and /
or solvent for the development of their curing and adhesion characteristics. Cold
weather, rain and high humidity slow down the rate of curing. Extra manipulation may
be required to remove volatilesin cool and humid conditions. Wind increases the rate
of evaporation.

(b) Preparation of the Base

The base on which cold mix isto be laid shall be prepared, shaped and levelled to the
required profile in accordance with Section 1200 and Prime coat where specified shall
be applied in accordance with Clause 1302 or as directed by the Engineer.

(c) Tack Coat

A tack coat in accordance with clause 1302 shall be applied over the base on which
the cold mix isto be laid where specified in the Contract.

(d) Preparation and Transportation of the Mix

Mixing can be carried out using one of the following types of mixer, which isprovided
with equipment for spraying the binder at a controlled rate and, if necessary, for
heating the binder to a temperature at which it can be applied uniformly to the
aggregate:

i. rotary drum type concrete mixer for small jobs or asphalt cold mix plant;

ii. batch or continuous type mixer without dryer

A sufficient number of haul trucks with smooth, clean beds shall be arrange to ensure
continuous operation of the mixing plant. The type of truck used for transporting the
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mixture from the mixer to the road site shall suit to the Contractor's proposed laying
procedure methodol ogy.

(e) Spreading and Compaction

Designed cold mix shall be placed by a paver or grader as specified in the Contract.
The mix shall not be placed on any wet surface or when weather conditions will
otherwise prevent its proper handling or finishing.

If spreading by motor grader, the grader shall have a blade hat is straight and sharp
and long enough to ensure finishing to close, straight, transverse tolerances and all
joints and linkages must be in good condition. The grader must be heavy enough to
hold the blade firmly and uniformly on the surface while spreading the mix.

If climatic conditions and aggregate grading do not permit evaporation of moisture or
volatiles without aeration by manipulation, a grater shall be used to place designed
cold mix.

Other methods of spreading may be used as approved by the Engineer.

Initial compaction of the laid material shall preferably be carried out using a
pneumatic-tyred. Roller of aweight appropriate to the layer thicknessto be compacted
with single layer thickness being 25-100 mm and all compaction being in accordance
with Clauses 1301 Smooth tyres shall be used. Final rolling and smoothing of the
surface shall be complete using steel wheel rollers. The Contractor shall demonstrate
at laying trials that his proposed laying and compaction methods can achieve a
satisfactory result.

(f) Openingto Traffic

Traffic shall not be allowed to run on new work until all the water or volatiles in the
mix have evaporated, as determined by the Engineer. The rate of evaporation will be
influenced by the temperature, humidity and wind conditions

During the period of construction, arrangementsfor traffic shall be madein accordance
with the provisions of Clause 104

(7) Quality Control

The surface finish of construction shall conform to the requirements of Clause 1101.
For control of the quality of materials and the works carried out, the relevant
provisions of section 500 and 600 shall apply.

(8 Measurement

Designed cold mix shall be measured in cubic meter calculated as the product of the
length and the compacted cross-sectional area of the cold mix laid as per Drawing or
by weight in metric tonne or by square meter at a specified thickness as specified in
the Contract.

(9 Payment
Designed cold mix shall be paid as per contract unit rate which shall be the full and
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the final compensation for the cost of compliance of al requirements specified in
Clause 1301 and 1314 in addition to those specified in Clause 112.

1315 RECIPE COLD MIX
(1) Scope

The work consists of construction of Recipe Cold Mixes composed of aggregate and
emulsion binder which are laid immediately after mixing and while the emulsion is
still substantially in an unbroken state. These mixes are considered suitable for
emergency and repair work and temporary road surface improvement.

(2) Materials
(@) Binder

Emulsions of sufficient stability for mixing with the particular graded aggregate shall
be use. Bitumen emulsion shall be slow/ medium setting conforming to |IS: 8887.

(b) Adggregates

Any normal, clean, but not necessarily dry, aggregate shall be used, conforming
Clauses 1308 (2) provided that it has sufficiently high crushing strength with regard
to the traffic to be carried. Typical grading are given in Table 13.44.

(c) Adggregate Grading and Binder Content.

When tested in accordance with 1S: 2386 Part 1(wet sieving methods) the combined
aggregate grading for the particular mix shall fall within the limits shown in Table
13.39. The acute quantity of emulsion to be used shall be approved by the Engineer
after seeing the results trial mixes made in the laboratory.

Table 13.44: Composition of Recipe Mixes

Nominal 40 Single 40 Open 14 Open 6 Medium
Size(mm) and Course Textured Textured Textured
Type of Course Base Course Wearing Wearing Course
Course
Allowable 75 75 31-50 21-30
Thickness (mm)
ISsieve Size Cumulative % by weight of total aggregate passing
(mm)
45 100 100 - -
375 90-100 90-100 - -
26.5 55-99 55-85 - -
19 - - 100 -
13.2 35-55 15-35 90-100 -
9.5 - - 55-75 100
6.3 20-30 - 25-45 90-100
3.35 10-20 0-10 15-25 45-65
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2.36 - - - 75-100
1.18 - - - 10-30
0.60 - - - -
0.30 2-10 - - -
0.15 - - - -
0.075 - - 2-6 2-8
Emulsion grade and quantity

Quantity®Kg/ | 55to 70 4510 65 70to 90 85 to 100

tonne

Construction Procedure
As per Clause 1314 (6)
Quality Control

Asper Clause 1314 (7)

M easur ement

As per Clause 1314 (7)
Payment

As per Clause 1314 (7).

1316 WARM MIX ASPHALT

(2)

(1) Scope

The specification describes the design and construction procedure for Warm Mix
Asphalt. Warm mix Asphalt is produced by adding certain additives at the final stage
of mix production , the coating of the aggregates by the binder is greatly enhanced
and can be achieved at a considerably less temperature compared to the hot mix
Process .

Materials

(a) Additives

The use of additivein Asphalt isrequiresto promote specia properties during mixing,
laying and compaction of Asphalt. The Contractor shall submit to the Engineer full
details of the additive he propose to use and the manner in which he propose to add it
in the mix.

Additives should have capabilities of bringing reduction in mixing, laydown and
compaction temperatures of bituminous mixes in at least one of three different ways
as (i) by increasing the volume of bitumen, (ii) by making the bitumen less viscous,(iii)
by reducing the surface tension at aggregate bitumen interface etc.

The additives, which are either waxes or other hydrocarbon modifiers should improve
lubrication by reducing the viscosity of bitumen and alow areduction of in mixing
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and compaction temperature with in range specified in Table 13.45. Typical dosage
amounts are 0.5to 1 .5 percent by weight of bitumen may use subject to approval of
the Engineer. Additives may added as modifiers for increasing the stiffness of asphalt
mixes, for specialty applications, such asin racing tracks .

The following types of additives’ modifier , may be used in accordance with the
manufacturer’s instructions and as instructed by the Engineer.
(i) Water based additive

The "water technologies' use fine water droplets to expand the volume of binder in
the mix by causing it to foam. This has the effect of increasing the volume of the
bitumen, enabling it to coat aggregate at |lower temperatures. The foaming technology
may be either foaming additives or water injection system.

The foaming process works by creating foamed asphalt that improves coating and
compaction at lower temperature. Water expands 1,600 times when converted into
steam at atmospheric pressure, and the steam is encapsulated by viscous bitumen
producing foam, which occupies a much greater volume compared to the origina
bitumen. The water for creating the foam is either added as water through a water
injections stem in a specialized equipment, or from zeolites (which contain about 20
percent water). Water is added at arate of 1 .25 to 2.0 percent by weight of bitumen
(about 500 ml of water per ton of mix), whereas the zeolites shall be added a rate of
0.1 to 0.3 percent by weight of the mix. Foaming by water alows 18°C to 30°C
reduction in temperature whereas foaming by zeolites allows a reduction of 30°C to
40°C.

(if) Chemical Additives

WMA technologies utilize chemical additives that have little effect on rheological
properties of the binder. These products may be supplied in pellet, powder or liquid
form, and then mixed into the binder or directly added to the mix. Chemical additives
are Surfactants (surface active agents) that reduce surface tension between the polar
aggregates and non-polar bitumen, improve wetting and reduces internal friction, and
allows areduction of 28-50°C in mixing and compaction temperatures. Typically they
are added at the rate of 0.20 to 0.75 percent by weight of bitumen.

(iii) Rheological Modifiers

Thewax based products can be described as viscosity modifying organic additivesthat
reduce binder viscosity at high temperatures and thus allow lower mixing and paving
temperatures.
(iv) Hybrid

Hybrid technologies utilize a combination of two or more WMA technologies to
achieve the reduction in temperature. For example, Low Energy Asphalt (LEA)
utilizes a chemical additive with awater injection system to improve coating at |ower
temperatures.
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(b) Bitumen

The bitumen shall be viscosity grade paving bitumen complying with the Indian
Standard Specification 1S: 73, modified bitumen complying with IS 15462 or as
otherwise specified in the Contract.

The type and grade of bitumen to be used shall be specified in the Contract.
(c) CoarseAggregates

Shall be as specified in Clause 1308 or 1309 as specified in the Contract.
(d) Fine Aggregates

Shall be as specified in Clause 1308 or 1309 as specified in the Contract
(e) Filler

Shall be as specified in Clause 1308 or 1309 as specified in the Contract

(f) Adggregate Grading and Binder. Content

Shall be as specified in Clause 1308 or 1309 as specified in the Contract

(3 Mix Design

The quality and performance of the mix shall be the same as specified for Hot mixed
Asphalt (HMA) except for mixing and laying temperatures, which shall be at least
30°C less than those specified for HMA The threshold of 30°C is considered
technologically feasible as well as desirable from the point of view of fuel savings of
some significance. Design of mix, quality of inputs (except the additives) and tests
required to be performed shall follow the same procedures as specified in IRC:111.
In addition, the following WMA specific tests shall also be performed:

Coating
Compactibility
*Moisture Sensitivity

The above parameters shall be verifie first in the laboratory, after the criteriaare
satisfied, afield trial of at least 500 m length shall be constructed, and the parameters
obtained in the laboratory may be verified.

(a) Aggregate Coating

WMA sample shall be prepared asper AASHTO T1 95 (Refer Annex — 13-2) at a
temperature at least 30°C lower than specified in Table 13.5.

The warm-mix shall be evaluated for coating as per AASHTO T195

Minimum 95 percent of the coarse aggregate particles shall be fully coated at a
temperature at least 30°C lower than as specified in Table 13.5.
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(b) Compactibility

Since the mixing and compaction temperature of the warm-mix samples are lowered
by at least 30°C compared to the conventiona hot mix, it isimportant for the warm-
mix samples to attain specified mix densities at adopted lower temperatures. In order
to verify that the warm-mix samples attain sufficient density at least 30°C lower
temperatures relative to the conventional hot-mix, the following shall be carried out;

Three hot-mix specimens shall be prepared conforming to the Job Mix
Formula (JMF) as per AASHTO T245 (Refer Annex 13-2)

Similarly, three more warm-mix specimens shall be prepared conforming to
the JMF. In all cases the JIMF shall be made in the same procedure as per
conventional mixes except at atemperature at least 30°C lower than specified
in Table 13.5 as per AASHTO T245. The compactive effort shall be similar
for both mixes. In case there is a specific change required by an additive
manufacturer to suit the IMF requirements the same shall be permitted except
that the Specified Properties in the Guidelines shall have to be adhered to.
The bulk specific gravity (G mb) of all the specimens shall be determined as
per AASHTO T166.

The theoretical maximum specific gravity (Gmm) of the bituminous mixture
of HMA and WMA shall be determined as per AASHTO T209.

The air voids of both the mixes shall be determined as per the following
equation:

_ Gmm - Gmb

Va = x 100

Lmm

Theratio of the air voids shall be as per the following equation

Vaof WMA

RVa = o VA

The ratio shall be such that 0.9 <R<1.1

(c) Maisture Susceptibility

Warm-mixes are typically prepared at least 30°C lower temperatures, it is likely that
the aggregate can retain some residual moisture, especially when the aggregate are
porous and when the moisture content in the aggregate is high due to recent rains. It is
recommended that the warm-mix additives or processes shall aso behave as anti-
stripping agents, and shall be able to improve the resistance of the mix to moisture
susceptibility even when produced at temperatures at least 30°C lower than
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conventional mixes. If the warm-mix additives cannot perform as an anti-stripping
agent, it must be mandated to add either hydrated lime or aliquid anti-stripping agent
to the mix to improve resi stance to moisture damage. However in case of WMA using
foaming technology use of anti-stripping agent or lime may be detrimental.

Six samples of the compacted HMA mix conforming to the IMF as per
AASHTO T245 (Refer Annex 13-2 ) shall be prepared in the first instance.
The specimens shall have 7.0 £ 0.5 percent air voids.

Six samples of warm-mix specimens conforming to the IMF shall be prepared
at atemperature at least 30°C lower than the hot-mix samples as per AASHTO
T245. The compactive effort shall be similar for both mixes, and the specimens
shall have 7.0 £ 0.5 percent air voids.

The Tensile Strength Ratio (TSR) of the hot-mix and the warm-mix shall be
determined as per AASHTO T283. The TSR value of HMA shall meet the
requirement of minimum 80 percent as specified in IRC: 111. A TSR of above
80 percent for the warm-mix that is prepared at least 30°C below
corresponding hot-mix will ensure sufficient resistance against moisture
susceptibility.

(4) Production of Warm Mix Asphalt
(@ Mixing Plant Requirements

WMA requires mix temperatures to be significantly reduced. The two basic types of
bituminous mixing plant most commonly used are the batch type mixing plant and the
continuous drum type plant, both of which types can be adapted to manufacture WMA

For production of warm mixes that also contain reclaimed bituminous mixes, mixing
plant design shall include adequate features. When any of the various types of mixing
plants are used, it shall be ensure that the Recycled Asphat (RA) and the virgin
aggregates are properly blended together; the blending process shall facilitate proper
heat transfer and shall prevent both physical and thermal segregation.

Aswith any new technology, there are afew concerns about the production of WMA,
specifically because of the lower temperatures that are utilized during production.
Fortunately, all of these problems are expected and solvable, in many cases through
the adoption of techniques that could also be utilized for improving conventional
HMA production.

The first concern is about incomplete drying of aggregates (specificaly the interna
moisture) at the reduced temperatures. It has been seen that for aggregates with an
absorption value of less than 1 percent, drying of aggregate has not been reported to
be a problem at WMA temperatures. To prevent the incomplete drying of aggregates,
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it is suggested that stockpiles be kept as dry as possible by sloping sides, paving
surrounding areas, and keeping them under cover. To dry aggregates with high
moisture content the retention time in the dryer drum could be increased and the dryer
shell shall be insulate properly. Ways to detect incomplete drying include a greater
than 20°C fall in temperature in mix between discharge and loading, dripping water
from silos and excessive steam from slat conveyors and aloss of more than 0.5 percent
of the weight of mix during moisture content test.

The second concern is regarding incomplete combustion of fuel at the reduced
temperature and the resulting risk of getting unburnt fuel in the mix.

Evidence of such a problem include brownish color of mix and higher than normal
emissions. Proper maintenance and tuning of burner, and preheating of burner fuel are
recommended solutions to this problem.

The last but not least problem is the potential of condensation of baghouse fines,
leading to the clogging and decreased efficiency of the emission control system.

Recommended solutions include proper preheating of baghouse, sealing of leaks,
adjusting flights and slopes of the dryer to increase baghouse exhaust temperature,
insulation of baghouse and ductwork and addition of duct heatersto increase baghouse
temperatures, if needed. A high i.e. within the range of 0.28 to 0.35 kg/cm?. A high-
pressure drop within a range greater than 0.28 to 0.35 kg/ cm?. across the bags is an
indicator of caking due to condensation.

(b) Warm Mix Asphalt Technology Addition Systems

For WMA Technologies, both Theological modifier and chemical additive types that
are blended into the binder shall be added through the mixing plant's normal binder
addition system. These may also be blended at terminals and supplied to project sites
through conventional transportation system. Water carrying chemical additives, which
are in powdered form, can be added manually into the pugmill of batch type mixers
either through the filler system, or by intruding it through the RA collar.

Equipment to produce foamed bitumen may be installed on both batch and continuous
drum mixing plant types. The systems obviously operate differently, with separate
generations of foamed bitumen for each batch in the former type of plant and a
continuous production of foam in the latter plant type's case.

Conventional types of bituminous mix plants shall have the following monitoring and
control systems:

Binder storage tank heating temperature

Integrated individual cold feed hopper (new aggregate and RA) and burner fuel
flow

Burner fuel flow meter
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Infrared temperature monitor
Infrared silo discharge temperature monitor

Foaming systems shall include integrated flow metering and pressure sensing systems
for both the binder and the water used to produce the foam.

(c0 Requirementsfor the Mix
Apart from conformity with the grading and quality requirements (or individual

ingredients) the mixture shall meet the requirements as specified in Table 13.29.
(5) Construction Operations
(@) Weather and Seasonal Limitations

The provisions of Clause 1301 (5) shall apply.
(b) Preparation of Base

The base on which Warm Mix Asphalt Material is to be laid shall be cleaned off all
loose materials and foreign matter with mechanical brooms or by other approved
methods. Any defect of the surface shall be made good no bituminous mix shall be
laid until the surface has been approved by the Engineer.

(c) Geosynthetics

Where Geo synthetics are specified in the Contract, this shall be in accordance with
the requirements stated in Clause 3111

(d) StressAbsorbing Layer

Where a stress absorbing layer is specified in the Contract, this shall be applied in
accordance with the requirements of crack prevention courses.

(e) Prime Coat

Where the material on which the Warm Mix Asphalt is to be laid is other than a
bitumen bound layer, a prime coat shall be applied, as specified, in accordance with
the provisions of Clause 1302, or as directed by the Engineer.

(f) Tack Coat

Where the material on which the Warm Mix Asphalt is to be laid is either bitumen
bound layer or primed granular layer, tack coat shall be applied, as specified, in
accordance with the provisions of Clause 1302, or as directed by the Engineer.

(g) Mixing and Transportation , Laying and Compaction of the Mix

The provisions as specified in Clauses 1301 shall apply. except the mixing, laying and
rolling temperature as indicated in Table 13.45

Table 13.45: Mixing, Laying and Rolling Temperature for WMA*
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Bitumen Viscosity Bitumen Laying *Rolling
Grade Temperature | Temperature | Temperature
VG-40 135 max 120 Min 100 Min
VG-30 130 max 115 Min 90 Min
VG-20 125 max 115 Min 80 Min
VG-10 120 max 110 Min 80 Min
Modified Bitumen** 135 M max 120 Min 100 Min

*in case of gpecial conditions including but not limited to long hauls, cold paving
conditions, etc., the recommendations of the WMA technology shall be followed

** The properties of modified binder shall conform to IRC:SP 53
Opening to Traffic

It shall be ensured that the traffic is not allowed without the approval of the Engineer
in writing, on the surface until the dense bituminous layer has cooled to the ambient
temperature.

Surface Finish and Quality Control of Work

The surface finish of the completed construction shall conform to the requirements of
Clause 1100.

The extent and level of quality control of Warm Mix Asphalt shall be same as that of
HMA and specified in IRC:111. In addition, one test each for coating, compactibility,
moisture susceptibility shall be carried out for each mix design. Further, when the
WMA mixesinclude reclaimed bituminous mixes, additional testing shall be required.

The properties of the binder contained in the RA have to be taken into account at mix
design stage and the consistency of the recovered binder properties shall be checked
regularly.

Typically the moisture content, grading and binder content of each RA fraction shall
be checked prior to the start of the day's mix production

All materials and workmanship shall comply with the provisions. Set out in Section
600 of these Specifications.

Arrangementsfor Traffic

During the period of construction, arrangementsfor traffic shall be madein accordance
with the provisions of Clause 104.

M easur ement

Warm mix asphalt shall be measured as finished work either in cubic meters, tons or
by the square meter at a specified thickness as indicated in the Contract drawings, or
documents, or as otherwise directed by the Engineer.
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(10) Payment

Warm mix asphalt shall be paid as per contract unit rate which shall be the full and
final compensation for the cost of compliance of all requirements of Clauses 1301 and
1317 in addition to those specified in Clause 112.

1317 OTTA SEAL
(1) Scopeand Definition
This Clause covers the supply and application of single or double Otta Seal with or
without sand cover seal, each layer consisting of bituminous binder sprayed on a
previously prepared base/sub-base surface, followed by graded aggregates properly
rolled to form awearing course to the requirements of these Specifications. A single

Otta Seal means an application of bituminous binder to the road surface followed
immediately by asingle layer of graded aggregates.

A double Otta Seal means two Otta Seal surfacing placed over base/sub-base. Sand
cover seal isnormally applied over single Otta seal surfacing.

(2) Materials
(a) Adggregates

(i) General

The preferred aggregate grading will, to some extent, depend on the traffic volume at
the time of construction, as well as during the two months immediately following the
sealing operation, as this contributes significantly in forming the Otta Seal.

The following materials are recommended for Otta Seal aggregates;
« Screened natural gravel from weathered granitic rocks,
e Crushed and screened gravel from sandstone and |ake deposits;
» Screened river/lake gravel; and sand

» Crushed, screened rock from a variety of rock types such as igneous rocks and
pedogenic deposits of calcrete and silcrete.

All the aggregates must be clean and must be free from heavily plastic fines and other
foreign material.

Screened natural gravel

As-dug’ gravel shall be used after screening to remove oversize particlesand excessive
fines. Low moisture content in the materia is desirable to avoid clogging of the finer
mesh of the sieve.

Crushed aggregate
Crushed gravel
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Crushing of natural gravel alows a better utilization of the gravel source and
generally improves the quality of the aggregate. The gravel size greater than 4.75mm
shall have three faces broken.

Crushed Rock

The crushed rock material acceptable in the base course layer can be used to produce
aggregate of required grading for an Otta Seal surfacing.

(i) Sand cover seal

Material for asand cover seal used in Otta Seals can be crusher dust, river sand or fine
pit sand or a combination of these materials. The material shall be free from organic
matter and lumps of clay and shall be non-plastic. All material shall passthe 6.7 mm
seve.

(i) Maximum particlesize

The preferred maximum particle size is 16 mm for single Otta seal but a maximum
particle size of 19 mm can be accepted in the first layer where a double sedl isto be
constructed.

(iv) Finescontent

The amount of fines shall not exceed 10%. A higher fines content may result in
construction problems as the binder tends to coat the finer particles before the larger
ones, and may lead to aless durable surfacing with inferior surfacing characteristics.

(v) Grading and aggregate strength requirements and their selection
The grading requirementsfor an Otta Seal shall beany oneasinthe Table 13.46 below.

Table 13.46: Grading Envelopes

Sieve sizes (mm) Open Grading Medium Grading | Dense Grading
(% passing) (% passing) (% passing)
16 100 100 100
13.2 52-82 68-94 84-100
9.5 36-58 44-73 70-98
6.7 20-40 29-54 54-80
4.75 10-30 19-42 44-70
2.00 0-8 3-18 20-48
1.18 0-5 1-14 15-38
0.425 0-2 0-6 7-25
0.075 0-1 0-2 3-10

The strength requirements of aggregates for Otta Seal shall be as shown in Table
13.47.

Table 13.47: Aggregate Strength Requirements

Test Requirement Test method
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Los Angles Abrasion value | 40 percent (Max) |S: 2386 (Part — 4)
Or
Aggregate Impact value | 30 percent (Max) |S: 2386 (Part — 4) or
IS: 5640

The selection of preferred aggregate grading shall be as shown in the Table 13.48.

Table 13.48: Preferred Aggregate Grading

AADT Best suited grading
Less than 100 Open
100 - 1000 Medium
More than 1000 Dense

AADT Best suited grading Less than 100 Open, 100 — 1000 Medium, More than 1000
Dense The grading curve for the Otta Seal aggregate shall fall smoothly within the
envelope detailed in Table 13.46.

It is recommended that the graded aggregates, which fall within medium envelopes,
shall be used as the aggregates in an Otta Seal for rural road in Nepal. However, al
types of aggregates falling within the open and medium grading envelopes may be
used as aggregate in an Otta Seal, provided the binder viscosity and spray rates are
tailored accordingly. The type of grading to be used shall be advised by the Engineer.

(vi) Flakiness

The flakiness index for natural gravel (river gravel) or mixture of crushed and natural
gravel in an Otta Seal is not specified except for crushed aggregate for which the
flakiness index shall not exceed 35. The weighted Flakiness Index is determined on
the following fractions:

9.5-13.2mm, 6.7 — 9.5mm and 4.75-6.7mm
(vii) Plasticity Index

The Plasticity Index of the fraction passing 0.425mm mesh sieve shall be maximum
5%. Non-plastic is however preferable.

(viii) Aggregate application rates

It is important to apply sufficient amount of aggregate to ensure that there is some
surplus material during rolling and through initial curing period of the seal. It also
reducestherisk of bleeding. After the embedment of aggregates any excess aggregates
can be swept off. The aggregate embedment will normally take about 2-3 weeks to be
achieved for crushed aggregates, whereas the initial curing period for natural gravel
will be considerably longer (6 — 8 weeks).

However, the application ratesfor Otta Seal aggregates and crusher dust/sand for cover
seal shall fall within the ranges given in Table 13.49
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Table 13.49: Aggregate Application Rates

Type of seal Agoregate spread Rates (m3/m?)
Open Grading | Medium Dense Grading
Grading
Otta Seals 0.013-0.016 |0.013-0.016 | 0.016-0.020
Sand cover seals | Sand cover seals 0.010 — 0.012

To reduce the risk of bleeding application rates may very often be increased to the
satisfaction of the Engineer.

(b) Binders
(i) General

The binder shall be 150/200 penetration grade bitumen or MC 3000 cutback bitumen
or MC 800 cutback bitumen as specified in the Bill of Quantities from a source
approved by the Engineer. MC 3000 cutback bitumen shall be used in warm weather.
In cold weather, when night temperatures are likely to fal below 10° C, MC 800
cutback grade bitumen may be used. The blending of cutback bitumen shall be carried
out on site to produce required medium curing cutback by mixing kerosene in the
proportion as mentioned in the Table 13.50.

Table 13.50: Typical blending proportionsto produce medium curing cut- back

bitumen
Required Product Cutter (kerosene) in percent of total mixture
VG 10 base bitumen 150/200 base
bitumen
150/200 3-5% (flux oil is used instead of -
cutter)

MC 3000 8-10%* 5-8%
MC 800 18-20%* 15-18%

*  Thedurability of binder can be improved by replacing 3% - of the cutter with flux
oil where the VG 10 grade is used as base bitumen. Unused or used engine ail is
suitable as flux oil. Excessive fluxing which may cause disintegration of the seal
is prohibited and will be rejected.

An Otta Seal will in most cases require a cutter that produces medium curing (MC)
cutback bitumen. Kerosene is normally preferred among the cutting oils producing
MC cutback bitumen.

(i) Preparation of cut back bitumen
Cut back bitumen can be prepared for use in Otta Seal asfollows:

The cut back bitumen grades can be made by blending 80/100 pen/ VG 10, grade on
site using the following proportions:

To make 150/200 pen. Grade: 3 -5% softener mixed with 95 — 97% VG 10. Softener
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can be a purpose to petroleum distillate, alternatively engine oil, old or new. In
addition 3% of kerosene shall be used.

The cut back bitumen grades can be made by blending 150/200 pen. Grade on site
using the following proportions:

To make MC 3000: 5-8% kerosene mixed with 92-95% 150/200pen grade.
To make MC 800: 15-18% kerosene mixed with 82-85% 150/200 pen .grade

Circulation in the tank shall be carried out for at least 1 hour after mixing. Diesel shall
not be used for cutting to MC grades.

(iii) Choice of binder

Paving bitumen shall NEVER be used in Otta Seals unless softened or cut back to
meet the viscosity requirements as given in Table 13.51.

Table 13.51 : Selection of Binder:

AADT at thetime Type of bitumen
of construction Open grading Medium grading | Densegrading
More than 1000 Not applicable 150/200 pen. | MC 3000, MC
Grade 800 in cold
weather
100-1000 150/200 pen. | 150/200 pen. | MC 3000, MC
Grade Grade in cold| 800 in cold
weather weather
Less Than 100 150/200 pen. | MC 3000 MC 800
Grade

(iv) Storageand Spraying Temperaturesof Binder

Recommended temperature for storage and spraying of binders are shown in Table

13.52.
Table 13.52: Temperaturefor storage and spraying of binder
Bitumen Storagetemp.°C Spraying Temp. °C
Product <24 hours > 24 hours
150/200 165 115 165-180
MC 3000 155 100 135-155
MC 800 120 75 110-135

The heating temperature of bitumen or cutback shall not in any case be greater than
the spraying temperature. Heating of bitumen by the use of firewood is strictly
prohibited. Any bitumen or cutback overheated shall be removed from the site and
disposed off by the contractor in an environmentally friendly manner acceptable to the
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Engineer.
(v) Binder spray rates
The binder spray rates in hot condition for un-primed base/sub-base course shall be

as per Table 13.53:
Table 13.53: Bituminous binder spray rate (Lit/ sqm)
Grading Open Medium Dense
Type
of Otta Seal AADT <100 | AADT > 100
Double 1st layer (*) 16 1.7 1.8 1.7
2nd layer (*) 15 1.6 19
Single, Crusher dust or| 0.9 0.8 2.0 0.7
with asand | coarse river sand
cover seal | 1stlayer (*) 16 1.7 20 19
Single(*) 1.7 1.8 2.0 -
Maintenance reseal (single) 15 1.6 1.8 1.7
(* 