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SECTION-VII-A
EMPLOYER'S REQUIREMENTS - GENERAL

1. INTRODUCTION

These Employer's Requirements are divided into four sections as follows:
(a) General: These apply throughout the Contract.

(b) Functional: These include the specific core requirements for the design and
performance of the Works.

(c) Design: These apply in respect of requirements relating to the design of the Permanent
Works.

(d) Construction: These apply in respect of other requirements relating to the construction
of the Works.

(e) General Planning Criteria: These apply in respect of other requirements relating to the

planning of the Works.
2. DEFINITIONS AND INTERPRETATIONS

In addition to the words and expressions defined in the General Conditions of Contract
(GCCQC), further following words and expressions shall have the meaning assigned to
them except where the context otherwise requires:

"As-Built Drawings™: means those drawings produced by the Contractor and endorsed
by him as true records of construction of the Permanent Works and which have been
agreed with the Engineer.

"Combined Services Drawings” (CSD): means drawings showing the locations,
layouts and sizes of all services including those of other contractors co-ordinated so as
to eliminate all clashes.

"Construction Phase": has the meaning identified in Clause 4 of the Employer's
Requirements - General.

"Good for Construction Drawings (GFC)": means those drawings referred to in
Clause 2(8) of the Employer's Requirements - Design in respect of which a notice has
been issued.

"GFC Drawings Submission": means the submission of GFC Drawings representing
elements of the Permanent Works.

"Construction Specification": means those parts of the Standard Outline Specification
which relate to construction.

"Definitive Design Submission": means the submission of documents which comprise
the whole or parts of the proposed Definitive Design and for which the Contractor seeks
a Notice.

"Design Manual™: means the manual to be prepared and submitted by the Contractor
as a part of the Definitive Design and as described in the Employer's Requirements
Design.
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"Design Package": has the meaning identified in Clause 2(5) of the Employer's
Requirements - Design.

"Design Phase": has the meaning identified in Clause 4 of the Employer's
Requirements - General.

"Design Criteria™: means those parts of the Standard Outline Specification which relate
to design.

"Final Design": has the meaning identified in Clause 2(14) of Employer's Requirements
-Design.

"Notice": means a Notice of No Objection.

"Particular Specification”: means the combined specifications prepared by the
Contractor in CSI format which combines the Employer’s Design Criteria, the
Employer's Outline Construction Specifications and those parts of the Contractor's
Technical Proposals which specify standards for design and construction which are
developed during the Design Phase.

"Preliminary Design": means the submission of documents which comprise the initial
stage of the design phase.

"Railway Envelope": means the zone or zones within the Works containing the track
work and equipment necessary for the operation of the railway.

"Services, Electrical, Mechanical Drawings"(SEM): means those drawings produced
by the contractor executing the service works showing the locations, sizes and details
for openings in structural elements for mechanical and electrical facilities and other
related contracts.

"Standard Outline Specification”: means the Design Criteria and the Outline
Construction Specifications that specify standards issued by the Employer for
development by the Contractor for design and construction.

"Specification”: has the meaning identified in Clause 5 of the Employer's
Requirements -General. "Structure Gauge": means the profile related to the designed
normal co-ordinated axis of the track into which no part of any structures or fixed
equipment may penetrate.

"Working Drawings": comprise the GFC Drawings and such other drawings and
documents, such as bar bending schedules and manufacturing drawings, as are
necessary to amplify the GFC Drawings for construction purposes and endorsed as
required by the Engineer.

3 RELEVANT DOCUMENTS
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The Design Criteria shall be read in conjunction with the General Conditions of Contract
(GCC), the Particular Conditions of Contract (PCC), the Employer's Requirements, the
Drawings and any other document forming part of the Contract.

In the event of a conflict between the Employer's Requirements and any Design Criteria,
the Design criteria shall prevail.

In the event of a conflict between any Design Criteria and any other standards or
specifications quoted, the requirement of the Design Criteria shall prevail.

Notwithstanding the precedence specified above the Contractor shall always
immediately seek advice from the Engineer in the event of conflicts in Specifications
among various standards. The order of precedence is:

a. Design Criteria

b. Employer's Requirements

c. Indian and other International Standards referenced herein.

d. Indian and other International Standards

4 PHASES (DESIGN AND CONSTRUCTION)

(1) The Contractor shall execute the Works in two phases, the Design Phase and the
Construction Phase.

(2) The Design Phase shall commence upon the date of issue of Letter of Acceptance. This

phase shall include the preparation and submission of:

(a) the Preliminary Design

(b) the Definitive Design; and

(c) the GFC Drawings.

The Design Phase will be complete upon the issue of a Notice in respect of the
comprehensive and complete GFC Drawings Submission for the whole of the
Permanent Works.

(3) The requirements for the Preliminary Design, Definitive Design and GFC Drawings are
stated in Clause 2 of the Employer's Requirements -Design.

(4) The Construction Phase for the whole or a part of the Permanent Works shall
commence immediately upon the issue of a Notice by the Engineer/Employer in respect
of the relevant GFC Drawings Submission. Such Notice may be issued by the Engineer
in respect of a GFC Drawing Submission covering a major and distinctive part of the
Permanent Works. However, construction shall not be commenced until the original
negatives of the appropriate Working drawings have been endorsed:

(a) by the Contractor as "Good for Construction"; and
(b) by the Engineer that he has no objections to the drawing.
The Construction Phase shall include the completion and submission of the Final

Design and the preparation and submission of the As Built Drawings and other records
as specified.
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(5) Notwithstanding Clause 4(4) above, for those elements identified under Clause 2(6) of
the Employer's Requirements - Design, the Construction Phase may commence
immediately upon the issue of the Notice in respect of the Definitive Design Submission
in respect of each such element subject to availability of the site in accordance with
agreed programme.

5. SPECIFICATIONS

In accordance with the provisions of these Employer's Requirements, the Contract
Specification contained in the Contract shall be developed during the design stage and
submitted as part of the Definitive Design Submission. When the Specification has
received a Notice of No Objection from the Engineer it shall become the Particular
Specifications and shall take precedence over the other Specifications for construction

purposes.
6. SPECIFICATIONS IN METRIC AND IMPERIAL UNITS
(1) The Contract shall utilize the Sl system of units. Codes and Standards in imperial units

shall not be used unless the Engineer has given his consent.

(2) Conversion between metric units and imperial units shall be in accordance with the
relevant Indian Standards.

7. WORKS PROGRAMME
(1) The Key Dates are defined in Annexure IX-G to these Employer's Requirements.

(2) The Contractor shall prepare and submit its Works Programme and three-month rolling
programmes and the detailed requirements contained in Appendices 3 and 4 to these
Employer's Requirements.

(3) In compiling its Works Programme and in all subsequent updating and reporting, the
Contractor shall make provision for the time required for coordinating and completing
the design, testing, commissioning and integrated testing of the Works, including, inter
alia, design co-ordination periods during which the Contractor shall co-ordinate its
design with those of Designated Contractors, the review procedures, determining and
complying with the requirements of all Government Departments and all others whose
consent, permissions, authority or license is required prior to the execution of any work.

(4) The Works Programme shall take full account of the Design Submission Programme.
8. MONITORING OF PROGRESS

(1) The contractor shall submit to the site Engineer three copies of a Monthly-Progress
Report (MPR), as described in Appendix 5 to these Employer's Requirements,
describing the progress and current status of the Works. The MPR shall address the
matters set out in the Works Programme.

(2) The MPR shall be submitted by the end of each calendar month. It shall account for all
works actually performed from twenty sixth day of the last month and up to twenty fifth
day of the current month.

Page 171 of (998)
Contractor Feb-23 Maha-Metro



NMRP Phase-2 Tender No. N2- 004/C-01/2023 Part-Il, Section-VII-A
Work Requirement

(3) The MPR shall be divided into two sections. The first section shall cover progress and
current status relating to design and the second section shall cover progress and
current status relating to construction.

(4) A monthly meeting to monitor & review the progress of the project shall be convened by
the Engineer. Contractors site Representative & Designer Representative of Contractor
and site agent of all interfacing contractors shall also attend the meeting. The Employer
may also be present in the meeting.

(5) The Engineer or Employer may also conduct progress review meetings on weekly /bi-
weekly intervals depending upon the requirements or urgency of works. In these review
meetings Engineer may call Contractor's Supplier/Sub-Contractor/Designer etc. as per
the requirements.

9. QUALITY ASSURANCE

The Contractor shall establish and maintain a Quality Assurance System in accordance
with Appendix 6 to these Employer's Requirements for design and construction
procedures and the interfaces between them. This Quality Assurance system shall be
applied without prejudice to, or without in any way limiting, any Quality Assurance
Systems that the Contractor already maintains.

10. CO-ORDINATION WITH DESIGNATED AND OTHER CONTRACTORS

General

(1) The Contractor is responsible for detailed co-ordination of his design and construction
activities with those of the Designated Contractors, Civil Contractors, Utility Agencies,
Statutory Authorities, Private Service Providers, Developers, Consultants and other
Contractors whether or not specifically mentioned in the contract, that may be working
on or adjacent to the site for the purpose of the Project. For the purpose of this
Specification, all of the above parties shall be referred to as Interfacing Contractors. The
Contractor shall note that there are other contractors, consultants, etc. which the
Employer will engage from time to time with whom the Contractor shall have to similarly
co-ordinate. Such co-ordination responsibilities of the Contractor shall include the
following:

(a) To provide all information reasonably required by the Interfacing Contractors in a
timely and professional manner to allow them to proceed with their design or
construction activities, and specifically to meet their contractual obligations.

(b) To ensure that the Contractor's requirements are provided to all other Interfacing
contractors before the cut-off dates to be identified in the Interface Management
Plan (IMP).

(c) To obtain from the Interfacing Contractors information reasonably required to enable
the Contractor to meet the design submission dates as identified in Appendix 2B
(Annexure IX-G).

(d) Where the execution of the work of the Interfacing Contractors depends upon the
site management or information to be given by the Contractor, the Contractor shall
provide to such Interfacing Contractors the services or correct and accurate
information required to enable them to meet their own programme or construct their
work.
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(e) To co-ordinate access and delivery routes, and to ensure that all provisions for
access and delivery of Plant is co-ordinated with and reflected in the Interfacing
Contractor's Delivery Route Drawings. The Interfacing Contractors shall ensure that
all Plants are delivered at the time agreed to allow openings left in the structure for
such delivery to be sealed in accordance with the Contractor's programme.

(f) To co-ordinate with the Interfacing Contractors on attendance.

(g) To attend regular co-ordination meetings convened by the Engineer with the
Interfacing Contractors. The Contractor shall conduct separate meetings with the
Interfacing Contractors as necessary to clarify particular aspects of the interfacing
requirements of the Works. The party who convenes the meeting shall prepare
minutes recording all matters discussed and agreed at the meeting.

(h) To ensure that copies of all correspondence, drawings, meeting, minutes,
programmes, etc. relating to the Contractor's co-ordination with the Interfacing
Contractors are issued to all concerned parties and four (4) copies issued to the
Engineer no later than two (2) calendar days from the date of such correspondence
and meetings.

(2) The Contractor, shall in carrying out his co-ordination responsibilities, raise in good
time and provide sufficient information for the Engineer to decide on any disagreement
between the Contractor and the interfacing Contractors as to the extent of services or
information required to pass between them. If such disagreement cannot be resolved
by the Contractor despite having taken all reasonable efforts, then the decision of the
Engineer shall be final and binding on the Contractor.

(3) Where an Interfacing Contract is yet to be awarded, the Contractor shall proceed with
the coordination activities with the Engineer until such time when the Interfacing
Contractor is available. The Contractor shall provide the Interfacing Contractor with all
information necessary to enable the Interfacing Contractor to follow-on and proceed with
their coordination.

(4) The Contractor shall note that the information exchange is an iterative process requiring
the exchange and update of information at the earliest opportunity and shall be carried
out on a regular and progressive basis so that the process is completed for each design
stage by the cut- off dates.

(5) The Contractor shall co-ordinate with the Engineer on all matters relating to works that
may affect the Operation & Maintenance of the already operational Section corridor of
the Employer in general. Such work shall be subject to the rules and regulations
imposed by the Employer.

Dedicated co-ordination team

(6) The Contractor shall establish a dedicated co-ordination team, led by a Chief Co-
ordinator in Nagpur reporting to the Contractor's Site Agent (Team Leader). The primary
function of the team is to provide a vital link between the Contractor's design and
construction teams and the Interfacing Contractors.
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(7) The Chief Co-ordinator shall assess the progress of the co-ordination with Interfacing
Contractors by establishing lines of communications as indicated in the co-ordination
model shown in Figure 1 and promote regular exchange and updating of information so
as to maintain the Contractor's programme.

(8) The complexity of the Project and the importance of ensuring that work is executed
within time limitations require detailed programming and monitoring of progress so that
early programme adjustments can be made in order to minimise the effects of potential
delays.

(9) The Chief Co-ordinator in conjunction with the Interfacing Contractors shall identify
necessary provisions in the Works for plant, equipment and facilities of the Interfacing
Contractors. These provisions shall be allowed by the Contractor in his design of the
Works.

(10) During the course of the contract, information will be obtained in a number of ways.
These may include direct inspection, regular site meetings, the obtaining of progress
reports and the use of turn round document to obtain design and programme data. Turn
round document shall be issued to the Interfacing Contractors to be returned giving the
current positions on their programme.

Design & Construction Interface

(12) The dates shown in Employer's Requirements Annexure IX-G are critical to the timely
completion of the project. The Contractor shall commence design interface with the
Interfacing Contractors as soon as he has been notified by the Engineer that such
Interfacing Contract has been awarded. In the case of utility agencies and other
statutory boards, interface shall commence as soon as it is practicable. Where no
design interface date has been established because the Interfacing Contractors have
not been identified or for whatever reason, the Contractor shall liaise with such
Interfacing Contractor(s) as soon as they have been awarded.

(12) The Contractor shall immediately upon award of the Contract gather all necessary
information and develop his design to a level where meaningful interaction can take
place as soon as the Interfacing Contracts are available. The Contractor shall submit
together with each of his Design Submissions a joint statement from the Contractor and
the relevant Interfacing Contractor confirming that design co-ordination has been
completed and that they have jointly reviewed the appropriate document to ensure that
a consistent design is being presented.

(13) The design interface is an iterative process requiring regular exchange and update of
interfacing information. The Contractor shall ensure that the information he requires
from the Interfacing Contractors is made known at the outset of each design interface
and vice versa so that the information can be provided in time for the Contractor and the
Interfacing Contractors to complete their design to meet their various design submission
stages.

Construction Interface

(15) Construction interface will be necessary throughout the duration of the Works
commencing from the time the Contractor mobilizes to the Site to the completion of the
Works. Construction interface will overlap design interface, involving cast-in and
buried items such as pipes for electrical and mechanical services, supports, brackets,
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plinths, ducts, service buildings if arising, openings, cableways, trenches etc. that are to
be incorporated at the early stage of the construction up to provision of attendance
during the testing and commissioning stage.

The Contractor shall ensure that there is no interference with the Works of the
Interfacing Contractors and shall maintain close co-ordination with them to ensure that
his work progresses in a smooth and orderly manner. The Contractor shall carry out and
complete the Works, or any part thereof, in such order as may be agreed by the
Engineer or in such revised order as may be requested by the Engineer from time to
time. The Contractor shall, unless otherwise provided, be liable for and shall indemnify
the Employer against all costs, charges, expenses and the like resulting from failure of
the Contractor to co-ordinate the Works as specified.

For effective document/record control consisting Design reports and GFCDs to make
the design interface more efficient.
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11. CONTRACTOR’S PROJECT ORGANISATION

(1) The Contractor shall have a competent team of Managers, Engineers, Technical staff
etc. so as to complete the work satisfactorily as per various requirements of the
contract.

(2) A control room with round the clock radio communication or telephone switch board

links with all safety offices, works sites, site offices, batching plants, casting yards,
workshops, fabrication yard, off site offices, Engineers site office, Resident Engineer's
office, testing labs etc. shall be maintained and manned round the clock. Residences of
all senior project team members shall also be linked with the control room. Vehicles for
emergency use should be on stand-by at the control room around the clock.

(3) The designations of the various project organizations team members shall be got
approved by the Engineer before adoption so as to avoid any duplication of the
designations with those of the Employer or the Engineer.

12. TECHNOLOGY TRANSFER

(1) The Contractor shall ensure that all local contractors and sub-contractors engaged in the
works are given training, guidance and the necessary opportunity for transfer of
technology in various areas of construction such as instrumentation, safety, quality
assurance, viaduct etc.

13. MAINTENANCE MANUAL

(1) The Maintenance Manual shall be submitted as part of the Definitive Design and shall
include full details of the long-term inspection and maintenance operations for each
major component of viaduct.

(2) The Contractor shall provide inspection and maintenance manuals for the civil,
structural and building works covering the following areas.
a) Viaduct

b) Station Structures (separated into the main structural elements)

(3) For each area an inspection checklist shall be supplied giving inspection frequency,
items to be inspected, criteria for acceptance, criteria for remedial works and details of
the remedial works, including proposed materials and method statements. The
recommended regular maintenance regime of each area shall also be given including
cleaning methods and frequency for different Surfaces; removal of leakage borne salts
from concrete surfaces; cleaning of drainage channels, sumps and pipes; repainting of
metallic items;

(4) A long term monitoring regime shall also be included covering items such as

a) Viaduct /Station (water leakage)
b) Differential movement at Viaduct / Station junctions or other areas identified in
the design.

C) Loss of prestress in the girders with passage of time.

(5) All instruments necessary to carry out the inspections and monitoring that are identified
in the report shall be provided by the Contractor till such time the works are handed over
to the O & M department. The same is within the scope of lump sum tender price.
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SECTION VII-B
EMPLOYER'S REQUIREMENTS — FUNCTIONAL
OBJECTIVE:

The objective of the contract is the design, construction, completion, testing and commissioning of
the Permanent Works by the contractor (including without limitation, the design, construction and
removal of the Temporary Works) and the rectification of defects appearing in Permanent Works in
the manner and to the standards and within the time stipulated by the Contract. In full recognition of
this objective, and with full acceptance of the obligations, liabilities and risks which may be involved,
the Contractor shall undertake the execution of the Works.

1. GENERAL

1 The design and performance of the Permanent Works shall comply with the specific core
requirements contained in this Employer’s Requirements-Functional.

2 The design of the Permanent Works shall be developed in accordance with these
Employer's Requirements - Functional, the Contractor's Technical Proposals and the other
requirements of the Contract.

3 The Permanent Works shall be designed and constructed to the highest standards
available, using proven up-to-date good Engineering practices. The Specifications shall in
any case not specify standards which, in the Engineer's opinion, are less than or inferior to
those described in the Design Basis Report (Design Criteria) and Technical/Construction
Specifications contained in the Tender Documents. Construction shall be carried out
employing the procedures established by the Contractor in his Quality, Safety, Health and
Environmental management plans.

4. The Contractor shall be responsible for obtaining all necessary approvals from the relevant
Public/Government/Local/Statutory or any agencies in the design and construction of the
works.

2. SCOPE OF WORK

2.0 GENERAL

Design and Construction of Viaduct between Last pier of phase 1(Automotive) to Lekha
Nagar Metro station including viaduct in station portion. The start and end chainages of the
alignment are (-) 657.182m and (-)7576.78m respectively. The total length of viaduct is
6919.598 metres. GAD enclosed with the bid/tender documents may be referred. Salient
details of GAD are given below:
a. The elevated Section of (Reach-2A) starts from Chainage (-) 657.182m and ends at
(-) 7576.78m. However, Pier and Pier Cap at beginning of the section will not be a
part of scope of works defined in this contract.

b. Design and Build Contractor has to design the Viaduct ensuring a minimum
statutory vertical clearance of 5.5 metres to the Metro structure above the existing
road level. Sectional elevation of the typical elevated viaduct drawing enclosed with
the tender/bid documents shall be referred for the same.

c. Whole length of the viaduct has to be designed for double line standard gauge
track as shown in the GAD. System is planned with end evacuation and 25 KV AC
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OHE traction. The tenderer/bidder will have to use Segmental Box girder integrated
with the parapet (Segmental box girder is Maha-Metro’s preferred choice). Some
spans will have to be designed to accommodate the emergency track cross over,
special track layouts (e.g. pocket track) (Approximate locations if any are shown in
the GAD for reference).

Pier arms for platforms:

D&B contractor has to design and construct pile, pilecap, pier and pier arm to
support the station platform. The pier arm shall be so designed that it shall allow
viaduct through the station portion in a station length of approximately 77.5m.
Details of station portion will be furnished to the successful bidder; suitable
assumptions may be made at this stage. The GAD is enclosed with this document
to facilitate the design of support structure taking into account the prevalent code,
manual and best practices. It may be noted that the station support structure will
have to confirm to the acceptable deflection and vibration norms and the viaduct
spans will be constrained in terms of spans. The location of piers and the span
arrangement suggested by the contractor have to be got approved by the Engineer
before execution. The contractor shall not have any claims if any changes are
suggested by the engineer. Following load should be considered for designing the
pier arm which will support station platform beam as well as deck slab.

(i) Floor loads viz self weight, live load of 5 KN/sgm, floor finish, platform
screen door etc.

(ii) Connecting bridge support beam loads — be furnished after freezing the
station concept plan.

(iii) Roof column loads- approx. 15T (Vertical), 2MT (Horizontal in each
direction) and Transverse moment of 2 MT-M to be considered. Detailed
loading diagram will be provided at detail design stage after freezing the
station concept plan.

(iv) 1-Girders/Beams will be seated on the extended pier arms.

(v) The present RFP includes pier arm for the stations at platform level. It
means the foundation, pier and pier arm for the station area are to be
designed and constructed, taking into account station load. A typical
cross section and size of pier arm is enclosed along with this document.
The contract includes station piers @ 19.375m span making total station
length as approximately 77.5m. These station piers will also have
platform pier arms (to support platform girders). The viaduct will pass
through all station locations. The design and build cost of the present
RFP to include above aspects. The platform girders are not in the scope
of present RFP.

2.1 SCOPE UNDER LUMP SUM PRICE:

The scope of work in brief is given below but, the scope includes all other requirements
stipulated in various parts/volumes of the contract document including appendices and
annexures thereto.

It includes:-

2.1.1 FOR VIADUCT
1. Detailed Survey of the alignment for viaduct (including station locations), soil investigation
at every pier location, utility checking, fixing an optimized span configuration as per
contractor’s design subject to the obligatory requirements as shown in the GAD.

Contractor
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2. Design & Construction of Open/Raft/Footing/Pile foundations including pile cap, pier, portal
pier (wherever applicable), pier protection crash barrier, pier cap (normal, cantilever,
extended as applicable), portal beam, bearing pedestals, bearings, shear keys, seismic
restrainers, hold down devices if required etc. complete.

3. Design & Construction of Pile foundations including pile cap, pier, pier cap, pier arm
(platform level/track level), superstructure (same as that followed in viaduct), bearing
pedestals, bearings, shear keys, seismic restrainers (if required), hold down devices if
required etc. complete in the station limits along the viaduct portion. A typical Elevation
Drawing at station locations is enclosed with the tender/bid documents. The span
configuration may vary slightly based on site constraints. Typical elevated station shall
have pier arms only at track/platform level. The pier arms shall be RCC/PSC members as
shown in the tender drawings. These pier arms shall accommodate the platform level
girders with deck slab (platform including circulating area, station roof, connecting bridges
with roof, etc.) and other subsequent finishes. The platform level girders with deck slab
and the subsequent finishing is not included in the scope of works under this contract.
Hence, does not constitute a part of Lump Sum contract.

4. Design & Construction of superstructure of standard spans, non-standard
spans/(obligatory) spans, spans supporting special track layouts if required. Superstructure
spans to be constructed by segmental construction method. (Segmental box girder is
Maha Metro’s preferred choice). However, Contractor can propose alternate sections
keeping overall dimension of the superstructure as indicated in the tender drawing. It may
be noted that alignment may contain certain special spans. Nothing extra shall be paid for
the complexities involved in the construction of these special spans

5. Alignment is having a Pili Nadi/Nallah span near chainage Ch (-) 925m to Ch (-) 980m
(GAD to be referred). The same will be the part of lumsum contract. Nothing extra shall be
paid for the complexities involved in the construction of this span. The portal piers of this
nallah shall be round in shape.

6. Alignment is having a 258m (74m+110m+74m) balance cantilever railway crossing span
as shown in GAD between Pili Nadi and Khasra Fata Metro stations. This is the part of the
lumsum contract and nothing extra shall be paid for the complexities involved in the
construction. Bidder is requested to quote the price against lump sum Schedule
considering the necessary/requisite arrangement as per the site conditions.

7. Alignment is also crossing a four lane standalone ring road/Bypass connecting expressway
which is passing near Ch (-) 4550m (GAD to be referred). Bidder is requested to quote the
price against lump sum Schedule considering the necessary/requisite arrangement as per
the site conditions. Nothing extra shall be paid for the complexities involved in the
construction of foundation, substructure and superstructure of the obligatory spans.

8. GAD furnished to the contractor as a part of the tender/bid documents contains tentative
span configuration proposed by the Employer. However, contractor shall put forward his
proposed span configuration. Engineer shall review and approve the same in consultation
with Employer. Indicative spans are 19m, 22m, 25m, 28m, 31m. Standard span
configuration of 28m or 31m shall be adopted where the alignment is either straight or
radius of horizontal curvature is 700m and above. Suitable span configuration of 19m,
22m, 25m shall be adopted if the radius of horizontal curvature in alignment is sharper than
700m. At obligatory locations or where there are site constraints, the span length can be
34m. Segmental box girder construction for a span length beyond 34m shall be permitted
only in exceptional cases by the Engineer duly in consultation with Employer. If the radius
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11.

12.

13.

14,

15.

16.

17.

18.

19.

Work Requirement

of horizontal curvature in the alignment is 150 m or sharper, then top width of deck slab in
superstructure of viaduct shall be ensured as per the guidelines issued with tender
documents at Appendix 20.

For spans supporting special track layout if any (e.g.: pocket track, elevated stabling lines)
PSC |-Girder with deck slab may be permitted at no extra cost. Steel Spans/Steel
Columns/Steel Piers are not permitted. Indicative spans may be followed for standard units
as far as possible. However, in case of obligatory span and sharper curves, Steel
Composite I-Girder maybe resorted to, with Employer’s permission at no extra cost.

Bidders have to make sure that while submitting their proposal and superstructure design,
the rail levels as envisaged in GAD shall be final. Variation in the range of £500mm from
rail level provided in the GAD enclosed with the bid/tender drawings is deemed to be
included in the lump sum portion of contract. Variation beyond this range shall be paid or
deducted as the case may be. Only the increase/decrease in height of pier(s) (i.e. concrete
and steel quantity) will be considered for either payment or rebate in this case. Difference
between actual executed Rail levels and Rail levels as furnished in the GAD at each Pier
location shall be considered to evaluate any variation arising on account of change in Rail
level.

Purely Steel Structures shall not be allowed. However, in obligatory locations, composite
structures may be permitted with prior approval of employer.

GAD enclosed with this RFP shall also contain the tentative span configuration. Contractor
is permitted to make amends to the span configuration based on site constraints or utilities
subject to the approval of Engineer.

Pile foundations with socketing in any type of rock as per the design/codal requirements.
However, minimum length of pile as approved by the Engineer (complying with the
design/codal requirements) shall be provided in any case.

If at any location, permanent liners are required for piling, then the same is inclusive in
lump sum quoted price.

Pile caps / Open Foundations resting at any depth depending upon the site condition shall
include excavation, levelling course, PCC, dewatering, sheet piling/soldier piling & wooden
lagging, if required, backfilling with sand complete in all respects. In case rigid pavement
(Cement Concrete Road) is encountered along the alignment, cutting of the same for
foundation works and restoring shall be taken up by suitable means as directed by
Engineer so as not to disturb/weaken the surrounding pavement.

Placing precast girders in position on the piers by suspended type or under slung type
launching system. Nothing extra will be payable for cast in-situ spans and no deductions

will be made either.

Stray current corrosion prevention measures (including extra rebars in various RCC/PSC
structural members) to be applicable for earthing only.

Elastomeric (Horizontal) bearings for all spans based on detailed design.

Vertical elastomeric bearings wrapping the seismic strainer with all necessary accessories
as per approved design and scheme.
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21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Work Requirement

RCC Pedestals with necessary inserts (hot dipped galvanized bolts) in the superstructure
of viaduct to support OHE and signalling masts. Layout Plan for the OHE masts is
enclosed herewith the tender documents as Appendix: 21. Thickening of parapet is to be
carried out for OHE mast as required as per OHE/Signalling layout plan.

POT/PTFE/Spherical bearings (based on detailed design) for any span (if required)
including seismic restrainers.

Hot dipped galvanized MS hand railing over parapet of the Viaduct as per tender drawing.
Integrated parapet shall be provided with logo design approved by Maha Metro.

Height of the parapet integrated with track supporting structure in normal viaduct shall be
700 mm from the superstructure deck top level. However, Height of parapet integrated with
track supporting structure in station premises shall be 1100 mm from superstructure deck
top level.

Crash Barrier for piers, portal legs etc. in both stations and viaduct as per tender drawing.

Inserts/shear connectors/starter bars for Track plinth is within the lumpsum scope of this
contract. (Track plinth is not in the Scope of this work). In case the starter bars are not
required to be provided, recovery for the same shall be made as per the rate of TMT
reinforcement prevailing in schedule A of BoQ. Drawing showing the details of Shear
Connectors for track plinth is enclosed with tender/bid documents as Appendix 22.

Expansion joints in the track supporting superstructure including station locations along the
viaduct as per relevant tender drawings and specifications. The slope concrete required (to
cater to the wheel chair movement during emergency evacuation) at Expansion joint
location around the Manhole cover as per the attached drawings. This shall be included in
the lump sum quoted price and Nothing extra shall be paid.

Man holes with manhole covers (one per span) made of Fibre Reinforced Polymer (FRP)
on the deck of superstructure with locking arrangement as per attached tender drawings
and relevant technical specifications.

Earthing arrangement, inserts for signalling masts in the parapets and other systems as
may be required. Layout Plan for the Signalling masts is enclosed herewith the tender
documents as Appendix: 23.

Drainage system shall comprise of provision of hot dipped galvanised drainage spouts in
alternate segments of every superstructure span and the subsequent piping network in
UPVC including the hanging supports and fixtures, travelling upto the corrugated HDPE
pipe in Pier/Pier cap/Pier arm. Drainage arrangements will be from inside the pier.

Piers including cantilever pier caps, Portal piers and Portal beams.

Shape and appearance of Piers shall be as decided by Maha Metro from aesthetic point of
view. Size shall be as per design requirement. Maximum eccentricity of alignment centre

line from the centre line of pier shall be limited to 1.8 m

Provision for cut-outs in the viaduct required for services in coordination with various
system contractors.

Provision for Maha Metro logo on the outer face of parapet as per the tender drawings.
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35.

36.

37.

38.

39.

40.

41.

Work Requirement

Provision for MS staircases (complete in all respects along with railing) for approaching the
viaduct track bed from station platforms at both ends for up & down lines constitute a part
of the lump sum quoted price. The pier segment’s parapet of approach span shall be
casted for 50% width only in order to avoid cutting of parapet during above staircase fixing.

Epoxy painting as per RDSO guidelines for durability of concrete structures relevant
technical specifications for all the exposed surfaces of RCC and PSC members of viaduct
including the station locations along the viaduct namely piers, pier caps, portal piers, portal
beams, pier arms (station location), bearing pedestals, superstructure (soffit and sides
only), outer face of parapet. Deck top of the superstructure and inner face and top of
parapet excluded.

For all spans, the design is to be done by contractor and shall be approved by Maha-
Metro. An experienced designer in the field of Elevated Metro Viaduct and Station works,
shall be engaged by the contractor with due approval of Maha Metro. The design of
bearings, shear keys of seismic restrainers, hold down devices if required shall also be
done by the contractor, which shall be approved by Maha Metro. Approval of Maha Metro
will be after proof checking by the proof checking agency appointed by Maha Metro.

Shifting of utilities (either underground or overhead) ranging from water pipeline, sewer
line, electrical, signalling, telecom cables etc. (Excluding HT lines) will be the responsibility
of Civil contractor and charges for the same shall be paid separately as per relevant
Schedule (Schedule-C). Maha Metro shall provide all necessary assistance in liaisoning
with the utility owning agency. NOC & Approval of schemes of diversion of utilities from the
concerned regulatory/statutory/local authority is the responsibility of the contractor.

Utilities maybe verified by bidder physically at site. The bidder should ensure that no
foundation of pier is located throughout the length in such locations. If at all, bidder is
required to take up diversion of utilities, payment towards the same shall be made as per
Schedule C.

Demolition/dismantling of RCC framed /steel structures/buildings, masonry buildings
including basement, ground and above floors as existing at site on the alignment of viaduct
as indicated in GAD without making damages to the adjacent structures, utilities, etc.
including disposing off retrieved materials out of site of work. Demolition /dismantling of
road, footpath, kerb stone, central verge, boundary wall, etc. Tenderer must visit the site
and ascertain actual magnitude of quantum of work involved for footpaths, kerb stone,
central verge, boundary wall, etc. and nothing shall be payable on this account. Retrieved
materials obtained from demolition/dismantling shall be property of the contractor.
Acquiring and evacuation of the properties will be done by the concerned authorities.

The contractor has to get necessary permission/ NOC from the Railway, PWD, NMC,
NHAI, Police, Traffic Police and other concerned regulatory authorities for blocking
services and working in such locations. Maha-Metro will only assist the contractor (e.g.
Issuance of letter to concerned departments) for getting the permission from concerned
regulatory authorities for working in such locations.

Disposal of surplus materials including excavation spoils, pile heads etc. to the dumping
site approved by the Engineer, irrespective of lead and lift (ascent/descents). All debris that
includes concrete blocks, pile heads bricks etc may have to be disposed off by the
contractor at nominated places (to be identified by contractor in consultation with local civic
bodies) including all lead and lift. However, Maha-Metro’'s preferred choice is that
contractor convert them into useable tiles/bricks so as to ensure that the dumping of such
unwanted materials do not harm flora and fauna.
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43.

44,

45.

46.

47.

NOTES:-

Work Requirement

Width of median including crash barrier shall be limited to 2.5 m. However, in exceptional
cases like NHAI area, the same width prior to taking up Viaduct/Station construction
activity shall be maintained even after restoration. with the approval of Engineer.

Siding line/pocket tracks if any, within chainages as shown in the GAD is in the Lumpsum
scope of work.

Rain water harvesting with ground water recharging in alternate span to cater the
discharge from all piers as per attached tender drawings is part of lum sum contract.

Emergency evacuation path marking shall be provided to facilitate passengers to
streamline emergency evacuation process.

Walkway/step to be provided beside derailment guard of both up and down track on either
end of the station in between track access gate. No extra payment shall be given for the
same.

Metro segments of two spans (34m & 31m) are already casted and available with employer
and the same is to be erected at suitable locations in the alignment. The substructure work
of the same will be the part of lump sum contract. Contractor is required to design the
substructures of these spans accordingly.

1) Pile foundation for viaduct shall contain a minimum of three / four piles per pier (in case of

single pier structure) and the minimum diameter of piles shall be 1000 mm Piling shall be
done using Hydraulic rotary piling rigs. Open footing/raft foundation will be provided in case
pile foundation is not feasible or technically not required. In case of open foundation resting
on hard rock strata, necessary shear/rock anchors shall be provided at no extra cost to the
Employer.

2) Earth filling of pile cap area to be done with proper compaction with Contractor's own good

earth up to plinth level wherever required. For the area falling on the road, backfilling shall
be done with sand only. Nothing extra shall be payable for the same.

3) Other than portal pier locations, it is obligatory for the contractor to provide a single pier

structure in the viaduct.

4) Contractor has to maintain a minimum statutory vertical clearance of 5.5 m from road

surface to bottom of any structure. A drawing has been furnished with tender documents for
reference.

5) The location of piers should be decided in such a way that they do not disturb the road

geometry and also should not obstruct any water flow for which the decision of concerned
department/Maha Metro shall be final and binding.

2.1.2 SCOPE OF WORKS FOR RAILWAY CROSSING SPAN (PART OF LUM SUM CONTRACT)

The proposed metro is crossing railway track over an existing RUB (Road under Bridge) as
shown in the GAD between Pili Nadi and Khasara Phata Station. The Railway crossing
span is proposed to have balance cantilever span with Spherical/POT PTFE bearings. The
scope of work consists of design and construction of pile foundations, sub-structures and
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super structure with railing on both sides and arrangements for fixing of OHE Masts and
signal poles, providing shear connectors for track plinth casting etc. which includes:

Contractor

i)

i

ii)

Vi)

vii)

viii)

Xi)

Xii)

xiii)

Design and construction of Balance cantilever span over existing railway
track for Metro Loading conforming to the approved DBR and in
accordance with the approved GAD including launching with or without
power and traffic blocks, as applicable.

Design shall be carried out as per Employer’'s Requirement-Design and
General Planning Criteria. Outline Design Criteria for Viaduct shall meet
the provisions of Requirements in Design Phase of Railway Crossings
detailed at Annexure-VII-8

Preparation of GAD, GFC’s for the works, Detailed design drawings
(Including design of bearings), Temporary arrangement drawings for the
execution of balance cantilever span and obtaining necessary approvals
from the Engineer/Employer, appropriate authorities of Indian Railways
and Commissioner of Railway Safety inclusive of incorporation of all
modifications, alterations, changes etc. that may be required to be carried
as directed.

Design, supplying, fitting and fixing in true line position and level
Spherical/POT PTFE Bearings after obtaining necessary approval from the
Engineer/Employer, appropriate authorities of Indian Railways.

Preparation of Temporary Arrangement Drawings (TAD) which include
step wise launching including documentation and further processing and
obtaining CRS Sanction for the execution of works.

Preparation of Quality Assurance Plan (QAP) for super-structure including
bearings and obtaining approval from Engineer/Employer or as directed.

Obtaining necessary Power / Traffic / Shut down from Indian Railways for
execution of the works.

Conducting detailed subsurface exploration and taking at least one number
bore hole at every foundation location, including analysis, interpretation
and reporting of results thereof in accordance with IRC 78 (Standard
Specifications and Code of practice of Road Bridges Section VII
Foundations and Substructure) and IS 2911 required for preparations of
design of foundations. The depth of soil exploration shall be as per codal
provisions, required for pile foundation.

Provision of suitably designed pile foundations for piers in accordance with
actual soil parameters as obtained from detailed sub surface exploration
as required or as directed. All foundation shall be on piles of 1000/1200
mm dia. with minimum 8mm thick permanent MS liners as per
requirements, for complete pile length above hard/ rocky strata duly
anchored as per Codal provisions. All piles shall be cast-in-situ piles bored
by hydraulic rotary rig only.

Site clearance and dismantling of obstructions, construction of
approaches, temporary bridge (if required), filing etc. before
commencement of work as required or as directed;

Pilecaps resting at any depth depending upon the site condition shall
include excavation, levelling course, PCC, dewatering, if required.
Backfilling shall be done as per technical Specification.

Provision of suitably designed spherical/POT PTFE bearings including
bearing pedestals, shear key restrainers, vertical stoppers and testing of
bearings as required or directed.

The superstructure is conceptualized to be constructed with suitably
designed Pre-stressed Balanced Cantilever Construction (CLC) method
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with three CLC spans of configuration (74m-110m-74m) for the complete
length of the bridge, as required or as directed (No other type of
superstructure is acceptable). This shall include provision of shear
connectors in the deck as per tender drawing to suit installation of Ballast
less track, later by Track contractor.

Providing suitably designed railing on both side of deck arrangement,
expansion joints, drainages spouts /spreaders, inspection ladder along
with suitably located manholes. Providing holding down bolts for fixing
OHE/Signalling Masts on sides of structure etc. at the location and spacing
as required by traction contractor as per tender drawing. Strengthening of
parapet is to be carried out for OHE/Signalling mast as required as per
OHE/Signalling layout plan.

Earthing arrangements of individual elements as per tender drawing like
railings, pier-cap, piers etc. complete in all respect. Drainage system,
inserts/ anchor bolts for OHE/signaling masts at required location.

Suitable provision to be made for inspection of Bearings and inside of CLC
to inspect various parts of the CLC at a later date after completion of the
bridge. Manholes to be provided with FRP cover and locking
arrangements.

xvii) Making access to site to facilitate movement of vehicles and preparation of

Xviii)

Xix)

XX)

XXi)

area for positioning of cranes and any other machinery for construction etc.
These areas shall be checked for desired load carrying capacity & ensure
safety of any underground/ adjacent structures, utilities for which nothing
extra will be payable. Maha-Metro shall be kept indemnified against any
damage/ loss which may occur during such operation, at no additional
cost.

Results of the sub surface investigations conducted at the project site are
enclosed with the tender document. The information about the soil and sub
soil water conditions is being made available to the contractor in good faith
and the contractor shall have to obtain the details of sub-soil investigation
independently as may be considered necessary by him before quoting
rates in the tender. No claims whatsoever on account of any discrepancy
between the sub surface conditions that may be actually encountered at
the time of execution of work and those given in these tender documents
shall be admissible to the contractor under any circumstances.

Providing and fixing protective screens as per the approved drawings.

Providing and fixing in position expansion joints as per the approved
drawings.

Conducting deflection load test/Span load test as per relevant Indian
standard or as specified in the specifications.

xxii) Preparation and submission of Completion drawings (As-Built drawings)

XXiii)

XXiV)

for the approval of Engineer-In-Charge.

Any other item of work as may be required to be carried out for completing
the bridge in all respect in accordance with the provision of the contract
and / or to ensure the structural stability and safety of the bridge during
and after construction. There is possibility of some of the items not getting
mentioned in the above list of works. Tenderers are requested to go
through the tender drawings also in details as the works mentioned above
as well as indicated in the tender drawings would be considered inclusive
in the scope of work under lump sum quoted price. Employer decision shall
be final and binding in this regard in case of dispute.

Payment of the works under this section will be made under schedule B
under Lump Sum scope.
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Work Requirement

There is a possibility of some of the items not getting mentioned in the above list of works
for viaduct. However, contractor has to design and execute the work as per the
requirement of Metro Railway line as per the latest and best engineering practices.
Employer decision shall be final in this regard in case of dispute. Some of the major
utilities cannot be diverted. Contractor shall take into due consideration the existence of
these utilities and design the foundations at these locations accordingly.

The work is to be designed, constructed and maintained as per relevant codes,
specifications, Special Specifications and drawings and/or as directed by the Engineer.
This is the part of Lump sum quoted price.

The work content against the lump sum component of the work shall also include but not
limited to the following:

a. Obligatory pier locations will be provided by the Employer to the Contractor and the
contractor would design the span configuration (only) based upon his proposal subject
to obligatory requirements. Utility identification at all the foundation locations will be
done by the Contractor before starting piling/excavation and in case utility(ies) is
encountered or obligatory requirements of Local Authorities are to be met out, the
Contractor would modify the span configuration at such locations to save the utility(ies)
or to meet the obligatory requirements within the accepted price. The shifting of the
utility(ies) can be undertaken only in exceptional circumstances where in the opinion of
the Engineer no other option is available. Such utility shifting will be executed by
contractor directly and shall be paid separately. No claim as regard to delay in
execution of the diversion can be entertained.

b. Site clearance and dismantling of obstructions etc before commencement of work as
specified or as directed;

¢. True and proper setting out and layout of the works, bench marks and provision of all
necessary labour, instruments and appliances in connection therewith as specified or
as directed;

d. Conducting load tests, Pile integrity and Cross hole sonic test on piles as per relevant
technical specifications. In case of open foundations, if any, plate load test shall be
conducted as per relevant codes of practice Conducting load test on girders (span load
test) as per IRC-SP-51. Conducting span load test on completed spans shall be as
follows (one span load test each for maximum span length and minimum span length
adopted and one span load test as per the discretion of Engineer-in-Charge)
separately for all types of superstructures and special spans.

e. All aspects of quality assurance, including testing of materials and other components of
the work, as specified or as directed by the Engineer. The payment shall be included in
lump sum price.

f. The Contractor has to ensure cleanliness of the roads and footpaths by deploying man
power for the same. The Contractor shall have to ensure proper brooming, cleaning
and washing of roads, pot hole repair and footpaths at regular intervals or as and when
required or directed throughout the entire stretch till the currency of the contract
including disposal of sewage. Regular interval implies that Roads and Foot-paths
should be maintained in clean condition throughout. Nothing extra shall be payable on
this account.
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g. Day to day cleaning of worksite throughout the execution period.
h. Clearing of site and handing over of all the Works, as specified or as directed.

i. Maintenance of the completed work during the period as specified. Contractor has to
do maintenance during the defect liability period. If any damage occurs due to third
party, then liability will not remain with the tenderer of this work.;

j- Preparation and Submission of completion (i.e. 'As-Built') drawings and other related
documents as specified for the approval of Engineer-in-Charge.

k. Preparing detailed designs, general drawings and working drawings for various
components of the works and obtaining approval in respect thereof from the Engineer,
inclusive of incorporation of all modifications, alterations, changes, etc. that may be
required to be carried as directed.

I. Barricading: The contractor shall have to provide boundary wall/ barricading as per
drawing to be approved by Engineer at all the land pockets to be used for Construction
Depot, store, site office and casting yard. The barricading of same are included in
lumpsum quoted price except the barricading specified in clause 2.8.3 of Employer's
Requirements-Functional. Barricading shall be as per relevant technical specifications.
Other requirements of Safety, Health & Environment as specified in conditions of
contract in SHE manual is included in Lump sum quoted price.

m. Results of sub-surface investigations conducted at project site are enclosed with the
tender documents at Appendix 24. This information about the soil and sub-soil water
conditions is being made available to the contractor in good faith and the contractor
shall have to obtain the details of investigation independently. No claim whatsoever on
account of any discrepancy in the sub surface conditions that may be actually
encountered at the time of execution of works and those given in these tender
documents shall be admissible to the contractor under any circumstances.

n. Maintenance of existing roads for good riding quality, service roads, footpaths, etc.
along the alignment of viaduct during the entire contract period including the extended
period is included in lump sum quoted price of Schedule 'B' head 'G' (General).
Construction of temporary road as required for diversion/widening to facilitate the
movement of traffic is also included in the lump sum quoted price of Schedule 'B'.
Dismantling of any existing roads/ footpaths etc. for temporary diversion/widening and
construction of temporary footpaths, diversion/widening for traffic diversion and its
regular maintenance for entire contract period is included in lump sum quoted price of
Schedule 'B'. Thus all the repairs, maintenance, upkeep of existing roads, temporary
diversion/widening of roads, footpaths during entire contract period including extended
period in a satisfactory condition as directed by the Engineer-in-Charge is included in
Lump sum quoted price of Schedule 'B'. However, the cost of final carpeting of the
roads or new road construction before handing over the roads to road owning agency
shall be paid separately under Schedule C. Also final restoration of footpaths as per
modified specifications and drawings as per requirements of the road owning agency
shall be paid separately as per relevant BOQ ltems.

o. Contractor has to maintain a minimum vertical clearance of 5.5 m from road surface
to bottom of structure. It is a mandatory requirement and if needed, the Rail level shall
be suitably amended with Maha Metro’s approval.
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p. Deployment of adequate number of traffic guards/marshalls, supervisors, in-charges at
various traffic junctions and provision of traffic signboards, hand delineators, portable
signals etc. and as accepted by Maha Metro. Payments will be made under relevant
items of schedule ‘A’. It may be noted that, these traffic marshalls are meant for guiding
and assisting the public traffic movement and shall not be used for contractor’s
vehicular movement.

Any other item of work as may be required to be carried out for completing the
construction of elevated structure of specified length including all necessary interface
works with station and system-wide contractors in all respects in accordance with the
provisions of the Contract and/or to ensure the structural stability and safety during and
after construction. Works to be performed shall also include all general works preparatory
to the construction and works of any kind necessary for the due and satisfactory
construction, completion and maintenance of the works to the intent and meaning of the
drawings adopted and technical specifications, to best Engineering standards and orders
that may be issued by the Engineer from time to time, compliance by the agency with all
conditions of contract, supply of all materials, apparatus, plants, equipment, tools, fuel,
water, strutting, timbering, transport, offices, stores, workshop, staff, labour and the
provision of proper and sufficient protective works, diversion, temporary fencing, lighting
and watching required for the safety of the public and protection of works on adjoining
land; first-aid equipment, sanitary accommodation for the staff and workmen, effecting and
maintenance of all insurances, the payment of all wages, salaries, fees, royalties, duties or
the other charges arising out of the execution of works and the regular clearance of
rubbish, clearing up, leaving the site perfect and tidy on completion.

2.1.7 INTERFACE WORKS

Refer Annexure VII-6 of Employer’s requirements for all the interfacing requirements with
various system contractors.

2.1.8 TRAFFIC MANAGEMENT

21.9

The Contractor shall prepare the detailed traffic diversion plans in consultation with Nagpur
Traffic Police. The work is to be executed by proper liaison with Nagpur Traffic Police.
Necessary assistance will be given by Maha Metro. The scheme should be such that
preferably two lanes, limiting to minimum of one lane of traffic in each direction of the road
should be available for the smooth flow of traffic. The Contractor should inspect the site.
The Contractor shall also strengthen the road where the diversions are planned by
widening, attending repairs of the existing road surface etc.

Any other item of work as may be required to be carried out for completing the construction
of elevated of specified length including all necessary interfaces works with station and
system contractors in all respects in accordance with the provisions of the Contract and/or
to ensure the structural stability and safety during and after construction are included in
lumpsum price.

2.2 STRUCTURES

The construction of structures will have to be planned in such a manner that they do not
obstruct or interfere with the existing roads/railways and other utilities. Where work is
required to be carried out at locations adjacent to such roads/railways, utilities, structures,
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24

2.41

Work Requirement

monuments etc. suitable safety and protection arrangements will have to be ensured for
which nothing extra will be payable. It should be ensured that no damage is caused to any
such elements and engineer/employer shall be indemnified against such damage at no
extra cost.

DESIGN CRITERIA

Design shall be carried out as per Employer’s Requirement — Design and general planning
criteria/Outline Design Criteria for Viaduct.

REFERENCE TO THE STANDARD CODES OF PRACTICE

All Standards, Technical Specifications and Codes of practice referred to shall be latest
editions including all applicable official amendments and revisions. The Contractor shall
make available at site all relevant Indian Standard Codes of practice and IRS & IRC
codes as applicable.

Wherever Indian Standards do not cover some particular aspects of design/ construction,
any other relevant standards like Euro Codes will be referred to. The Contractor shall
make available at site all such standard codes of practice.

In case of discrepancy among standard codes of practice, Technical Specifications and
provisions in sub clauses of NIT, the order of precedence will be as below:

Provisions in ITT and Employers Requirements

Technical Specifications provided in the tender documents,(order of priority IRS,IRC,IS
codes)

iii) CPWD specifications
iv) MORTH Specification for road & Bridges
v) Standard Codes of Practice

2.5

251

2.5.2

2.6

In case of discrepancy among Standard Codes of Practice, the order of precedence will be
IRS, IRC, IS, Euro. However, engineer reserves the right to adopt some specific provisions
in code, on engineering merit, irrespective of the order of precedence.

DIMENSIONS

As regards errors, omissions and discrepancies in specifications and drawings, relevant
clause of particular conditions of contract will apply.

The levels, measurements and other information concerning the existing site as shown on
the conceptual / layout drawings are believed to be correct, but the Contractor should
verify them for himself and also examine the nature of the ground as no claim or allowance
whatsoever will be entertained on account of any errors or omissions in the levels or strata
turning out different from what is shown on the drawings.

CONSTRUCTION OF DEPOT & DUMPING YARD

No land for casting yard or offices/laboratories etc. will be provided by the employer.
However, the employer will give the necessary assistance required for seeking
permissions but without any responsibility for the same. Contractor should make his own
arrangements at his own cost which is deemed to be included in Lumpsum quoted price
(Schedule “B”) of this contract.
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(ii)

(iii)

(iv)

(v)

Work Requirement

Satisfactory and suitable tyre washing arrangements shall have to be made by the
contractor for all the vehicles leaving the depot/casting yard to avoid the spillage on the
connecting roads.

TIME SCHEDULE & MONITORING OF PROGRESS

The agency shall submit with the tender "Time Schedule" for completion of various
portions of works. This schedule is to be within the overall completion period of 130
weeks. The detailed programme in the form of a quantified bar chart or CPM network shall
include all activities starting from design to completion.

In compiling its Works Programme and in all subsequent updating and reporting, the
contractor shall make provision for the time required for coordinating and completing the
design, testing, commissioning and integrated testing of the Works, including, inter alia,
design co- ordination periods during which the Contractor shall coordinate its design with
those of designated contractors, the review procedures, determining and complying with
the requirements of all government departments and all others whose consent,
permissions, authority or license is required prior to the execution of any work.

The Contractor shall submit to the Engineer, four copies of a Monthly Progress Report
(MPR), describing the progress and current status of the Works. The MPR shall address
the matters set out in the Works Programme.

The MPR shall be submitted by the end of each calendar month. It shall account for all
works actually performed from twenty sixth day of the last month and up to twenty fifth day
of the current month.

A monthly / biweekly meeting to monitor the progress of the project shall be convened by
the Engineer. Contractor's site representative and site representatives of all interfacing
contractors shall attend the meeting. The Employer may also be present in

the meeting.

2.8 OTHER SCOPE OF WORK UNDER BOQ ITEMS

2.8.1 Tree cutting & transplanting after getting permission of forest department / nodal agencies

(permission for tree cutting to be arranged by Maha Metro). The payment of the same shall be
made as per the relevant head (Schedule A) of BoQ includes fixing of precast Reinforced
concrete median crash barrier members.

2.8.2 Median development works along the viaduct including the station limits. This in true level and

line, painting external surface of these members as per the scheme approved by the Engineer,
filling up of good earth in the chambers thus formed. Reinforcement for the same shall be paid
as per relevant items as per Schedule A of BoQ

2.8.3. Barricading: Locations where road vehicles / pedestrians are moving, along the Viaduct /

Stations /Construction sites as directed by Engineer, shall be provided & maintained with
barricading as per the approved scheme or drawings provided. Traffic barricades with
blinkers, reflective tapes and other necessary traffic signages should be provided wherever
required as per detailed plan. Temporary traffic diversion for smooth flow of traffic will be
provided during construction including necessary ftraffic signs, repairs to diverted
route/services lanes if required. Traffic marshals shall be deployed for the period of diversion
to guide the road users and to avoid traffic congestion. Restoration of diverted route to original
condition etc. shall be done by Contractor. Contractor shall be paid under relevant items of
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Schedule 'A'. However, barricading of construction depot, store, site office and casting yard as
mentioned in para 2.1.5 (L) of Employers Requirement —Functional is included in lumpsum
price of Schedule B.

2.8.4 The shifting of the utility (ies) would be undertaken only in exceptional circumstances where in

2.8.5

2.9

(ii)

(iii)

(iv)
(v)

(vi)

the opinion of the Employer no other option is available. Shifting of utilities (either underground
or overhead) ranging from water pipeline, sewer line, electrical, signalling, telecom cables etc.
(Excluding HT lines). will be the responsibility of contractor and charges for the same shall be
paid separately. Maha Metro shall provide all necessary assistance in liaison with the utility
owning agency. NOC & Approval of schemes of diversion of utilities from the concerned
regulatory/statutory/local authority is the responsibility of the contractor. For the utilities which
are not to be diverted, proper supporting shall be done by contractor to prevent any damage.
No payment shall however be made for supporting and protecting the utilities during course of
the work.

Metro segments of two spans (34m & 31m) are already casted and available with employer
and the same is to be erected at suitable locations in the alignment. The same will be the part
of BoQ. The payment for erection will be made under Schedule-D.

UTILITIES

Utility identification at foundation locations will be done by the contractor well in advance
before taking up the detailed design for Viaduct and in case utility (ies) is/are encountered
or obligatory requirement is to be met out; the contractor shall modify the span
configuration at such location(s) to save the utility (ies) or to meet obligatory requirements
within the accepted price. Shifting of utility (ies) would be done by contractor only in
exceptional cases where in the opinion of the Engineer no other option is available. No
payment shall however be made for supporting the utilities during course of work.

The utilities are to be diverted with proper liaison and approval of the utility owning
agencies. The utilities which need not be diverted but require proper supporting, the same
shall be ensured so that they are not damaged along their branches. Precautions to be
taken while handling the utilities are mentioned as under;

Utilities must not be damaged at any cost. If due to some reason or the other, mishap
occurs, it should be rectified immediately by the Contractor at his own cost under
intimation to Maha Metro.

Till rectification of the damaged trunk sewers, the Contractor shall arrange substitute
arrangement for sewage pumping and its disposal as per directions of Engineer. Similar
arrangement is to be done for other utilities.

The manholes of Trunk/Sewers should not be covered under the foundations as these
may create hindrances to the annual de-silting/cleaning of sewer lines.

Sufficient distance of foundation from outer edge of Trunk / Sewers shall be ensured in
view of further maintenance/Safety of Trunk /Sewers.

The covers of manholes be saved from heavy machinery movement to avoid any
accident/Slippage of malba in manholes etc. into the Trunk /Sewers which may cause
blockage of lines. In case of damages to manhole cover & frame, the same shall be
replaced immediately by the Contractor at his own cost.

Manholes of the trunk sewer should be kept freely accessible for cleaning and removal of
blockages and malba should not be dumped over these manholes.
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210

3.

4.

(1)

(2)
(3)

Work Requirement

Branch sewer connections which are connected with the trunk sewers should also be
taken care of. If the same are damaged, the same should be restored immediately on
priority.

NOC & Approval of schemes of Diversion of Utilities from the concerned regulatory /
statutory / Local Authority will be the responsibility of Contractor.

These are only indicative for one of the utilities only. Similarly, necessary precautions
which are specified from time to time by the utility owning agencies shall also be followed.
The Central verge/footpath furnishings which are to be dismantled be handed over to the
concerned department in their stores at contractor’'s own cost.

INSPECTION

Maha Metro may appoint an independent agency to ensure the quality checking of design,
supply, fabrication, erection and construction of all the works under ‘scope of work’. The
contractor shall ensure complete co-operation with the agencies to perform their work
satisfactorily. In addition, Maha Metro also reserves the right to undertake quality check
and inspection directly by itself.

ALIGNMENT OF TRACKWAYS

The alignment shall be as shown in the tender drawings. The alignment has been
developed by the Employer to meet operational and technical criteria. The Contractor is
not required to evaluate the alignment for compliance with these criteria, but shall review it
with respect to his own design and construction proposals and shall satisfy himself that
there is no conflict with existing structures which are to be preserved.

The Contractor is permitted to propose minor deviations in alignment to suit his construction
proposals, but he must demonstrate that any such deviations shall comply with good design
practice and the alignment requirement of the design criteria. However, such deviations
shall require prior approval of the Employer subject to following conditions:-

(i) There is no extra cost to the employer

(ii) Changes proposed are essentially required to suit the contractor's specific design

(iii) There is no change at the contract boundaries or if there is any, the same is agreed by

the contractor of the adjoining section without any extra cost to the employer.

CLEARANCES

The permanent works shall not infringe the Structure Gauge. Extra clearances shall be
provided on curved alignment as per the schedule of dimensions.

The permanent works shall provide for installation by the designated contractors of
operating equipment for the railway and without infringement of the Structure Gauge.
Railway clearances:

Various clearances shall be provided as per the schedule of dimensions approved for
Maha Metro.

Construction limits:

(a) The limits of land for the works will be given to successful tenderer. The contractor shall

design the works to be contained totally within these limits, respecting the regulations
concerning construction and property boundaries of the local authorities such as NMC, NIT,
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MADC. In the event that the contractor, having used its best endeavours, is unable to
design the permanent works and utilities to be contained totally within these limits, then the
Employer will obtain the necessary additional land or the Contractor may be required to
redesign the structure as instructed by Engineer

(b) The limits of land will be given to the successful tenderer but for general guidance it is 5m

on either side of the centre line. However, the permission for barricading etc. will be given
depending upon the preparedness of the contractor, issues concerning traffic department
etc. as is the usual practice. It may undergo changes after final survey and the Contractor
shall make any adjustments necessary to the design to acknowledge the changes to the
limits as then defined. Site will be made available progressively depending upon the
requirement.

DESIGN LIFE

The design life of all permanent works shall be 120 years.

DURABILITY AND MAINTENANCE

The Permanent Works shall be designed and constructed such that, if maintained
reasonably and in accordance with the Contractor's statement of maintainability contained
in the Contract, they shall endure in a serviceable condition throughout their minimum
lives.

The permanent Works shall be designed and constructed so as to minimize the cost of
tenancy whilst not compromising the performance characteristics and ride quality of the
railway.

Restoration of roads, utilities and other services dislocated during construction is the
responsibility of the contractor.

Survey, instrumentation, ground treatment, ground and building monitoring, risk analysis,
settlement prediction, preventive and corrective actions is the responsibility of the
contractor.

Traffic management along the worksite including works connected with traffic
management is the responsibility of the contractor.

Reinstatement of services (such as street lighting, signalling system, bus stand, footpath
including kerb stone, boundary wall, horticulture work and any other work to bring the site
to original position) within barricading area as per current standards with new materials
(except electrical/signal post which may be reused if they are usable.

The contractor shall be responsible for obtaining relevant certificates or clearance from
local civic authorities.

The contractor shall be responsible for obtaining approval from all relevant civic authorities
having jurisdictional authority wherever required.

OPERATIONAL REQUIREMENTS

The Permanent Works shall be designed to permit the Metro to operate satisfactorily at a
maximum design speed of 90 Kmph (operational speed of 80 Kmph).

as described in Design Basis Report.

The vertical and horizontal alignments for the main line track work shall comply with the
conditions laid in as below in points (4) & (5)
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11.

12,

13.

Work Requirement

Particular attention shall be paid to locations where flooding could damage the railway. In
particular, construction of surface water drainage systems including plinths and ducts shall
be avoided in the vicinity of traction substations to obviate any risk of flooding of electrical
equipment areas.

During construction the contractor shall be responsible for providing and maintaining
adequate flood protection to ensure protection of the works.

ENVIRONMENTAL CONSIDERATIONS

All provisions and conditions contained in the conditions of contract on safety, health &
environment, Section Xl shall be strictly complied with. Bidders should note that any
stipulations specified by the funding agency in relation to Environment, Social, Health and
Safety (ESHS) shall have to be complied in all respects. Such stipulations will be uploaded
along with as addendum in due course of bid process.

URBAN PLANNING FUNCTIONAL REQUIREMENTS

(1) Requests for temporary power supplies for the construction of the works must be
submitted by the contractor to the concerned authorities. Alternatively, separate power
supplies may be arranged by the Contractor independent of concerned electricity
distribution/transmission authority subject to compliance with all necessary statutes.

(2) In addition, a number of agencies are involved in the reinstatement works, permanent
road accesses, temporary road accesses, refuse collection accesses, street
lighting, traffic management and fire hydrant positions. The Contractor is responsible
for obtaining the approvals for these other works

The Contractor is responsible for obtaining the approval of applications from the above
authorities for the design and construction of works. The Employer may provide assistance
in order to obtain any permission on clearances.

TRAFFIC MANAGEMENT

The Contractor shall carry out the works so as to minimize disruption to road and
pedestrian traffic. The Contractor shall prepare his traffic management plan based on his
proposed construction methodology in co-ordination with Engineer and in conjunction with
Nagpur Traffic Police. He shall comply strictly with the approved plan during construction
of his works. The design shall provide for temporary road decking wherever necessary to
provide minimum no. of traffic lanes as agreed with Nagpur Traffic Police.

MISCELLANEOUS

The contractor shall note that the Commissioner for Metro Railway Safety (CMRS) will
inspect the works from time to time for the purpose of determining whether the Metro
Corridor Project complies in terms of operational and infrastructural safety in accordance
with the Laws of India. The contractor shall note that CMRS approval is mandatory for
commissioning the system. Notwithstanding other provisions of the Contract, the
Contractor shall ensure that the Works comply with the requirements of CMRS in terms of
construction to the drawings and shall assist the representatives of CMRS in carrying out
their inspection duties and also comply with their instructions regarding rectifying any
defects and making good any deficiencies.

STANDARDS
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Equipment, materials and systems shall be designed, manufactured and tested in
accordance with the latest issue of International and/or National codes and standards. The
contractor shall submit hard copies in original to the Engineer of all codes and standards
used for the work.

Reference to standards or to materials and equipment of a particular manufacturer shall
be regarded as followed by the words "or equivalent". The contractor may propose
alternative standard materials or equipment that shall be equal to or better than those
specified. If the contractor for any reason proposes alternatives to or deviations from the
specified standards or desires to use materials or equipment not covered by the specified
standards, the Contractor shall apply for the consent of the Engineer. The contractor shall
state the exact nature of the change, the reason for making the change and relevant
specifications of the materials and equipment in the English language. The decision of the
Engineer in the matter of quality will be final. No compensation or extra money shall be
paid.
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SECTION-VII-C
EMPLOYER'S REQUIREMENTS — DESIGN

1. INTRODUCTION

1) The Employer's Requirements - Design, specifies the procedural
requirements for the preparation of the design of the Permanent Works.
These requirements are subdivided into those that are to occur during the
Design Phase, those that are to occur during the Construction Phase, and
those that are of general application.

2) In addition to the express requirements herein, the Contractor shall,
whenever the Engineer so requests, provide information and participate in
discussions that relate to design matters.

3) The Contractor shall engage the Designer who shall undertake and prepare
the design of the Permanent Works and Temporary Works. The Contractor
shall establish an office for his core design team at the Site in Nagpur and
upon failing to establish the office, penalty will be imposed. The core
design team shall function from this office i.e., production of design and
drawings shall be from this office.

4) Designer for permanent works and temporary works can be separate
entities. Design of temporary structures can be got done by in-house
design team provided it has the required competence and credentials with
relevant experience in designing of similar comparable structures, as an
entity. Design of permanent structures also can be done by the in-house
design team, provided the design team as an entity has the required
competence and credentials with relevant experience in designing of
similar comparable structures, as mentioned in the tender conditions.
However, the design of all temporary structures (along with its effects on
permanent structures) shall be proof checked by third party agency
appointed by contractor. This Third-Party agency shall also have the
competence and credentials  with relevant experience in
designing/checking of similar comparable structures, as an entity. Effects of
temporary structures on permanent structures shall be considered.

5) Design review meetings as decided by Maha-Metro and other discussions
during proof checking, etc. shall be attended by the Designer.

6) The Contractor shall ensure that the Designer continues to be represented
in Nagpur at all times by staff whose seniority and experience are to the
satisfaction of the Engineer and whose representative is available on the
Site as necessary or as required by the Engineer.
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7) The Contractor shall submit his Quality Assurance Plan as required at
Appendix 6 for the design required by the Contract.

8) The Contractor shall ensure that all 5D-BIM System requirements
(Annexure-VII-10) are followed during all stages of design and construction.

REQUIREMENTS DURING DESIGN PHASE

1) The principal requirements of the Design Phase are the production of the
Preliminary Design, the Definitive Design and Good for Construction
Drawings (GFC).

2) Preliminary Design

The Preliminary Design shall incorporate guidelines provided in tender
documents and conceptual arrangements submitted. In addition, general
construction methods and documentation needed to develop the
Definitive Design shall be submitted.

3) Definitive Design shall accord with and incorporate the Contractor's
Technical Proposals and shall be the design developed to the stage at
which all elements of the structures are fully defined and specified and in
particular:

a) Calculation and analysis are complete.

b) All main and all other significant elements are delineated.

c) All tests and trials and all selection of materials and equipment are
complete.

d) Shall take full account of the effect of the proposed methods of
construction and Temporary Works on the Permanent Works.

4) During the preparation of the Definitive Design, the Contractor shall
complete all surveys, investigations and testing necessary to complete the
design of the Permanent Works.

5) The Contractor shall sub-divide the proposed Definitive Design into Design
Packages to be submitted in advance of the Definitive Design Submission
and to be identified in the Design submission Programme. The Design
Packages are to relate to the significant and clearly identifiable parts of the
proposed Definitive Design and shall address the design requirements as
described herein. The Design Packages shall facilitate the review and
understanding of the definitive Design as a whole and shall be produced
and submitted in an orderly, sequential and progressive manner.

6) Separate Definitive Design Submissions may be prepared for those major
elements to be procured by sub-contract and which sub-contracts include
design. Where such work is to be procured by the Contractor on the basis
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of outline design, design briefs and performance specifications, such
documents may be submitted as Definitive Design Submissions.

7) Upon issue of the Notice in respect of the Definitive Design Submission, the
Contractor shall complete the design in all respects and produce the GFC
Drawings, the purpose of which is to illustrate all the Permanent Works and
to be the drawings governing construction.

8) GFC Drawings shall be fully detailed for the construction of the elements
covered by the Definitive Design and shall show in full the works to be
constructed.

9) Designer shall submit Daily Progress Reports, Weekly Progress Reports and
Monthly Progress Reports along with schematic diagram showing progress
of the work, in the formats prescribed by Maha-Metro.

10) Design submission programme shall be in consonance with the
construction programme and accordingly all definitive design submissions
shall be made well in advance to account time for review and proof
checking.

11) Design submissions shall be made in complete i.e., design documents, GT
reports/calculations, analysis models, drawings, etc. Contractor shall note
that all design submissions and approval processes shall be made on 5D-
BIM platform only.

12) After making design submissions as mentioned at Sr.No.2 (11) above, hard
copies of the drawings and such other documents required for reviewing
the design shall be made to Employer’s Representative. Similar process is
to be followed for GFCDs as well.

13) Such other documents as may be submitted by the Contractor at the
request of the Engineer to illustrate and describe the Permanent Works
and for which a Notice has been issued.

14) The Final Design of the Permanent Works is considered as follows:

a) The latest revisions of the documents comprised in the Definitive
Design, taking account of comments in the schedules appended to
Notices of No Objection.

b) The latest revisions of the GFC Drawings.

¢) The calculations (see Clause 11 herein) and

d) Such other documents as may be submitted by the Contractor at the
request of the Engineer.

3. REQUIREMENTS DURING CONSTRUCTION PHASE
1) The principal requirements relating to design during the Construction
Phase are the production of Working Drawings, the preparation of
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technical submissions as required under the Contract, and the production
of the As-Built Drawings.

2) Working Drawings shall be prepared as required under the Contract. They
shall be endorsed by the Contractor as being in accordance with the GFC
Drawings.

3) The Contractor shall endorse the submissions required under the contract
that "all effects of the design comprising the submission on the design of
adjacent or other parts of the works have been fully taken into account in
the design of these parts”.

4) The Contractor shall maintain all records necessary for the preparation of
the As-Built Drawings. Upon completion of the Works or at such time as
agreed to or required by the Engineer, the Contractor shall prepare
drawings which, subject to the Engineer's agreement, shall become the As-
Built Drawings. All such drawings shall be endorsed by the Contractor as
true records of the construction of the Permanent Works and of all
temporary works that are to remain on the site. The Contractor shall also
show the locations of utilities exposed and retained as directed.

4. DESIGN INTERFACES WITH DESIGNATED CONTRACTOR

The Contractor shall coordinate all design and installation works with the
various Designated contractors and establish the Co-ordinate Installation Plan
(CIP). The co-ordinated installation Plan (CIP) shall be developed by the
contractor in a format acceptable to the Engineer. The Contractor shall co-
ordinate with all interfacing designated contractors to produce a detailed
programme of access dates, equipment delivery routes and occupation periods
for each room and area inside the station envelope. The CIP shall be signed off
by each Designated Contractor and Submitted to the Engineer not later than 3
(Three) months before basic structure is completed as described in Appendix
2B.

5. DESIGN SUBMISSIONS
5.1 PRELIMINARY DESIGN SUBMISSION
GENERAL
The preliminary design shall provide initial design documents for review
and shall be sufficiently detailed to show the element of the design main
and documents required for preparation of the definitive design. It shall

also include:
a) The quality assurance plan for design
b) A review of the outline design criteria
c) The submission of design manuals
d) The submission of proposed software
e) The preliminary equipment layouts and details
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f) The preliminary maintenance analysis
g) The preliminary off-site testing recommendation
h) The submission of specifications proposed for the work.
i) The identification of design codes and standards
i) The CAD procedures
m) Preliminary viaduct sizing
n) An alignment review.
0) The preliminary construction methodology
p) The design submission programme (update)
q) The utility diversion plan
r) Proposed site surveys and other field surveys.
s) A review of permanent land requirement
t) The preliminary ground treatment and building protection
proposal.
u) The preliminary reinstatement drawings.
5.3 DEFINITIVE DESIGN SUBMISSION

5.3.1 GENERAL

The Definitive Design Submission shall be a coherent and complete set of

documents properly consolidated and indexed and shall fully describe the

proposed Definitive Design. In particular, and where appropriate, it shall

define:

(a) the dimensions of all major features, structural elements and
members.

(b) all materials.

(c) potential forces and movements due to all possible loadings and
actions on the structures, and their accommodation.

(d) all second order effects.

(e) the layout and typical details of reinforcement in structural
concrete members.

(f) the locations and nature of all relevant joints and connections and
details thereof.

(g) standard details.

(h) location, geometry and setting out of all main elements and
features.
(i) electrical and mechanical services and equipment and their

interaction with the structures.

(j) provisions and proposals for construction interfacing with the
Designated Contractors.

(k) utilities to be diverted /supported.

() Traffic or other civic service affected.
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5.3.2 DRAWINGS
The Definitive Design Submission shall include drawings that shall illustrate
the proposed Definitive Design and in particular shall include, without
limitation:
(i) general arrangements.
(i)  layouts and details of structural elements.
(iii)  associated fittings.
(iv)  structural and surface drainage.
(v)  existing and proposed utilities.
(vi) road works and works related to traffic management including
decking.

5.3.3 CONTRACT SPECIFICATION
The Specification included in the tender documents together with the
Outline Design Specification and Outline Construction Specifications shall
be amplified so as to specify comprehensively the design and construction
of the Permanent Works.

DESIGN MANUAL

The Design Manual shall incorporate all design requirements, standards,
codes, loading cases, permissible movements and deflections, limit states,
design-stresses and strains, material properties and all other documents or
matters which are relevant to and govern the design. The Design Manual
shall refer to all materials, codes and standards used, making clear their
specific applications. The Design Manual shall be produced so that it can be
used by those involved in the preparation or review of the design of the
Permanent Works as a comprehensive reference text and efficient working
document.

INTERFACE REPORT ON DESIGNATED CONTRACTS
This will include the following:

Details of the design and construction of the Works adjacent to other
contracts. Details of provisions for the Designated Contractors, indicating
arrangements for accesses, fixings, casting- in, openings, supports, decks,
manholes, trenches and the like; updated interface management plan
relating to design integration and co-ordination.

TESTING AND COMMISSIONING REPORT
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Details of proposals for testing and commissioning procedures for all
relevant elements and equipment contained in the Permanent Works.

MAINTENANCE REPORT

A report updating the Statement of Maintainability in the tender
documents and Detailing maintenance routines necessary for the
achievement of the required lives of the various elements of the Works.

SUPPORTING DOCUMENTS

The Definitive Design Submission shall be accompanied by the following
documents, which will be considered by the Engineer in his review of the
Definitive Design Submission. Where relevant or required, these
documents shall be accompanied by a design note stating clearly how
information has been used in the design of the Permanent Works.

GEOTECHNICAL INTERPRETATIVE REPORT

A report including site investigation results and covering the geotechnical
interpretation of site investigation work including that undertaken by the
Contractor in sufficient detail (laboratory test results, recommendations on
the pile capacity/bearing capacity, location/co-ordinates of the borelog,
etc.) to confirm and justify parameters used in the foundation and
geotechnical designs. The report shall include the full logs and descriptions
of confirmatory boreholes drilled by the Contractor.

Designer shall carryout independent pile capacity calculations/bearing
capacity calculations based on the GT investigation, to validate the same
reported in the GT report.

SURVEY REPORT

A report on all survey work undertaken by the Contractor, including checks
on mapping, survey stations, co-ordinates and setting out. Updated
topographical and survey drawings shall also be included.

UTILITIES REPORT
A report giving details of arrangements and working methods in respect of

the existing utilities, including protection measures, diversions,
reinstatements and programme allowances.

TEMPORARY WORKS DESIGN REPORT
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A report which provides sufficient information on the design of the
Temporary Works to allow the Engineer to assess their effects on the
Permanent Works and to enable these to be taken into account in the
review of the Definitive Design.

CONSTRUCTION / INSTALLATION ANALYSIS REPORT
A report containing a stage-by-stage construction / installation sequence
for all structures / equipment.

CONSTRUCTION METHOD STATEMENT

A report which provides sufficient information on the methods of
construction, execution and launching systems proposed and Contractor's
Equipment to allow the Engineer to assess their effects on the Permanent
Works and to enable these to be taken into account in the review of the
Definitive Design.

PROJECT SCHEDULE REVIEW

(i) The Contractor shall, prior to submitting the Definitive Design
Submission, review the Project Schedule against the current version
of the Design Submission Programme.

(i) In the event that the Contractor considers that there are any
discrepancies or inconsistencies between the Design Submission
Programme and the Project Schedule, the Contractor shall submit
with the Definitive Design Submission its proposed revisions to the
Project Schedule such that the discrepancies or inconsistencies are
removed.

(iii) The Contractor shall provide details of submissions of the proposed
Working Drawings and their anticipated timing during the
Construction Phase and shall identify information required from or
actions to be undertaken by the Employer or others which are
necessary to permit the completion of the design of the Permanent
Works and the Working Drawings. Desired Dates for the receipt
required by the Contractor of such information or for the completion
of such actions shall be included with appropriate justification.

REPORT ON THE USE OF WORKS AREAS

A report updating the proposals from those contained in the Contractor’s
Technical Proposals for the use of Works Areas and their reinstatement
detailing the station accesses and accesses facilities.

5.3.5 NOTICES ON DEFINITIVE DESIGN SUBMISSION
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The Contractor may make Definitive Design Submissions and seek separate

Notices in respect of:

(a) The temporary works for construction of the viaduct & station works,
duly proof checked by contractor appointed third party consultant.

(b) All permanent works related to the viaduct,

(c) Major elements as identified under Clause 2(6) herein.

The issue of such separate Notices under (a) and (b) above shall be

conditional upon the Contractor having demonstrated, to the satisfaction

of the Engineer, that the effect of each structure on other structures,

utilities, etc., has been fully accommodated in the design.

DESIGN SUBMISSIONS - GFC DRAWINGS SUBMISSIONS

1) The GFC Drawings shall be derived directly from the Definitive Design and
shall detail & illustrate in full the Permanent Works. The GFC Drawings shall
form part of the Working Drawings to be used for construction purposes.

2) Prior to any GFC Drawings Submission, the Contractor shall prepare a full
list of GFC Drawings in order to demonstrate, to the satisfaction of the
Engineer, that such GFC Drawings will be sufficient in extent to cover the
construction of the whole of the Permanent Works.

3) Unless otherwise required by the Engineer, the GFC Drawings need not
include bar bending schedules, bar reference drawings, fabrication or shop
drawings as well as other schedules or erection drawings which are to be
provided by the Contractor during the Construction Phase.

DESIGN SUBMISSIONS - CONSTRUCTION PHASE

1)  On the issue of a Notice in respect of the GFC Drawings, the Contractor
shall produce the proposed Working Drawings. These shall either be
identical to the GFC Drawings or shall be further drawings developed in
accordance with the GFC Drawings such as site sketches, bar bending
schedules, bar reference drawings, fabrication and shop drawings,
construction erection sequences and the like. All such drawings shall
comply with the requirements of the Contract.

2) Prior to submission of the proposed Working Drawings, the Contractor
shall endorse the appropriate original paper drawings as "Good for
Construction". If the Engineer so requires, the endorsed original shall be
submitted to the Engineer who shall, if he has no objection to the
contents of the submission, further endorse the original by stating that he
has no objection to the proposed Working Drawings. On the endorsement
by the Engineer, the original forthwith be returned to the Contractor as
the Working Drawings.

3)  Only the Working Drawings endorsed as in 7(2) above or those that the
Engineer has expressly stated as not requiring his endorsement shall be
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issued to the Site. The construction of the Works shall be strictly in
accordance with these Working Drawings.

4)  The contractor shall finalize details of the proposed method of
construction and submit such finalised details to the Engineer for review.
The proposed method shall have no adverse effects on the partially
completed Permanent Works and shall ensure the Works are structurally
stable in all respects.

5)  The Contractor shall undertake and submit a stage-by-stage construction
sequence and the effect of any Temporary Works and the Contractor's
Equipment on the Permanent Works. This analysis shall be in sufficient
detail to demonstrate that the Contractor's proposals are safe and have
no adverse effects upon any parts of the Permanent Works.

6)  As-Built Drawings, endorsed by the Contractor shall be submitted to the
Engineer for agreement in accordance with Annexure-IX-H of Part-3
Conditions of Contract.

8. DESIGN SUBMISSIONS - REVIEW PROCEDURES

1) Submissions of Design Data shall be made and reviewed by the Engineer.
The form and detail of the review shall be as determined by the Engineer
and will not release or remove the contractor's responsibility for the design
under the contract.

2) The issue of a Notice shall be without prejudice to the issue of any future
Notices.

3) The Contractor shall, prior to the submission of the Design Data, obtain all
required and/or statutory approvals that relate to that submission
including, where appropriate, the approval of the Concerned Government
Authorities and utility undertakings, and demonstrate that all required
approvals have been obtained.

4) Design submissions shall be made in complete i.e., design documents, GT
reports/calculations, analysis models, drawings, etc. Contractor shall note
that all design submissions and approval processes shall be made on 5D-
BIM platform only.

5) After making design submissions as mentioned at Sr.No.4 above, hard
copies of the drawings and such other documents required for reviewing
the design shall be made to Employer’s Representative.

6) All submissions shall be accompanied by two original copies of a 'Design
Certificate' as set out in Attachment D1 hereto and signed by the
Contractor and the Designer.

9. DESIGN SUBMISSION PROGRAMME

(1) The Contractor shall prepare the Design Submission Programme which is to

set out fully the Contractor's anticipated programme for the preparation,
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submission and review of the Design Packages, the Definitive Design

Submission and the GFC Drawings Submissions and for the issue of Notices

in relation thereto.

(2) The Design Submission Programme shall:

(a) be consistent with and its principal features integrated into the Works
Programme and show all relevant Key Dates.

(b) identify dates and subjects by which the Engineer's decisions should be
made.

(c) make adequate allowance for periods of time for review by the
Engineer and other review bodies.

(d) make adequate allowance for the design and development of specialist
works.

(e) include a schedule identifying, describing, cross-referencing and
explaining the Design Packages into which the Contractor intends to
divide the Definitive Design and GFC Drawings; and

(f) indicate the Design Interface and Co-ordination periods for each
Designated Contractor.

(3) The Contractor shall submit the Design Submission Programme to the
Engineer within thirty (30) days of the date of Notice to Proceed, and
thereafter up-dated versions thereof at intervals of not more than one (1)
month throughout the Design Phase.

PROGRAMME FOR SUBMISSIONS DURING CONSTRUCTION PHASE
In accordance with Clause 4 of the employer requirements — General, the
contractor shall identify submissions required during the construction phase.

CALCULATIONS

1) Unless otherwise required by the Engineer, calculations relevant to the
Definitive Design and GFC Drawings shall be submitted for review with the
respective Design Packages or Submissions. The Engineer may require the
submission of applicable software including in house software
programmes/ worksheets developed by the Contractor, computer input
and programme logic for its review prior to the acceptance of the
computer output. All the submitted calculations shall be clear/cogent
demonstrating the formulae and the parameters used in the detailed
design.

2) The Contractor shall prepare and submit a comprehensive set of
calculations for the Definitive Design in a form acceptable to the Engineer.
Should the design of the Permanent Works be revised thereafter, and such
revision renders the calculations as submitted obsolete or inaccurate, the
Contractor shall prepare and submit the revised calculations.
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3) Similarly, the Contractor shall submit such further calculations as have
been prepared in connection with the GFC Drawings.

4) Calculations to be included as part of the submission herein shall comprise
the up-to-date calculations in respect of the Definitive Design, the GFC
Drawings and such further calculations which the Contractor has prepared
during the production of Working Drawings.

5) The Contractor shall submit all calculations necessary to support proposals
relating to the construction methods.

6) All submissions shall be made on 5D-BIM platform only.

DOCUMENTS REQUIREMENTS

1) Design submissions shall be made in complete i.e., design documents, GT
reports/calculations, analysis models, definitive drawings, etc. Contractor
shall note that all design submissions and approval processes shall be made
on 5D-BIM platform only.

2) Drawings shall be prepared generally to Al size, but to ISO A0 size where
appropriate. Appendix 7 defines the Drawings and CAD Standards required
for drawing preparation and submittal.

3) The Contractor shall submit 2 copies of his design and/or drawings for
review by the Engineer. After receipt of "No Objection" from the Engineer's
Representative, the Contractor shall submit 2 copies of design and 6 copies
of GFC drawings to the Engineer.
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ATTACHMENT D 1 DESIGN CERTIFICATE
This design Certificate refers to design submission
0L o TO TR which comprises of Definitive Design submission
/ GFC Drawings submission, working drawing submission scheduled in the
attached transmittal, in respect of:

(Description of Permanent Works to which the submission refers)

DESIGNER'S STATEMENT:

We certify that:

a) the outline designs, design briefs and performance specifications of
those elements of the Permanent works as illustrated and described in
the documents scheduled in the attached transmittal, complies with the
design basis criteria and other contract provisions.

b) an in-house check has been undertaken and completed to confirm the
completeness, adequacy and validity of the design of the Permanent
Works as illustrated and described in the documents scheduled in the
attached transmittal.

c) all necessary and required approval relating to the design of the
Permanent Works, as illustrated and described in the documents listed
in the attached transmittal, have been obtained.

d) all effects of the design comprising the submission on the design of
adjacent or other parts of the works have been fully taken into account
in the design of those parts.

Signed by Designer's Authorized Representative
Name

Position

Date

CONTRACTOR'S CERTIFICATE:

The Certifies that all design has been performed utilizing the skill and care to be
expected of a professionally qualified and competent designer, experienced in
work of similar nature and scope. This further certifies that all works relating to
the preparation, review, checking and certification of design has been verified
by us and the design proposed by the designer has been accepted by us.

Signed by Contractor’s authorized representative

Name

Position
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Date

Note 1

The Contractor shall insert one of the following, as applicable:

(i) The Contractor's Technical Proposals

(ii) The Contractor's Technical Proposals and Design Packages Nos for which
a Notice of No Objection has been issued.

(iii) Design Packages Nos for which a Notice of No Objection has been issued
if such Design Packages develop and amplify the Contractor's Technical
Proposals.

(iv) The Definitive Design

SAMPLE DRAWING TEMPLATE
(a) Design Quality Assurance' by designer & contractor:

DESIGN QUALITY ASSURANCE

The responsibility of control, Check and verification Of accuracy, correctness,
completeness, integration and full compliance of contract provisions in respect of
design analysis and drawings rests with the design consultants and the contractor.

By Designer By Contractor
Sig: Sig: Sig: Sig:

Date: Date: Date: Date:

Name: Name: Name: Name:
Designed By Checked by Approved by Accepted by

(b) Notice of 'No Objection' from Employer's representatives: Format for the issue
of Notice of No Objection will be provided as part of the drawing template.

Section-VII-C
[Contractor to attach copies of necessary and required approvals]
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SECTION-VII-D
EMPLOYER'S REQUIREMENTS - CONSTRUCTION
1. CONTRACTOR’S SUPERINTENDENCE

(1) The Contractor shall submit a Staff Organization Plan in accordance with the GCC. This
plan shall be updated and resubmitted whenever there are changes to the staff. The
plan shall show the management structure and state clearly the duties, responsibilities
and authority of each staff member.

(2) The site agent and his associates/supervisors shall have experience and qualification
appropriate to the type and magnitude of the works. Full details shall be submitted of the
qualifications and experience of all proposed staff to the Engineer for his approval.

2. CHECKING OF THE CONTRACTOR'S TEMPORARY WORKS DESIGN

The Contractor shall, prior to commencing the construction of the Temporary Works,
submit a certificate to the Engineer signed by him certifying that the Temporary Works
have been properly and safely designed and checked and that the Contractor has
checked the effect of the Temporary Works on the Permanent Works and has found this
to be satisfactory.

3. THE SITE

31 Works Areas are those areas identified in Appendix 2A to these Employer's
Requirements and on the Drawings.

3.2 USE OF THE SITE

a) The Site or Contractor's Equipment shall not be used by the Contractor for any
purpose other than for carrying out the Works in the scope of this contract, except
that, with the consent in writing of the Engineer, the Site or Contractor's Equipment
such as batching and mixing plants for concrete and bituminous materials may be
used for the work in connection with other contracts under the Employer.

b) Rock crushing plant shall not be used on the Site.
c) The location and size of each stockpile of materials, including excavated materials,
within the Site shall be as permitted by the Engineer. Stockpiles shall be maintained

at all times in a stable condition.

d) Entry to and exit from the Site shall be controlled and shall be only available at the
locations for which the Engineer has given his consent.

3.3 ACCESS TO THE SITE

a) The Contractor shall make its own arrangements, subject to the consent of the
Engineer, for any further access required to the Site.

b) In addition, the Contractor shall ensure that access to every portion of the Site is
continually available to the Employer and Engineer.
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c) Following the handover of the Railway Envelope, (as defined in the Employer's
Requirements- General), to the Employer, the Employer will control the Railway
Envelope and will be responsible for all matters relating to security and safety
therein. Access to the Railway Envelope by the Contractor shall be in accordance
with any procedures, requirements and conditions defined in Appendix 9 to these
Employer's Requirements.

34 ACCESS TO OUTSIDE THE SITE

The Contractor shall be responsible for ensuring that any access or egress through the
Site boundaries are controlled such that no disturbance to residents or damage to public
or private property occur as a result of the use of such access or egress by its
employees and sub-contractors.

3.5 SURVEY OF THE SITE

A survey shall be carried out of the Site to establish its precise boundaries and the
existing ground levels within it. This survey shall include a photographic survey
sufficient to provide a full record of the state of the Site before commencing the work
with particular attention paid to those areas where reinstatement will be carried out later
on. The survey shall be carried out before the site clearance wherever possible and in
any case prior to the commencement of work in any Works Area. The survey shall be
carried out by the Contractor and agreed with the Engineer.

3.6 BARRICADES AND SIGNBOARDS

a) The Contractor shall erect barricades and gates around its areas of operations to
prevent entry by unauthorized persons to his Works Areas and necessary identity
cards /permits should be issued to workers and staff by the contractor. The
Contractor shall submit proposal for barricades of the complete perimeter of all
works areas to the Engineer. Painting/filming (or both as specified by the Employer)
of the barricades shall be carried out to the design and colours as directed by the
Engineer and the Contractor shall carry out repainting of the entire barricades on a
semi-annual basis. No work shall be commenced in any Works Area until the
Engineer has been satisfied that the barricades installed by the Contractor are
sufficient to prevent, within reason, unauthorized entry.

b) Project signboards shall be erected within four (4) weeks, or such other period as
the Engineer has given his consent, after the date of commencement of the Works.
The types, sizes and locations of project signboards shall be agreed with the
Engineer before manufacture and erection. Other advertising signs shall not be
erected on the Site. The cost of these signboards is included in quoted price.

c) The consent of the Engineer shall be obtained prior to the removal of hoardings,
fences, gates or signs. Hoardings, fences, gates and signs which are to be left in
positions after the completion of the Works shall be repaired and repainted as
instructed by the Engineer.

d) Hoardings, barricades, gates and signs shall be maintained in clean and good
order by the Contractor until the completion of the Works, whether such hoardings,
fences, gates and signs have been installed by the Contractor or by others and
transferred to the Contractor during the period of the Works. All the fencing,
hoardings, gates and signs etc. shall be mopped minimum once in a week and
washed monthly.
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e) All hoardings, barricades, gates and signs installed by the Contractor shall be
removed by the Contractor upon the completion of the Works, unless otherwise
directed by the Engineer.

f) Hoarding/barricades can be reused after removing from one place to other
locations/sites provided they are in good conditions and approved by the engineer.

g) Damaged/worn-out barricades/hoardings shall be replaced by contractor within 24
hours. Engineer’s decision regarding need for replacement shall be final and
binding and if no action is taken by contractor, the Engineer may get it repaired
through other agency and the cost of any repairs will be deducted by the Engineer
from any payment due to the contractor.

3.7 CLEARANCE OF THE SITE

All Temporary Works which are not to remain on the Site after the completion of the
Works shall be removed prior to completion of the Works or at other times as instructed
by the Engineer. The Site shall be cleared and reinstated to the lines and levels and to
the same condition as existed before the Works started except as otherwise stated in
the Contract.

4. SURVEY

a) The Contractor shall relate the construction of the Works to the Site Grid. To facilitate
this, survey reference points have been established and the Engineer will provide
benchmarks in the vicinity of the Site.

b) Before the Contractor commences the setting out of the Works, the Engineer will
provide a drawing showing the position of each survey reference point and bench mark,
together with the co-ordinates and/or level assigned to each point. The Contractor shall
satisfy itself that there are no conflicts between the data given and shall establish and
provide all subsidiary setting out points, monuments, towers and the like which may be
necessary for the proper and accurate setting out and checking of the Works.

c) The Contractor shall carefully protect all the survey reference points, bench marks,
setting out points, monuments, towers and the like from any damages and shall
maintain them and promptly repair or replace any points damaged from any causes
whatsoever. The Contractor shall regularly recheck the position of all setting out points,
bench marks and the like to the satisfaction of the Engineer.

d) Upon handover to the Contractor, the survey reference points will become the
responsibility of the Contractor. The Contractor shall, by annual or more frequent
review, ensure that these survey points continue to remain consistent with the
benchmarks.

5. SAFETY, HEALTH AND ENVIRONMENTAL REQUIREMENTS

The Contractor shall comply with the conditions stipulated in the conditions of contract
on Safety, Health & Environment (SHE).
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a) Training of Contractor's Employees/Staff/Workers

Contractor shall provide a training/workshop on Safety, Health & Environment (SHE) to
all its workers/staff/lemployees/subcontractors of at least 2 weeks (96 hrs.) at the time of
induction. Before posting any of his workers/stafflemployees/subcontractors, the
contractor shall give a certificate that the said person had undergone the requisite SHE
training. Noncompliance of the above will invoke penalties as per conditions of contract
on SHE, Section XI of Tender Document.

In case of any mishap/ accident causing death/injury to public or damage to public/private
property or damage to public/private vehicles or damage to railway property, the
employer, will impose a penalty to the contractor as deemed fit and appropriate in
addition to the cost of damage caused due to the mishap/accident.

b) Use of "Tractor Transmission type" Pick and Carry Hydra crane

"Tractor Transmission type" Pick and Carry Hydra crane - 1st Generation model is
prohibited at Maha Metro works, Contractor shall mobilize "Truck Transmission type"
pick and carry hydra crane - 2nd Generation model only.

6. OTHER SAFETY MEASURES

a) Site Safety, Health & Environment Plan

The Contractor shall, within 60 days of the date of Notice to proceed, prepare and
submit to the Engineer for review, his proposed Safety, Health and Environment plan
which shall contain a minimum of those items set out in Conditions of Contract on
Safety, Health & Environment Plan.

b) Fire Regulations and Safety

i. The Contractor shall provide and maintain all necessary temporary fire
protection and firefighting facilities on the Site during the construction of the
Works, and shall comply with all requirements of the Nagpur Fire Services
Department. These facilities may include, without limitation, sprinkler systems
and fire hose reels in temporary site buildings, raw water storage tanks and
portable fire extinguishers suitable for the conditions on the Site and potential
hazards.

ii. The Contractor shall submit details of these facilities to the Engineer for review
prior to commencement of work on the Site.

iii. If in the opinion of Engineer, the use of naked lights may cause a fire hazard,
the Contractor shall take such additional precautions and provide such
additional firefighting equipment (including breathing apparatus) as the Engineer
considers necessary. The term "naked light" shall be deemed to include electric
arcs and Oxyacetylene or any other flames used in welding or cutting metals.

iv. Oxyacetylene burning equipment will not be permitted in any confined space;
Burning equipment of the Oxy Propane type shall be used.

c) Hazard and Risk Assessments
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i. The Contractor shall, prior to the commencement of any operation carry out a
detailed hazard and risk assessment. The results of such assessments shall be
recorded and the records kept for inspection by the Engineer.

ii. The Contractor shall produce detailed method statements for all medium and
high risk operations and shall submit them to the Engineer for his consent prior
to commencement of any task to which they relate.

iii. The Contractor shall produce and implement a Permit to Work system for all
high risk operations. The Permit to Work system shall be submitted to the
Engineer for consent before application.

d) Explosives

i. Explosives shall not be used without prior written consent of the Engineer.
Before consent to blasting is granted, the Contractor shall prepare a
specification as to the size of charge, the method of firing and any other
restrictions that may be imposed from time to time.

i.  Where the Engineer has consented to the use of explosives, the Contractor
shall be responsible for obtaining the requisite licences and permits for
complying with all statutory requirements for blasting.

iii. The storage, transportation and use of explosives shall at all times be governed
by the Explosives Acts and such other statutory regulations which may be

applicable and as imposed by the Statutory Authority

e) Launching Girder/ Launching Crane

No Launching Girder or Launching Crane shall be used without written consent of
the Engineer.

ii. The Contractor shall prepare a detailed specification for the operation of Launching
Girder and submit it to the Engineer for review and approval.

f) Standby Equipment

The Contractor shall provide adequate stand-by equipment to ensure the safety of
personnel, the Works and the public. These measures shall include as a minimum of
the following

Stand-by pumping and generating equipment for the control of water
Stand-by equipment and spares to ensure necessary illumination at the works area
Stand-by generating equipment to provide adequate lighting for the works area.

g) Co-operation

The Contractor shall provide full co-operation and assistance in all safety surveillance
carried out by the Engineer or the Employer. Any breaches of the Site Safety Plan or
the statutory regulations or others disregard for the safety of any person(s) may be the
reason for the Engineer to exercise his authority to ensure site agent's removal from the
Site.
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7. CARE OF THE WORKS

a) Any error in the execution of work leading to redesign work shall be duly compensated
by the contractor as per the decision of Engineer. Any error attributable to the
construction including failure to locate underground utilities shall attract penalties.

b) Unless otherwise permitted by the Engineer, all works shall be carried out in dry
conditions.
c) The works, including materials meant to be used in the works, shall be protected from

damage due to water. Water on the site and water entering the site shall be promptly
discharged by temporary drainage or pumping system or by other methods capable of
keeping the works free of water. Silt and debris shall be removed by traps before the
water is discharged and shall be disposed of at a location or locations to which the
engineer has given his consent.

d) The discharge points of the temporary systems shall be as per the consent of the
Engineer. The contractor shall make all arrangements with and obtain the necessary
approval from the relevant authorities for discharging water to drains, watercourses etc.
The relevant work shall not be commenced until the approved arrangements for
disposal of the water have been implemented.

e) The methods used for keeping the works free of water shall be such that settlement of,
or damage to, new and existing structure does not occur. Measures shall be taken to
prevent flotation of new and existing structures.

f) PROTECTION OF THE WORKS FROM WEATHER

i. Work shall not be carried out in weather conditions that may adversely affect the
Works unless proper protection is provided to the satisfaction of the Engineer.

i. Permanent Works, including materials for such Works, shall be protected from
exposure to weather conditions that may adversely affect such Permanent
Works or materials.

iii. During construction of the Works, storm restraint systems shall be provided
where appropriate. These systems shall ensure the security of the partially
completed and ongoing stages of construction in all weather conditions. Such
storm restraint systems shall be installed as soon as practicable and shall be
compatible with the right of way or other access around or through- out the Site.

iv. The contractor shall at all-times programme and order progress of the work and

make all protective arrangements such that the works can be made safe in the
event of storms.

9) PROTECTION OF THE FINISHED WORKS

The finished works shall be protected from any damage that could arise from any
activities on the adjacent site/ works.

8. DAMAGE AND INTERFERENCE
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a) Work shall be carried out in such a manner that there is no damage to or interference
with:
i. Watercourses or drainage systems:
ii. Utilities;
iii. Structures (including foundations), roads, including street furniture, or other
properties;

iv. Public or private vehicular or pedestrian access

V. Monuments, trees, graves or burial grounds other than to the extent that is
necessary for them to be removed or diverted to permit the execution of the
Works. Heritage structures shall not be damaged or disfigured on any account

The Contractor shall inform the Engineer as soon as practicable of any items, which are
not stated in the Contract to be removed or diverted, but which the Contractor considers
need to be removed or diverted to enable the Works to be carried out. Such items shall
not be removed or diverted until the consent of the Engineer to such removal or
diversion has been obtained.

b) Items which are damaged or interfered with as a result of the Works and items which
are removed to enable work to be carried out shall be reinstated to the satisfaction of
the Engineer and to at least the same condition as existed before the work started. Any
claim(s) by utility agencies towards damage of utilities by the Contractor shall be borne
by the Contractor.

C) UTILITIES

Please refer Employer's Requirements — Functional

d) STRUCTURES, ROADS AND OTHER PROPERTIES

The Contractor shall immediately inform the Engineer of any damage to structures,
roads or other properties.

e) ALTERNATIVE ACCESS

Alternative access shall be provided to all premises if interference with the existing
access, public or private, is necessary to enable the Works to be carried out. The
arrangements for the alternative access shall be as agreed by the Engineer and the
concerned agency. Unless agreed otherwise, the permanent access shall be reinstated
as soon as practicable after the work is complete and the alternative access shall be
removed immediately as it is no longer required, and the ground surfaces reinstated to
the satisfaction of the Engineer. Proper signage and guidance shall be provided for the
traffic users regarding diversions.

f) Deleted

9) REMOVAL OF GRAVES AND OTHER OBSTRUCTIONS

If any graves and other obstructions are required to be removed in order to execute the
Works and such removal has not already been arranged for, the Contractor shall draw
the Engineer's attention to them in good time to allow all necessary arrangements and
authorizations for such removal, and it shall not itself remove them unless the Engineer
has given consent.
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PROTECTION OF THE ADJACENT STRUCTURES AND WORKS

The Contractor shall take all necessary precautions to protect the structures or works
being carried out by others adjacent to and, for the time being, within the Site from the
effects of vibrations, undermining and any other earth movements or the diversion of
water flow arising from its work.

WORK ON ROADS
Traffic Management Plan

The Contractor shall develop a detailed Traffic Management Plan for the work under the
contract. The purpose is to develop a Traffic Management Plan to cope with the traffic
disruptions as a result of construction activities by identifying strategies for traffic
management on the roads and neighbourhoods impacted by the construction activities.
The Contractor shall implement the Traffic Management Plan throughout the period of
the Contract including extension if any.

Principles for Traffic Management

The basis for the Plan shall take into consideration four principles:

o To minimize the inconvenience of road users and the interruption to surface
traffic through the area impacted by the construction activities;

o to ensure the safety of road users in the impacted area;

. To facilitate access to the construction site, and to maintain reasonable
construction progress.

. To ensure traffic safety at each construction site.

Integrated Traffic Management Plan

The Contractor shall prepare an integrated plan showing the arrangements to be made
for accommodating road and pedestrian traffic, at individual construction sites and
continuously along the alignment, to smoothen the traffic operations and for the safety
of both construction workers and road users. The plan shall consider different measures
such as:

i. Proper phasing and timing of traffic signals;

ii. Modifications to intersection geometry;

iii. Changes in lane usage;

iv. parking prohibitions;

v. relocation of bus stops;

vi. reducing width of footpaths and median

vii. right turn prohibition;

viii. work site access management;

ix. minimizing the duration of any road closure;

X. reversible lane operations;

xi. modification of roadway alignment affected by the construction, which shall
be in conformance with the requirements and regulations defined by the
relevant authorities; and may include widening of roads, Construction of
temporarily new road etc.

xii. other traffic engineering measures as may be applicable.
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d) Mitigation of Traffic Disturbances

The Contractor shall manage the vehicular and pedestrian right of way during the period
of construction. The Contractor shall take account of the need to maintain essential
traffic requirements, as these may influence the construction process.

The Contractor shall include local traffic diversion routes and assess traffic impacts
caused by the construction in the affected areas. Signage layout shall be included to
ensure that adequate motorist information will be provided for traffic diversions.

Where it becomes necessary to close a road or intersection, or supplementary lanes are
required to satisfy the traffic demands, traffic diversion schemes to adjacent roadways
shall be developed with quantitative justifications. The Contractor shall co-ordinate with
all relevant authorities.

Other considerations include:

a. The minimum lane widths for fast traffic and mixed traffic shall follow the
regulations of the different authorities.

b. Any roads or intersections that have no alternative access shall not be fully closed
for construction.

c. Emergency access to all properties shall be maintained at all times.

d. Access to business premises and property shall be maintained to the extent that
normal activities are not seriously disrupted.

e. Minimum footpath width shall be 1.5 m, unless otherwise indicated. The footpath
shall be separated from vehicle traffic and not necessarily immediately adjacent to
vehicle traffic;

f. Where existing footbridges and underpasses are demolished or closed, provisions
shall be made for pedestrian crossing to minimise the conflicts between traffic
lanes.

g. Construction traffic shall be separated from other traffic wherever possible;

h. Any traffic related facilities (bus stops, parking, etc.) which are affected by the
construction works shall be maintained or relocated to appropriate locations;

* Motorists, pedestrians, workmen, plant and equipment shall be protected from
accidents at all times;

* Roadway designs, traffic management schemes, and installation of traffic control
devices shall be in conformance with the requirements and regulations defined by
the relevant authorities.

* Where applicable, utility diversions shall be incorporated in the traffic management
plan.

i. APPROVAL FOR TEMPORARY TRAFFIC ARRANGEMENTS AND CONTROL

The Contractor shall make all arrangements with and obtain the necessary approval
from the transport authorities and the Traffic Police Department for temporary traffic
arrangements and control on public roads. In the event that the Contractor, having used
its best endeavours, fails to secure the necessary approval from the transport
authorities and the Traffic Police Department for temporary traffic arrangements and
control on public roads, then the Employer will use its best endeavours to assist the
Contractor to secure such approval but without responsibility on the part of the
Employer to do so.

j- TEMPORARY TRAFFIC ARRANGEMENTS AND CONTROL
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l. Temporary traffic diversions and pedestrian routes shall be surfaced and shall
be provided where work on roads or footpaths obstruct the existing vehicular or
pedestrian access. The relevant work shall not be commenced until the
approved temporary traffic arrangements and control have been implemented.

II.  Temporary traffic arrangements and control for work on public roads and
footpaths shall comply with the requirements of the Traffic Police. Copies of
documents containing such requirements shall be kept on the Site at all times

1. Temporary traffic signs, including road marking, posts, backing plates and
faces, shall comply with the requirements of the traffic police and should be in
accordance with the requirements of Ministry of Surface Transport. All overhead
traffic management signs that are fixed to bridges and gantries shall be
illuminated at night. Pedestrian routes shall be illuminated at night to a lighting
level of not less than 50 lux

V. Adequate number of traffic guards, supervisors and in charge shall be deployed
for smooth regulation of traffic

V. Temporary traffic arrangements and control shall be inspected and maintained
regularly, both by day and night. Lights and signs shall be kept clean and
legible. Equipment which are damaged, dirty, incorrectly positioned or not in
working order shall be repaired or replaced promptly.

k. PARTICULARS OF TEMPORARY TRAFFIC ARRANGEMENTS AND CONTROL

The following particulars of the proposed temporary traffic arrangements and control on
public roads shall be submitted to the Engineer for consent at least 28 days before the
traffic arrangements and control are implemented:

. Details of traffic diversions and pedestrian routes;

1. Details of lighting, signage, guarding and traffic control arrangements and
equipment

II. Any conditions or restrictions imposed by traffic police or any other relevant
authorities, including copies of applications, correspondence and approval

V. Where concrete barriers are used to separate flows of traffic, the barriers
shall be in a continuous unbroken line. No gaps shall be left between any
section of the barrier

V. Site perimeter fencing and barriers along the roadway, shall have flashing
amber lights positioned on the top of them every 50 meters apart and at
every abrupt change in location. Directly below the flashing light shall be
fixed, in the vertical position, a white fluorescent, with a waterproof cover

L USE OF ROADS AND FOOTPATHS

l. Public roads and footpaths on the Site in which the work is not being
carried out shall be maintained in a clean and passable condition.

1. Measures shall be taken to prevent the excavated materials, silt or debris
from entering gullies on roads and footpaths, entry of water to the gullies
shall not be obstructed

II. Surfaced roads on the Site and leading to the Site shall not be used by
tracked vehicles unless protection against damage is provided.
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V. Contractor's Equipment and other vehicles leaving the Site shall be loaded
in such a manner that the excavated material, mud or debris will not be
deposited on roads. All such loads shall be covered or protected to prevent
dust being emitted. The wheels of all vehicles shall be washed when
necessary before leaving the Site to avoid the deposition of mud and
debris on the roads

m. REINSTATEMENT PUBLIC ROADS AND FOOTPATHS

l. Temporary diversions, pedestrian access and lighting, signing, guarding
and traffic control equipment shall be removed immediately when they are
no longer required. Roads, footpaths and other items affected by
temporary traffic arrangements and control shall be reinstated to the same
condition as existed before the work started or as permitted by the
Engineer immediately after the relevant work is complete or at other times
permitted by the Engineer.

1. The contractor shall submit his design for the reinstatement to the relevant
authorities and obtain their prior approval to carrying out the work.
Reinstatement works shall include:

e Parking bays

e Footpath and kerbs

¢ Road Signage

e Street Lighting

e Landscaping

o Traffic Lights and Control Cable
¢ Road painting

10. SITE ESTABLISHMENT AND SITE LABORATORIES

The Contractor shall provide, erect and maintain in a clean, stable and secure condition
a laboratory, equipped for the routine testing of cement, concrete, fine and coarse
aggregates, soil etc. and for the storage and curing of concrete specimen (cubes or
cylinders) only. This laboratory shall be located at the Contractor's principal work site or
at a location agreed to by the Engineer. Detailed requirements for this laboratory are set
out in Appendix 14 to these Employer's Requirements.

a) CONTRACTOR'S SITE ACCOMMODATION

The Contractor shall provide and maintain its own site accommodation at locations
consented to by the Engineer. Offices, sheds, stores, mess rooms, garages, workshops,
latrines and other accommodation on the Site shall be maintained in a clean, stable and
secure condition. Living accommodation shall not be provided on the Site. The
Contractor shall comply with the requirements of Appendix 8 to the Employer's
Requirements.

b) LATRINES AND WASHPLACES

The Contractor shall provide latrines and wash places for the use of its personnel and
all persons who will be on the Site: The size and disposition of latrines and wash places
shall accord with the numbers and dispositions of persons entitled to be on the Site,
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which may necessiate their location on structures and, where necessary there shall be
separate facilities for males and females. The capacities and layout shall be subject to
approval of the Engineer. The Contractor shall arrange regular disposal of effluent and
sludge in a manner that shall be in accordance with local laws/ regulations.

The Contractor shall be responsible for maintaining all latrines and wash places on the
Site in a clean and sanitary condition and for ensuring that they do not pose a nuisance
or a health threat. The Contractor shall also take such steps and make such provisions
as may be necessary or directed by the Engineer to ensure that vermin, mosquito
breeding etc. are at all times controlled.

SITE UTILITIES AND ACCESS

l. The Contractor shall be responsible for providing water, electricity, telephone,
sewerage and drainage facilities for contractor’'s site offices, structures and
buildings and for all site laboratories in accordance with Appendix 14 to these
Employer's Requirements and all such services that are necessary for satisfactory
performance of the Works. The Contractor shall make all arrangements with and
obtain the necessary approval from the relevant civil and utility authorities for the
facilities.

. The contractor shall be responsible for provision of power supply for his works
including for launching girder and the like. The Employer cannot guarantee
provision of adequate, continuous power supply however assistance will be given in
obtaining the necessary permissions for site generators and the like.

I Access roads and parking areas shall be provided within the Site as required and
shall be maintained in a clean, acceptable and stable condition. For lengths of
roadway longer than 100 m and where vehicle movements exceed one hundred
(100) movements/day and heavy commercial vehicle are to ply the Contractor shall
provide paved surfacing of adequate thickness and quality to the satisfaction of the
Engineer.

V. Any operation of the Works that interferes with the checking of lines and levels shall

e)

Contractor

be temporarily suspended at the request of the Engineer until the checking is
complete.

SUBMISSION OF PARTICULARS

The following particulars shall be submitted to the Engineer for his consent not more
than fifty-six (56) days after the date of commencement of the Works:

Drawings showing the formation works and the layout within earmarked area for
the Contractor's offices, project signboards, principal access and other major
facilities required early in the Contract, together with all service utilities;

Drawings showing the details to be included on the project signboards and
diversion boards.

Drawings showing location of stores, storage areas, concrete batching plants
and other major facilities and their access roads/paths shall be submitted to the
Engineer for his consent as early as possible but in any case not less than
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twenty-eight (28) days prior to when such facilities are intended to be
constructed on the Site.

1. SECURITY

a) The Contractor shall be responsible for the security of the site for the full time the site is
in its possession, except for the specific case of the Railway Envelope. After handover
to the Railway Operator, it shall set up and operate a system whereby only those
persons entitled to be on the Site can enter the Site. To this end, the Contractor shall
with the consent of Engineer provide the specific points only at which entry through the
security fence can be effected, and shall provide gates and barriers at such points of
entry and whereby maintain a twenty-four (24) hours security guard, and such other
security personnel and patrols elsewhere as may be necessary to maintain security.

b) The Contractor shall maintain all site boundary fences in first class condition, and shall
so arrange site boundary fences at all access drainage points of work areas that it's use
of such access points etc., are not restricted by the system or method of achieving the
required security measures. Notices shall be displayed at intervals around the Site to
warn the public of the dangers of entering the Site.

c) During the progress of the Works, the Contractor shall maintain such additional security
patrols over the areas of the Works as may be necessary to protect its own and its
subcontractor's work and equipment.

d) In order to operate such a security system it will be necessary to institute the issue of
unique passes to personnel and vehicles entitled to be on the Site, and which may need
to be separately identifiable according to the shifts being worked on Site. The Contractor
shall at the outset determine, together with the Engineer, a system and the design of
passes to suit the requirements of the foregoing and to suit the methods of work to be
adopted by the Contractor. The Contractor shall at all times ensure that the Engineer
has an up to date list of all persons entitled to be on the Site at any time. The contractor
shall also introduce a system of issue passes to any outsider or person/vehicles
belonging to agencies other than employer/ Engineers who may have to visit the site in
connection with work.

e) The Contractor shall liase with the Designated Contractors and the contractors
responsible for the adjacent and other interfacing contracts and ensure that co-
ordinated security procedures are operated, in particular in respect of vehicles permitted
to pass through the Site and/or the adjacent sites in the latter periods of the Contract.

f) Security and checking arrangements as felt necessary shall be provided with advice and
help of Police.

12, TESTING

GENERAL

a) The Contractor shall provide and perform all forms of testing procedures applicable to
the Works and various components and the interfacing of the Works with the other
Contract works and shall conduct all necessary factory, site and acceptance tests.
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b) All testing procedures shall be submitted at least thirty (30) days prior to conducting any
Test. The Testing procedures shall show unambiguously the extent of testing covered
by each submission, the method of testing, the Acceptance Criteria, the relevant
drawing (or modification) status and the location.

c) The testing Procedures shall be submitted as required, by the contractor during the
duration of the contract to reflect the changes in system design or the identification of
additional testing requirements.

d) The Engineer shall have the facilities for monitoring all tests and have access to all
testing records. Ample time shall be allowed within the testing programmes for
necessary alterations to equipment, systems and designs to be undertaken, together
with re-testing prior to final commissioning.

e) All costs associated with the testing shall be borne by the Contractor, unless otherwise
specified, including the services of any specialized personnel or independent assessors.
The Contractor shall also bear any expenses incurred due to resetting caused by
defects or failure of equipment to meet the requirements of the Contract in the first

instance.

f) Unless agreed in writing by the Engineer, the personnel engaged on testing shall be
independent of those directly engaged in the design or installation of the same
equipment.

g) All testing equipment shall carry an appropriate and valid calibration labels.

h) BATCHES SAMPLES AND SPECIMENS

I. A batch of material is a specified quantity of the material that satisfies the
specified conditions. If one of the specified conditions is that the material is
delivered to the Site at the same time, then material delivered to the Site over a
period of a few days may be considered as part of the same batch if in the
opinion of the Engineer there is sufficient proof that the other specified
conditions applying to the batch apply to all of the material delivered over the
period.

Il. A sample is a specified quantity of material that is taken from a batch for testing
and which consists of a specified amount, or a specified number of pieces or
units, of the material

II. A specimen is the portion of a sample that is to be tested
i) SAMPLES FOR TESTING

I.  Samples shall be of sufficient size and in accordance with relevant Standards to
carry out all specified tests.

1. Samples taken on the Site shall be selected by, and taken in the presence of,
the Engineer and shall be suitably marked for their identification. An
identification marking system should be evolved at the start of works in
consultation with the Engineer

1. Samples shall be protected, handled and stored in such a manner that they are
not damaged or contaminated and such that the properties of the sample do not
change

V. Samples shall be delivered by the Contractor, under the supervision of the
Engineer, to the specified place of testing. Samples on which non-destructive
tests have been carried out shall be collected from the place of testing after
testing and delivered to the Site or other locations instructed by the Engineer
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V. Samples which have been tested may be incorporated in the Permanent Works
provided that:
(1) The sample complies with the specified requirements
(2) The sample is not damaged; and
(3) The sample is not required to be retained under any other provision of
the contract
Vi. Additional samples shall be provided for testing if in the opinion of the engineer:
(1) material previously tested no longer complies with the specified
requirements; or
(2) material has been handled or stored in such a manner that it may not
comply with the specified requirements

) TESTING

l. The Contractor shall be responsible for all on-site and off-site testing and for all
in-situ testing. All appropriate laboratory tests shall be carried out in the
Contractor's laboratory, unless otherwise permitted or required by the Engineer.
Where the laboratory is not appropriately equipped and/or staffed for some
tests, or if agreed to by the Engineer, tests may be carried out in other
laboratories. Approved list of laboratories is provided at Appendix - 19. All
materials require approval of Engineer after 3 party test at approved or
reputed laboratory at the discretion of Engineer.

1. However, the list of laboratories attached as Appendix-19 is not exhaustive.
MAHA METRO & Engineer in charge may recommend any test pertaining to
work or material to any laboratory of repute if they are accredited for the
relevant work to a standard acceptable to the Engineer. The cost of such tests
shall borne by contractor.

M. In-situ tests shall be done in the presence of the Engineer

V. Equipment, apparatus and materials for in-situ tests and laboratory compliance
tests carried out by the Contractor shall be provided by the Contractor. The
equipment and apparatus shall be maintained by the Contractor and shall be
calibrated before the testing starts and at regular intervals as permitted by the
Engineer. The equipment, apparatus and materials for in-situ tests shall be
removed by the Contractor as soon as practicable after the testing is complete

V. The Contractor shall be entitled in all cases to attend the testing carried out in
the Employer's or other laboratories, to inspect the calibration certificates of the
testing machines and to undertake the testing on counterpart samples. Testing
of such samples shall be undertaken in laboratories complying with Clause
12(19)(a) above and particulars of the laboratory proposed shall be submitted to
the Engineer for consent prior to the testing

VI. Attendance on tests, including that by the Engineer, Contractor and Designer,
shall be as laid down in the Quality Assurance procedures.

k) COMPLIANCE OF BATCH

l. The results of tests on samples or specimens shall be considered to represent
the whole batch from which the sample was taken.
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I) RECORDS OF TESTS
l. Records of in-situ tests and laboratory compliance tests carried out by the
Contractor shall be kept by the Contractor on the Site and a report shall be
submitted to the Engineer within seven (7) days, or such other time stated in the
Contract or in the Quality Assurance Programme, after completion of each test. In
addition to any other requirements, the report shall contain the following details:
(1) Material or part of the works checked
(2) Location of the batch from which samples were taken or
location of the part of the works
(3) Place of testing
(4) Date and time of tests
(5) Weather conditions in the case of in-situ tests
(6) Technical personnel supervising or carrying out the tests
(7) Size and description of samples and specimens
(8) Method of sampling
(9) Properties tested
(10) Method of testing
(112) Readings and measurements taken during the tests
(12) Test results, including any calculations and graphs
(13) Specified acceptance criteria; and
(14) Other details stated in the contract
i. Reports of tests shall be signed by the site agent or his assistant, or by another
representative authorized by the Contractor.
iii. If requested, records of tests carried out by the Employer's staff or by the
Engineer shall be given to the Contractor.
RECORDS
a) DRAWINGS PRODUCED BY THE CONTRACTOR
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A batch shall be considered as complying with the specified requirements for a
material if the results of specific tests for the specified properties comply with
the specified requirements for the properties.

If additional tests are permitted or required by the Engineer but separate
compliance criteria for the additional tests are not stated in the Contract, the
Engineer shall determine if the batch complies with the specified requirements
for the material on the basis of the results of all tests, including the additional
tests, for every property

Drawings produced by the Contractor including drawings of site layouts, Temporary
Works, etc. for submission to the Engineer shall generally be to ISO A1 size. They
shall display a title block with the information as detailed in Appendix 7 to these

Page 225 of (998)
Feb-2023 Maha-Metro



NMRP Phase-2 Tender No. N2- 004/C-01/2023 Part-Il, Section-VII-D
Work Requirement

Employer's Requirements. The number of copies to be submitted to the Engineer
shall be as stated in the Contract, or as required by Engineer.

b) PROGRESS PHOTOGRAPHS

(1) The Contractor shall provide monthly progress photographs which have been
properly recorded to show the progress of the works to the Engineer. The
photographs, of not less than 72 in number, shall be taken on locations agreed
with the Engineer to record the exact progress of the Works. Two sets of
photographs shall be provided on CD ROM format with two sets of colour prints
of 175 mm x 125 mm size.

(2) The Contractor shall mount each set of each month's progress photographs in a
separate album of a type to which the Engineer has given his consent, and shall
provide for each photograph two typed self-adhesive labels, one of which shall
be mounted immediately below the photograph and one on the back of the
photograph. Each label shall record the location, a brief description of the
progress recorded and the date on which the photograph was taken

(3) All photographs shall be taken by a skilled photographer whose name and
experience shall be submitted to the Engineer for consent and approval
received. Processing shall be carried out by a competent processing firm to the
satisfaction of the Engineer

(4) The Contractor shall ensure that no photography is permitted on the Site without
the agreement of the Engineer. Contractor should be aware of the legal
regulations and conditions with regard to Photography in some "RESTRICTED
AREA' in Nagpur.

c) RECORDS OF WAGE RATES

The Contractor shall keep monthly records of the average, high and low wage rates
for each trade/tradesman employed on the Site and records shall be made
available to the Engineer during inspection.

14. MATERIALS

a) Materials and goods for inclusion in the Permanent Works shall be new unless the
Engineer has consented otherwise. Preference shall be given to local materials where
available. Approved Manufacturers/Suppliers of few important items have been given
in Appendix 10 of this document. These materials shall be procured only from these
manufacturers/Suppliers. Under special circumstances provision of sub para 4 below
may be invoked.

b) Certificates of tests by manufacturers which are to be submitted to the Engineer shall
be current and shall relate to the batch of material delivered to the Site. Certified true
copies of certificates may be submitted if the original certificates could not be obtained
from the manufacturer

c) Parts of materials which are to be assembled on the Site shall be marked to identify
the different parts
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d) Materials which are specified by means of trade or proprietary names may be
substituted by materials from a different manufacturer which has received the consent
of the Engineer provided that the materials are of the same or better quality and
comply with the specified requirements

e) Samples of materials submitted to the Engineer for information or consent shall be kept
on the Site and shall not be returned to the Contractor or used in the Permanent Works
unless permitted by the Engineer. The samples shall be used as a means of
comparison which the Engineer shall use to determine the quality of the materials
subsequently delivered. Materials delivered to the Site for use in the Permanent Works
shall be of the same or better quality as the samples which have received consent

f) PROVISION AND DISPOSAL OF EARTHWORKS MATERIALS

(1) The Contractor shall be responsible for the provision of all classes of earthworks
material required for the Works, whether sourced from the excavations within the
Contract or obtained from any other sources, which are located outside the Site,
for which the Engineer has given the consent.

(2) For fill or dumping sites, the Contractor shall prepare a land plan with details of
surface drainage requirements, final formation levels, spreading and compaction of
the fill during dumping acceptable to the Engineer. The Contractor shall also
provide security for such sites

(3) All excavated material, excluding waste material, polymer fluid and polymer
contaminated material shall be disposed of at the appointed site only. This material
shall be placed and compacted in accordance with the Construction Specification
for Earth Works or as otherwise directed by the Engineer's Representative. The
disposal of waste material shall be the full responsibility of the Contractor and
these materials shall be disposed of by the Contractor at an approved location. No
dumping sites will be provided by the Employer.

(4) Rock deposited as fill material at the dumpsites shall be capable of compaction
with single pieces no larger than 300mm

15. PROVISIONS FOR DESIGNATED CONTRACTORS

(1) The contractor shall make all reasonable provision to accommodate the fastenings and
fixings of the designated contractors. Such provisions will be notified by the designated
contractors during design interface stage. The contractor shall take a lead in developing
the interface management Plan (IMP) with respect to the other contracts having
interfacing with the works under the scope of present contract. The IMP will be prepared
in conjunction with the other designated contractor to cover all aspects of the
implementation of the interface works required. The IMP will define the interface works
necessary to complete all the works under this contract.

16. RESTORATION OF AREAS DISTURBED BY CONSTRUCTION.

Unless otherwise directed by the engineer, any area disturbed by the construction
activity, either inside or outside the project right of way, shall be reinstated as follows:

All areas affected by the construction work shall be reinstated to their original condition,
with new materials, including but not necessarily limited to, sidewalks, parking lots,
access roads, and adjacent roads, properties and landscaping. Grass cover shall be
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provided for any bare earth surface areas, along with proper provisions for surface
drainage.

17. CONTRACTORS LABOUR CAMPS

(1) The employer will not provide living accommodation for use of the contractor or any of
his staff or labour employed on the works. Living accommodation shall not be
established on any land provided to the contractor by the employer for the works.

(2) Provisions of Labour Camps.

The contractor shall, at his own expense make adequate arrangements for the housing,
supply of drinking water and provisions for bathrooms, latrines and urinals, with
adequate water supply for his staff as well as for workmen employed on the works
directly or through subcontractors at the locations authorized by engineers. No labour
camp shall be allowed at work site or any unauthorized place.

The contractor at his own cost shall maintain all camp sites in a clean and sanitary
conditions, the contractor shall obey all health and sanitary rules and regulations and
carry out at his cost all health and sanitary measures, that may from time to time be
prescribed by the local/medical authorities and permit inspection of all health and
sanitary arrangements at all times by the employer, the employer and the staff of the
local municipality or the other authority concerned. Should the contractor failed to
provide adequate health and sanitary arrangement these shall be provided by the
Employer and the cost recovered from the contractor.

The contractor shall, at his own cost, provide first-aid and medical facilities at the labour
camp and at work sites on the advice of the medical authority consistent with the
strength of the contractor's staff and workmen, employed directly or through
subcontractors.

The contractor shall at his own cost, provide the following minimum requirements for
meeting the fire hazards.

* Portable fire extinguishers
* Manual fire alarms
* Water supply for use by the fire service.

The contractor at his own cost shall provide necessary arrangements for keeping the
camp area sufficiently illuminated to avoid accidents to the workers. He should also
ensure that electrical installations are done by trained electricians. These installations
shall be maintained and daily maintenance record must be made available for
inspection by the engineer.

(3) CAMP DISCIPLINE

The contractor shall take requisite precautions; use his best endeavours to prevent any
riotous or unlawful behaviour by or amongst his workmen, others, employed directly or
through sub- contractors. These precautions shall be for the preservation of the peace
and protection of the inhabitants and the security of the property in the neighbourhood
of the Works. In the event of the Employer requiring the maintaining of a Special Police
Force at or in the vicinity of the site, during the tenure of the work, the expenses thereof

Page 228 of (998)
Contractor Feb-2023 Maha-Metro



NMRP Phase-2 Tender No. N2- 004/C-01/2023 Part-Il, Section-VII-D
Work Requirement

shall be borne by the contractor and if paid by the Employer, shall be recoverable from
the contractor.

The sale of alcoholic drinks or other intoxicating drugs or beverages upon the work, in
any labour camp, or in any of the buildings, encampments or tenements, own or
occupied by, or with the control of, the contractor or any of his personnel employed on
the work directly or through sub-contractors shall be forbidden, and the contractor shall
exercise his influence and authority to secure strict compliance with this condition. The
contractor shall also ensure that no labour or employees are permitted to work at the
site in an intoxicated state or under the influence of drugs.

The contractor shall remove from his camp such labour and their families, as refuse
protective inoculation and vaccination when called upon to do so by the Engineer on the
advice of his Medical Authority. Should Cholera, Plague or any other infectious disease
break out, the Contractor shall at his own cost burn the huts, bedding, cloths and other
belongings of or used by the infected parties. The contractor shall promptly erect new
heads on healthy sides as required by the Employer. Within the time specified by the
Employer, failing which the work may be done by the Employer and the cost recovered
from the Contractor. In case of Covid-19 outbreak, the infected patients may be
promptly isolated, proper contact tracing may be carried out as per the prevailing Covid
guidelines of Govt of Maharashtra/Local body.

(4) LABOUR ACCOMODATION

The contractor shall provide living accommodation that is equal to or exceeds the
minimum criteria established in the following sub-sections, needed to house his staff as
well as workers employed directly or through sub-contractor. The buildings shall be
constructed so as to have a minimum life of not less than the length of contract.

(a) The roof shall be watertight and laid with suitable non-flammable materials permissible
for residential use under local regulation and for which the consent of the Engineer has
been obtained.

(b) Each hut shall have suitable ventilation. All doors, windows, and ventilators shall be
provided with security leaves and fasteners. Back to back units may be avoided.

(c) The minimum height of each unit shall be 2.1m and shall have separate cooking place.

(d) Suitable number of common toilets/bath shall be provided.

(5) WATER SUPPLY

The contractor shall provide an adequate supply of water for the use of labours in the
camp. The provisions shall not be less than two gallons of pure and wholesome water
per head per day for drinking purposes and three gallons of clean water per head per
day for bathing and washing purposes. Where piped water supply is available, supply
shall be at stand post and where the supply is from wells or river, tanks that may be of
metal or masonry shall be provided. The contractor shall also at his expense make
arrangements for the provision and laying of water pipe lines from the existing mains
wherever available and shall pay for all the fees and charges thereof.

(6) DRAINAGE

The contractor shall provide efficient arrangements for draining away sullage water so
as to keep the camp neat and tidy. Surface water shall be drained away from the paths
and roads and shall not be allowed to accumulate into ditches or ponds where
mosquitoes can breed.
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(7) SANITATION

The contractor shall make arrangements for conservancy and sanitation in the labour
camps according to the rules and regulations of the Local Public Health and Medical
Authorities. The contractor shall provide a sewerage system that is adequate for the
number of the residents in the camp and which meets the requirements of the Municipal
Authorities.
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SECTION-VII-E
GENERAL PLANNING CRITERIA

PURPOSE AND SCOPE

The purpose of this Section is to include criteria and requirements (including those
mentioned elsewhere) that are necessary for the full development and Detailed Design of
Viaduct.

OUTLINE DESIGN CRITERIA FOR VIADUCT PORTION

1. GENERAL

1.1. This Outline Design Criteria provides minimum standards which are to govern the
design of the Permanent Works.

1.2. The Outline Design Criteria shall be read in conjunction with the other contract
documents including the Outline Construction Specifications.

1.3. The Design of the Permanent Works shall comply with codes of practice and
standards current at the time of submission of Tender Documents, Regulations
made and requirements issued by the Indian Government and by relevant utility
companies shall be followed and specified. Latest revision of Codes of practice
and standards shall always be referred during the time of submission of Tender
Documents and detailed design stage upon award of the contract.

1.4. Alternative or additional codes, standards and specifications proposed by the
DESIGN AND CONSTRUCT CONTRACTOR shall be internationally recognized codes
and shall be equivalent to or better than, Indian Standards subject to being, in
the opinion of the Engineer, suitable for incorporation into the Specifications.

2. CODES AND STANDARDS
The design shall be carried out as per the Design Basis Report (DBR) for Viaduct,
attached as Annexure-VII-5.

In addition, the technical parameters mentioned in the clause 5.2 are also to be
considered.
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3. METRO RAILWAY ALIGNMENTS

3.1 Criteria
3.1.1 The horizontal and vertical alignments of the metro railway shall be as
provided by Maha-Metro.

3.1.2 The DESIGN AND CONSTRUCT CONTRACTOR shall design the civil
engineering works to these alignments. However, minor changes to the
given alignments may be suggested for approval in order to suit the specific
characteristics of his design. However, Employer is free to reject such
proposals, and in such case, the detailed design is to be carried out for the
given alignment.

3.1.3 Any modification to the metro alignment design shall comply with the
requirements of the project and as approved by Maha-Metro.

4. METRO RAILWAY DESIGN REQUIREMENTS
4.1 General

4.1.1 The Railway Envelope is defined as the extent of works to be
constructed to allow installation and operation of the railway
equipment.

4.1.2 Track Supporting Structure

The DESIGN AND CONSTRUCT CONTRACTOR shall be responsible for
the design, of first stage primary concrete for track supporting
structure. Others will undertake the design of the secondary
concrete, track slabs and track work under contracts with the
Maha-Metro. A fundamental obligation of the DESIGN AND
CONSTRUCT CONTRACTOR is to co-ordinate and co-operate with the
Track work CONTRACTOR so that the design of all components of the
railway are compatible.

4,13 Second pour concrete

The Track work Contractor will carry out the second pour concrete
for the track work. In this regard, the DESIGN AND CONSTRUCT
CONTRACTOR shall include design of starter bars in the primary
concrete pour to facilitate anchorage of the second pour concrete.
The DESIGN AND CONSTRUCT CONTRACTOR shall co-ordinate with
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the Track work CONTRACTOR as to the size and location of the starter
bars.

4.1.4 The DESIGN AND CONSTRUCT CONTRACTOR shall design drainage
pipes, channels and catch basins to be in the first pour concrete.

4.1.5 The design of all Metro rail operating equipment, including signals
and signalling cables, the traction power electrification equipment,
electrical  cables, electrical and mechanical equipment,
telecommunication links, etc. that are required for the metro rail will
be undertaken by other contractors working with the Employer.
Similar co-ordination and co-operation obligations as expressed in
Clause 4.1.2 above apply.

4.1.6 The DESIGN AND CONSTRUCT CONTRACTOR shall include in the civil
works blind holes, plinths, trenches etc. as required by the other
DDC. The extent and detail of such provisions are to be determined
by the DESIGN AND CONSTRUCT CONTRACTOR making due enquiries,
as design co-ordination, from DDCs engaged to provide railway-
operating equipment and from the Track work DDC. Some details of
the likely fixing to be provided are given below but it is stressed that
this information may not be complete or comprehensive.

4.1.7 The DESIGN AND CONSTRUCT CONTRACTOR shall be responsible for
coordinating his design with other DDCs and with the Employer's
Representative and for ensuring that the design incorporates such
fixings as are required in order to avoid any necessity for contractors
to drill, weld, burn or cut any part of a structure.

4.1.8 Telecommunication
DESIGN AND CONSTRUCT CONTRACTOR shall allow for mounting
plates or other agreed fixings for the line side telephones and
associated cables at spacing to be determined by the system wide
Contractor.

4.2  Stray Current Corrosion Control
1) The DESIGN AND CONSTRUCT CONTRACTOR shall incorporate into his
design precautions as per EN 501222 or equivalent to minimize stray
current corrosion caused by traction power (for Nagpur Metro Rail
Project 25 KV AC Traction is adopted).
2) The continuous electrical path shall be provided by ensuring full and
reliable electrical connection throughout the structure.
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3) The electrically continuous path shall be provided through the steel
reinforcement either by continuous welding of structural
reinforcement or by the provision of additional welded mesh
reinforcement.

4) The DESIGN AND CONSTRUCT CONTRACTOR shall make provision for
the monitoring of this continuous electrical path during construction
and the DESIGN AND CONSTRUCT CONTRACTOR will be required to
demonstrate to the Engineer during construction that the electrical
continuity between all metallic structures has been achieved.

5) The DESIGN AND CONSTRUCT CONTRACTOR shall include in the
design, terminals as required from the continuous electrical path
through the structures to external connections.

6) General requirements for earthing and bonding the structures are to
be determined in liaison with the system wide Contractor.

7) The DESIGN AND CONSTRUCT CONTRACTOR shall take account in his
design of the fact that the Contract will be integrated with others in
the Project in respect of the control of stray currents and may
therefore carry stray currents corrosion control measure arising from
any foreseeable operating condition of the Project.

8) Relevant tender drawing enclosed with the tender documents may be
referred.

4.3 Railway Cross Sections and Structure Gauges
43.1 The Kinematic Envelope for the rolling stock of the railway, and
Structure Gauges for straight and curved track as provided by
Maha-Metro is to be followed.

4.3.2 The DESIGN AND CONSTRUCT CONTRACTOR shall ensure that the
proposed size of structure is adequate to contain the equipment,
required under Clause 4.1 above, outside the Structure Gauge
shown in Schedule of Dimensions (SoD).

4.3.3 Structures shall not infringe the clearances specified.

5. METRO RAIL DESIGN
5.1. General
a. Structural System
Span arrangement which has been provided to the Design and
Construction contractor may be directly adopted or may be amended due
to existing utilities, other street furniture, construction proposals, etc.
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The structural system, in general, shall comprise of pre-stressed
segmental box girder superstructure (Maha-Metro’s preferred choice of
superstructure), substructure (pier & pier cap) and foundations (pile or
open foundations as per the site conditions). However, Design and
Construct contractor may propose alternate structural system ensuring
that the deck width, rail levels, etc. are within specified limits and the
same shall be got approved from Maha-Metro.

The design shall be carried out as per the enclosed Approved Design Basis
Report (DBR) for Viaduct.

Design Life

i. The design life of a structure is that period for which it is designed to
fulfill its intended function when inspected and maintained

accordance with agreed procedures. The assumption of a design life for
a structure or component does not necessarily mean that the structure
will no longer be fit for its purpose at the end of that period. Neither

will it necessarily continue to be serviceable for that length of time
without adequate and regular inspection and routine maintenance.

ii. All Design Life criteria shall be as per the relevant codes mentioned in

the approved DBR-Viaduct or as mentioned in the relevant technical

specifications of the tender documents and the same shall be got
confirmed during the detailed design by the Employer's Representative.

5.2 Design Loads

In addition to the DBR viaduct, the following parameters are also required to be
adopted in the design of Metro Viaduct:

Contractor

a) Super imposed dead load (SIDL)

5.0 t/m (as variable) for two tracks on the viaduct to be considered.

Note:

The above load includes Rails+pads, Rails Fastening, cables, cable trays,
Handrail, Rail Plinth, deck drainage, etc.
Weight of parapet (including at the locations for OHE and signalling) is
not considered in SIDL, which is to be considered in Dead Load.

Weight of View Cutter/Noise Barrier/Advertisement Panel is not
considered in SIDL, which is to be considered on the parapet as per the
location, height and other details mentioned.
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b) OHE and Signalling loads:

Loads due to OHE masts/portals and Signalling Posts shall be considered at all
locations as per the Layout Plans (LOP) of OHE and Signalling provided. The
details of loading are attached as Appendix-21 & 23.

c) Nosing Force:
Nosing Forces shall be taken as single concentrated force of 100 kN acting

horizontally at the top of the rails in either direction at right angles to the
centre line of the track and at such a point in the span as to produce
maximum effect in the element under consideration.

It shall be applied on both the straight and curved track. For element
supporting more than one track, a single load as specified shall be taken.

This force shall always be combined with the vertical train load. However, it
shall be neglected in combination with seismic loading.

d) LWR Force:

Maximum longitudinal LWR force due to Rail Structure Interaction (RSI)
after taking load combination due to rail breaking and due to temperature
difference with 10% dynamic augmentation shall be taken as 13.2 kN/m (for
single as well as double track) for span <= 31 m and for superstructure
supported on elastomeric bearing in the absence of an RSI analysis. In case
RSI is done, the value obtained through RSI analysis may be adopted
subjected to minimum of 5 kN/m.

However, for special/longer spans or for bearings other than elastomeric
bearings or spans with tie rod/seismic restrainer fixed with substructure; RSI
analysis to be done and value of LWR forces thus obtained must be used for
design purpose. The RSI analysis due to continuous welded rail with direct
fixation fasteners shall be performed in accordance with proven
international practice or and as mentioned in DBR for viaduct approved by
Ministry of Railways, attached with the tender document.

Load combinations and other parameters/clauses shall be considered as per
the relevant standard codes of practice.

Value of horizontal transverse LWR force in curves to be applied in a
horizontal plane at the top of lower rail as follows:

Transverse Force: The transverse force (T) per linear meter of structure per
rail shall be determined by the following formula:

T =650 kN
R
Where R = radius of rail curvature in meters
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e) Slenderness Effect:

Slenderness effect shall be considered in both ULS and SLS combinations.

Since the value of additional moments due to slenderness in SLS is not
directly given in IRS CBC, the same may be calculated as linear interpolation
of SLS axial load from the ULS axial load.

f) Effective Length of pier columns for simply supported spans:

a. Effective length of column to be considered in longitudinal direction: 2.3
lo

b. Effective length of column to be considered in transverse direction: 2.3 |,
lo: clear height between end restraints.

c. For rigid frame Portal Piers, effective length (l¢) shall be 2.3xlp in
longitudinal Direction and 1.5xly in the transverse direction. Where lo is
distance between effective restraints.

g) Temperature gradient:

Appropriate temperature gradient shall be considered for all spans of
steel/concrete irrespective of the length of span.

h) Design speed: Permissible operating speed (as per SoD) + 10 kmph shall be
considered.

i) Elastomeric bearings shall be used for a maximum span of 34 m c/c of piers in
the case of concrete superstructure.

j) Bearings:
a. Design of elastomeric bearings shall be as per IRC: 83- Part 2 (latest

version with all amendments).

b. Design of spherical bearings shall be as per IRC: 83- Part 4 (latest
version with all amendments).

k) Cycles of loading for fatigue consideration: 10 million cycles.
1) Structural Steel: All the grade of steel should have quality of BO.

m) Dynamic Loading:

CDA shall be calculated based on IRS Bridge rules and IRS Substructure
Code.

Page 237 of (998)
Contractor Feb-2023 Maha-Metro



NMRP Phase-2 Tender No. N2- 004/C-01/2023 Part-Il, Section-VII- E
Employer's Requirements - General Planning Criteria

Dynamic loading shall be applied appropriately for all the structural
elements up to the prescribed level as per the relevant clauses in the
respective IRS codes.

n) Braking and Tractive Forces:
Longitudinal loads from tractive and braking shall be 20% & 18% of live

load per track respectively.

0) Seismic Loading
IRS Seismic code to be followed instead of the Seismic guidelines

mentioned in the DBR for Viaduct.

p) Viaduct portion across rivers/streams:
All the parameters like forces due to water currents, scour depth, etc. as
mentioned in the relevant codes of practice.

q) Shrinkage and Creep
Provision shall be made for the effects of shrinkage and creep of the

concrete in the structure.

5.3 Noise Abatement

Allowable Range of Noise Levels shall be as per CPCB Guidelines as per The
Noise Pollution (Regulation & Control) Rules 2000 & its amendments, if any.

Provision of Noise Barriers:

Structures shall be designed to reduce noise to locally acceptable levels by
provision of low vibration track forms, resilient base plates and also design of
parapet walls and treatment of their track side surfaces. They can be
supplemented by providing sound elimination material on sides of the
viaduct superstructures. Noise Barrier as required in some lengths of viaducts
and bridges passing through sensitive residential or hospital zones will be
decided by the Engineer/Employer. Noise barrier details shall be provided to
successful bidder, if required. The choice of type of Noise Barrier and their
disposition along the parapet railing is also closely related to aesthetics of the
structure.

6 Metro RAIL REQUIREMENTS
6.1 Emergency Evacuation

Provision for emergency evacuation shall be provided along the railway for the
full length of the structure. Routes assigned for emergency evacuation shall be
designed for footway loading in accordance with the requirements stated
herein.
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6.2 Parapet

6.2.1 Parapet, of 700 mm high from the deck top, is to be designed and cast as
integral with the box girder.

6.2.2 Parapet shall be provided on both sides of all viaducts for the full length of
the structure. They shall be designed to act as the support structure to the
railway cabling and junction boxes as appropriate and will be cast inbuilt
with box segments.

6.2.3 Parapets shall be designed to resist the wind load and other relevant loads
based on the codal provision.

6.2.4 Parapets shall be provided for all transition structures to protect the guide
way from intrusion by trespassers, vandals and road vehicles.

6.2.5 Parapets shall be designed for forces of Signal masts, OHE masts and related
structures.

6.3 Vertical profile:

6.3.1  Profile grade:

6.3.2  The superstructure shall be so designed that, when subject to dead load only,
the rail level would be above the theoretical vertical profile of the system by
an amount equal to permissible LL deflection for the structure.

6.3.3  Provision for super-elevation shall be made preferably as part of the track
structure over the deck. The dead load is to be considered at such locations.

6.4 Span arrangement

6.4.1 The Tenderer shall provide, by suitable choice of span lengths, a sufficiently
stiff deck and supporting sub-structure to resist loading as defined in various
Clauses stated above.

6.4.2 Static and dynamic rail live load responses, at essential movement joint
locations, shall be in compliance with the Employer's Requirements.

6.4.3 Approach slabs of sufficient sizes shall be provided between abutments and
at-grade sections.

An approach slab shall be provided in rear of all abutments of elevated
structures and bridges. This should not be less than 6 m in length nor be
less than the length computed from the formula:

L=1.5h tan (45°- ¢/2)

Where

h = Depth from bottom of slab to bottom of abutment (top of footing)

@ = Angle of internal friction of backfill soil in degree Slab shall be designed
assuming that it does not receive any support from the backfill for a distance
of not less than 4.0 m or less than h tan (450— (#/12) from back of abutment.

7 Additional Design Considerations
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7.1 Vibration and Deflection Limitations

The amplitude and frequency of vibrations of the viaduct structure shall be
limited to international standards. The overall deflection for elevated
structure will be limited taking into consideration the effect of vibration in
addition to other considerations. Suitable provisions shall be provided at the
ends of beams and jacking pads on pier caps shall be provided to allow for
replacement of bearings and for any repairs during service.

Provision should be made for adequate fixtures of the superstructure to the
substructure, if any loading or loading combination increased by 100% of live
load plus impact is likely to cause uplift of any support.

Reference may be taken from UIC 776-3 and RDSO Guidelines for Noise &
Vibration for Metro Rail Transit System.

7.2 Design Procedures

Reinforced and Pre-stressed concrete members of elevated structures shall be
designed in conformity with the provisions as per the Clause-5.2 above.

7.3 Substructure and Foundations

Refer also to the IRS Bridge Sub-structure and Foundation Code and or IRC 78 —
Section VIl Code of Practice for Foundations and Structures. IS 2911 and IS
14593 shall also be referred for pile foundation design.

7.4 Method of Construction

Stresses in partially completed structures shall be analysed for appropriate
critical conditions at various stages of the construction. Any restriction on the
construction operations resulting from the design assumptions shall be clearly
specified on the contract drawings and specifications. Conversely, advantage
may be taken by the designer of specified construction procedures or
sequences to affect a more favourable distribution of loads or stresses.

7.5 Movement/Expansion Joints

Movement/expansion joints and other necessary measures to control
shrinkage and thermal effects shall be incorporated in the structural design so
that the performance of architectural finishes or of any services are not
adversely affected during normal working conditions.
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Movement/expansion joints shall be designed to be easily maintained and
replaceable.

7.6 Sway of Viaduct Column

Longitudinal sway at the top of viaduct columns due to live loads shall be
restricted to a maximum of 5 mm, as per RDSO Guidelines for carrying Out Rail
Structure Interaction studies on Metro Systems.

7.7 Structural Members with Bearings

Consideration shall be given for the easy maintenance and replacement of
viaduct bearings.

The minimum clearance between structural members separated by
bearings shall be as follows:

Precast Viaduct Beam/Cross Head : 150 mm

In-Situ Viaduct Beam/Column : 250 mm

These are absolute minimum values and the requirement for easy
maintenance and replacement of bearings shall prevail.

7.8 Access to Voids

Continuous access between the deck voids shall be provided wherever possible.
An easily removable, watertight manhole access to deck voids shall be provided
in every span.

7.9 Pre-stressed Concrete
Non-shrink grout shall be used for grouting of post-tensioned tendon ducts.

Pre-stressing anchorages shall be detailed such that they are easily accessible
for inspection and maintenance. The detailing shall also prevent the
accumulation of water and dirt around the anchorage.

All assumptions made in the determination of the design pre-stress loads, e.g.,
curvature, friction, cross section and mechanical properties of strand and
concrete shall be clearly stated on the drawings.

7.10 Bearings

Page 241 of (998)
Contractor Feb-2023 Maha-Metro



NMRP Phase-2 Tender No. N2- 004/C-01/2023 Part-Il, Section-VII- E
Employer's Requirements - General Planning Criteria

7.10.1 In the selection of the bearing layout in viaducts, consideration shall be
given to their performance in relation to the supporting structures,
economy as well as maintenance and replacement of the bearings.

7.10.2 Due care must be taken to ensure that no pair of bearings act against one
another in service conditions to the detriment of the structure and to the
bearings themselves.

7.10.3 Whenever the expected design life of the bearings is significantly less
than that of the structure, provision shall be made for the removal and
replacement of the whole or parts of the bearings.

7.10.4 Types of Bearings

Bearings can be either Elastomeric or Spherical or POT-PTFE as per the
design requirements.

Type of Bearings adopted shall be justified by detailed design calculations
based on IRC.

7.11 Viaduct Deck Drainage and Waterproofing

Viaduct deck drainage and waterproofing system shall be designed for all
effects and requirements of the Metro.

Cast-in drains shall be used, provided with rodding eyes at every bend. Runoff
on viaduct structures and bridges shall be collected through surface drains
that shall lead to down drains at the support columns. The down drains shall
be connected to a rainwater harvesting system (relevant tender drawings may
be referred). Silt removal shall be provided where necessary.

7.12 System wide Requirements

7.12.1 System wide requirements must be considered in the development of the
structural design. Such consideration shall include:
» The incorporation of a stray current corrosion control system
* The incorporation of an adequate water drainage system
* The necessary design of reinforcement in plinth and deck so as to
avoid interference with and attenuation of the signalling circuits.

» Special care taken with the location of gullies in points and crossing
areas.
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* Provision for future pre-stressing of cable/strands as per IRS code
shall be made for all pre-stressed concrete members (External pre-
stressing) as indicated in the conceptual drawings.

7.12.2 System wide details are liable to changes as the requirements of various
contracts become known and their designs are developed. The DESIGN
AND CONSTRUCT CONTRACTOR shall be responsible for incorporating all
System wide requirements as they become available.

7.12.3 All details provided to meet System wide requirements shall be subject to
the acceptance by the Employer's Representative.

7.13 FOUNDATIONS AND GEOTECHNICAL WORKS

a) "Geotechnical works" shall mean foundations, earthworks, deep
excavations, slopes, embankments and earth retaining structures. It
shall also include dewatering and any ground related activities in
soil and rock.

b) The DESIGN AND CONSTRUCT CONTRACTOR shall be responsible
for determining for his design purposes the Geology and the
Geotechnical parameters of the sub-surface strata along the route.

c) The Geo-Technical Investigation details/reports relevant to this
contract as available with Maha-Metro are enclosed with tender.
Further GT investigation details/reports as available with
Maha-Metro will be supplied during execution of work. The results
can be of use for broad reference and information only.

d) The geo-technical investigations are to be carried out by the
DESIGN AND CONSTRUCT CONTRACTOR on which the design should
be based. GT Investigation has to be carried out at each pier.

e) The DESIGN AND CONSTRUCT contractor shall carry out the
installation of test piles and testing as per relevant codes. If
necessary, modification to design of piles after testing shall be
done.

f)  In his design the DESIGN AND CONSTRUCT CONTRACTOR shall take
adequate measures to minimize the amount of local differential
settlement of road surfaces around underground works.

g) Minimum No. of piles in a pile group is four.

h) The type of foundation shall depend on soil and site condition, and,
where the Metro alignment is close to the Railway line, the
foundation design of the adjacent structure.
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S.01: GENERAL
1.1. General:

111 These Specifications contained herein shall be read in conjunction with other
tender documents.

1.1.2 The Work shall be carried out in accordance with the "Good for Construction"
drawings and designs as would be issued to the Contractor by the Engineer duly
signed and stamped by him. The Contractor shall not take cognizance of any
drawings, designs, specifications, etc. not bearing Engineer's signature and stamp.
Similarly, the Contractor shall not take cognizance of instructions given by any other
authority except the instructions given by the Engineer in writing.

1.1.3 The work shall be executed and measured as per metric units given in the
Schedule of Quantities, drawings etc. (FPS units where indicated are for guidance
only) (Not applicable for Viaduct D&B Works).

1.1.4 Absence of terms such as providing, supplying, laying, installing, fixing etc. in the
descriptions does not even remotely suggest that the Contractor is absolved of
such providing, supplying etc. unless an explicit stipulation is made in this
contract. The Employer / Owner shall bear no costs of materials, labour,
equipment, duties, taxes, royalties etc.

1.1.5 The specifications may have been divided into different sections / sub-heads for
convenience only. They do not restrict any cross-references. The Contractor shall
take into account interrelations between various parts of works/trades. No claim
shall be entertained on the basis of compartmental interpretations.

1.1.6 The classification of various items of works for purpose of measurements and
payments shall be as per schedule of payment. Except where distinguished by
BOQ, the rates apply to all heights, depths, sizes, shapes and locations. They
also cater for all cuts and wastes. No floor wise separation shall be made for the
rates. Likewise, all heights of centring, shuttering, staging, formwork and
scaffolding, launching trusses and other launching methods are covered by the
rates including multi stage propping for heights greater than one floor as per
drawings.

1.1.7 Reference to the Standard Codes of Practice:

The contractor shall make available at site all relevant Codes of practice
as applicable.

Legend:
ASCE American Society of Civil Engineers
ASME énmg?;ig(a;SSociety of Mechanical
ASTM American Society for Testing Materials
BS British Standard
CPWD Central Public Works Department
DIN Deutsches linstitute for Normunge V.
IRC Indian Road Congress
IRS Indian Railway Standards
IS Indian Standards
JIS Japanese Industrial Standard
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MORTH Ministry of Road Transport and Highways

Contractor

1.1.8

Contractor to Provide:

The Contractor shall provide and maintain at site throughout the period of works the
following at his own cost and without extra charge, Except for the items specified in
the Bill of Quantities the cost being held to be included in the Contract Price.

1. General works such as setting out, site clearance before setting out and on
completion of works. All weather approach roads to the site office should also
be constructed and maintained in good condition.

2. All labour, materials, plant, equipment and temporary works, Overhead
charges as well as general liabilities, obligations, insurance and risks arising
out of GCC, required for completing and maintaining the works to the
satisfaction of the Engineer.

3. Adequate lighting for night work, and also whenever and wherever required
by the Engineer.

4, Continuous and rigid temporary fences, barricades, guards, lights and
protective work necessary for protection of workmen, supervisors, engineers,
general public and any other persons permitted access to the site. Contractor
shall provide proper signage’s as directed.

5. All fences, barricade shall be painted with colour shades / designs as
specified by the Engineer. The barricading should be of adequate height to
ensure visual obstruction of work from public view.

6. All equipment, instruments, labour and materials required by the Engineer for
checking alignment, levels, slopes and evenness of surfaces measurements
and quality etc.

7. Design mixes and testing them as per relevant clauses of specifications
giving proportion of ingredients, sources of aggregates and binder along with
accompanying trial mixes. Test results to be submitted to the Engineer for his
approval before adoption on works.

8. Method Statements, for each main activity of the work (temporary and
permanent) to be executed detailing the purpose, scope, resources required,
sequence / procedure of execution, persons responsible, time frame, safety
requirements & measures, risk analysis, Inspections, and Test Procedures
along with standard values / acceptable criteria etc. duly approved by the
Engineer before start of that particular activity at site.

9. Contractor shall also prepare / approve and make available to the Site
Engineer the work procedure for each sub-activity to be done at the site,
detailing the procedure / process to be followed including work sequence,
safety measures, to be followed, level of quality to be maintained, type of
material to be used, type of finishing required and responsibility assigned etc.
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Cost of preparation and compliance with provision of a quality assurance
control program.

Cost of safe guarding the environment.

Cost of safety measures and requirements of site safety plan.

A testing laboratory as specified by the Engineer equipped with the
apparatus as mentioned in Employers requirement will be set up.

Quality Assurance & Quality Control:

1.

The work shall conform to high standards of design and workmanship, shall
be structurally sound and aesthetically pleasing. The Contractor shall conform
to the Quality standards prescribed, which shall form the backbone for the
Quality Assurance (QA) and Quality Control (QC) system.

At the site, the Contractor shall arrange the materials, their stacking/storage
in appropriate manner to ensure the quality. The Contractor shall provide all
the necessary equipment and qualified manpower to test the quality of
materials, assemblies etc., as directed by the Engineer. The cost of all such
testing shall be included in the quoted rates and nothing extra shall be paid
for in this regard. The tests shall be conducted at specified intervals and the
results of tests properly documented. In addition, the Contractor shall keep
appropriate tools and equipment for checking alignments, levels, slopes and
evenness of the surfaces.

The Engineer shall be free to carry out such tests as may be decided by him
at his sole discretion, from time to time, in addition to those specified in this
document. The Contractor may provide the samples and labour for collecting
the samples. Nothing extra shall be payable to the Contractor for samples or
for the collection of the samples.

. The tests shall be conducted at the Site laboratory that may be established

by the Contractor or at any other Standard Laboratory selected by the
Engineer.

. The Contractor shall transport the samples to the laboratory for which

nothing extra shall be payable. In the event of the Contractor failing to
arrange transportation of the samples in proper time, the Engineer shall
have them transported and recover two times the actual cost towards
transportation and testing from the Contractor's bills.

. All testing shall be performed in the presence of Engineer. Testing may be

witnessed by the Contractor or his authorized representative if permitted by
the Test House. Whether witnessed by the Contractor or not, the test
results shall be binding on the Contractor.

. Cost of all such tests shall be borne by the Contractor and nothing extra

shall be payable on this account

The Engineer shall have the right at all times to inspect all operations
including the sources of materials, procurement, layout and storage of
materials, all equipment including the concrete batching and mixing
equipment, and the quality control system. Such an inspection shall be
arranged and the Engineer's approval obtained prior to starting of the
particular item of work. This shall however, not relieve the Contractor of his
responsibilities. All materials which do not conform to these specifications
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shall be rejected and shall be removed from the site immediately. The
Engineer shall have the powers to cause the Contractors to purchase and
use materials from any particular source as may in the Engineer's opinion
be necessary for the proper execution of work. Nothing extra shall be
payable to the contractor on this account.

Dimensions:

1 Figured dimensions on drawings shall only be followed and drawings to a large
scale shall take precedence over those to a smaller scale. Special dimensions
or directions in the specifications shall supersede all others. All dimensions
shall be checked on site prior to execution.

2 The dimensions where stated do not allow for waste, laps, joints, etc. but the
Contractor shall provide at his own cost sufficient labour and materials to cover
such waste, laps, joints, etc.

3 The levels, measurements and other information concerning the existing site
as shown on the drawings are believed to be correct, but the Contractor should
verify them for himself and also examine the nature of the ground as no claim
or allowance whatsoever will be entertained on account of any errors or
omissions in the levels or the description of the ground levels or strata turning
out different from what was expected or shown on the drawings.

Setting out of Works:

The Contractor shall set out the works indicated in the tender documents. The
Contractor shall provide suitable stones with flat tops and build the same in
concrete for temporary bench marks. All the pegs for setting out the Works and
fixing the levels required for the execution thereof shall, if desired by the Engineer,
likewise be built in masonry at such places and in such a manner as the Engineer
may direct. The Contractor shall carefully protect and preserve all bench marks
and other marks used in setting out the works. The contractor will make overall
layout of complete work and get it checked from engineer. The cost of all
operations of setting out including construction of bench marks is deemed to be
included in the contract price.

All the survey work except levelling work shall be carried out using total stations
with one second accuracy. The levelling work shall be carried out using Auto
level.

The triangulation points given by MAHA METRO before start of work shall be
maintained during execution and handed over back to MAHA METRO after
completion of work.

Materials:
Source of Materials:
It shall be the responsibility of the contractor to procure all the materials
required for construction and completion of the contract. The contractor shall
indicate in writing, the source of materials well in advance to the Engineer,
after the award of the work and before commencing the work. If the material
from any source is found to be unacceptable at any time, it shall be rejected by
the Engineer and the contractor shall forthwith remove the material
immediately from the site as directed by the Engineer.

Quality:
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All materials used in the works shall be of the best quality of their respective
kinds as specified herein, obtained from sources and suppliers approved by
the Engineer and shall comply strictly with the tests prescribed hereafter, or
where tests are not laid down in the specifications, with the requirements of the
latest issues of the relevant Indian Standards.

3. Sampling and Testing:

All materials used in the works shall be subjected to inspection and test in
addition to manufacturer’s test certificates. Samples of all materials proposed to
be employed in the permanent works shall be submitted to the Engineer at least
45 days in advance for approval before they are brought to the site.

Samples provided to the Engineer for their retention are to be labelled in boxes
suitable for storage. Materials or workmanship not corresponding in character
and quality with approved samples will be rejected by the Engineer.

Samples required for approval and testing must be supplied sufficiently in
advance in required quantity and number to allow for testing and approval, due
allowance being made for the fact that if the first samples are rejected further
samples may be required. Delay to the works arising from the late submission
of samples will not be acceptable as a reason for delay in completion of the
works.

Materials shall be tested before leaving the manufacturer's premises, quarry or
resource, wherever possible. Materials shall also be tested on the site and they
may be rejected if not found suitable or in accordance with the specifications,
notwithstanding the results of the tests at the manufacturer's works or
elsewhere or test certificates or any approval given earlier.

The contractor will bear all expenses for sampling and testing, whether at the
manufacturer's premises at source, orate site or at any testing laboratory or
institution as directed by the Engineer. No extra payment shall be made on this
account.

4. Dispatch of materials:
Materials shall not be dispatched from the manufacturer's works to the site
without written authority from the Engineer.

5. Test certificates:

All manufacturer's certificates of test, proof sheets, etc. showing that the
materials have been tested in accordance with the requirement of this
specification and of the appropriate Indian Standard are to be supplied free of
charge on request to the Engineer.

6. Rejection:
Any materials that have not been found to conform to the specifications will
be rejected forthwith and shall be removed from the site by the Contractor at
his own cost within two weeks or as instructed by the Engineer.
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The Engineer shall have power to cause the Contractors to purchase and
use such materials from any particular source, as may in his opinion be
necessary for the proper execution of the work.

Storing of Materials at site:

All materials used in the works shall be stored on racks, supports, in bins, under
cover etc. as appropriate to prevent deterioration or damage from any cause
whatsoever to the entire satisfaction of the Engineer.

The storage of materials shall be in accordance with IS 4082 "Recommendation
on stacking and storage of construction materials on site" and as per IS 7969
"Safety code for handling and storage of building materials".

The materials shall be stored in a proper manner at places at site approved by the
Engineer. Should the place where material is stored by the Contractor be required
by the Employer for any other purpose, the Contractor shall forthwith remove the
material from that place at his own cost and clear the place for the use of the
Employer.

Water:

1. Water from approved source:
Potable water only shall be used for the works. Contractor shall have his
own source of water duly approved by Engineer. The water shall be free
from any deleterious matter in solution or in suspension and be obtained
from an approved source. The quality of water shall conform to IS 456.

2. Storage:
The Contractor shall make his own arrangements for storing water, if
necessary, in drums or tanks or cisterns, to the approval of the Engineer.
Care shall be exercised to see that water is not contaminated in any way.

3. Testing:

Before starting any concreting work and wherever the source of water
changes, the water shall be tested for its chemical and other impurities
to ascertain its suitability for use in concrete for approval of the
Engineer. No water shall be used until tested and found satisfactory.
Cost of arranging, storing and testing of water shall be deemed to be
included in the quoted rates in the Bill of Quantities and nothing extra
shall be payable in this regard.

Workmanship:

All works shall be true to level, plumb and square and the corners, edges and
arises in all cases shall be unbroken and neat.

Any work not to the satisfaction of the Engineer or his representative will be
rejected and the same shall be rectified or removed and replaced with work of
the required standard of workmanship at no extra cost.

LOAD TESTING ON COMPLETED STRUCTURES
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During the period of construction or within the defect liability period the Engineer
may at his discretion order the load testing of any completed structure or any
part thereof if he has reasonable doubts about the adequacy of the strength of
such structure for any of the following reasons:

Results of compressive strength on concrete test cubes falling below the
specified strength.

Premature removal of formwork.

Inadequate curing of concrete.

Over loading during the construction of the structure or part thereof.

Carrying out concreting of any portion without prior approval of the Engineer.
Honey combed or damaged concrete which in the opinion of the Engineer is
particularly weak and will affect the stability of the structure to carry the
design load, more so in important or critical areas of the structure.

Any other circumstances attributable to alleged negligence of the contractor
which in the opinion of the Engineer may result in the structure or any part
thereof being of less than the expected strength.

All the load tests shall be carried out by the contractor strictly in accordance with
the instructions of the Engineer, as per IRS: CBC-2014Clause 18 and IRC: SP-
51, as indicated in the Bill of Quantities and as indicated hereunder. Such tests
shall be carried out only after expiry of minimum 28 days from day of casting or
such longer period as directed by the Engineer.

Deleted.

In such cases the portion of the work concerned shall be taken down or cut out
and reconstructed to comply with the specifications. Other remedial measures
may be taken to make the structure secure at the discretion of the Engineer.
However, such remedial measures shall be carried out to the complete
satisfaction of the Engineer.

All costs involved in carrying out the tests (unless and until mentioned otherwise
in these specification) and other incidental expenses thereto shall be borne by
the contractor regardless of the result of the tests. The contractor shall take
down or cut out and reconstruct the defective work or shall make the remedial
measures instructed at his own cost. If the load testing is instructed on any
ground other than mentioned in a) to g) of 1.1.16.1, then the cost of the same
shall be reimbursed if the result of the test is found to be satisfactory. The load
testing of spans / piles etc. shall be done using certified and calibrated dial
gauges only. Use of levelling instruments for measuring deflections shall not be
allowed.

In addition to the above load tests, non-destructive test methods such as pile
integrity test, and ultrasonic pulse velocity test shall be carried out by the
contractor at his own expense if so desired by the Engineer. Such tests shall be
carried out by an agency approved by the Engineer and shall be done using only
recommended testing equipment. The acceptance criteria for these tests shall be
as specified by the testing agency or good engineering practices in accordance
with the relevant codal provisions and as approved by the Engineer.
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1.2. Structural Work:

1.2.1

1.2.2

1.2.3

1.24

1.25

1.2.6

1.2.7

1.2.8

1.2.9

1.2.10

Unless specified, only controlled concrete with design mix and weigh batching is to be
used for the work.

Minimum cement content specified in CPWD specification is purely from durability point
of view. Larger content of cement shall have to be provided if demanded by mix
design.

Provision of cement slurry to create bond between plain / reinforced concrete surface
and subsequent applied finishes shall not be paid extra.

Mix design using smaller aggregates of 10mm down size shall also be done in advance
for the use in the junctions having congested reinforcement.

Procedure of mixing the admixtures shall be strictly as per the manufacturer's
recommendations if not otherwise directed by the Engineer.

All the water tanks and other liquid retaining concrete structures shall undergo hydro
testing.

Special benches shall be provided at site for stacking reinforcement bars of different
sizes.

Formwork for beams of RCC areas shall be designed in such a way that the formwork
of the adjacent slabs can be removed without disturbing the props / supports of the
beams.

Wherever there are tension / suspended concrete members which are suspended from
upper level structural members, the shuttering / scaffolding of such members at lower
level shall have to be kept in place till the time the upper level supporting members
gain minimum required strength. Cost of such larger duration of keeping in place the
shuttering/scaffolding shall be deemed to be included in the price quoted for respective
structural members.

Formwork is required for full height at all locations. Special precaution for such tall
formwork shall be taken to ensure its safety. Extra costs for such formwork shall be
deemed to have been included in the price quoted against relevant items.

During the mobilization period, the contractor shall carry out expeditiously and without

delay the following works:

a. Material testing and mix designs of various grades of concrete as contemplated in

the specifications.

b. Setting up of full-fledged site laboratory as per the requirements of these
specifications.

. Any other pee-requisite items required for final execution.

. Site office for the use of the Engineer staff.

. Casting yard with full facilities.

. Setting up concrete batching and mixing plant.

m - o Q O

. Any other prerequisite items required for final execution.

1.2.12 Casting yard to have following minimum facilities.

Contractor
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1.3.

1.4.

1.5.

1.6.

Contractor

Work Requirement (S.01: GENERAL)

. Casting beds as required.

. Sets of form work /moulds as required.

. All handling facilities for precast elements.

. Curing arrangements as required.

. Stacking arrangements for precast elements.

. Storing of materials.

. Segments shall be stacked with Three-Point support in stacking yard, two tier
stacking of girders is acceptable in Pre-cast yard subject to the satisfaction of
Engineer-in-Charge.

m - 0D Q O T 9

h. Proper drainage and approach roads.

Supply of Progress photographs and albums:

The work covers the supply of colour photographs, negatives and albums to serve as a
permanent record of various stages/facets of work needed for an authentic documentation
as approved by the Engineer.

The photographs shall be of acceptable quality and they shall be taken by a professionally
competent photographer with camera having the facility to record the date of the
photographs taken in the prints and the negative. Each photograph in the album shall be
suitably captioned and dated.

The photographs and materials including negatives/soft copies shall form a part of the
records of MAHA METRO and prints of the same cannot be supplied to anybody else or
published without the written permission of MAHA METRO.

Supply of Video CDs:

The work consists of taking video films of important activities of the works as directed by the
Engineer during the currency of the Project and editing them to a video film of playing time
not less than 60 minutes. It shall contain narration of the activities in English by a competent
narrator. The edition of the film and script of the narration shall be approved by the
Engineer.

Survey Work:

The said work involves at the very start of work taking-over of reference point from the
Engineer, establishment of control points, triangulation points, bench marks, grid layout for
all the piers and other structures maintaining horizontal and vertical control within the
permissible limits, incorporating changes (if any), submission of full data in the tabulation
form and survey drawings including setting and layout of various works during the progress
of work and matching of the station area track alignment with the alignment of the
approaches at station ends and incorporating the changes (if any).

Barricading

The work includes/covers barricading for the work to be carried out along the median and
areas affecting road traffic. Barricading for the areas like casting yard, batching plant,
storage and similar working area shall be done at own cost by the contractor. Other
barricading along the median and areas affecting road traffic will be paid as schedule A
(General Works) of BOQ The detailed scope of work is as follows:

i. Providing and installing the barricades of the design and type as shown in the typical
sketch furnished as per the approved plan firmly to the ground and maintaining it
during the progress of work.
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Work Requirement (S.01: GENERAL)

i. Itis the primary responsibility of the contractor to ensure sufficient illumination (e.g.:
rope lights etc.) along the barrication line to guide the road traffic. Any shortfall in this
regard shall attract a penalty of Rs. 5000/- per instance or as decided by the Engineer-
in-Charge.

iii. In case of EOT granted to the contractor for any reason whatsoever, no additional
compensation shall be paid to the contractor.

iv.  Dismantling of barricading and other temporary installations from the site and cleaning
the site as per direction of Engineer upon completion and acceptance of work. The
barricading boards shall be the property of the contractor upon completion of the work.

v. 50 % of the barrication boards shall be painted and the remaining 50% shall be filmed
as per the approved scheme and methodology. Repainting and re-filming of the same
shall be ensured without fail at a regular interval of every six months. Nothing extra
shall be paid in this regard.

vi.  To facilitate certain category(ies) of construction activities, it may be necessary to
temporarily remove the barricades from a particular location and re install the same at
the same location. No additional payment shall be made or can be claimed on account
of such re-installation(s). However permanent removal of barrication boards from any
location shall be permitted only just prior to road restoration.

Tentative Road Safety Devices
Brief Description

Supply of Red portable heavy duty traffic cones of 750 mm height with white reflective tape
bands on min. 100 mm width all around.

Hazard warning light flasher with rechargeable, maintenance free battery & charging system.
Safety light island post with 11 nos. parallel reflector.

Red reflective arrow fitted on enamelled mild steel board of 360 x 220 mm size.

Traffic Triangular Tripod made of fluorescent cloth fitted on steel frame.

Retro-reflective tape (1) 50 mm width.

Fluorescent Jackets with reflective tape all around.

Yellow reflective cat eyes of size 115 x 11 x 22 mm made of ABS material having 19 glass
beads on each side.

Metal Tubular Delineator of 610 mm height with reflective tapes.

Retro-reflective arrows diversion board 450 x 900 mm with crystal clear protective
transparent coat to avid damage on 14-gauge Mild Steel sheet with and without pole.
Retro-reflective "Men at work" triangular board of size 900 mm with crystal protective
transparent coat to avoid damage on 14-gauge Mild steel board with and without poles.
Retro-reflective board for "Go Slow Work in progress" of size 1200 x 750 mm with crystal
clear protective transparent coat to avoid damages to the Mild Steel sheets with and without
pole.

Retro-reflective advance direction signs cum diversion boards of size 1200 x 900 mm with
crystal clear protective transparent coat to avoid damage to the 14-gauge mild steel sheet
with and without pole.

Retro-reflective speed limit circular sign boards of 600 mm diameter with crystal clear
protective transparent coat to avoid damage to the 14-gauge mild steel sheet (without pole).
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15.

16.

17.

1.7.

1.8.

Contractor

Work Requirement (S.01: GENERAL)

'SORRY FOR INCONVENIENCE' Retro-reflective boards of size 900 x 300 mm size with
crystal clear protective transparent coat to avoid damage to the 14-gauge Mild Steel Sheet
(without pole).

HAZARD MARKERS (Yellow & Black) must be put all over the construction site. This Retro-
reflective board is of size 300 x 900 mm with crystal clear protective transparent coat to
avoid damage to the 14-gauge mild steel sheet with or without pole.

'CAUTION' tape which is normally yellow tape of special polythene material having 75 mm
width "CAUTION' written all over with black colour in rolls of 300 meter.

Measurement

The barricading including all the required safety devices as listed under the above table shall
be measured as per relevant item in BOQ. Payment shall be deducted for the period during
which the barricading and arrangements for traffic diversion are not satisfactory to the
Engineer.

Transplantation of Trees - (DELETED)-

Finishing Work:

1.8.1 The Contractor shall incorporate seismic considerations of anchoring and
isolation in the design and detailing of the finishes as directed by the Engineer.
The element to be anchored shall have its motion suitably restrained whilst at
the same time it shall be suitably isolated so as not to be affected by the
deformations/ vibrations of the building during Construction.

1.8.2 Sub-Contractor:
Works as listed below and those dealing with proprietary materials/ products
may be carried out by the Contractor through the Sub-Contractors as may be
approved by the Engineer in writing. The Sub-Contractors must be firms of
repute and long standing, having adequate experience and complete facilities to
carry out all items of work required for completion as per Specifications and
expected quality to the satisfaction of the Engineer. The Sub- Contractor must
also have personnel experienced in preparing shop drawings. All such works
shall be carried out under the direct supervision of the manufacturers of the
proprietary materials/ products or their trained and accredited licensee.

(a) Waterproofing

(b) Caulking & Sealants

(c) Seismic Joints

(d) Expansion joints

(e) Application of Silicone water repellent solution where specified.
(f) Bearings

(g) Structural Glazing/cladding
(h) Landscaping
(i) Roof sheeting

1.8.3 Guarantees and Building Maintenance for Finishes:
The Contractor shall guarantee and undertake to maintain and rectify the various
components of the Civil Works for their successful performance for the periods as
specified below. The Contractor shall indemnify the Engineer for a similar period
against any damage to property and injury to persons on account of any defective
work or maintenance carried out by the Contractor. The format and text of the
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1.8.4

1.8.5

1.8.6

Tender No. N2- 004/C-01/2023 Part-11, Section-VII-F
Work Requirement (S.01: GENERAL)

Guarantee and the Indemnity Bond shall be as followed in CPWD or as approved
by the Engineer.

External/Internal cladding of Stone, Marble and Granite shall be guaranteed

for 5 years.

All Fire Rated Door sets shall be guaranteed to remain integral and absolutely
stable in the event of a fire. All moving parts of the Fire Rated Door sets shall be
guaranteed to give trouble free service for 5 years and the finish shall be
guaranteed to last for at least 5 years.

Waterproofing for basements (which include raft, retaining walls, and expansion/
separation joints in retaining walls) and roofs shall be guaranteed for 10 years.
The waterproofing shall include all allied works on the roof such as concrete
screed and the China Mosaic roof finish/ stone cladding on the parapet between
which the waterproofing treatment shall be sandwiched.

Waterproofing for the other areas such as toilets, kitchens, chhajjas etc. shall be
guaranteed for 10 years. The waterproofing shall include all allied works on the
slab etc. such as concrete/ mortar scree ding, if any, floor finish between which
the waterproofing treatment shall be sandwiched.

The manufacturer / Supplier / fabricator/ contractor of the roofing system shall
give a guarantee for 15 years with regarding to its composition, surface and
tensile strength.

Responsibility for Shop drawings, Samples and Mock-ups:

Approval of shop drawings, samples and mock-ups for the various components
shall not absolve the Contractor of his responsibility of completing the work to
the specifications, standards, tests for performance and guarantees given in
these documents and to a quality of finish as desired by the Engineer.

Cleaning:

Surfaces on which finishes are to be provided shall be cleaned with water jets or
oil free compressed air or power tools with wire brushes and detergents all as
approved by the Engineer.

Expansion bolts/fasteners:

1. Unless specified otherwise all expansion bolts/ fasteners shall be fabricated
from austenitic stainless steel sheet, strip or plate conforming to ASTM A 240
Gr 304 or bar to ASTM A 479 Gr 304 of approved make and design. The
material of the bolt shall not cause any bimetallic corrosion with the
reinforcing bars of the RCC/ brickwork or with any other fixings or doors or
windows or skylights etc.

2. For steel backings the fasteners shall be prevented from contact with other
metals, which would lead to bimetallic corrosion.

3. For brick masonry backing the sleeves of the expansion bolts shall be fixed in
wedge shaped pockets having an area of 75mm x 75mm at the surface and
100mm x 100mm at the inner surface and shall be 125mm deep. The
wedge could also be as a truncated cone of 75mm dia/ 100mm dia. The
dimensions shall be reviewed by the Engineer during execution of the work.
The wedge shall be filled with PCC 1:1:2 (1 Cement, 1 Sand and 2 Coarse
Aggregate) mixed with non-Shrink Compound in the proportion as
recommended by the manufacturer.

4. The holes drilled for the expansion fasteners shall be cleaned of all ground
material, dust etc. before inserting the expansion sleeves.
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1.9.

Contractor

1.8.7

1.8.8

1.8.9

Tender No. N2- 004/C-01/2023 Part-11, Section-VII-F
Work Requirement (S.01: GENERAL)

5. All expansion bolts fixed into soffits shall be bonded to the backing with
epoxy/ polyester resin of approved make.

6. All expansion bolt fixings shall be tightened in accordance with the
recommended torque figures by the manufacturer. Where such values are
not available the Contractor shall test at least 6 samples to determine the
safe torque values. All bolts shall be tightened using torque spanner/
wrenches. All bolts shall be checked 24 hours (minimum) after installation
and retightened if necessary.

No walls, terraces shall be cut for making any opening after water proofing has
been done without written approval of the Engineer. Cutting of waterproofing
when authorized by the Engineer in writing shall be done very carefully so that
no other portion of the waterproofing is damaged. On completion of the work at
such places, the water proofing membrane shall be made good and ensured that
the opening / cutting is made fully water proof as per specifications and details of
water proofing approved by the Engineer at no extra cost. No structural member
shall be cut or chased without the written permission of the Engineer.

Provision of grooves in plaster, drip courses etc., if directed, at junction of walls-
ceilings, columns-walls, frames-plaster and such other generally typical locations
shall not be paid extra, including grooves in concrete, masonry, stonework.
Painting of concrete surfaces.

All exposed concrete surfaces, either bare or plastered visible to the common
public shall be provided with epoxy paint of approved colour as per relevant IS
and IRS codes specification except for the surfaces which are provided with
cladding material.

Applicable Codes, Standards & Publications for Structural Work:
The more important Codes, Standards and Publications to Contract are listed here under:

A General
IS: 875 (Part 1 to 5) Code of practice for design loads (other than
earthquake) for buildings and structures.
IS: 1893 Criteria for earthquake resistant design of structures
SP-7 National Building Code of India
SP-23 (S&T) Hand Book on Concrete Mixes
B Bitumen
1S:702 Industrial Bitumen Specification for bitumen primer for use in
waterproofing and damp-proofing.
C Building Construction Practice
1S:1838 Sspecifications for preformed fillers for expansionn joint in
(Part 1 & 1) concrete pavements and structures.
IS: 1964 Code of Practice for use of fixing devices in walls, ceilings, and
Floors of solid construction.
IS: 3414 Code of Practice for Design and installation of joints in
buildings.
IS: 6509 Code of Practice for installation of joints in concrete.
IS: 11134 Pavements. Code of Practice for setting out of buildings.
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IS: 11133 Specifications for one-part Gun grade poly-sulphide based joint
(Parts 1 and ) sealant.
IS: 12200 Code of Practice for provision of water stops at transverse

contraction joints in masonry and concrete dams.

D Cement

IS: 455 Portland Slag Cement.
1S: 650 Specification for standard sand for testing cement.
IS: 6925 Me Methods of test for determination of water soluble chlorides
in concrete admixtures.
IS: 8042 White Portland Cement.
IS: 8112 Specification for 43 grade ordinary Portland cement.
1S: 12269 Specification for 53 grade ordinary Portland cement.
IS: 12330 Specification for sulphate resistant Portland cement.
IS: T 40 Indian Railways standard specifications for special grade cement

for use in concrete sleepers.

E Concrete

IS: 456 Code of practice for plain and reinforced concrete.

IS: 457 Code of practice for general construction of plain and reinforced
concrete for dams and other massive structures.

IS: 460 (Part I to Il i) Specification for Test Sieves.

IS: 516 Methods of test for strength of concrete.

IS: 1199 Methods of sampling & analysis of concrete.

IS: 1200 Method of measurement of building and civil engineering.

IS: 1343 Code of practice for prestressed concrete.

IS: 1607 Method of Test Sieving.

IS: 2386 Part I-VIIl Methods of tests for aggregates for concrete.

IS: 2430 Methods of Sampling of Aggregates of Concrete.

IS: 2438 Specification for roller pan mixer.

IS: 2514 Specification for concrete vibrating tables.

IS: 2571 Code of practice for laying in-situ cement concrete flooring.

IS: 2645 Specification for integral cement water proofing compounds.

IS: 2722 Specification for portable swing batchers for concrete (double
bucket type).

IS: 2770 Method of testing bond in reinforced concrete part | pull out test.

IS: 3025 Methods of sampling and test (physical and chemical) for water
& waste water.

IS: 3935 Code of practice for composite construction.

IS: 4326 Code of practice for earthquake resistant construction of
building.

IS: 6925 Methods of tests for determination of water soluble chlorides in
concrete admixtures.

IS: 7242 Specification for concrete spreaders.

IS: 7251 Specification for concrete finishers.

IS: 7861 Parts | & Il Code of practice for extreme weather concreting.

IS: 7969 Safety code for handling and storage of building materials.

IS: 8989 Safety code for erection of concrete framed structures.
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1 8142

: 9103
: 9013

1 9284

10262

MORTH

IRS

Work Requirement (S.01: GENERAL)

Methods of tests for determining setting time of concrete by
penetration resistance.

Specification for admixtures for concrete.

Method of making, curing and determining compressive
strengths of accelerated cured concrete test specimens.

Method of test for abrasion resistance of concrete.
Recommended guidelines for concrete mix design.
Specifications for Road and Bridge Works, Ministry of Road
Transport and Highways (Roads Wing).

Concrete Bridge Code

Standard Specification and Code of Practice for Road Bridges
Section 1l Cement Concrete (Plain & Reinforced (First
Revision).

Construction Plant and Machinery

1791

. 2505
: 2506
: 3366
: 2558

1 4656
1 4925

11993

Formwork

1 4990
. 87

: 806

1161
1239

Specification for batch type concrete mixers.

General requirements for concrete vibrators: Immersion type.
General Requirements for screed boards concrete vibrators.
Specification for pan vibrators.

Code of Practice for use of immersion vibrators for
consolidating concrete.

Specifications for form vibrators for concrete.
Specification for concrete batching and mixing plant.
Code of Practice for use of screed board concrete vibrators.

Specification for plywood for concrete shuttering work.
Guidelines for the design and erection of false work for Road
bridge.

Code of Practice for use of steel tubes in general building
construction.

Specification od steel tubes for structural purpose.

Specification for mild steel tubes, tubular and other wrought
steel fittings.

Gypsum and Gypsum Board

Handling and Storage

1 4082

8348

Recommendation of slacking and storage of construction
materials.

Code of Practice for stacking and packing of stone slabs for
transportation.

Instruments for Testing cement and Concrete

: 5513
: 5514

5515

1 5320
1 7325

Specification for Vicat Apparatus.

Specification for apparatus used in Le-Chatelier.
Specification for compaction factor apparatus.
Specification for concrete slump test apparatus.

Specification for apparatus to determine constituents of fresh
concrete.
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IS: 10080
IS: 10086

IS: 10510
K Joint Fillers

IS: 1838 (part 1)

Work Requirement (S.01: GENERAL)

Specification for vibration machine.

Specification for moulds for use in tests of cement and
concrete.

Specification for Vee-bee consist meter.

Preformed fillers for expansion joint in concrete pavements and
structures  (non-extruding and resilient type): Bitumen
impregnated fib.

L Paints and Coatings

IS: 2074
BS: EN:10152

Astma 164-71

Ready mixed paint. Air drying, red ixide-zinc chrome, priming.
Specification for electrolytic ally zinc coated cold rolled steel flat
products.

Technical delivery conditions.

Specification for electrode posited coatings of zinc on steel.

M Pigments for Cement
BS: 1014 Specification for pigments for Portland cement and Portland
cement products.
N Reinforcement & Structural Steel
1S:206 Code of Practice for use of Steel Tubes in General Building

1S;210
1S:280
1S:432

1S:451
IS:806

1S:1239

1S:1363

1S:1365
IS: 1566

1S:1786

1S:2502

1S:2629
1S:2751

1S:4759

Construction

Grey Iron Castings
Mild steel wire for general engineering purposes

Part I. Mild steel and medium tensile steel bars. Part Il Hard
drawn steel wire.

Technical Supply conditions for Wood Screws

Code of practice for use of steel tubes in general building
construction 1S:815

Classification coding of covered electrodes for metal arc
welding of structural steels

Specification for mild steel tubes, tubular and other wrought steel
fittings

Black hexagon bolts, nuts and locknuts and black hexagon
screws.

Slotted countersunk screws.

(Part 1) Specifications for hard-drawn steel wire fabric for
concrete reinforcement.

Specification for high strength deformed steel bars and wires
for concrete reinforcement.

Code of Practice for bending and fixing of bars for concrete
reinforcement.

Recommended practice for hot-dip galvanising of iron and steel.
Code of Practice for welding of mild steel plain and deformed
bars for reinforced concrete construction.

Hot-dip zinc coating on structural steel and other allied
products.
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1S:9417 Recommendations for detailing of reinforcement in
reinforced concrete works

1S:14268 Recommendations for welding cold-worked steel bars
for reinforced concrete construction.

1S:14268 Uncoated stress relieved low relaxation steel class 2 for
Prestressed concrete

1S:226 Structural steel (Standard Quality)

1S:800 Code of practice for use of structural steel in general building
construction.

1S:813 Scheme of symbols for welding.

1S:814 (Part | &Part II)Covered electrodes for metal arc welding of
structural

1S:816 Code of practice for use of metal arc welding for general
construction in mild steel.

1S.822 Code of practice for inspection of welds.

1S:961 Structural steel (High Tensile)

1S:1024 Code of practice for use of welding in bridges and structures
subject to dynamic loading.

IS: 1030 Carbon steel casting for General Engineering Purposes

IS: 1120 Coach Screws

IS: 1367 Technical Supply Conditions for Threaded Fasteners

1S:1161 Steel tubes for structural purposes.

IS: 1182 Recommended practice for radiographic examination of fusion
welded butt joints in steel plates.

IS: 1915 Code of Practice for Steel Bridges

1S:2016 Plain Washers

1S:2062 Structural steel (Fusion welding quality)

1S:3063 Single Coil Rectangular Section Sprint Washers for Nuts, Bolts
and Screws

1S:3443 Crane Rail Sections

1S:3757 Specification for high tensile friction grip bolts.

1S:3600 Code of practice for testing of fusion welded (Part I) joints and
weld metal in steel.

1S:5624 Specification for foundation bolts.

1S:4923 Hollow steel sections for structural use.

1S:6227 Code of practice for use of metal arc welding in tubular
structure.

IS: 801 Code of practice for use of cold formed light gauge steel
structural members’ in general building construction.

1S:811 Specifications for cold formed light gauge structural steel
sections.

1S:8500 Structural Steel Micro alloyed (Medium and high strength
qualities) .

1S:8910 General requirements of supply of weld able structural steel.

IS:: 9595 Recommendations for metal arc welding of carbon & carbon-

Manganese steels.

Contractor F&%azg/qz‘?fz@%) Maha-Metro



NMRP Phase-2 Tender No. N2- 004/C-01/2023 Part-11, Section-VII-F
Work Requirement (S.01: GENERAL)

(o] Sand

1S:383 Coarse and fine aggregates from natural sources for concrete.
P Sand

1S.2750 Specification for steel scaffolding

IS:3696 (Part 1) Safety Code of scaffolds and ladders: Scaffolds
IS:3696 (Part 2) Safety Code of scaffolds and ladders: Ladders

IS:4014 (Part 1) Code of practice for steel tubular scaffolding: Definition and
materials 1S5:4014

(Part 2) Code of practice for steel tubular scaffolding: Safety regulations
for Scaffolding

IRC:87 Guidelines for the design and erection of false work for road
bridges

Q Sealants

1S:10959 Glossary of terms for sealants for building purposes
IS:11433(Part 1)  One-part grade polysulphide base joint
sealant: General requirements

IS:11433 (Part 2) One part grade polysulphide base joint sealant: Methods

IS: 13055 Methods of sampling and test for anaerobic adhesives and
sealants
BS:5889 Specification for one part gun grade silicone-based sealant
R Wood
1S:303 Plywood for General Purposes.
S Bearing
IRC:83  Part-ll Standard specifications and code of practice for road
bridges Elastomeric Bearings
IRC:83  Part-lll Standard specifications and code of practice for road bridges
Pot Bearings
T Piling
1S: 2911 PART-IRC:78 Bored Cast in-situ Concrete Piles
IRC:78 Standard specifications and code of practice for road bridges

Foundation and Substructure.
U AllIndian Railway Standards Metal

V  Metal

Specifications

ASTM B 221 Specification for aluminium-alloy extruded bars, rods, wires,
shapes, and tubes.

W  Glazing

X  Stone and Facing/Linings
Y Steel Corrosion Protection

1S:9077 Code of practice for corrosion protection or steel reinforcement
in reinforced brick work and RCC constructions.
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2.1

2.2

2.3

24

Work Requirement (S.02: EARTHWORK)

S.02: EARTHWORK

These specifications shall be read in conjunction with the CPWD specifications 2019 with
up-to-date correction slips, and other relevant specifications described in the S.01 of
Section-VII-F of these specifications.

Results of the sub-surface investigations conducted at the project site are enclosed with the
tender document. This information about the soil and sub-soil water conditions is being
made available to the Contractor in good faith and the Contractor is advised to obtain
details independently as may be considered necessary by him before quoting rates in the
tender. No claim whatsoever on account of any discrepancy between the sub-surface
conditions that may be actually encountered at the time of execution of the work and those
given in these Tender Documents shall be admissible to the Contractor under any
circumstances whatsoever.

Excavation of rock may be carried out by chiselling, jack hammers, crow bars, wedging and
using cutting machine or by any other method approved by the Engineer, use of non-
explosive demolition compounds shall also be permitted.

Open blasting is not permitted under scope of this contract but at discretion of the
Engineer, controlled blasting may be permitted only in very special cases where all
alternative methods have failed to achieve the satisfactory results. The Blasting, if
permitted, shall be carried out with in the pre-defined fixed period to be decided in
consultation with and due permission of local authorities and approved by Engineer.
Contractor shall take all necessary precautions to prevent flying of blasted stones outside
the excavation pit and damage to adjacent structure etc. by controlling spacing and
quantity of explosive charge and covering the sufficient area of blasting by steel plates
loaded with adequate amount of sandbags. All operations of controlled blasting shall be
carried out under the supervision of a responsible authorised blasting agent. Contractor
shall be responsible for any damage arising out of blasting operation to workmen, public or
any property. Contractor shall obtain all necessary permission from Traffic Police and other
concerned authorities for blasting as required. Non- granting of permission for blasting by
concerned authorities will not be considered as reason for delay or any claim thereof.

Excavation for all works and of materials required for filling shall be to the exact width
length and depth shown on the drawings or as directed by the Engineer. Where the nature
of soil or the depth of the trench and season of the year, do not permit vertical sides, the
contractor at his own expense shall put up the necessary shoring, strutting and planking
with due regard to the safety of personnel and works and to the satisfaction of the
Engineer.

The construction barricading will have a width of 9.0m (outside to outside of barricading).
This can be increased at specific locations with approval of Engineer. The Contractor shall
submit method statements for approval of Engineer demonstrating how this will be achieved
at site. If required, driving of rolled section / sheet pile of suitable size shall be done into the
soil to retain earth as directed by Engineer. Measurement of plan area for excavation for
payment in case of foundation works shall be deemed inclusive in the quoted cost of
foundation works in BOQ.

If excavation is carried out to greater depth than required beyond the level specified, for
any reason whatsoever, such volume shall be made good by filling with PCC M10 having
coarse aggregates 40 mm and downgraded and brought to level to receive the levelling
course below foundations. If excavation is carried out to greater width and length, such
extra width and length shall be filled in by sand. No extra payment will be made on this
account.
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2.6

2.7

2.8

Work Requirement (S.02: EARTHWORK)

Propping shall be undertaken when any foundation or stressed zone from an adjoining
structure is within a line of 1 vertical to 2 horizontals from the bottom of the excavation.

All excavations shall be carried out in conformity with the directions laid hereunder and in a
manner approved by Engineer. The work shall be so done that the suitable materials
available from excavation are satisfactorily utilized as decided upon beforehand.

The last 200mm depth of excavation shall be done not earlier than 36 hours before laying
the levelling course below foundations.

The Contractor shall make provision for all shoring, dewatering, dredging, bailing out or
draining water whether subsoil or rain or other water and the excavation shall be kept free
of water while the masonry work or concrete work is in progress and until the Engineer
considers the work well set (Refer I1S: 3764 Safety Code for Excavation Work). The sides of
trenches shall be kept vertical and the bottom horizontal and shall be run level throughout
or properly stepped as directed by the Engineer. No extra payment shall be made on this
account.

Dewatering shall be carried out by suitable means with adequate stand-by arrangements
as may be approved by the Engineer. The level of ground water shall be maintained at
least 300mm below the lowest level of excavation during the laying of foundations. The
Contractor shall be deemed to have satisfied himself with regard to feasibility of all aspects
of dewatering including site constraints due to existing structures. Though the method of
dewatering is left to the contractor, he shall be required to submit method statement of
dewatering scheme including requisite justifications to the Engineer and seek his prior
written approval.

Approval of the Engineer, however shall not relieve the contractor of the responsibility of
adequacy and appropriateness of dewatering and protection arrangements for the quality
and safety of the work. The contractor shall satisfy the Engineer as to the capacity of the
drains or disposal site to take the required quantity and flow of water to be pumped out at
various stages of excavation. The Contractor shall obtain necessary approvals of local
bodies for discharging the pumped out water. All the dewatering pumps shall therefore also
have dedicated DG. Power supply which shall come on automatically in case of failure of
electrical supply from the mains. The cost of dewatering provisions shall be deemed
inclusive in the quoted cost of the work for foundation works and embankment works in
BOQ.

The Contractor shall erect and maintain during progress of works temporary fences with all
safety measures around dangerous excavations at contractor's cost.

Near habitations and ftraffic prone areas, trenches and foundation pits or any other
excavation work shall be fenced, provided with proper caution signs and marked with red
lights, reflectors at night to avoid accidents. The contractor shall take all adequate
protective measures to see that excavation operations do not affect or damage adjoining
structures.

Excavation material required for filling shall be stacked or dumped where indicated by the
Engineer. Excavated material not required for filling and any surplus material shall be
removed or spread on the site as directed by the Engineer or carted away from the site as
directed by the Engineer. Dumping of this surplus material shall be in an orderly
environmental in friendly manner using tarpaulin cover, dumper, placer etc. and according
to the levels/grades as indicated by the Engineer. The cost of such removal and spreading
shall be borne by the Contractor and deemed to be included in the Contract Rates.
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2.10

2.11

212

213

2.14

2.15

2.16

Work Requirement (S.02: EARTHWORK)

Necessary approval from the local authorities for carting and dumping surplus material is to
be obtained by the contractor.

The Contractor shall notify to the Engineer when the excavation is completed and no base
or Concrete or Masonry shall be laid until the Engineer has inspected and approved of the
soil conditions obtained for each individual footing or the full raft area.

The Contractor shall ensure the stability of the excavation so that the surrounding ground
and all adjoining structures and plants will be safe against settlement, subsidence and
damage and that there is no risk of injury to personnel.

In case of any underground structures that need to be protected (like underground sewer
lines etc.) are encountered, the Contractor shall bring the same to the notice of the
Engineer immediately and shall take all such steps as the Engineer may instruct for
protection of such structures. Such protective measures shall be done at the Contractor's
cost. If any damage occurs to such items which were required to be protected during
execution, the same shall be made good by contractor at his own cost otherwise employer
will arrange to make it good at the risk and cost of contractor.

The Contractor may dispose of the surplus earth from the project site to a place/ places as
may be permitted by the Engineer. The transportation of the surplus earth shall be done by
mechanical means only. The Contractor shall at his own cost obtain necessary clearances/
permissions statutory or otherwise needed for the purpose. Dumpers may be used for
transporting slushy material excavated from pile boring / well boring / pile cap / Open
Foundation with precautions for non-spillage of muck.

In the foundation the backfilling shall be done in layers not more than 200 mm thick and
shall be thoroughly watered and consolidated by approved method.

In case sand is used for backfilling in foundation and plinth, it shall be approved by the
Engineer. In the foundation, the backfilling shall be done in layers not more than 200 mm
thick and shall be thoroughly watered and consolidated by approved method. The rate for
backfilling using sand in foundation is deemed to have been included in the contract price.

For open foundation resting on rock, if the sound rock is located at very shallow depth, the
contractor is required to cut the rock (of all type or strength) to a depth so that open
foundation with a minimum earth cushion of 500mm can be accommodated.

Measurement and Payment (Not applicable for Schedule B)

Payment for excavations in soil and/or rock, including providing and installing shoring /
strutting, dewatering, pumping and bailing out water shall be made as per the quoted rate
of the respective items of excavation as specified in BOQ. However, unless stated
otherwise, the quoted rates for concrete in foundation (up to ground level) shall be deemed
to include the cost of shoring, strutting, dewatering and backfilling using earth or sand
wherever required with compaction of the same.
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S.03: CONCRETE: PLAIN & REINFORCED

These specifications shall be read in conjunction with the CPWD specifications 2019 with
up-to-date correction slips, MOST/MORTH Specifications for Road and Bridge Works
2013 (Fifth Revision) and other relevant specifications with up-to-date correction slips
described in the S.01 of Section-VII-F of these Specifications.

MATERIALS

Before bringing to the site, all materials for concrete shall be approved by the Engineer.
All approved samples shall be deposited in the office of the Engineer before placing
orders for the materials with suppliers. The materials brought for works shall conform in
every respect to their approved samples.

Fresh samples shall be deposited with Engineer whenever type or source of any material
changes. The contractor shall check fresh consignment of materials as it is brought on to
the works to ensure that they conform to the specifications and/or approved samples.

The Engineer shall have the option to have any of the materials tested to find whether
they are in accordance with specifications at the contractor's expense. All bills, vouchers
and test certificates which in the opinion of the Engineer are necessary to convince him
as to the quality of materials or their suitability shall be produced for his inspection when
required.

Any materials which have not been found to conform to the specifications and not
approved by the Engineer shall be rejected forthwith and shall be removed from the site
by the contractor at his own cost within the time stipulated by the Engineer. The Engineer
shall have the powers to cause the contractor to purchase and use materials from any
particular source, as may in his opinion be necessary for the proper execution of work.

Contractor shall also ensure that all constituents of exposed concrete shall be taken from
same sources to achieve a uniform colour and texture.

Cement

3.1.11 The cement used shall be of the following types:
a) 53 grade Ordinary Portland Cement conforming to 1S:269 — 2015.
b) Blended Cement as per IS 1489 Part-1:2015 on the specific approval by
Engineer.
For piling works, type of cement shall be as mentioned in S.08 of Section-
VII-F for pile foundations.
3.1.1.2 Whenever possible all cements of each type shall be obtained from one
constant source throughout the contract, cement of different types shall not
be mixed together. Different brands of cement, or the same brand of
cement from different sources, shall not be used without prior approval of
the Engineer.

3.1.1.3 Packaged cement shall be delivered to the site in original sealed bags
which shall be labelled with the weight, name of manufacturer, brand and
type. Cement received in torn bags shall not be used. Cement shall be
used in the order in which it is received. Cement in bags in storage for more
than 3 months shall be retested before use. A sample taken once for every
1000 bags or part therefor as per Engineer’s decision shall be tested.
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Contractor may obtain cement in bulk and store it in suitable silos of
adequate capacity. Each type of cement shall be stored in a separate silo
and it shall be ensured, that cements of different quality are not mixed up.

Supply of cement in bulk and storage in silos is compulsory at casting
depots. Cement supply in bags will be only with the specific approval of the
Engineer.

All cement shall be fresh when delivered and at ambient atmospheric
temperature.

In fair faced elements, the cement used in the concrete for any complete
element shall be from 3 single consignments. All cement for exposed
concrete shall be from the same approved source and uniform in colour.

With each and every delivery of cement the contractor shall provide
manufacturer’s certificate that the cement conforms to the relevant Indian
standard. The contractor shall provide complete facilities at site for carrying
out the following tests:

a) Setting time by vicat's apparatus as per 1S:4031 and 1S:5513.

b) Compressive strength of cement as per IS: 4031, 1S:650, I1S: 10080.
c) Fineness & Soundness

The Engineer may require any other form of sampling and tests including
chemical analysis (IS 4032) in case the cement supplied is of doubtful
quality. The cost of such additional tests shall be borne by the Contractor.

All physical and chemical properties of OPC-53 should meet the
requirements as per IS 269 — 2015. Sampling and testing of OPC 53 grade
cement shall be done as per IS 269-2015. The cost of testing shall be
borne by the contractor and nothing extra shall be paid in this regard.
Usage of Fly-Ash as part replacement for Cement is permitted as an eco-
friendly move subject to the following conditions:

a) Fly ash cannot be used as part replacement for cement in PSC
members.

b) Fly ash to be used as part replacement for cement shall conform to the
provisions listed in IS 3812 Part | and shall be limited to 25% of the
cement in Substructure component such as Pier and Pier Caps.

c) As an alternative to (b) above PPC Cement can be used and shall be as

per IS 1489 (Part I)

d) Should comply minimum and maximum cement as well as cementitious
requirements as per latest revision/amendments/correction slip of the
Specifications stated or referred in this contract.

Aggregates from natural sources shall conform to the provisions specified in 1S:383. Prior
to commencing any concrete work, the Contractor shall obtain the Engineer's approval of
the proposed types and sources of aggregate. Sampling of aggregates shall be as per IS
2430. The contractor shall submit to the Engineer, certificates of grading and compliance
for all consignments of aggregate. In addition, at site from time to time, the contractor
shall allow for carrying out such tests and for supplying test records to the Engineer. The
aggregates shall be procured from approved sources only as directed by the Engineer
from time to time.

Contractor
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For fair faced concrete, the contractor shall ensure that aggregates are free from iron
pyrites and impurities, which may cause discoloration. Aggregates shall be stored on
paved areas in different compartments according to their nominal size.

3.1.21 Fine Aggregate

The contractor shall provide complete facilities at site for determining grading of
aggregates by sieves as per IS: 383, I1S: 460, IS: 1607, and IS: 2386. The fine aggregate
shall be river sand pit sand, crushed sand. It shall be free from clay, loam, earth or
vegetable matter, salt or other harmful chemical impurities. It shall be clean, sharp,
strong, angular and composed of hard siliceous material. If considered by the Engineer
as necessary, the sand shall be washed in screw type mechanical washers in potable
water to remove silt, clay and chlorides. This shall be done at least one day before using
it in concrete. The washed sand shall be stored on a sloping concrete platform and in
such a manner as to avoid contamination. Such sand washing, storing, etc. shall be at
the Contractor's cost. The grading of fine aggregate when determined as described in IS:
2386 (part 1), shall be within the grading zones I, Il. (Usage of stone dust or M. Sand shall
only be permitted if the Engineer is satisfied with the performance and Quality of the
material. Decision of the Engineer will be deemed as final)

The Contractor shall carry out the following tests at Site and ensure that the appropriate
provisions of Indian or other standards, as may be applicable, are complied with:

a. Proportion of clay, silt and fine dust by sedimentation method as per IS 383 and IS 2386
(Part II)

Moisture content in fine aggregate as per IS 2386 (Part Il1)

Water absorption as per IS 2386 (Part 1ll) and IRC: 15 (CL. 3.3.4)

Bulk Density of Bulkage as per IS 2386 (Part Ill)

Grading of fine aggregate as per IS 383 and IS 2386 (Part I)

®ooCT

3.1.2.2 Coarse Aggregate
The nominal maximum size of the coarse aggregate shall be 20 mm, unless otherwise
mentioned in the Drawings. The coarse aggregate shall be crushed stone, crushed
gravel, natural gravel or a suitable combination thereof. Coarse aggregate obtained from
crushed or broken stone shall be angular, hard, strong, dense, durable, clean and free
from soft, friable, thin plate, elongated or flaky pieces and any deleterious material.

River gravel or pit gravel shall be sound, hard, clean, non-porous, suitably graded in size
with or without broken fragments and free from flat particles of shale, clay, silt, loam, and
other impurities.

Except where it can be shown to the satisfaction of the Engineer that a supply of properly
graded aggregate of uniform quality can be maintained over the said period of the works,
the grading of aggregate shall be controlled by obtaining the coarse aggregate in different
sizes and blending them in correct proportions as and when required. Aggregate shall be
stored in such a way as to prevent segregation of sizes and avoid contamination with
fines.

All coarse aggregate shall conform to IS: 383 and tests for conformity shall be carried out
as per IS: 2386, Parts | to VIII.

The maximum size of coarse aggregate shall be such that the concrete can be placed
without difficulty so as to surround all reinforcement thoroughly and fill the corners of
formwork. The grading of coarse aggregate shall be such that not more than 5% shall
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be larger than the maximum size and not more than 10% shall be smaller than the
smallest size. Between these sizes the coarse aggregate shall be well graded. Unless
otherwise permitted by the Engineer the nominal maximum size shall not exceed 20 mm.

The Contractor shall carry out the following tests at site and ensure that the appropriate
provisions of following Indian standards as may be applicable are complied with:

a. Moisture content in coarse aggregate as per IS 2386 (Part Ill)

b. Water absorption as per IS 2386 (Part Ill) and IRC 15 (CL. 3.3.3)

c. Bulk density and voids as per IS 2386 (Part Ill)

d. Grading of coarse aggregate as per IS 383 and IS 2386 (Part )

3.1.23 Water
Water used in the works shall be potable water and free from deleterious materials. Water
used for mixing and curing concrete as well as for cooling and/or washing aggregate shall be
fresh and clean free from injurious amounts of oil, salts, acids, alkali, sugar, other chemicals
and organic matter.

Water shall be from the source approved by the Engineer and shall be in accordance
with clause 5.4 of IS: 456. However, chloride content in water shall not exceed 500
mg/litre.

Before starting any concreting work and wherever the source of water changes, the
water shall be tested for its chemical and other impurities to ascertain its suitability for
use in concrete for approval of the Engineer. No water shall be used until tested and
found satisfactory. Cost of all such tests shall be borne by the contractor.

3.2 Blending of aggregates:

In order to obtain optimum workability, individual aggregates of nominal size 20 mm, 10
mm, 4.75 mm and 2.36 mm will be blended in such a way that the grading curve for all
aggregates will be a smooth curve from size 0.15 mm to 25 mm falling within the
established envelop grading curve. Contractor shall establish envelop grading curve for
each grade of concrete for given maximum size of aggregates and get it approved by
Engineer before finalising the mix design.

3.3 Admixtures:

i Chemical admixtures are not to be used until permitted by the Engineer. In case their
use is permitted, the type, amount and method of use of any admixtures proposed by
the Contractor shall be submitted to the Engineer for approval. The minimum cement
content specified shall not be reduced on account of the use of these Admixtures.

ii  The contractor shall further provide the following information concerning each

admixture to the Engineer

a. Normal dosage and detrimental effects if any of under dosage and over dosage.

b. The chemical names of the main ingredients in the admixtures.

c. The chloride content, if any, expressed as a percentage by weight of admixture.
The admixture shall be chloride free.

d. Whether or not the admixture leads to the entrainment of air when used with in
the manufacturer's recommended dosage.
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i The chemical admixtures when used shall conform to IS: 9103 and manufacturers
technical datasheets. The suitability of all admixtures shall be verified by trial mixes
and based on the performance.

iv  The addition of calcium chloride to concrete containing embedded metal will not be
permitted under any circumstances.

v Fibre reinforcement will be Propex (Fiber mesh 300-e3 / Fiber mesh 150-e3) or by
Bajaj reinforcements or kalyani polymers or equivalent make fibrellitated
polypropylene fibres, shall be added to ready-mixed concrete wherever the material
is to be used for parapet, box girder etc. Bar reinforcement is still considered primary
reinforcement. Under normal condition, add to the ready-mix at the plant in the
quantity recommended by the manufacturer subjected to the approval of engineer-in-
charge. If job conditions warrant fiber reinforcement may be added at the job site
provided that fibers are evenly distributed in the mix. Notwithstanding the same,
Fibre reinforcement shall conform to IRC:SP:46 (2013).

3.4 Batching Plants, Mixers and Vibrators:

3.5

3.6

1. Unless specified in the schedule of items, for all structural concreting work the
Contractor shall provide automatic weigh-batching plant of suitable capacity. The
plant used shall conform to IS: 4925.

2. The Contractor shall provide Concrete mixers (IS: 1791 - Batch type concrete
mixers, 1S: 2438 - Roller Pan Mixer) and Vibrators (IS: 2505 - Concrete Vibrators
Immersion Type, IS: 2506 - Screed board concrete vibrators, 1S: 4656 - Form
Vibrators for Concrete) supplied by recognised manufacturers.

Grade of Concrete:

The concrete is designated as follows:

Concrete M 25/ 20

The letter M refers to the mix

The number 25 represents the characteristic compressive strength of 15cm cubes at 28
days in MPa (Mega Pascal: 1 MPa: 10 kg/cm2 approximately). M25 concrete thus, has a
characteristic strength of 250 kg/cm2. Other mix design will also be denoted in same way.
The number 20 represents the nominal size of the aggregate in mm.

Mix Design

For all items of concrete, only design mix shall be used. Prior to the commencement of
construction, the Contractor shall design the mix and submit the proportions of materials,
including admixtures to be used to the Engineer for obtaining approval. Suitable water
reducing admixtures or super-plasticizing and viscosity modifying agent (VMA) admixtures
shall be used for achieving desired workability and strength of the concrete only after
obtaining prior approval from the Engineer. No extra payment shall be made for such
admixtures.

It is the complete responsibility of the Contractor to design the concrete mixes by
approved standard methods and to produce the required concrete conforming to the
specifications and the strength, workability requirements approved by the Engineer.

Mix Design Once approved must not be altered without prior approval of Engineer and
shall be revalidated after every one year. However, should the contractor anticipate any
change in quality of future supply of materials than that used for preliminary mix design,
he should inform the Engineer quite in advance and bring fresh samples sufficiently in
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advance, to carry out fresh trial mixes. Design mix will indicate by means of graphs and
curves etc., the extent of variation in the grading of aggregates which can be allowed.
The total amount of acid soluble chloride content in RCC and PSC mix shall not exceed
0.6 Kg/Cum and 0.4 Kg/Cum respectively and sulphate contents in concrete mix shall not
exceed 4.0 percent respectively by weight of cement.

Limits of Water and Cement Contents

Maximum water/cement ratio

a) For RCC members including piles : 0.40

b) For PSC members : 0.40

For piling under water, water-cement ratio of 0.40 is applicable to cement concrete
including 10% extra cement above the design mix or minimum cement whichever is
greater.

Trial Mixes:

a) The Contractor is entirely responsible for the design of the concrete mixes. However,
the design shall have approval from the Engineer. At least 8 weeks before
commencing any concreting in the works, the Contractor shall make trial mixes using
samples of coarse aggregates, sand, water, superplasticiser and cement, typical of
those to be used in the Works, and which have been tested in an approved
laboratory. A clean dry mixer shall be used, and the first batch shall be discarded.

b) The mix shall be designed to produce the grade of concrete having the required
workability, durability and a characteristic strength. Trial mixes shall be prepared
under full-scale site conditions and tested in accordance with IS 10262.

c) Whenever there is a significant change in the quality of any of the ingredients
concrete, the Engineer, at his discretion, may order the carrying out of fresh trial
mixes All costs for trial mixes and tests shall be borne by the Contractor's and held to
be included in the contract rates.

d) Before commencing the Works, the Contractor shall submit full details of the
preliminary trial mixes and tests to the Engineer for approval.

Cementitious Content
Maximum cementitious material content shall be limited to 500 Kg/Cum for both RCC and
PSC work.

Maximum cement content shall be limited to 450 Kg/Cum for both RCC and PSC work.

Cementitious content in concrete shall not be less than 400 kg/ cum for RCC work and
400 kg/ cum for PSC work under moderate exposure as per Clause 5.4 of IRS CBC
(Note: The corrigendum 12 and addendum to this clause shall not be followed.) In case of
piling work minimum cement content shall be as specified under Pile Foundations. Use of
Fly Ash conforming to IS 3812 Part-l shall be permitted except for pre stressed
superstructure.

As regards trial mixes, acceptance criteria, acceptance specification, lot size, sampling
and testing and sampling size for piling work, PSC girders (cast-in-situ and precast post-
tensioned) and general work, the requirement of the relevant codes, standards and
directions of the Engineer shall be followed.
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Additional tests for Concrete:

Special durability testings for concrete such as Oxygen Permeability and Chloride lon
Migration Test as per NT BUILD 492 shall be carried out as required and directed by the
engineer. The cost of samplings for such testings shall be borne by the contractor and the
testing charges will be borne by Employer.

As frequently as the Engineer may require, additional testing shall be carried out for
concreting in addition to mandatory tests specified in CPWD specifications 2019 /
relevant IS Code / MOST/MORTH Specifications. All the codes shall be latest and
updated irrespective of the version mentioned in these technical specifications

a.

Permeability test for Concrete:

The concrete will be verified for permeability by the following procedure and shall
confirm to IS: 3085-1965 - 'Permeability of Cement Mortar & Concrete’,
Section1717.7.5 of MORTH Specification and DIN 1048.

The Engineer shall select random batches of concrete for examination at his
discretion and sampling will generally be done at the point of discharge from the
mixer and at placing point.

From the batches thus selected two concrete cylinders shall be made in accordance
DIN 1048.

All cylinders shall be made, cured, stored, transported and tested in accordance with
clause 1717.7.5 of MORTH Specifications. The tests shall be carried out in a
laboratory approved by the Engineer.

At least, 60 cylinders shall be made for each grade of concrete per component which
shall be uniformly distributed (Proportional) to the total quantity of concrete of that
grade of that component. The cylinders will be tested as per the procedure, given in
Clause 5 next. *

Permeability of concrete shall be checked as per the latest relevant standard for all
the grade of concrete to the frequency set by the Engineer at own or 3™ party
laboratory approved by the Engineer.

Test Procedure:

The permeability of concrete will be verified by the following

procedure.

i Prepare a cylindrical lest specimen of 150 mm dia and
160mm high.

ii. After 28 days of curing, the test will be conducted between 28 and 35 days.
The test specimen shall be fitted in a machine such that the specimen can
be placed in water under pressure up to 7 bars. The typical machine shall be
similar to one shown in Appendix 1700/l of MORTH.

iii. The concrete specimen shall be subjected to a water pressure of 0.5N/mm?
from the top for a period of 3 days. The pressure shall be maintained
constant throughout the test period. If the water penetrates through to the
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underside of the specimen, the test may be terminated and specimen
rejected as failed.

iv. After three days, the pressure shall be released and the sample shall be
taken out. The specimen shall be split in the middle by compression applied
on two round bars on opposite sides above and below.

V. The water penetration in the broken core is measured with scale and the
depth of penetration assessed in mm (max permissible limit 15 mm).

f. Acceptability Criteria:
The concrete shall pass the permeability test if it is properly compacted and is not
considered permeable when tested as per DIN, and the water penetration in the
broken core is less than 15mm for metro structures.

No extra payment shall be made for this test and cost of the same will be included in
his rate for concrete work.

Batching of Concrete Ingredients:

Unless permitted by the Engineer, all concreting shall be either produced in automatic
weigh batching plant installed at site or Ready Mix Concrete manufactured in automatic
weigh batching plant. Prior approval of RMC plant shall be obtained from the Engineer
before supply. The Engineer or his representative will evaluate the condition of plant,
QMS and consistency of RMC in accordance with IS: 4925 to deliver quality concrete
before giving the approval. Engineer has the power to reject approved RMC at any point
of time if he is not satisfied with the quality or service maintained by the agency.
Engineer’s decision will be deemed as final.

Placing temperatures:

During extreme hot or cold weather, the concreting shall be done as per procedures set
out in IS: 7861, Parts | & II.

In hot weather with ambient temperature exceeding 40 degrees Celsius, the stock piles of
fine and coarse aggregates for concreting shall be kept shaded from direct rays of sun
and the concrete aggregates sprinkled with water for a sufficient time before concreting in
order to ensure that the temperature of these ingredients is as low as possible prior to
batching. The mixer and batching equipment shall be also shaded and if necessary
painted white in order to keep their temperatures as low as possible. The placing
temperature of concrete shall be as low as possible in warm weather but in no case
more than 30 degrees Celsius and care shall be taken to protect freshly placed
concrete from overheating by sunlight in the first few hours of its laying. The time of day
selected for concreting shall also be chosen so as to minimise placing temperatures. In
case of concreting in exceptionally hot weather the Engineer may in his discretion specify
the use of ice either flaked and used directly in the mix or blocks used for chilling the
mixing water. In either case, the Contractor shall not be paid extra for cost of ice,
additional labour involved in weighing and mixing etc. All salt and saw dust shall be
removed from ice before use. Quality of water used for making ice shall confirm to IS:
456. It is mandatory to establish a chiller plant near batching plant to cater to the needs of
acceptable temperature of fresh concrete. Nothing extra shall be paid in this regard.
Contractor is solemnly responsible for delivering concrete within restricted temperature at
site.

Transporting, Placing, Compacting and Curing:
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Transporting, placing, compacting and curing of concrete shall be in accordance with IS:

456.

Contractor

Transporting:

The mix after discharging from the mixer shall be transported by transit mixers,
buckets, pumps etc. or as approved by the engineer without causing segregation
and loss of cement slurry and without altering its desired properties with regard to
water cement ratio, slump, air content, cohesion and homogeneity. It should be
ensured that the concrete is moved to its final destination before it attains an
initial set.

The transportation is to be done by agitating transit mixers, pumps or other
approved methods. During hot weather, concrete shall be transported in deep
containers. Other suitable methods to reduce the loss of water by evaporation in
hot weather such as covering/wrapping transit mixer’s drum by hessian cloth may
also be adopted.

Placing:

The method of placing shall be such as to prevent segregation by providing
windows in the formwork for pouring concrete or by Tremie pipe. The thickness of
horizontal layers shall not exceed 300mm. High velocity discharge of concrete
causing segregation of mix shall be avoided. The concrete shall be placed in the
forms gently and not dropped from a height exceeding 1.5m except in columns
where the maximum allowed will be 2.0m. Each layer of concrete shall be
compacted fully before the succeeding layer is placed and separate batches shall
follow each other so closely that the succeeding layer shall be placed and fully
compacted before the layer immediately below has taken initial set.

For piers, pier heads, portal columns and portal beams the concreting is to be
carried out in single stage i.e. in first stage concreting will be from kicker to just
below pier head bottom and second stage of concreting will be pier head
including shear key and cross girder (in station zone stages as given in drawings
for all heights by using tremie/ pumps at the rate not more than 1.5m / hr or as
approved by the Engineer.

Concreting of any portion or section of the work shall be carried out in one
continuous operation and no interruption of concreting work will be allowed
without; approval of the Engineer.

Compaction:

Internal (needle) and surface (screed board) vibrators of approved make shall be
used for compaction of concrete.

Internal vibrators shall be used for compaction of concrete in foundations,
columns, buttresses arch section, slabs etc., and if required surface vibrators
shall also be used. Depending on the thickness of layer to be compacted, 25 mm,
40 mm, 60 mm and 75 mm dia internal vibrators will be used. The concrete shall
be compacted by use of appropriate diameter vibrator by holding the vibrator in
position until:

i) Air bubbles cease to come to surface.

ii) Resumption of steady frequency of vibrator after the initial short period of
drop in the frequency, when the vibrator is first inserted.
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iii) The tone of the vibrated concrete becomes uniform.

iv) Flattened, glistening surface, with coarse aggregates particles blended
into it appears on the surface.

V) Use of curing compounds may be permitted with specific approval of
Engineer.

After the compaction is completed, the vibrator should be withdrawn
slowly from the concrete so that concrete can flow in to the space
previously occupied by the vibrator. To avoid segregation during vibration
the vibrator shall not be dragged through the concrete nor used to spread
the concrete. The vibrator shall be made to penetrate, into the layer of
fresh concrete below if any for a depth of about 150mm. The vibrator
shall be made to operate at a regular pattern of spacing. The effective
radii of action will overlap approximately half a radius to ensure complete
compaction.

Vi) To secure even and dense surfaces free from aggregate pockets,
vibration shall be supplemented by tamping or rodding by hand in the
corners of forms and along the form surfaces while the concrete is
plastic.

vii) A sufficient number of spare vibrators shall be kept readily accessible to
the place of deposition of concrete to assure adequate vibration in case
of breakdown of those in use.

viii) Form vibrators whenever used shall be clamped to the sides of formwork
and shall not be fixed more than 450 mm above the base of the new form
work and concrete shall be filled not higher than 230mm above the
vibrator. The formwork must be made specially strong and watertight
where this type of vibrator is used.

Care must be taken to guard against over vibration especially where the
workability of the concrete mix is high since this will encourage
segregation of the concrete.

ix) Plain concrete in foundations shall be placed in direct contact with the
bottom of the excavation, the concrete being deposited in such a manner
as not to be mixed with the earth. Plain concrete also shall be vibrated to
achieve full compaction.

d. Concrete placed below the ground shall be protected from falling earth during and
after placing. Concrete placed in ground containing deleterious substances shall be
kept free from contact with such ground and with water draining there from during
placing and for a period of seven days or as otherwise instructed thereafter.
Approved means shall be taken to protect immature concrete from damage by
debris, excessive loading, abrasion, vibrations, deleterious ground water, mixing
with earth or other materials, and other influences that may impair the strength and
durability of the concrete.

e. Curing:

i. Curing of concrete shall be complete and continuous using potable water free
from chlorides and sulphates. Water that is free of harmful amounts of
deleterious materials that may attach stain or discolour the concrete as per IS
456. The concrete shall be kept constantly wet for a minimum period of 14
(fourteen) days by ponding or covering with a layer of wet (but not dripping)
sacking, canvas, hessian or similar absorbent material.

ii. Method of curing and their duration shall be such that the concrete will have
satisfactory durability and strength and members will suffer a minimum
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distortion, be free from excessive efflorescence and will not cause undue
cracking in the works by shrinkage.

Steam curing with approved methodology can be adopted if required, for
precast segments. No extra payment will be made for adopting steam curing.
Before concrete products are subjected to any accelerated method of curing,
the cement to be used shall be tested in accordance with accepted standards
(relevant IS codes) especially for soundness, setting time and suitability for
steam curing. In the case of elements manufactured by accelerated curing
methods, concrete admixtures to reduce the water content may be allowed to
be as permitted by applicable codes of practice subject to the approval of the
Engineer. The normal aeration agents used to increase the workability of
concrete shall not be allowed. The steam curing of concrete products shall
take place under hoods, under chambers or in tunnels. Use of insulated
tarpaulin may be permitted. The steam shall have a uniform quality throughout
the length of the member. The precast elements shall be stacked with
sufficient clearance between each other and the bounding enclosure, so as to
allow proper circulation of steam. The surrounding walls, the top cover and the
floor of steam curing chamber or tunnel or hood shall be so designed as not to
allow more than 1 kcal/m2/h/ degC. The inside face of the steam curing
chamber, tunnel or hood shall have a damp-proof layer to maintain the
humidity of steam. Moreover, proper slope shall be given to the floor and the
roof to allow the condensed water to be easily drained away. At first, when
steam is let into the curing chambers, the air inside shall be allowed to go out
through openings provided in the hoods or side walls which shall be closed
soon after moist steam is seen jetting out. Preferably, steam should be let in at
the top of the chamber through perforated pipelines to allow uniform entry of
steam throughout the chamber. In no case shall steam impinge directly on
concrete products. The fresh concrete in the moulds shall be allowed to get
the initial set before allowing the concrete to come into contact with steam.
The regular heating up of fresh concrete product from 20 °C to 35 °C shall
start only after a waiting period ranging from 2 to 5 hours depending on the
setting time of cement used. The second stage in steam curing process shall
be to heat up the concrete elements, moulds and the surroundings in the
chamber. The air-space around the member shall be heated up to a
temperature of 75°C to 80°C at a gradual rate, not faster than 30° C per hour.
This process shall continue 1 1/2 to 2 1/2 hours depending upon the outside
temperature. The third stage of steam curing shall be to maintain the uniform
temperature and pressure for a duration depending upon thickness of the
section. This may vary from 3 to 5 1/2 hours. The fourth stage of steam curing
shall be the gradual cooling down of concrete products and surroundings in
the chamber and normalization of the pressure to bring it at par with the
outside air. The maximum cooling rate, which is dependent on the thickness of
the member, shall not exceed 30° C per hour. In all these cases, the difference
between the temperature of the concrete product and the outside temperature
shall not be more than 60°C for concrete up to M 30 and 75°C for concrete
greater than M 45. In the case of light weight concrete, the difference in
temperature shall not be more than 60°C for concrete less than M 25. For
concrete greater than M 50, the temperature differences may go up to 75°C.
After the steam curing is completed, the elements shall be further water cured
for about 3 to 7 days.

Curing Compound shall be used only after specific approval from Engineer-in-
Charge. Clear, water based, non-toxic, non-flm forming, reactive silicate
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treatment with indefinite shelf life suitable as a complete replacement to any
water curing procedures such as water soak, ponding, blankets and plastic
sheets for all horizontal and vertical surfaces. Manufacturer shall supply written
proof of completed, successful projects for upto 30 years.

Approved curing compounds may be used in lieu of moist curing with the
permission of the engineer. Such compounds shall be applied to all exposed
surfaces of the concrete along with stripping of form work. Tests shall be done
to ascertain: (i) Loss of moisture in concrete with and without curing compound.
(i) Cube strength of concrete with moist curing and curing compound. (iii)
Permeability of concrete.

Application of curing compound shall be done after prior approval from the
Engineer or his representative at site. Nothing extra will be paid for any related
activity for supplying or applying the curing compound in lieu of moist curing or
grinding it after the curing period for painting the structure if any.

iv. Curing compound should have been successfully tested by CRRI as a
replacement for water curing and accredited by IRC also. Material test result
should be in compliance with ASTM C 309 and ASTM 1315°,

No curing compound is allowed for superstructure members.

Construction Joints:

Construction joints in all concrete work shall be made as directed by the Engineer. Where
vertical joints are required, these shall be shuttered as directed and not allowed to take
the natural slope of the concrete.

Before fresh concrete is placed against a vertical joint, the old concrete shall be chipped,
cleaned and moistened.

No separate payment shall be allowed to the Contractor for forming joints or chipping and
cleaning them. When a horizontal construction joint is formed, provision shall be made for
interlocking with the succeeding layer by the embedment of saturated wooden blocks or
wooden strips bevelled on four sides to facilitate their removal. Prior to the next pour the
wooden pieces shall be loosened and removed in such a manner as to avoid injury to the
concrete.

Construction joints in concrete walls and slabs for liquid retaining structures shall be
prepared in a similar manner to normal construction joints. If use of metal, rubber or
plastic water stops is specified, this shall be cast in to joints. Measures shall be taken by
the contractor to ensure that no displacement or distortion of water stops takes place
during placing of concrete. The construction joints shall ensure proper bond and leak
proof joint. Construction joint is not permitted in superstructure members.

Cracks:

If cracks, which in the opinion of the Engineer may be detrimental to the strength of the
construction, develop in concrete construction, the Contractor at his own expense shall
test the structure as specified in clause 1.1.16 of 'Load Testing' of these Specifications. If
under such test loads the cracks develop further, the Contractor shall dismantle the
construction, carry away the debris, replace the construction and carry out all
consequential work thereto.

If any cracks develop in the concrete construction, which in the opinion of the Engineer,
are not detrimental to the stability of the construction, the Contractor at his own expense
shall grout the cracks with neat cement grout or with other composition as directed by
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Engineer (IRC:SP -40) and also at his own expense and risk shall make good to the
satisfaction of the Engineer all other works such as plaster, moulding, surface finish,
which in the opinion of the Engineer have suffered damage either in appearance or
stability owing to such cracks. The Engineer's decision as to the extent of the liability of
the Contractor in the above matter shall be final and binding.

External crack width shall be restricted to 0.2 mm on all viaduct structures, if cracks width
is more than 0.2 mm or in the opinion of Engineer may be detrimental to concrete
construction, the contractor at his own expenses should test the structure.

3.13 Defective Concrete:

Should any concrete be found honeycombed or in any way defective, such concrete shall
be cut out partially or wholly by the Contractor and made good at his own expense. If
Engineer feels that repaired structure will not be having same strength or shape or
uniformity with other exposed surface as original desired structure / original structure, the
same shall be rejected by Engineer and required to be dismantled and disposed by
contractor at his own cost as instructed by Engineer. Decision of the Engineer shall be
final and binding in this regard.

3.14 Exposed Faces, Holes and Fixtures:
On no account shall concrete surfaces be patched or covered up or damaged concrete
rectified or replaced until the Engineer or his representative has inspected the works and
issued written instructions for rectification. Failure to observe this procedure will render
that portion of the works liable to rejection.

Holes for foundation or other bolts or for any other purposes shall be moulded and steel
angles, holdfasts or other fixtures shall be embedded, according to the drawing or as
instructed by the Engineer.

3.15 Finishes:

Unless otherwise instructed the face of exposed concrete placed against formwork shall
be rubbed down immediately on removal of the formwork to remove irregularities. The
face of concrete for which formwork is not provided other than slabs shall be smoothed
with a float to give a finish equal to that of the rubbed down face, where formwork is
provided. The top face of a slab which is not intended to be covered with other materials
shall be levelled and floated to a smooth finish at the levels or falls shown on the
drawings or as directed. The floating shall be done so as not to bring an excess of mortar
to the surface of the concrete. The top face of a slab intended to be surfaced with other
material shall be left with a spaded finish. Faces of concrete intended to be plastered
shall be roughened by approved means to form key.

3.16  Concrete for flooring on grade:
Concrete for flooring on grade shall be placed in alternate bays not exceeding more than 4m
X 6m or as specified in the drawings including forming the joints or adjacent bays. The stiff
mix shall be thoroughly vibrated and finished to receive the floor finish.

3.17 Grouting of base plates & bolt holes:
i Mixing:
Dry grout should be mixed in a mechanical mixer: the conventional 200/400-litre
capacity concrete mixer can be used to mix four bags of dry grout; alternatively,
paddle type mortar mixers can be used. The quantity of grout to be mixed at one
time should not exceed that amount which can be placed in approximately 10 to
15 minutes.
ii. Batching:
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Batching of grout by fraction of a bag is not allowed. The quantity of mixing water
should be the minimum commensurate with workability, compaction, and filling of
the grout in all corners and crevices. Mixing should be done for a minimum of
three minutes to obtain a fluid grout of uniform consistency.

Cleaning and preparation of

the surface:

The base concrete should be clean and strong, and its surface should be
properly hacked; all dust should be removed by suction or compressed air. The
surface should be thoroughly wetted with water for several hours. Before the
grout is poured, all free water should be removed and the flat surfaces coated
with a thin cement slurry.

Restraint:

Heavy back-up blocks of timber or concrete should be fixed on all sided of the
base plate to prevent escape of the grout, when poured through the openings
provided in the base plate. Adequate restraint must be ensured on all the sides
for a period of 7 days to obtain effective expansion and shrinkage compensation.

Curing:

The grout should not dry out where external restraint is provided in the form of
formwork, the top opening and all stray openings should be covered with wet
sack for at least 7 days.

Placing and Compaction:

The grout should be placed quickly and continuously either through the holes in
the base plates or from one side only to ensure complete filling without
entrapment of air. Grout should be properly spread and compacted by rodding.
Excessive vibration should be avoided. Below the bed plates the grout should be
compacted using long pieces of doubled- over flexible steel strapping or chains.
The forward and backward movement of the strap or chain will assist in the flow
of the grout into place. Steps must be taken to keep the grout in full contact with
the underside of the bedplate until the grout sets; maintaining a small head of
fresh grout in the forms.

Shrinkage Compensated

Grout:

Shrinkage compensated grout or non-shrinkable grout of Associated Cement
Companies Limited or any other approved manufacturer (Fosroc, Sika) should be
used. The batching shall be as per the manufacturer's specifications, other
procedures being as above.

(a) Precast Concrete:
The provision in this section shall be considered supplementary to general
provisions for reinforced concrete works.

Handling and Storage:

The precast units shall be stored as directed by the Engineer. The area intended
for the storage of precast units should be surfaced in such a way that no unequal
settlement can occur.

To prevent deformation of slender units, they should be provided with supports at
fairly close intervals and should also be safeguarded against tilting. Lifting and
handling positions should conform to the Engineer's directions and drawings. In
addition, location and orientation marks should be put on the members, as and
where necessary. During erection the precast units should be protected against
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damage caused by local crushing and chafing effects of lifting and transport
equipment.

Temporary Supports and Connections:

Temporary supports provided during erection should take into account all
construction loads likely to be encountered during the completion of joints
between any combination of precast and in-situ concrete structural elements. The
supports should be arranged in a manner that will permit the proper finishing and
curing of any in-situ concreting and grouting associated with the precast member
being supported when the gaps of joints have to be filled with concrete or mortar.
They should first be cleaned and faces of the joints should be wetted. The
mixing, placing and compacting of cement and mortar should be done with
special care. Mortar of a dry consistency should be in the proportion of 1:1% (1
part of cement to VA parts of sand) and should be placed in stages and packed
hard from both sides of the joint.

Tolerances:
The following tolerances apply to finished precast products at the time of
placement in the structure. The forms must be constructed to give a casting well
within these limits:
i Overall dimensions of members should not vary more than £ 6mm
per 3m length with a maximum variation of £ 20mm.

ii. Cross-sectional dimensions should not vary more than the following:
+ 3mm for sections less than 150mm thick
1+ 4mm for sections over 150mm & less than
450mm £ 6mm for sections over 450mm to
1000mm.
1+ 10mm for sections over 1000mm
Deviation from straight line in long sections should not be more than £5mm
up to 3m, £ 10mm for 3m to 6m, + 12mm for 6m to 12m.
For tolerances on precast segments for girders please refer Annexure 11.2.

(b) Structural steel inserts/bolts for connecting precast concrete elements
Gl Square rods with internal threading and Gl base plate/stiffener, shall be
firmly fixed in the mould to the true line, level and alignment as shown in
drawings. If required by engineer MS template may use for above purpose.
The threaded hole/pipe shall be properly protected so as to prevent ingress
of mortar etc. (by providing dummy bolts, PVC cover, cotton waste etc.).

Ready Mix Concrete and Pumping:

Ready-mixed concrete may be manufactured in a central automatic weigh
Batching plant and transported to the place of work in agitating transit mixers
shall conform to 1S:4926.

The maximum size of coarse aggregate shall be limited to one-third of the

smallest inside diameter of the hose or pipe used for pumping. Provision
shall be made for elimination of over-sized particles by screening or by
careful selection of aggregates. To obtain proper gradation it may be
necessary to combine and blend certain fractional sizes of aggregates.
Uniformity of gradation throughout the entire job shall be maintained.
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The quantity of coarse aggregate shall be such that the concrete can be
pumped, compacted and finished without difficulty.

Fine aggregates:

The gradation of fine aggregate shall be such that 15 to 30 percent should
pass the 0.30 mm screen and 5 to 10 percent should pass 0.15 mm screen
so as to obtain pump able concrete. Sands, which are deficient in either of
these two sizes, should be blended with selected finer sands to produce
these desired percentages. With this gradation, sands having a fineness
modulus between 2.4 and 2.8 are generally satisfactory. However, for
uniformity, the fineness modulus of the sand should not vary more than 0.2
from the average value used in proportioning.

Water, Admixtures and Slump:

The amount of water required for proper concrete consistency shall take into
account the rate of mixing, length of haul, time of unloading, and ambient
temperature conditions.

Additions of water to compensate for slump loss should not be resorted to
nor should the design maximum water-cement ratio be exceeded. Additional
dose of retarder be used to compensate the loss of slump at contractor's
cost, when permitted by Engineer. Retempering water shall not be allowed to
be added to mixed batches to obtain desired slump.

Transportation:

The method of transportation used should efficiently deliver the concrete to
the point of placement without significantly altering its desired properties with
regard to water- cement ratio, slump, and homogeneity.

The revolving-drum truck bodies of approved make shall be used for
transporting the concrete. The numbers of revolutions at mixing speed,
during transportation, and prior to discharge shall be specified and agreed
upon. Reliable counters shall be used on revolving drum truck units.
Standard mixer uniformity tests, conforming to ASTM standards C 94-69
"Standard Specifications for Ready Mix Concrete", shall be carried out to
determine whether mixing is being accomplished satisfactorily.

Pumping of concrete:

Only approved pumping equipment, in good working condition, shall be used
for pumping of concrete. Concrete shall be pumped through a combination of
rigid pipe and heavy duty flexible hose of approved size and make. The
couplings used to connect both rigid and flexible pipe sections shall be
adequate in strength to withstand handling loads during erection of pipe
system, misalignment, and poor support along the lines. They should be
nominally rated for at least 3.5 MPa pressure and greater for rising runs over
30 m. Couplings should be designed to allow replacement of any section
without moving other pipe sections, and should provide full cross section with
no construction or crevices to disrupt the smooth flow of concrete.
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All necessary accessories such as curved sections of rigid pipe, swivel joints
and rotary distributors, pin and gate valves to prevent backflow in the pipe
line, switch valves to direct the flow into another pipe line, connection
devices to fill forms from the bottom up, extra strong couplings for vertical
runs, transitions for connecting different sizes of pipe, air vents for downhill
pumping, clean-out equipment etc., shall be provided as and where required.
Suitable power controlled booms or specialized crane shall be used for
supporting the pipe line.

Field control:

Sampling at both truck discharge and point of final placement shall be
employed to determine if any changes in the slump and other significant mix
characteristics occur. However, for determining strength of concrete, cubes
shall be taken from the placement end of line.

Planning:

Proper planning of concrete supply, pump locations, line layout, placing
sequence, and the entire pumping operation shall be made and got
approved. The pump should be as near the placing area as practicable, and
the entire surrounding area shall have adequate bearing strength to support
concrete delivery pipes. Lines from pump to the placing area should be laid
out with a minimum of bends. For large placing areas, alternate lines should
be installed for rapid connection when required. Standby power and pumping
equipment should be provided to replace initial equipment, should
breakdown occur. The placing rate should be estimated so that concrete can
be ordered at an appropriate delivery rate.

As a final check, the pump should be started and operated without concrete
to be certain that all moving parts are operating properly. A grout mortar
should be pumped into the lines to provide lubrication for the concrete, but
this mortar shall not be used in the placement. When the form is nearly full,
and there is enough concrete in the line to complete the placement the pump
shall be stopped and a go-devil inserted and shall be forced through the line
by water under pressure to clean it out. The go-devil should be stopped at a
safe distance from the end of the line so that the water in the line will not spill
into the placement area. At the end of placing operation, the line shall be
cleaned in the reverse direction.

3.20 Additional Specifications for Concrete M60 and above

(a)

(b)
(c)
(d)

Contractor

Mineral admixture in the form of micro silica or condensed silica fume shall be
permitted in the design mix. It shall comply with IS 15388 (2003) and ASTM C
1240 "Specifications for Fume for use in Hydraulic Cement Concrete and
Mortar". It shall be obtained from proven and reliable manufacturer/supplier to
the satisfaction of the Engineer.

Adequate and complete dispersal of the micro silica during the concrete mixing
shall be ensured.

When micro silica is used in powder form the contractor shall take all
precautions against potential health hazards during handling of the material.
Chilled water and/ or ice shall be used in the concrete mix depending on the
ambient temperature, dimensions of the concrete element, rate of pouring and
design mix constituents.
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(e) Special profuse curing arrangements shall be made for dissipation of the heat of
hydration. The water curing shall be continued for a period of 14 days.

(f) The concrete design mix and arrangement for mixing, transportation, and curing
of concrete shall be subject to the approval of the Engineer.

Measurement (Not applicable for Viaduct Lump sum portion (Schedule B)):

Concrete and reinforcement shall be paid separately unless otherwise “specified.

Measurement shall be made for the finished volume of reinforced cement concrete

(excluding lean concrete) only. All linear dimensions shall be measured correct to 1cm &

restricted to design dimensions, and the volume calculation will be correct to two decimal

places in cubic metres. The volume of concrete measured shall include that occupied by:

1 Reinforcement and other metal sections.

2. Cast in components each less than 0.01 cum in volume.

3. Rebates fillets or internal splays each less than 0.005 Sq.m in cross sectional
area.

4. Pockets and holes not exceeding 0.01 m? in volume.

Rates for precast concrete shall include remoulding, handling, storing, transporting and
erecting at site, including all clamping, bracing that may be required during erection

including erection equipment.

3.22 Inspection, Tests and Standards of Acceptance

a.

The Contractor shall submit test certificates from the manufacturer or supplier of
materials along with each batch of material(s) delivered to site.
The Contractor shall set up a field laboratory with necessary equipment for testing of
all materials, finished products to be used in the construction.
The testing of all the materials shall be carried out by the Contractor at the field
laboratory or from the laboratory approved by the Engineer and in the presence of the
Engineer. The Contractor shall make all the necessary arrangements and bear the
entire cost for the same.
Tests which cannot be carried out in the field laboratory shall be done at the
Contractor's cost at any recognised laboratory or testing establishments having NABL
certification and duly approved by the Engineer.
If materials are brought from abroad, the cost of sampling or testing, whether in India
or abroad, shall be borne by the Contractor.
The Contractor shall provide and maintain on site, until the works are completed, at all
times the equipment and staff required for carrying out these tests. The Contractor
shall grant the Engineer or his representative full access to his laboratory at all times
and shall, on demand, produce complete records of all tests carried out on the Site.
The permeability test shall be proportional to the quantity executed for particular grade
and component to ensure that the test is uniformly distributed throughout the quantity
executed.
Notwithstanding to what is specified in the relevant codes the requirements for metro
structures for concrete from durability consideration shall be as under.
i Permeability as per MORTH — shall be less than 15mm
ii. RCPT values shall be less than 1500 coulomb for concrete without

microsilica or silica fume or ultrafine flyash/GGBS. The RCPT value shall

be less than 1000 Coulomb for concrete with micro silica or silica fume or

ultrafine flyash/GGBS.

3.23  Quality Control of Concrete

Contractor
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a. The Contractor shall carry out the following tests for concrete, at his own cost, at the
site of placing. and ensure that they comply with appropriate provisions of Indian and/or
other standards, as may be applicable:

Vi.

Vii.

Slump test for concrete: The frequency of slump test shall be conducted once in
each delivery of transit mixer as per IS: 1199 & IS: 7320. Tolerance for slump shall
conform to IS 4926 (CL. 6.2.1).

Compressive and Flexural strength of concrete: Sampling, Strength tests and
Acceptance criteria of concrete shall conform to IS: 456 & IS 1199. according to
the type of concrete grade. For the purpose of precast segment lifting and pre-
stressing of segments, additional concrete cube samples shall be casted as
directed by the Engineer-In-Charge.

Chloride ion content test: It shall be conducted once a week. Test method shall be
as per manufacturer's instructions and conforming to IS 456.

Relative Density and pH value of plasticizer (if used): The test shall conform to IS
9103 and the tolerances shall be as specified in 1S:9103.

Temperature of concrete shall be verified once in each slump test.

The concrete shall be verified for permeability and the test procedure along with
tolerances shall conform to the provisions given in these specifications. The
frequency of test shall depend upon the change in design mix or change in source
of material used in the work. However, the Engineer shall select random batches of
concrete for examination at his discretion, and any time during concreting.
Sampling shall generally be done at the point of discharge from the mixer and at
placing point. The concrete shall pass the permeability test if it is properly
compacted and the water penetration depth in the broken core is less than 25 mm.
Rapid chloride penetration test (RCPT) shall be done for every 1000 cum of
concrete executed of each grade where the concrete quantity is more than 10000
cum. Where the quantity of particular grade is less that 10000cum it shall be
ensured that at least 10 test are done.

b. It is the complete responsibility of the Contractor to redesign the concrete mixes as per
the standard methods that have been approved and to produce the reinforced concrete
conforming to the specifications. The Contractor shall have competent staff to carry out
this work.

c. After the completion of the quality control checks of concrete, the Contractor shall
immediately report the test results to the Engineer by submitting quality control records
of the concrete.

d. All the third party testing of construction material shall be done in NABL accredited
laboratory approved by the engineer. In case, Maha-Metro establishes its own
laboratory all the testing shall be done in that laboratory.

3.24Failure to meet specified Requirements:

i If from the cube test results, it appears that some portion of the Works has not
attained the required strength, the Engineer may order that portion of the structure be
subjected to further testing of any kind whatsoever as desired by the Engineer,
including, if so desired by him, full load testing of the suspected as well as adjacent
portions of the structure as specified in the Conditions of Contract. Such testing shall
be at the Contractor's own cost. The Engineer may also reject the work and order its
demolition and reconstruction at the Contractor's cost.

i If the strength of concrete in any portion of the structure is lower than the required
strength, but is considered nevertheless adequate by the Engineer so that demolition
is not necessary, the Contractor shall be paid a lower rate for such lower strength
concrete as determined by the Engineer.

Contractor

Page 283 of (998)
Feb- 2023 Maha-Metro



NMRP Phase-2

Tender No. N2- 004/C-01/2023 Part-Il, Section-VII-F
Work Requirement (S5.03: CONCRETE: PLAIN & REINFORCED)

3.25 Inspection of Concrete

Contractor

a.

Inspection shall be carried out by the Contractor, after the removal of formwork.
Also, additional inspection shall be carried out if instructed by the Engineer.
Inspection shall be carried out as per approval of the Engineer and in accordance
with approved Method Statement.

Additional non-destructive tests (NDT) on the hardened concrete in the structure
as a whole or any finished part of the structure where necessary, or directed by
the Engineer.

. The Contractor shall report the inspection results along with the location to the

Engineer immediately after the inspection.

. If defects such as deleterious cracking, deformation, and finishing defects are

noticed from the results of the inspection, no repair work shall be commenced
without prior permission taken from the Engineer. Countermeasures against the
defects shall be subjected to approval of the Engineer. In this case, "repair work"
refers to all actions which make alterations to the surface of concrete after the
removal of formwork (including plastering etc.). If repair work is required, the
Contractor shall submit Method Statement on the repair work and shall obtain
approval of the Engineer for the same, prior to the commencement of repair work.
During the repair work, the Contractor shall record about the work, and shall
report to the Engineer on the results of the work immediately after the repair work
has finished.

If cracks develop in concrete construction, provisions given elsewhere in these
specifications shall be followed.
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S.04: FORM WORK

4.1 These specifications shall be read in conjunction with the CPWD specifications 2019
with up-to-date correction slips, MOST/MORTH (5th Revision) Specifications and other
relevant specifications described in the S.01 of Section-VII-F of these specifications.

4.2 Materials:

Formwork shall be of timber, plywood (including marine plywood), steel or any other
suitable material capable of resisting damage to the contact faces under normal
conditions of fixing steel, erecting forms and placing concrete. The selection of materials
suitable for form work shall be made by the Contractor based on the quality consistent
with the specified finishes and safety. For designated areas prominently in public view
like piers, pier caps, portals, pier arms and any precast members forming a part of
viaduct etc., only steel shuttering shall be used. Steel material shall be in good
condition. It should not be corroded. Condition of material shall be decided by the
Engineer and if found not complying as per relevant standards or requirements, it shall
be replaced. Number of uses (repetitions) for steel shuttering shall be between 50 and
100. However, the no of uses shall be decided by Engineer as per the condition of steel
shuttering. Special finishes like grooves, logos, floral designs to be incorporated in the
steel shutter itself during its fabrication. The material shall be approved by the Engineer
before being erected at site. However, the entire responsibility of planning, designing,
erection, dismantling, shifting and safety of false work lies with the contractor.

All formwork and formwork supports (centering, props, scaffolds etc.) shall only be in
structural steel and preferably of pipes conforming to IS:806, 1S:1161, 1S:1239, 1S:2750.
Wooden ballies shall not be permitted as props/formwork supports. All props shall be
properly braced using x & k bracings. Ladders to be used at site should have treads and
shall be fabricated from structural steel. Wooden / bamboo / aluminium / pipe ladders
shall not be permitted. No additional payment to be made for all types of formwork and
formwork supports including ladders to the contractor.

Plywood:

Plywood used for formwork shall be minimum 12 mm thick. Shuttering quality plywood
complying with IS: 4990 and of make approved by the Engineer. Suitable stiffeners and
wallers shall be provided depending on the shuttering design.

Steel:

Steel formwork shall be made of minimum 4 mm thick black sheets stiffened with angle
iron frame made out of M.S. angles 40mmx 40 mm x 6 mm supported at suitable
spacing.

4.3 Design & Drawings:

All temporary works such as formwork, false work, staging, launching girder, cantilever
form traveller scheme etc. shall be designed by the Contractor. The permissible
stresses in materials of formwork, false work, staging, launching girder & cantilever form
traveller shall be limited as same as that for permanent structure. All calculations and
drawings of the same including construction sequence shall be checked and verified by
independent agency appointed by contractor. Only after the checking of the same, the
calculations and drawings (along with soft copy in CD ROM) shall be submitted to
Engineer for approval well in advance of work. All temporary works shall also be
inspected by the independent agency and independent report shall be submitted to
Engineer. All temporary works shall be robust, safe and constructed such a way that the
concrete can be properly placed and thoroughly compacted to obtain the required
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shape, position and level subject to specified tolerances. It is the responsibility of the
Contractor to obtain the results required by the Engineer, whether or not some of the
work is sub-contracted. Approval of the temporary works by the Engineer shall not
diminish the Contractor's responsibility for the satisfactory performance of the same, nor
for the safety and co-ordination of all operations.

For pier formwork, it shall be ensured that total deflection (taking account of combined
deflection of plate, stiffeners, wallers or any other supporting arrangement) shall not be
more than 3 mm. All the formwork, launching truss and cantilever form traveller and
other selected temporary works shall be tested for the load including factor of safety for
which the truss/formwork is designed before use in works at no extra cost.

The design of false work should be such as to facilitate easy and safe access to all
parts for proper inspection. Methodology for removal of form should be planned as a
part of total form work design.

In case of pre-stressing concrete, careful consideration shall be given to re-distribution
of loads due to pre-stressing.

4.4 Formwork for Exposed Concrete Surfaces:
The facing formwork, unless indicated otherwise on drawings, or specifically approved
by the Engineer in writing, shall generally be made with materials not less than the
thickness mentioned below for different elements of the structure:

i. Plain slab soffit and sides of beams, girders, joists and ribs and side of walls, fins,
parapets, pardis, sun-breakers, etc. shall be made with:

a. Steel plates not less than 4mm thick of specified sizes stiffened with a suitable
structural framework, fabricated true to plane.

b. Timber planks of 20mm actual thickness and of specified surface finish, width
and reasonable length.

c. Plywood not less than 12mm thick (1S:4990 - Specification for Plywood for
Concrete Shuttering Work) stiffened with a suitable timber frame work or 3mm
thick plywood with a 20mm timber plank backing, of specified sizes stiffened
with a suitable timber framework and bracing. At joints 6mm/10mm sponge to
be provided.

ii. Bottoms of beams, girders and ribs, sides of columns shall be made with:

a. Steel plates not less than 5mm thick of specified sizes stiffened with a
suitable structural framework, fabricated true to plane.

b. Timber planks of 35mm actual thickness and of specified surface finish width
and reasonable length.

c. Plywood plates not less than 12mm thick (IS 4990), of specified sizes
stiffened with a suitable timber framework as approved by Engineer.

iii. For Precast segments, precast girders, piers, pier heads, portals etc. suitable steel
form work is to be used unless otherwise specified by Engineer.

iv. For station areas suitable steel form work is to be used unless as specified by
Engineer.
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4.5 Formwork for Sloped Surfaces:
i Forms for sloped surfaces shall be built so that the formwork can be placed board-
by- board immediately ahead of concrete placement so as to enable ready access
for placement, vibration inspection and finishing of the concrete.

ii  The formwork shall also be built so that the boards can be removed one by one
from the bottom up as soon as the concrete has attained sufficient stiffness to
prevent sagging. Surfaces of construction joints and finished surfaces with slopes
steeper than 2 horizontals: 1 vertical shall be formed as required herein.

4.6 Formwork for Curved Surfaces:
i The contractor shall interpolate intermediate sections as necessary and shall
construct the forms so that the curvature will be continuous between sections.
Where necessary to meet requirements for curvature, the form lumber shall be built
up of laminated splices cut to make tight, smooth form surfaces.

i After the forms have been constructed, all surface imperfections shall be corrected
and all surface irregularities at matching faces of form material shall be dressed to
the specified curvature.

4.7 Formwork for Waffle Slab:

DELETED

4.8 Erection of Formwork:

The following shall apply to all kinds of formwork:

i To avoid delay and unnecessary rejection, the Contractor shall obtain the approval
of the Engineer for the design of forms and the type of material used before
fabricating the forms. (Ref. ACI 347 Formwork for Concrete or equivalent 1.3
Code).

i All shuttering planks and plates shall be adequately backed to the satisfaction of
the Engineer by sufficient number and size of wallers or framework to ensure
rigidity during concreting. All shutters shall be adequately strutted, braced and
propped to the satisfaction of the Engineer to prevent deflection under deadweight
of concrete and superimposed live load of workmen, materials and plant, and to
withstand pouring rate and vibration.

i Vertical props shall be supported on wedges or other measures shall be taken
where the props can be gently lowered vertically during removal of the formwork.
Props for an upper level shall be placed directly over those in the level immediately
below, and the lowest props shall bear on a sufficiently strong area. Care shall be
taken that all formwork is set plumb and true to line and level or camber or better
where required and as specified by the Engineer.

iv  Provision shall be made for adjustment of supporting struts where necessary.
When reinforcement (dowel bars) passes through the formwork care should be
taken to ensure close fitting joints against the steel bars so as to avoid loss of fines
during the compaction of concrete.

v If the formwork is held together by bolts, these shall be so fixed that no iron will be
exposed on surfaces against which concrete is to be laid. In any case wires shall
not be used with exposed concrete formwork. The Engineer may at his discretion
allow the Contractor to use tie-bolts running through the concrete and the
contractor shall decide the location and size of such tie-bolts in consultation with
the Engineer. Holes left in the concrete by these tie-bolts shall be filled as specified
by the Engineer at no extra cost. These tie-bolts are not to be provided in structures
with exposed surfaces.
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vi  Provision shall be made in the shuttering for beams, columns, and walls for a port
hole of convenient size so that all extraneous materials that may be collected could
be removed just prior to concreting.

vii Formwork shall be so arranged as to permit removal of forms without jarring the
concrete. Wedges, clamps and bolts shall be used wherever practicable instead of
nails. The formwork for beams and slabs shall be so erected so that forms on the
sides of the beams and the soffit of slabs can be removed without disturbing the
beam bottoms or props under beams.

viii Surfaces of forms in contact with concrete shall be oiled with a mould oil of
approved quality (form releasing agent). If required by the Engineer the contractor
shall execute different parts of the work with different mould oils to enable the
Engineer to select the most suitable. The use of oil which results in blemishes on
the surface of the concrete including Diesel oil, burnt oil or any other lubricating oil
shall not be allowed. Oil shall be applied before reinforcement has been placed and
care shall be taken that no oil comes in contact with the reinforcement while it is
being placed in position. The formwork shall be kept thoroughly wet during
concreting and the whole time that is left in place. Nothing extra shall be paid to
contractor for oiling.

ix Immediately before concreting is commenced, the formwork shall be carefully
examined to ensure the following:

a) Removal of all dirt, sawdust and any other refuse by brushing and washing
and compressed air / vacuum cleaning.

b) The tightness of joints between panels of sheathing and between these and
any hardened core.

c) The correct location of tie bars, bracing and spacers and especially
connections of bracing.

d) Adequate cover blocks are in place.

e) Straightness and plumbness of form works.

f)  Construction joint (wherever applicable) is properly prepared.

g) Side supports / restraints for the form work are enough and robust.

h) That all wedges are secured and firm in position.

i)  That provision is made for traffic on formwork not to bear directly on reinforcing
steel.

j)  Pouring platform along with its approach from ground is robust and safe for
worker’s movement

k) Arrangement for vibrators for compaction of concrete

I)  Sequence of concrete pouring is well defined and is agreed upon by the
Engineer and is explained to concrete pouring team m.

m) The Pouring area is well lit.

n) Curing arrangements are well planned and agreed upon by the Engineer.

0) The green concrete protection measures from sun & rain etc. are in place.

Note: Contractor shall make above arrangements at his own cost and no extra
payment shall be made to contractor for the same.

x  The Contractor shall obtain the Engineer's approval for dimensional accuracies of
the work and for the general arrangement of propping and bracing. (IS: 3696 -
Safety Code of Scaffolds and Ladders, IS: 4014 Steel Tubular Scaffolding | & I1). All
scaffolding and staging shall be either of steel tubes or built up section of rolled
steel with adequate bracing at several levels in each perpendicular direction
connecting each prop. In addition to this diagonal bracing should be provided in
elevation ideally at 45 degrees or between 30 and 60 degrees. The Contractor shall
be entirely responsible for the adequacy of propping, and for keeping the wedges
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and other locking arrangements undisturbed through the decentring period. (IS:
8989 Safety code for erection of concrete framed structures) and cost of the
propping and stagging shall be inclusive of the quoted cost for the RCC works in
BOQ.

xi  Formwork shall be continuously watched during the process of concreting. If during
concreting any weakness develops and formwork shows any signs of distress, the
work shall be stopped and remedial action as directed by the engineer shall be
taken.

xii  Staging for portal girder and cross girder (in station zone) shall be in the form of
portal frame. It shall be ensured that minimum two lanes of traffic with a restricted
height of 5.5m can ply underneath it with adequate protection to portal legs from
moving traffic. All necessary permissions for the height restrictions on the existing
highways, main road, etc., shall be taken by the contractor from the local authorities
at his own peril.

xiii For concourse floor (if any) over road, the contractor shall design and fabricate
prefabricated type of staging and shuttering which can be erected in very short
duration. Such erection will be only permitted in the night. In such case staging has
to span the full width of the road in a portal shaped profile as shown in tender
drawings. The portal frame shall have 5.5m (min) traffic clearance from the road for
allowing safe movement of traffic below. In case no road runs beneath the
concourse zone of station, the bidder may decide whether to use the above form of
staging or any normal staging arrangement from the ground itself. All necessary
permissions for the height restrictions on the existing highways, main road, etc.,
shall be taken by the contractor from the local authorities at his own peril.

49 Concrete Finishes:

This section deals with the surface of concrete on which forms had been fixed while
concreting.

i. Formed Surface:
Allowable deviation from plumb or level and from the alignment profile, grades and
dimensions shown on the drawings is defined as "tolerance" and is to be
distinguished from irregularities in finishes as described herein. Tolerances in
concrete construction are specified elsewhere.
The classes of finish and requirements for finishing of concrete surface shall be as
shown on the drawings or as hereinafter specified. In the event of finishing not being
definitely specified herein or in the drawings, finishes to be adopted shall be as
directed by the Engineer.
Completed concrete surface shall be tested, where necessary to determine whether
surface irregularities are within the limits specified hereinafter.
Surface irregularities are classified as "Abrupt" or "Gradual". Offsets caused by
displaced or misplaced form sheathing, or form sections or by loose knots or
otherwise defective timber form will be considered as abrupt irregularities, and shall
be tested by direct measurements. All other irregularities shall be considered as
gradual irregularities and will be tested by use of template, consisting of a straight
edge or the equivalent thereof for curved surfaces. The length of the template shall
be 150 cm for testing of formed surfaces and 300 cm for testing of unformed
surfaces.
The classes of finish for formed concrete surfaces are designated by one of the
symbols F1, F2, F3 and F4. Unless otherwise specified or indicated on drawings,
these classes of finish shall apply as follows:
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Finish F1: This finish applies to surfaces where roughness is not objectionable, or
surface that will otherwise be permanently concealed. Surface treatment shall be the
repair of defective concrete, correction of surface depressions deeper than 25 mm
and filling of tie rod holes. Form sheathing will not leak mortar when concrete is
vibrated. Forms may be manufactured with a minimum of refinement.

Finish F2: This finish is required on surfaces permanent/ but not prominently
exposed to public view for which other finishes are not specified except F1. Forms
shall be manufactured in a workmanlike manner to the required offsets or bulges.
Surface irregularities shall not exceed 5mm for abrupt and 8mm for gradual
irregularities measured with a 1.5 m template.

Finish F3: This finish is required for coarse textured concrete surfaces intended to
receive plaster, stucco or wainscoting. Surface irregularities shall not exceed 5mm
for both abrupt and gradual irregularities.

Finish F4: This finish is designated for surfaces prominently exposed to public view
where appearance is also of special importance. This shall include piers of viaducts,
beams, parapets, railings and decorative features on the structure and on the
viaduct and stations. To meet with requirements for F4 finish, forms shall be
manufactured in a skilful, workmanlike manner, accurately to dimensions. There
should be no visible offsets, bulges or misalignment of concrete. At construction
joints, the forms shall be rightly set and securely anchored close to the joint. Abrupt
and gradual irregularities shall not exceed 3mm. Irregularities exceeding this limit
shall be reduced by grinding to a level of 1:20 ratio of height to length. Jute bag
subbing or sand blasting shall not be used.

ii. Unformed Surfaces:
The classes of finish for unformed surfaces are designated by symbols U1, U2, U3
and U4. Unless otherwise specified or indicated on drawings, these classes of
finish shall apply as follows:

Finish U1: This finish applies to unformed surfaces that will be concealed
permanently or otherwise where a screeded surface finish meets the functional -
requirements. Finish U1 is also used as the stage of finishes for U2 and U3.
Finishing operations shall consist of sufficient levelling and screeding to produce an
even uniform surface. Surface irregularities shall not exceed 10mm.

Finish U2: This is floated finish and used on all outdoor, unformed surfaces. Finish
U2 is also used as the second stage of finish for U3. Floating to be performed
manually or mechanically on stiffened screed surface shall be minimum to produce
textured surface so as to perform effective trowelling. If finish U3 is to be applied,
floating shall be continued till a small amount of mortar without excess water is
brought to the surfaces so as to be effective trowelling. Surface irregularities shall
be removed as directed by the Engineer.

Finish U3: This is a trowelled finish and shall be used for tops of parapets etc.
prominently exposed to view. When the floated surface has hardened sufficiently,
steel trowelling shall be started. Steel trowelling on hardened, floated surface shall
be performed with firm pressure to produce a dense uniform surface free from
blemishes and trowel marks and having slightly glossy appearance. Surface
irregularities shall not exceed 5mm.
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Finish U4: This is a steel-trowelled finish, similar to finish U3, except that light
surface pitting  and light trowel marks such as obtained from the use of machine
trowelling will be acceptable, provided that surface irregularities do not exceed the
limits specified for finish U3.

Unformed surfaces which are nominally level shall be sloped for drainage as shown
on drawings or as directed by Engineer unless the use of other slopes or level
surface is indicated on drawings. Narrow surfaces such as tops of parapets, walls
and kerbs shall be sloped approximately 1cm per 30cm of width. Broader surface
such as roadways, platform and decks, shall be sloped approximately half
centimetre per 30cm of width. Finishes of floor and roof slabs shall be sloped, if
required, by the Engineer.

Exposed Concrete Work:

Exposed concrete surfaces shall be smooth and even originally as stripped without any
finishing or rendering. Where directed by the Engineer, the surface shall be rubbed with
Carborundum stone immediately on striking the forms. The Contractor shall exercise
special care and supervision of formwork and concreting to ensure that the cast members
are made true to their sizes, shapes and positions and to produce the surface patterns
desired. No honeycombing shall be allowed. Honeycombed parts of the concrete
including the surface defects in the concrete shall be removed by the Contractor without
affecting the strength of adjoining concrete as directed by the Engineer and fresh
concrete placed without extra cost, as instructed by the Engineer. Part of defective
concrete thus removed shall be re-cast using fresh concrete of same grade or approved
quality concrete repair material depending upon the size, location, thickness of the
defective concrete and structural behaviour of the member having defective concrete as
instructed by the Engineer without extra cost. For the purpose the Contractor shall
prepare a comprehensive work procedure and get it approved from the Engineer. Nothing
extra shall be paid for repair of the concrete. Contractor shall ensure that no air bubbles
are formed on the exposed surface. Concrete pouring sequence, vibration methodology
etc. shall be planned to avoid air bubbles. All materials, sizes and layouts of formwork
including the locations for their joints shall have prior approval of the Engineer.

Age of Concrete at Removal of Formwork:

Age of Concrete at the time of removal of formworks shall be in accordance with CPWD
specifications 2019 or IS: 456. The Engineer may vary the periods specified if he
considers it necessary. Immediately after the forms are removed, they shall be cleaned
with a jet of water and a soft brush.

Stripping of Formwork:

The work of form work removal should be planned and a definite scheme of operation
worked out. Formwork shall be removed carefully without jarring the concrete and
curing of the concrete shall be commenced immediately. Concrete surfaces to be
exposed shall, where required by the Engineer, be rubbed down with Carborundum
stone or bush-hammer to obtain a smooth and even finish. Where the concrete
requires plastering or other finish later the concrete surface shall be immediately
hacked lightly all over as directed by the Engineer. No extra charge will be allowed to
the Contractor for such work on concrete surfaces after removal of forms.

Reuse of Forms:

The Contractor shall not be permitted reuse of plywood formwork brought new on the
works more than 5 times for exposed concrete formwork and 8 times for ordinary
formwork. 5 or 8 uses shall be permitted only if forms are properly cared for, stored and
repaired after each use. The Engineer may in his absolute discretion order rejection of
any forms he considers unfit for use for a particular item irrespective of no of times the
shuttering has been used and order removal from the site of any forms he considers unfit
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for use in the Works. Used forms brought on the site will be allowed proportionately fewer
uses as decided by the Engineer. Use of different quality boards or the use of old and
new boards in the same formwork shall not be allowed. If any other type of special or
proprietary form work is used, the no. of times they can be used will be determined by the
Engineer.

414 Formwork for Precast/ Restressed Concrete:

The provisions in this section shall be considered supplementary to the general
provisions stated above and additional Technical Specifications for pre cast segments.
Precast concrete members and panels shall be made in accurately constructed moulds,
on a properly prepared casting bed. All aspects of the making, curing and erection of
precast units shall be subject to the approval of the Engineer. The contractor shall
submit detailed drawings of formwork for the approval of the Engineer. Finishing with
cement mortar shall not be allowed.

The formwork should be so designed that it does not restrain the shrinkage movements
and possible shortening due to pre-stress of the concrete. The formwork shall be of
sturdy construction with special considerations to shutter vibrators when used. All
edges and joints of the formwork should be designed and sealed so that no cement
grout can escape and there is no wedging or keying to the concrete. The effect of
curing on the formwork should be given special consideration. Depending on care,
curing erection and maintenance after stripping, the following number of/ uses can be
made with different types of formwork.

Plywood with timber backed formwork - As per satisfaction of Engineer
Steel moulds -do-

No of uses of shuttering shall be as per approval of the Engineer. In cases where
concrete moulds can be satisfactorily provided by the contractor, the Engineer's
approval shall be obtained before use on the works.

415  Stripping:
As soon as the precast units have attained sufficient strength, the formwork shall be
stripped. The precast unit shall be lifted uniformly out of the formwork without being
subjected to tilting or restraint effects or any other stresses and as per the guidelines
issued by Engineer or his authorised representative.

If proprietary system of form work is used, detailed information as given in Annexure 4.1
shall be furnished to Engineer for approval before use.

416 Measurements (Not applicable for Schedule B):

Unless stated otherwise, the rate for concrete in plain concrete, reinforced concrete or in
pre-stressed concrete shall be deemed to include the cost of all formwork / shuttering,
staging, launching etc.
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ANNEXURE 4.1

Information to be Supplied by Manufacturers of Proprietary Systems of Formwork

1. General

11

1.2

The information which the manufacturer is required to supply shall be in such detail
as to obviate unsafe erection and use of equipment due to the intention of the
manufacturer not having been made clear or due to wrong assumptions on the part
of the user.

The user shall refer unusual problems of erection/assembly not in keeping with
intended use of equipment, to the manufacturer of the equipment.

2. Information Required

2.1 The manufacturers of proprietary systems shall supply the following information;

a.
b.

Contractor

Description of basic functions of equipment.
List of items of equipment available, giving range of sizes, spans and such like, with
manufacturer's identification number or other references.

. The basis on which safe working loads have been determined and whether the

factor of safety given applies to collapse or yield.

. Whether the supplier's data are based on calculations or tests. This shall be clearly

stated as there may be wide variations between results obtained by either method.

. Instructions for use and maintenance, including any points which require special

attention during erection, especially where safety is concerned.
Detailed dimensional information, as follows:

i.  Overall dimensions, depths and widths of members.

ii. Line drawings including perspectives and photographs showing normal
uses.

iii. Self-weight.

iv. Full dimensions of connections and any special positioning and supporting
arrangements.

v. Sizes of members, including tube diameters and thicknesses of material.

vi. Any permanent camber built into the equipment.

vii. Sizes of holes and dimensions giving their positions.

viii. Manner of fixing including arrangements for sealing joints.

ix. Method of de-stripping, storing & shifting.

Data relating to strength of equipment as follows:

i.  Average failure loads as determined by tests.

ii. Recommended maximum working loads for various conditions of use.
iii. Working resistance moments derived from tests.

iv. Working shear capacities derived from tests.

v. Recommended factor of safety used in assessing recommended loads and
deflections based on test results.
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vi. Deflections under load together with recommended pre-camber and limiting
deflections.

vii. If working loads depend on calculations, working stresses should be tested. If
deflections depend on theoretical moments of inertia or equivalent moments of
inertia rather than tests, this should be noted.

viii. Information on the design of sway bracing against wind and other horizontal
loadings.

ix. Allowable loading relating maximum extension of bases and/or heads.

Any restrictions regarding usage of any component or full assembly with regard to
spans, heights and loading conditions.
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S.05: REINFORCEMENT

5.1 General

These specifications shall be read in conjunction with the CPWD specifications 2019 with
upto date correction slips, MOST/MORTH Specifications and other relevant specifications
described in the S.01 of Section-VII-F of these specifications.

High strength deformed steel bars for concrete reinforcement used in the works shall be Fe
500D TMT or higher grade, conforming to IS 1786.Steel specified for reinforcement shall
conform in every respect to the latest relevant Indian Standard Specifications and shall be
of tested quality under the ISI Certification Scheme.

All reinforcement work shall be executed in conformity with the drawings supplied and
instructions given by the Engineer and shall generally be carried out in accordance with the
relevant Indian Standard Specifications IS: 2502 Bending and Fixing of Bars for Concrete
Reinforcement.

The reinforcement steel shall be from primary producers from the approved vendor list and
no re-rolled steel shall be supplied/used. The Contractor shall produce copy of original
challan or voucher as a proof of having purchased the steel reinforcement from
manufacturers or their authorised distributors having approval of the Engineer.

Procurement of reinforcement steel shall be so phased by the Contractor that the storage
period before its actual use in the works is limited to the bare minimum as directed by the
Engineer.

In order to offer adequate resistance against corrosion, reinforcement bars shall be
provided with a coating of " Truncated Inhibited Cement Slurry (Patent No. 109784/67 of
CECRI, Karaikudi)" for non-aggressive environments (Mild and Moderate). No extra
payment shall be made for the same.

5.2 Inspection & Testing:

Manufacturer's test certificate steel shall be submitted for each lot of supply brought at Site
of work by the Contractor. The reinforcement shall be tested as per IS 1786-2008.
However, the sampling of the same shall be as laid down in the CPWD specification 2019
with latest correction slips. The cost of the same is deemed to be included in the contract
price and nothing extra shall be payable to the contractor in this regard. Every bar shall be
inspected before assembling on the works and any defective, brittle, excessively rusted or
burnt bars shall be removed. Cracked ends of bars shall be cut out.

Batches shall be rejected if the results of each batch are not in accordance with the
specifications.

Every consignment of steel brought to the site of works for use in reinforced concrete
work, shall be accompanied by a certificate from the manufacturer giving the following
details:

a) Place of manufacture of the reinforcing steel,

b) Nominal diameter of the steel,
c) Grade of the steel,
d) Rolled-in marking on the steel,
e) Cast/heat number,

f) Date of testing,
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g) Mass of the tested lot, and
h) Individual test results for all the properties,

All such certificates shall be deposited with the Engineer- in -Charge for his record and
reference.

5.3 Bar bending and Bar Bending Schedule:

All bars will be carefully and accurately bent by approved means in accordance with I1S: 2502,

and relevant drawings. It shall be ensured that depth of crank is correct as per the bar cutting

and bending schedule and bent bars are not straightened for use in any manner that will injure
the material.

Prior to starting bar bending work, the Contractor shall prepare bar bending schedule from
the structural drawings supplied to him and get the same approved by Engineer. No work
shall commence before the approval of Engineer for the same. Any discrepancies and
inaccuracies found by the Contractor in the drawings shall be immediately reported to the
Engineer whose interpretation and decision there to, shall be accepted.

5.4 Lapping & Welding:/Mechanical Splicing

As far as possible, bars of the maximum length available shall be used. Laps shown on
drawings or otherwise specified by the Engineer will be based on the use by the Contractor
of bars of maximum length. In case the Contractor wishes to use shorter bars, laps/couplers
(approved make with permission of Maha Metro) shall be provided in the manner and at the
locations approved by the Engineer. No extra payment shall be made for reinforcement
lapping. In case the Contractor wishes to use shorter bars, laps shall be provided at the
Contractor's cost in the manner and at the locations approved by the Engineer. Use of
Mechanical couplers for splicing is not permitted. However, under exceptional cases, it may
be allowed with the prior approval of Engineer-in-Charge purely on case-to-case basis and
no extra payment shall be made for the same.

Welding in lieu of lap is not permitted unless specified in the drawings or as instructed by
the Engineer.

5.5 Spacing, Supporting and Cleaning:

i. All reinforcement shall be placed and maintained in the positions shown on the
drawings to be prepared by contractor.

ii. The Contractor shall provide approved types of supports for maintaining the bars in
position and ensuring required spacing and correct cover of concrete to the
reinforcement as specified on the drawings. Cover blocks of required shape and size,
chairs and spacer bars shall be used to ensure accurate positioning of reinforcement.
Cover blocks shall be cast well in advance and shall consist of approved proprietary
pre-packaged free flowing mortars (Concentra HF of Fosroc or equivalent). They
shall be circular in shape for side cover and square for bottom cover. The cost of
cover blocks and Chairs/spacer bars shall be deemed to have been included in the
rates/contract price.

iii. Bars must be cleaned, before concreting commences, of all scale, rust or partially set
concrete which may have been deposited there during placing of previous lift of
concrete. Any reinforcement which is certified as corroded by the Engineer shall be
removed from the site.

iv. 18 gauge G.l. wire shall be used for binding reinforcement as well as for tying cover
blocks with reinforcement. The cost of gauge wire is deemed to have been included
in the rate quoted by the contractor.
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5.6 Welding (If specific approval from Engineer is granted):

i. Wherever specified all lap and butt welding of bars shall be carried in accordance with
IS: 2751. Only qualified welders duly tested and certified shall be permitted to carry out
such welding.

ii. For cold twisted reinforcement, welding operations must be controlled to prevent a
supply of large amounts of heat larger than that can be dissipated. The extreme non-
twisted end portion shall be cut off before welding. Electrodes with rutile coating should
be used.

iii. Bars shall be free from rust at the joints to be welded.

iv. Slag produced in welding after alternative run should be chipped and removed by
brush.

v. Electrode should not be lighted by touching the hot bar.

vi. The welding procedure shall be approved by the Engineer and tests shall be made to
prove the soundness of the welded connection.

vii. E7018 electrode shall be used for Fe415 grade and E8018 electrode shall be used for
Fe500D and above as per AWS (American Welding Society) standards.

5.7 Measurement (Not applicable for Schedule B):

i. The measurement shall be done by weight in MT based on bar bending schedule.
Payment of reinforcement steel shall be made for the length of the reinforcement bars
of different diameter as per approved bending schedule (to be prepared by the
contractor on the basis of approved drawing). In case the actual reinforcement
provided in any member is less than the quantity calculated based on drawings/ bar
bending schedule (with the approval of engineer), the same shall be adjusted for the
purpose of payment.

ii. No additional payment will be made for any welding operations carried out on
reinforcement bars and providing mechanical couplers. Laps of all types, chairs,
spacers, bend correction deduction as per SP 34 etc., as required are deemed to be
included in the quoted rate and nothing extra is payable on this account. Payments
shall not be made for lapping/welding and reinforcement bars used for lifting, hooks,
handling, etc., as cost towards these is deemed to be included in the accepted rate of
the item.

5.8 Protective Coating of Reinforcement bars using Truncated Inhibited Cement Slurry:

The protective coating of reinforcement bars shall conform to IS 9077 and CECRI it shall
be approved by the Engineer in Charge.

The reinforcement bars should be dipped in the derusting solution of approved quality and
the bars removed as soon as the rust is satisfactorily removed and a bright surface is
obtained. This should be immediately followed by cleaning the bars with wet waste cloth
and alkaline cleaning powder.

The bars should then be brushed with the phosphate jelly of approved quality by means of
fibre brush. The jelly should be left on the surface for a period of 45- 60 minutes and then
removed by means of wet waste cloth. This should be followed by brushing the inhibitor
solution of approved quality and the first coat of cement slurry, prepared by mixing 500 cc
of inhibitor for each 1000 gm of Portland cement. All the above steps should be applied in
the same day and after 12-24 hours of air-drying, the sealing solution of approved quality
should be brushed followed by the second coat of cement slurry.
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It should then be dried for 12-24 hours followed by a brush coat of the sealing solution
which should be applied again after 4 hours of air-drying.

Briefly following steps shall invariably be followed in use of Inhibitor solution:

a) Derusting by dipping the rebars in pickling solution (patent no.465/CAL/75) for 30
minutes (pH of the solution is 1.04)

b) Removal from acid tank and dipping in alkaline tank to neutralize and cleaning with
potable water for 2 minutes.

c) Application of phosphate jelly coat (Patent no. 109897) and drying for 45-60 minutes
(pH of the jelly is 2.5).

d) Application of inhibitor solution A (patent no. 109784/67) for 2 minutes.

e) Application of first coat of cement slurry coating with inhibitor solution A

f)  Air drying for 24 hours.

g) Application of first coat of sealing solution B (Patent no. 112440/67) for 2 minutes.

h) Application of 2nd coat of cement slurry solution A for 2 minutes.

i) Air drying for 24 hours

j)  Another coat of sealing solution B and drying for 4 hours.

k) Application of 3rd coat of sealing solution B for 2 minutes

I)  Airdrying for 4 hours.

Detailed specification regarding quality control aspects and chemicals/solutions used in the
process may be obtained from Central Electro Chemical Research Institute (CECRI)
Karaikudi- 623 006 (Tamandu).

No extra payment shall be made for the protective coating procedure mentioned
above and cost of the same shall be deemed to be included in the contract price.
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S.06: PRESTRESSED CONCRETE

Structural concrete containing prestressed steel reinforcement to introduce pre-
compression is termed as prestressed concrete.

General

The work shall be carried out in accordance with the drawings and these specifications or
as approved by the Engineer.

Concrete and un-tensioned steel for the construction of pre-stressed concrete members

shall conform to the requirements of sections respectively in so far as the requirements of

these Sections apply and are not specifically modified by requirements set forth herein.

Contractor shall ensure that different components of pre-stressing system such as jacks,
bearing plates, wedges, anchorages, strands and HDPE ducts are compatible to each
other and the data regarding the same shall be exchanged in between all the suppliers to
ensure the same.

Materials

A. Sheathing
Material for all pre-stressing sheathing duct shall be HDPE in the form of corrugated. The

thickness of the HDPE sheathing ducts shall conform to IRS Concrete Bridge Code-1997
& IRC -112:2020).

i. The minimum wall thickness of the duct as manufactured shall be 2.0 mm, 2.5
mm, 3.0 mm and 4.0 mm for ducts of internal diameter upto 50 mm, 85 mm, 100
mm and 125 mm respectively. Linear interpolation may be done for any
intermediate values.

i. Tolerance for duct diameter is £1 % or £ 1 mm, whichever is greater. Tolerance
for wall thickness shall be -0/+0.5 mm.

iii. The minimum residual wall thickness after loss in the compression test as per
clause B1-2 at Appendix B1 of IRS CBC-1997 with latest correction slips, shall
not be less than 1.5 mm for ducts upto 160 mm outer Diameter.

iv. The material for the ducts shall be high-density polyethylene with more than 2
percent carbon black to provide resistance to ultra-violet degradation and shall
have the following properties as mentioned in table below unless otherwise

specified:
. Applicable Acceptance Values
Property Unit Standard Temperature Min Max
Carbon content % 2
Density gm/cc 1S2530 23°C 0.94 0.96
Tensile strength BS EN ISO
at Yield MPa 527-3 20
Shore 'D’ IS(FJ:r?gO a) 3 Sec : 60
Hardness /Section 11) b) 15 Sec : 58
Elongation o BS EN ISO 7
at Yield ° 527-3
Melt Flow g/10 _ 190~ C under
Index (MFI) minutes 1S:2530 a mass of 5 kg 0.5 12
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Environmental
Stress Crack
Resistance

Hrs

ASTMD-1693

70°

192

Coefficient of
Thermal
Expansion for 20
‘c-80°C

/°C

DIN 53 752

1.50x10™

Charpy impact
strength of
notched specimen
()at23°C
(i) at-40 " C

kJ/m?

BS EN ISO
179

1.0kJ/m?

4 kJ/m?

Vi.

Vii.

viii.

Xi.

Xii.

Xiii.

The ducts shall be corrugated on both sides. The duct shall transmit full tendon
strength from the tendon to the surrounding concrete over a length not greater
than 40 duct diameters. Material and formulation of sheathing ducts shall conform
to test and acceptance criteria of IRC-112:2011.

The sheaths shall be sufficiently watertight to prevent concrete laitance
penetrating in them in quantities likely to increase friction. Special care shall be
taken to ensure water-tightness at the joints

The alignment of all sheaths and extractable cores shall be correct to the
requirements of the drawings and maintained securely to prevent displacement
during placement and compaction of concrete. The permissible tolerance in the
location of the sheaths and extractable cores shall be 5 mm. Any distortion of the
sheath during concreting may lead to additional friction.

Sheathing ducts shall be joined by adopting any one or more of the following
methods, as convenient to suit the individual requirements of the location, subject
to satisfactory pressure tests before adoption and approval of Engineer.

= Using Corrugated threaded sleeved couplers which can be tightly screwed
together with male and female threads

= Jointing with thick walled HDPE shrink couplers with glue. This can also be
used for connection with trumpet etc.

= Welding with electro fusion couplers/Heat Shrink Couplers.

The joints shall be able to withstand an internal pressure of 0.5 bar (0.05 Mpa) for
5 minutes as per water loss test procedure given in Clause-B-7at Appendix-B of
IRS Concrete Bridge Code- 1997

The initial acceptance tests such as bond test, compression test for loss of wall
thickness are required to be performed as part of acceptance criteria for system.
In addition to above, the HDPE ducts supplier must have conducted friction test
at least once as given in FIP bulletin No-7 to establish/confirm the friction values
(K & u) using the HDPE ducts produced by them, submit the test details and
obtain approval prior to commencing supplies.

The routine test such as workability test, transverse load rating test, tension load
test and water loss test shall be applicable for both post threading and pre -
threading system of cables.

Loads to be imparted on the 107mm ID sheathing during transverse load rating
test and tension load test shall be extrapolated from values given for smaller dia
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sheathing as per IRC 112:2020 with latest amendments. At least 3 samples for
one lot of supply (not exceeding 7000-meter length) shall be tested.

In viaduct constructed by precast segmental construction, cables shall be
threaded after application of temporary prestressing.

In such cases a temporary flexible PVC/HDPE tube of suitable O.D shall be
homed through sheathing which will provide adequate stiffness to sheathing
during concreting and also prevent blockage of sheathing in case of possibility of
leakage. The temporary PVC/HDPE tube shall be pulled out before threading of
the permanent cables.

Anchorages
l.

Anchorages shall be procured from authorized manufacturers only. Anchorages
shall conform to BS: 4447.

Load transfer test and anchorage efficiency shall be conducted as defined in
FIP-1993.

Engineer- in-charge shall select at random, the required anchorages / wedges
sample from completed lots for testing by the manufacturer.

The concrete unit of required size/R/F will be made by contractor using same
design mix of concrete which will be required for the load transfer test.

The load transfer test shall be conducted only when the concrete unit attains
sufficient strength required for stressing activity as proposed in the drawings.

No damaged anchorages shall be used. Steel parts shall be protected from
corrosion at all times. Threaded parts shall be protected by greased wrappings
and tapped holes shall be protected by suitable plugs until used. The
anchorage components shall be kept free from mortar, loose rust and any
other deleterious coating.

After completion of pre-stressing and grouting of cables in PSC members, the
extra length of stressed strands projecting outside the anchorage are required
to be cut as per approved methodology and the anchorage ends are to sealed
as per the relevant specifications approved by Engineer-in-Charge.

. Swages of prestressing strand shall develop strength of at least 95 per cent of

the specified breaking load of the strand.

Untensioned steel reinforcements, around anchorages shall be furnished by
prestressing system supplier. Requirement of the same should be job specific
and based on edge distance of anchorage and strength of concrete at the time
of stressing of cables as defined in drawings. The same R/F shall be provided
in unit required for load transfer test.

Minimum 3 tests each are required to be conducted for load transfer test and
anchorage efficiency test.
The manufacturer shall complete the required testing and determine
compliance of the obtained results with FIP-1993 recommendations before
transporting the lot to site.

C. Prestressing Steel

Contractor

Uncoated, stress relieved, low relaxation steel conforming to IS:
14268:2017, class - 2 shall be used. Nominal dia shall be 15.2 mm with
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minimum breaking strength of 260.7 KN and minimum 0.2 % proof load of
234.6 KN.

. Various test as recommended in IS: 14268 shall be conducted before
transporting the lot to site. Apart from 1000 hrs relaxation test conducted
by manufacturer, at least two such tests are required to be conducted by
approved independent (third party) agency in the beginning of project.

iii. All strands to be transported to the site shall be assigned a lot number and
tagged for identification purposes.

D. Prestressing Strands/Wires Storage

All high tensile steel for prestressing work shall be stored about 30 cm above the
ground in a suitably covered and closed space to protect it from dampness. It shall
also be invariably wrapped in gunny cloth or tar paper or any other suitable
material, as per approval of Engineer. Even if it is to be stored in an area at the site
for short time during transit it shall be suitably covered. Protection during storage
and repacking or application of washable protective coating to the H.T. steel shall
be given by the contractor at no extra cost, if the packing of H. T. Strands/wires
during unloading and storage / handling in the stores gets damaged.

Stock piling of HTS wires on the work site shall not be allowed any time, especially
before and during the monsoon.

Engineer-in-Charge or his authorized representative shall always have an easy
access to the store-yard for inspecting the H. T. Wires/strands/Bars and satisfying
themselves regarding the condition thereof. Any modifications regarding storage
suggested by Engineer shall scrupulously be followed by the contractor. During
monsoon days, H.T wires/strands shall be kept in a reasonably air tight store, if
required by the Engineer, at no extra cost.

Testing of Prestressing Steel and Anchorages

All

strand from each manufactured reel and all bars of each size from each mill heat to be

shipped to the site shall be assigned a lot number and shall be tagged in such a manner
that each lot can be positively identified at the job site. Each reel of prestressing
reinforcement shall be accompanied by a manufacturer's certificate of compliance, a mill
certificate, and a test report. Samples from each size and each heat of prestressing bars
and from each manufactured reel of prestressing steel strand shall be furnished to the
Engineer for testing.
Samples shall be submitted in ample time to allow for testing, for tabulating results and, if
necessary, in case of unsatisfactory finds, to call for and retest substitute samples. The
Contractor shall have no claim for additional compensation because of delay while
awaiting approval of the materials furnished for testing.

Testing of Prestressing Steel as per IS 14268:2017 is included in the scope of
work. Nothing Extra shall be payable in this regard.

All materials specified for testing shall be furnished free of cost and shall be
delivered in time for tests to be made well in advance of anticipated time of use.

Anchorage assemblies to be transported shall be like-wise identified.

All samples submitted shall be representative of the lot to be furnished and in
the case of strands, samples shall be taken from the same master roll. The
Contractor shall furnish samples of at least 5.0m length selected from each lot
for testing. Also, two anchorage assemblies, complete with distribution plates of
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each size or types to be used, shall be furnished along with short lengths of
strands as required.

Workmanship
A. Cleaning

Tendons shall be free from loose rust, oil, grease, tar, paint, mud or any other
deleterious substance.

Cleaning of the high tensile steel wires may be carried out by immersion in suitable
solvent solutions, wire brushing or passing through a pressure box containing
Carborundum powder. However, the tendons shall not be brought to a polished
condition.

B. Straightening

C.

High tensile strands shall be supplied in coils of sufficiently large diameter such that
tendons shall retain their physical properties and shall be straight as it unwinds from
the coil. Tendons of any type that are damaged, kinked or bent shall not be used.
The packing of prestressing strands shall be removed only just prior to making of
cable for placement. Suitable stands shall be provided to facilitate uncoiling of
strands without damage to steel. Care shall be taken to avoid the possibility of steel
coming into contact with the ground.

Positioning

Post-Tensioning

i. Prestressing tendons shall be accurately located and maintained in
position, both vertically and horizontally, as per drawings.

ii. Tendons shall be so arranged that they have a smooth profile without
sudden bends or kinks. The location of prestressed cables shall be such as
to facilitate easy placement and vibration of concrete in between the
tendons.

iii. Sheathing shall be placed in correct position and profile by providing
suitable ladders and spacers. Such ladders may be provided at intervals of
approximately 1.0 m. Sheathing shall be tied rigidly with such
ladders/spacer bars so that they do not get disturbed during concreting.

iv. ~ The method of supporting and fixing shall be such that profile of cables is
not disturbed during vibrations, by pressure of wet concrete, by workmen or
by construction traffic.

Each anchorage device shall be set square to the line of action of the corresponding
prestressing tendon and shall be positioned securely to prevent movement during
concreting.

The anchorage devices shall be cleaned to the satisfaction of the Engineer prior to
the placing of concrete. After concreting, any mortar or concrete which adheres to
bearing or wedging surfaces shall be removed immediately.

Tendons shall be placed only prior to stressing. Tendons shall be handled with care
to avoid damage or contamination, to either the tendon or the sheathing. Any
tendons which are damaged or contaminated shall be cleaned or replaced as
directed by the Engineer.

D. Cutting

Contractor

Cutting and trimming of H.T.S wires or strands shall be done by suitable
mechanical cutters.
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In post-tensioning, the ends of prestressing steel projecting beyond the
anchorages, shall be cut by suitable means Before grouting operation.

Protection of Pre-Stressing Steel

Pre-stressing steel shall be continuously protected against corrosion, until grouted.
The corrosion protector shall have no deleterious effect on the steel or concrete or
on the bond strength of steel to concrete. Grouting shall conform to these
specifications or as directed by the Engineer.

Sheathing

The joints of sheathing pipes shall be water-tight. Special attention shall be paid to
the junction at the anchorage end, where the sheathing must tightly fit on the
protruding trumpet end of anchorage and thereafter sealed preferably with
adhesive water proof tape as per approved manufacturer’s specifications.

The sheathing and all joints shall be water tight. Any temporary opening in the
sheathing shall be satisfactorily plugged and all joints between sheathing and any
other part of the prestressing system shall be effectively sealed to prevent entry of
mortar, dust, water or other deleterious matter. Sheathing shall be neatly fitted at
joints without internal projection or reduction of diameter.

Sheathing shall be firmly tied so that while concreting they should not float up.
Sheathing shall be aligned accurately with respect to vertical and horizontal
coordinates (profile).

Enlarged portions of the sheathing at couplings or anchorages shall be of sufficient
length to provide for the extension of the tendons.

Grout Vents
Grout vents of at least 20 mm diameter shall be provided at both ends of the
sheathing.

Anchorages

All bearing surfaces of the anchorages shall be cleaned prior to concreting and
tensioning.

Anchor cones, blocks and plates shall be securely positioned and maintained
during concreting such that the centre line of the duct passes axially through the
anchorage assembly.

The anchorages shall be recessed from the concrete surface as per drawings.

After the prestressing operations are completed and pre-stressing strands are cut,
the surface shall be painted with two coats of epoxy of suitable formulation having a
dry film thickness of 80 microns per coat and entire recess shall be filled with
concrete or non-shrink/pre-packaged mortar or epoxy concrete as approved by
Engineer-in-Charge.

Supervision

All pre-stressing and grouting operations shall be undertaken by trained and
qualified personnel only.

All prestressing accessories shall be procured from authorized manufacturers with
in-house testing facilities. The Contractor shall be required to engage specialized
agencies who should also be entrusted with the total service contract for fabrication
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of cables to required Length, protection of cables during concreting, prestressing
and grouting.

Necessary certificates shall be accorded by such specialized agencies that the
work has been carried out in accordance with prescribed specifications.

A representative of supplier of the pre-stressing system shall be present during all
tensioning and grouting operations and shall ensure, monitor and certify their
correctness.

6.6 Tensioning Equipment
All tensioning equipment shall be procured from authorized manufacturers only and
shall be approved by the Engineer prior to use. Where hydraulic jacks are used,
they shall be power-driven unless otherwise approved by the Engineer. The
tensioning equipment shall satisfy the following requirements:

0] The means of attachments of the pre-stressing steel to the jack or any
other tensioning apparatus shall be safe and secure.
(i) Where two or more wires/strands constitute a tendon, a single multi pull

stressing jack shall be used, which is capable of tensioning simultaneously
all the wires/strands of the tendon. Suitable facilities for handling and
attaching the multi-pull back to the tendons shall be provided.

(iii) In special cases where usage of multistrand jack is not feasible, Contractor
may use mono strand jack on specific approval of Engineer.
(iv) The tensioning equipment shall be such that it can apply controlled total

force gradually on the concrete without inducing dangerous secondary
stresses in steel, anchorage or concrete;

(v) Means shall be provided for direct measurement of the force by use of
dynamometers or pressure gauges fitted in the hydraulic system itself to
determine the pressure in the jacks. Facilities shall also be provided for the
linear measurement of the extension of prestressing steel to the nearest
mm and of any slip of the gripping devices at transfer

All dynamo meters and pressure gauges including a master gauge shall be
calibrated by approved laboratory immediately prior to use and then at intervals not
exceeding 3 months and the true force determined from the calibration curve.

Pressure gauges shall be concentric scale type gauges accurate to within two per
cent of their full capacity. The minimum nominal size of gauge shall be 100 mm.
The gauge shall be so selected that when the tendon is stressed to 75 per cent of
its breaking load, the gauge is reading between 50 percent and 80 percent of its full
capacity. Suitable safety devices shall be fitted to protect pressure gauges against
sudden release of pressure.

Provision shall be made for the attachment of the master gauge to be used as a
check whenever requested for by the Engineer.

Jack efficiency test shall be conducted at supplier’s factory as well as at site prior to
first use at site and then at intervals not exceeding three months

Pump shall be calibrated from an approved laboratory prior to use and then at
intervals not exceeding three months.

6.7 Post Tensioning
Tensioning force shall be applied in gradual and steady steps and carried out in
such a manner that the applied tensions and elongations can be measured at all
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times. The sequence of stressing, applied tensions and elongations shall be in
accordance with the approved drawing or as directed by the Engineer.

It shall be ensured that in no case, the load is applied to the concrete before it
attains the strength specified on the drawing or as stipulated by the pre-stressing
system supplier, whichever is more.

After pre-stressing steel has been anchored, the force exerted by the tensioning
equipment shall be decreased gradually and steadily as to avoid shock to the pre-
stressing steel or anchorage.

The tensioning force applied to any tendon shall be determined by direct reading of
the pressure gauges or dynamo-meters and by comparison of the measured
elongation with the calculated elongation. The calculated elongation shall be
invariably adjusted with respect to the modulus of elasticity of steel and area of
strand for the particular lot as given by the manufacturer.

The difference between calculated and observed tension and elongation during
prestressing operations shall be regulated as follows:

a) If the calculated elongation is reached before the specified gauge pressure
is obtained, continue tensioning till attaining the specified gauge pressure,
provided the elongation does not exceed 1.05 times the calculated
elongation. If 1.05 times the calculated elongation is reached before the
specified gauge pressure is attained, stop stressing and inform the
Engineer for proper remedial measure.

b) If the calculated elongation has not been reached at the specified gauge
pressure, continue tensioning by intervals of 5kg/sq. cm until the calculated
elongation is reached provided the gauge pressure does not exceed 1.05
times the specified gauge pressure. If the elongation at 1.05 times the
Specified gauge pressure is less than 0.95 times the calculated elongation,
the following measures must be taken, in succession, to determine the
cause of this lack of discrepancy:

I. Check the correct functioning of the jack, pump and leads.

[I. De-tension the cable. Slide it in its duct to check that it is not blocked by
mortar which has entered through holes in the sheath. Re-tension the
cable if free.

lll. Re-establish the modulus of elasticity of steel for the particular lot from
an approved laboratory. Contractor may suggest other remedial
measure for approval of the Engineer.

If the required elongation is still not obtained, further finishing operations such as
cutting or sealing, should not be undertaken without the approval of the Engineer.

When stressing is taken up from one end only, the slip at the end remote from the
jack shall be accurately measured and an appropriate allowance made in the
measured extension at the jacking end.
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A complete record of prestressing operations along with elongation and jack
pressure data shall be maintained in the format given in Appendix 1800/11 of MOST
Specification or as per format approved by Engineer.

Any breakage of individual strand / groups of strands during tensioning shall require
immediate de-stressing of all strands and replacement of the all the strands by
fresh strands.

Grouting of Pre-Stressed Tendons

Post tensioned tendons shall be bonded to concrete of the prestressed member as
well as protected from corrosion by cement grout which shall fill the ducts fully,
without leaving any entrapped air or water pockets, voids created by evaporation of
excess water in the grout and bleeding.

Prior to grouting, all cables shall be tested with water pressure of 0.3 MPa for
approximately 3 minutes, to investigate leakages and connectivity of ducts.

Since the epoxied joint (in precast segmental construction) is of paramount
importance to ensure long-term durability of prestressing cables, this field test shall
be taken as an indication of the Contractor's quality of work in general and
effectiveness of the epoxy joint executed by him. The approval / rejection of such
span shall depend on the decision of Engineer. However, no extra payment shall
be made to the contractor for such epoxy injection.

Grouting of pre stressed tendons should be carried out as early as possible but not
later than 2 weeks from the date of prestressing. Whenever this stipulation cannot
be complied with for unavoidable reason, adequate temporary protection of the
steel against corrosion by methods or products which will not impair the ultimate
adherence of the injected grout should be ensured till grouting.

All other aspects of grouting of cables shall be governed by latest MORTH-
Specification and IRC-112:2020. If there is any discrepancy of clauses between
them, IRC 112:2020 shall prevail. A record of grouting operations shall be
maintained in the format as given in Appendix 1800/Ill of MORTH Specifications.

Safety Precautions during Tensioning

Care shall be taken during tensioning to ensure the safety of all persons in the
vicinity.

Jacks shall be secured in such a manner that they will be held in position, should

they lose their grip on the tendons.

No person shall be allowed to stand behind the jacks or close to the line of the
tendons while tensioning is in progress.

The operations of the jacks and the measurement of the elongation shall be carried
out in such a manner and such a position that the safety of all concerned is
ensured.

A safety barrier shall be provided at both ends to prevent any tendon, which might
become loose from recoiling unchecked.
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Safety net shall be placed below the End segment during prestressing to avoid any
falling of any broken concrete pieces of segment on the road in case of any cracks
in End segment during prestressing.

During actual Prestressing operation, warning signs shall be displayed at both ends
of tendon and below the jack location at ground level.

After pre-stressing, concrete shall neither be drilled nor any portion cut nor chipped
away nor disturbed, without approval of the Engineer.

No welding shall be permitted on or near tendons nor shall any heat be applied to
tendons. Any tendon which has been affected by welding, weld spatter or heat shall
be rejected.

6.10 Tolerances
Permissible tolerances for positional deviation of Pre-stressing tendons in cast-in-
situ construction shall be limited to the following

Variation from the specified horizontal profile: 5 mm

Variation from the specified vertical profile: 5 mm
Variation from the specified position in member: 3 mm

6.11 Transportation and Storage of Unit:
Precast girders shall be transported in an upright position. Points of support and the
direction of reactions with respect to the girder shall approximately be the same
during transportation and storage as when the girder is placed in final position.

When members are to be stacked, they shall be firmly supported at such bearing
positions as it will ensure that the stresses induced in them are always less than
the permissible design stresses. Further, inclined side supports shall be provided at
the ends and along the length of a precast girder to prevent lateral movements or
instability.

Care shall be taken during storage, hoisting and handling of the precast units to
prevent their cracking or being damaged. Units damaged by improper storing or
handling shall be replaced by the Contractor at his expense.

6.12 Tests and Standards of Acceptance
The materials shall be tested in accordance with these Specifications and shall
meet the prescribed criteria.

The work shall conform to these Specifications and shall meet the prescribed
standards of acceptance.

6.13 DELETED
6.14 Pre-cast Pre-Tensioned Girders
General

This section generally applicable to precast pre-tensioned girder.
a. Construction sequences

Sequence of Operations for pre-tensioned girders.
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For pre tensioned girders of standard length, the sequence of operation, starting from
erection of formwork, shall be as follows:

(i) Erection of formwork

(i) Placement of reinforcement cage

(iii) Threading of HT strands from movable bulkhead to fixed anchor through
individual casting beds, end shuttering and reinforcement cages. De-bonding
tubes are to be placed in position for strands to pass through. The de-bonding
tubes shall be 25mm internal dia hollow, rigid HDPE pipes and the same shall
be provided as per detailed drawing/approval of engineer without any extra cost.

(iv) Removal of initial slackness in the strands by using J-20 mono-strand jack or
equivalent up to 20KN force.

(v) Complete the balance pre-stressing by using mono-strand jacks of desired
capacity and lock individual strands. Locking plate to be inserted between the
movable bulkhead and fixed bulkhead. Mark individual strands for checking the
slip of strands.

(vi) Seal the ends of de-bonding tubes and close the formwork to correct dimension.

(vii) Pour concrete. Keep test cubes in the same environment as that of the girder
concrete.

(viii) Allow concrete to set for 3-4 hours before steam curing if required is started.

(ix) Once steam curing (if required) is over as per direction of the Engineer, remove
covers and allow the girders to cool to ambient temperature. Test the cubes for
determining compressive strength of concrete in girders.

(x) If adequate compressive strength is obtained, release the strands and check the
slip of strands. Releasing shall be done by displacement of one side of the
anchor supports, or both supports alternatively. Releasing shall be done on
every strands simultaneously. Releasing shall be smooth and progressive.
Sudden releasing by rupture is prohibited.

(xi) Cut the strands, remove the formwork and lift the girders to inspection bay for
removal of end plate and bending of projected bars.

(xii) Cut the projected strands from girder ends and apply epoxy coating to strands.
Mark the girders.

(xiii) Wet curing.

(xiv) Arrange for stacking, lock handling and transportation to site.

b. Concreting for Precast Girders
Unless otherwise mentioned hereunder, the concrete shall be prepared, mixed
and placed in position in accordance with the particular specifications given
earlier. The Contractor shall maintain a record of the proportions of mix at the
batching plant and produce the same for checking by the Engineer whenever
required. Casting of girder shall be done in a single pour.

The contractor shall take care in placing reinforcement cage so that
cables/strands are not disturbed and the minimum cover as recommended in the
drawing is available. The girder shall be cast with specified camber and curvature.

c. Forms for Precast Pre-Stressed Girders
The pre-tensioned girders shall be cast at casting yard. The contractor shall clean,
thoroughly, the steel forms of all dirt, mortar and other matter such as chips, blocks
etc. prior to using them. The contractor shall check the accuracy of alignment and
rectify the inconsistencies, if any, of the forms and steel casting bed. Contractor
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shall also take care of bulkheads including positioning of jacks who may become
necessary to suit the design

requirement of the precast girders or as instructed by the Engineer. Forms shall
be specifically suited to external form vibrators.

Some of the precast pre-tensioned girders are curved. The moulds in the
precast yard shall be adjustable to construct these curved beams as per the
Construction drawings.

d. Permissible tolerances
The formwork for precast girder shall be so made that it produces a finished
concrete true to shape, lines, levels, plumb and dimension shown on the drawings
subject to the following tolerance unless otherwise specified in these documents or
directed by Engineer.

Length of Girder

Per 3 m length - 3 mm
Maximum for entire length - 10 mm

Cross-sectional Dimension

Web - +3mm
Flange/Slab - +3mm
Depth - +3mm
Plumb - 1in 1000
Location of Strand - 3 mm
e. Quality Control and Testing Materials

The contractor shall carry out all tests of materials in order to guarantee the specified
quality in accordance with the relevant clauses of this specification.

f. Steam Curing of Precast girders

g. Marking of Precast Elements
Precast Elements shall be marked immediately after removing the side forms with
paint of approved quality. The elements shall be marked at minimum four places on
outer faces of webs and at the ends with the following details:
a) Girder Number.

b) Date of casting the girder.
h. Tests of Precast Pre-Tensioned Elements

Precast units shall be load tested at service load after erection on site and up to
failure at precast yard, as approved by the Engineer.

Prior to carrying out load tests, if required, the contractor shall submit arrangement of
testing, loading etc. and shall carry out any modifications, if needed, on the existing
testing arrangement to the satisfaction of the Engineer at no extra cost. The
contractor shall submit a report containing test results and observations etc. to the
department.
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Handling, Stacking, Transportation and Placing of Precast Element

All aspects of casting, pre-tensioning, handling, transportation and erection shall be
proposed by contractor in detailed method of statements along with calculations
and submitted for approval of the Engineer. Detailed fabrication drawings of each
element to be submitted by contractor for approval of the Engineer.

All handling, lifting and erection equipment shall be load-tested prior to their use
and also when ordered by the Engineer.

Handling of precast members shall be allowed only after the same have attained
the specified strength.

The members shall be lifted only from the positions specified for this purpose.
Precast members are to be lifted, stacked and/or handle such that self-weight is
mobilized and supports are located as per their final bearing conditions.

Lifting inserts are to be proposed by the contractor for approval of the Engineer.

For precast pre-tensioned member's arrangements would be required for de
bonding of strands for part length towards end of members. All exposed edges of
precast elements should have chamfers of 10mm x 10mm. All necessary safety
precautions will be taken to avoid any accident and damage during handling of the
precast units. Special precautions shall be taken during and after erection for
stability of the precast elements.

The contractor shall submit detailed plan showing stacking of precast elements at
casting yard and at site and shall obtain approval of the Engineer.

The precast girders shall be stacked on timber or any other suitable supports
provided over the firm ground/base. The girders shall be placed side by side on
these supports. Care shall be taken to avoid any undue loading of girders during
stacking.

The girders shall be transported in an upright position and points of support and the
direction of reaction with respect to the girders shall approximately be the same
during storage as when the girder is placed in final position. The transportation of
precast units to position or to lifting position (to the deck) shall be done during night
unless otherwise permitted by the Engineer.

The contractor shall obtain necessary permission from the concerned departments
for transporting the precast girders. The contractor should study the problems likely
to arise in the transportation of long girders on heavy traffic road. The road
movements shall be possible only from 12.00 midnight to 6.00 AM. Mode of
transportation, proposed by Contractor, shall be approved by the Engineer before
commencing the transportation operation. Proper precautions should be taken
during handling of precast units during transportation and all traffic safety measures
taken.

The contractor shall be required to execute all handling and re handling of girders
including interim storages etc., till these are finally erected, within his quoted rate.
Contractor can plan the activities in advance to reduce such handling if practicable.
The contractor should plan for emergencies in case of failure of a trailer. Adequate
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standby arrangements will have to be made. Transport, handling and storage
operations must:

- Ensure the security of all personnel by avoiding any risk of instability of the
members or of the lifting or handling equipment,

- Avoid any unexpected stress and excessive deformation,

- Eliminate every risk of deterioration capable to alter the aspect or the
durability of the structure.

- Avoid any thermal shock during storage.

When placing the precast units in position, care should be taken to place the right
unit in the right position with minimum handling of units. Care should also be taken
to prevent any damage to the precast units. Units damaged by improper storing or
handling/re-handling shall be replaced by the contractor at his own expense. The
methodology proposed by the Contractor for placing these units, shall be approved
by the Engineer, before commencement of the work. The rate for the reinforcement
in the girders shall also include cutting of temporary handles (rebar), if required.
The contractor shall prepare and submit a form for each span indicating the
location and girder number of each girder.

Shop Drawings and Design Calculations for Construction Procedures
General

The Contractor shall submit according to a schedule, complete details and
information concerning the method, materials, equipment and procedures he
proposes to use. These shall be called "Method Statements". Method Statements
shall be submitted sufficiently in advance of the start of superstructure field
construction operations, so as to allow the Engineer adequate review period, which
shall not be less than 30 days. The submittals shall invariably include step-by-step
casting, lifting, curing, stacking, transportation and erection procedure. The
Contractor's Method Statements shall also include all calculations, drawings and
information as may be relevant. The following points are specifically highlighted:

- Accommodating block-outs, openings and protrusions. Protruding re-bars
may be needed (track starter rebar, for example). Anchorages and inserts for OHE
poles, signalling equipment and cable routing supports shall also be included where
needed in precast beams.

- Adjusting to changes in girder length, curve, inclination and camber as
shown in Detailed Design Drawings.

- Adjusting the profile to take into account design camber values
- Stripping without damage to the concrete.

- The form design shall provide a tapered portion at both end for bearing of
elastomeric bearing.

- Forms shall not be removed until the concrete has attained adequate
strength. Care should be exercised in removing the forms to prevent spalling
and chipping of the concrete.

Page 312 of (998)
Feb-23 Maha-Metro



NMRP Phase-2

Contractor

k.

Tender No. N2- 004/C-01/2023 Part-Il, Section-VII-F
Work Requirement (S.06: PRESTRESSED CONCRETE)

All side, bottom and end forms for precast beams shall be constructed of
steel.

Forms shall be of sufficient thickness, with an adequate external bracing and
stiffeners, and shall be sufficiently anchored to withstand the forces due to
placement and vibration of concrete. No tie bolt is permitted for casting of
precast beam. Joints in the forms shall be designed and maintained for
mortar tightness. The grade and alignment of forms shall be checked each
time they are set and shall be maintained during the casting of concrete.

Design Calculations for Construction Procedures
Design assumptions and calculations shall be submitted for temporary pre-stressing,
false work, erection devices, formwork or other temporary construction which may be
required to complete the work.

—Assumptions and Calculations shall also be submitted to substantiate the
system and method of permanent and temporary pre-stressing proposed by
the Contractor.

—In the sections that follow, specific recommendations for precast full span
construction for superstructure are given apart from certain special aspects of
construction.

—Shop Drawings for Precast Full Span Construction

—The Contractor shall submit detailed shop drawings for approval. The shop
drawings shall be based on Final Design Drawings issued by MAHA METRO
to the Contractor and shall include:

—Fully and accurately dimensioned views showing the geometry of precast units
including all projections, recesses, notches, openings, block-outs, blister if any
and where acceptable, as well as other pertinent details.

—Details of any special reinforcing required for handling of precast units or for
other purposes. Also all bar bending schedules shall be presented based on
reinforcement schedules given in Final Drawings issued by Maha Metro.

—Details and locations of all other items to be embedded in the precast units
such as inserts, lifting devices shall be shown.

—Pre-stressing system details shall include sizes and properties of strands,
assemblies and stressing procedure, de bonding tubes and locations of
additional reinforcement necessary to resist pre-stressing stresses.

—Graphs, charts or tables showing the theoretical location of each precast units,
as erected or placed shall be furnished to the Engineer for his use in checking
the erection of the superstructure. Detailed procedures for making geometry
correction shall be designed.

—Details of sealing of de bonding tubes and protection of strands.
—NMethod of installing bearings and expansion joints shall be given including
approved manufacturer's recommendations.

—Forms for Precast Full Span Construction
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—Forms for precast unit’s construction shall be metal form work only. Shop
drawings shall be submitted for all formwork. The precast units during storing
[/curing shall always be supported as shown in tender drawings or as approved
by Engineer only.

— In addition to the requirements of the Standard Specifications, the forms used
for precasting shall be capable of:

—Producing the precast units within the tolerances permitted in this section.

—Accommodating block-outs, openings and protrusions. Protruding re-bars will
be needed at least for second-pour plinths. Anchorages and inserts for OHE
poles, signaling equipment and cable routing supports shall also be included
where needed in precast units.

—Adjusting to changes in precast unit's geometry as shown in Final Design
Drawings issued by MAHA METRO, or for correcting previous minor casting
errors to prevent accumulation.

—Adjusting the profile to take into account design camber values
—Stripping without damage to the concrete.

—Joints in external formwork shall be avoided as far as possible. Where sections
of forms are for some reason to be joined on the exterior face of the precast
units, an offset in excess of

0.5mm for flat surfaces and 1 mm for comers and bends will not be permitted.

—Forms shall not be removed until the concrete has attained adequate strength
Care should be exercised in removing the forms to prevent spading and
chipping of the concrete.

—All side, bottom, inside and header forms for precast unit's construction shall be
constructed of steel.

—Forms shall be of sufficient thickness, with an adequate external bracing and
stiffeners, and shall be sufficiently anchored to withstand the forces due to
placement and vibration of concrete. Internal bracing and holding devices in
forms shall be limited to stay bolts in webs, which can be removed from the
concrete surface to permit patching following form removal. Joints in the forms
shall be designed and maintained for mortar tightness. The grade and
alignment of forms shall be checked each time they are set and shall be
maintained during the casting of concrete.

—Metal forms shall be reasonably free from rust, grease or other foreign
materials. All forms shall be cleaned thoroughly prior to each casting
operation. End headers shall be maintained to smooth casting surface.

—All formed surfaces for casting members shall be constructed and maintained to
provide precast units’ tolerances.

- The faces of all forms, other than end headers, shall be properly cleaned and
treated with form oil or other bond breaking coating prior to placing concrete.
The oil or other .materials used shall be of a consistency and composition to
facilitate form removal. Materials, which stain or react with concrete, shall not
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be used. Care shall be exercised to facilitate formwork and precast unit's
removals without damage to the concrete.

Precast Pretension/Post Tensioned | Girders:

a. Additional specification for I-girder structure Concrete I-girder deck structure /

station beams shall be made of precast pre-tensioned / post-tensioned I-girder,
and cast in-situ slab, If applicable.

Slabs on top of concrete I-girder, shall be reinforced concrete,

Measurements for Payment (Not applicable for Schedule B):

Prestressed Concrete shall be measured in -cubic metres based on theoretical
cross- sectional area and length. The volume occupied by mild steel
reinforcement / HYSD bars; high tensile steel, sheathing and anchorages shall not
be deducted. Measurement for transportation of precast member/segment shall
be measured in metric tonnes based on standard density of concrete equivalent
to 2.5 t/cum including the weight of rebars, sheathing ducts, embedments etc.
Supplying, fixing and tensioning steel HT wires/strands/cables (measured
between anchorages) shall he measured in metric tonnes on theoretical basis
based on the standard weight per metre length. Each size shall be measured
separately. No allowance shall be made for extra lengths in anchorages or
elsewhere.

HDPE sheathing, grouting operations, couplers for sheathing, anchorages, epoxy
protection of anchorages, stressing using Multi strand stressing jacks, samples for
testing including testing, sealing of anchorage recess with concrete (same grade
as structure) and all related operations to complete the work shall all be deemed
to be included in the main item of HT strand and shall not be paid for separately.
The rate shall also include payments, if any to be made to the supplier of the
prestressing system who has to monitor, ensure and certify the correctness of all
the arrangements/operations.

Page 315 of (998)
Feb-23 Maha-Metro



NMRP Phase-2 Tender No. N2- 004/C-01/2023 Part-Il, Section-VII-F
Work Requirement (S5.07: STRUCTURAL STEEL WORKS)

S.07: STRUCTURAL STEEL WORKS

7.1 STRUCTURAL STEELWORK SPECIFICATIONS- GENERAL

7.1.1Scope of Specification
This specification covers the scope of work of structural steel works, submittals by the
contractor, applicable codes of practice for structural steel work and the specifications
for the materials to be used, including steel, bolts & nuts, washers etc. and the storage
thereof. These specifications shall be read in conjunction with the CPWD specifications
2019, MORTH specifications and other relevant reference specifications described in
the S.01 of Section-VII-F of these specifications.

7.1.2Scope of Work

The scope of work for the contractor in respect of structural steel work shall cover, but
shall not be limited to the following:

A. Submittal of detailed design drawings, preparation of complete detailed fabrication
drawings and erection marking drawing based on the design drawings, required for
all the permanent and temporary structures

B. Submittal of revised design with calculations and detailed fabrication drawings, in
case any substitution of the designed sections is required.

C. Submittal of design calculations for joints and connections to be developed by the
contractor along with detailed fabrication drawings.

D. Supply of all raw steel materials for fabrication, taking into account wastage margin,
including storage and upkeep of the materials.

E. Furnishing of all materials, labour, tools and plant and all consumables required for
fabrication and supply of all necessary bolts, nuts, washers, tie roads and welding
electrodes for field connections, with necessary wastage margins.

F. Fabrication of the steel works in accordance with the approved fabrication drawings
including all shop assembling, matching and marking. Design, manufacture /
fabrication and provision of all jigs, fixings, manipulators etc. required for the
fabrication.

G. Provision of shop painting and requisite site painting to all fabricated steelwork, as
per requirements of the related specification of the painting.

H. Suitability marking, bundling and packing for transport of all fabricated materials.
Preparing and furnishing detailed bill of materials, drawing office dispatch lists, bolts
lists and any other lists of bought out items required in connection with the
fabrication and erection of the structural steelwork.

I.  Loading, Transportation and unloading of all fabricated structural steel materials
from site storage yard to erection site, handling, assembling, bolting, welding and
satisfactory installation of all fabricated structural steel materials in proper location,
according to approved erection drawings and/or as directed by the Engineer.

J. The contractor shall submit, for examination by the Engineer, detailed particulars of
his proposed methods of erection of the superstructure steelwork, together with
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complete calculations relating to strength and deflection. If the erection scheme
necessitates the attachment of strength steelwork (temporary work)to the
permanent steel work, the contractor shall submit, for approval of the Engineer, the
methods he proposes for making good the permanent steelwork after removing the
temporary work. The contractor shall also submit the design and fabrication
drawings of all temporary supports, staging, braces etc. required for safe erection,
for approval of the Engineer.

K. The contractor shall provide all construction and transport equipment, tools, tackles,
consumables, materials, labour and supervision required for the erection of the
structural steelwork.

L. Receiving, unloading, checking and moving to storage yard, storage, guarding and
upkeep of fabricated steelwork and other consumable materials and fasteners at
site.

M. Transportation of all fabricated structural steel materials from site storage yard,
handling, assembling, bolting, welding and satisfactory installation of all fabricated
structural steel materials in proper location, according to approved erection
drawings and/or as directed by the Engineer.

N. Setting out, aligning, ensuring verticality (proper plumb), levelling, bolting, welding
and securely fixing the fabricated steel structures in accordance with the erection
scheme, or as directed by the Engineer.

0. Provision of requisite site painting to all fabricated steelwork, as per requirements of
related specifications of the painting.

P. Providing protective treatment to the erected steel structures, as per Specification.

Q. All major modifications of the fabricated steel structures, as directed by the
Engineer, including but not limited to the following:

i)Removal of bends, kinks, twists etc. for parts damaged during transport and

handling.

ii)Cutting, chipping, filling, grinding etc. if required or preparation and finishing

of site connections.

iiilReaming of holes for use of higher size bolt if required.

iv) Re-fabrication of parts damaged beyond repair during transport and handling
or re-fabrication of parts which are incorrectly fabricated.

v) Fabrication of parts omitted during fabrication by error, or subsequently
found necessary

vi) Drilling of holes which are either not drilled at all or are drilled in incorrect
location during fabrication.

vii)Carry out tests in accordance with the related specification.

R. Preparing and furnishing detailed bill of materials of fabricated parts received from
MAHA METRO or its authorized fabricator.

S. The Contractor shall observe all safety requirements for erection of structural
steelwork as covered in IS: 7205.
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7.1.3Submittals

A. On commencement of the Project, the Contractor shall submit the following:
Prior to the technical submittals, the contractor shall submit the proposed overall
schedule for documentation such as calculations, shop/ working drawings, plan/
procedures and records. Submission of samples, process of fabrication /
delivery/ erection for the approval of the Engineer.

Complete fabrication drawings, material lists, cutting lists, bolt lists, welding
schedules and QC schedules, based on the design drawings furnished to him
and in accordance with the approved schedule. It is highlighted that structural
steel members dimensions indicated in tender drawings are tentative only, and
may be modified during final design stage.

Results of any tests, as and when conducted and as required by the Engineer.

Manufacturer’'s test reports in respect of steel materials, bolts, nuts and
electrodes, as may be applicable.

A detailed list of all constructional plant & equipment, such as cranes, derricks,
winches, welding sets, erection tools etc. their make, model, present condition
and location, readily available with the contractor and the ones he will employ
on the job to maintain the progress of work in accordance with the contract.

The total number of experienced personnel of each category, like fitters,
welders, riggers etc., which he intends to deploy on the project.

B. The contractor shall submit a detailed erection programme for completion of the
work in accordance with contract. This will show, in a proforma approved by
the Engineer, the target programme, with details of erection proposed to be
carried out in each week, details of major equipment required and an
assessment of required strength of various categories of workers.

C. The contractor shall submit complete design calculations for any alternative
sections proposed by him, for approval of the Engineer. Use of any alternative
section shall be subject to approval of the Engineer. However, no escalation in
unit rates of work shall be allowed for such cases.

7.1.4 Furnishing of Information

A. Design drawings shall be furnished by the contractor and all such drawings
shall form part of these specifications.
B. The Engineer reserves the right to make changes in the design drawings even

after release for preparation of shop drawings to reflect addition, omission &
modifications in data/details and requirements. Contractor shall consider such
changes as part of these specifications and the contract, and no extra claims
shall be entertained on this account.

C. Design drawings, approved by the Engineer, will show as appropriate the
salient dimensions, design loads, sizes of members, location of openings at
various levels and other necessary information required for the preparation of
fabrication drawings, designs and erection details.
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D. It shall be clearly understood that the drawings of the Engineer are design
drawings. The typical details of connections, cuts, notches, bend, etc. where
shown in the design drawings are only for general guidance of the contractor.
The contractor shall design and develop all such details based on the design
forces and functional requirements.

E. In case of variations in design drawings and specifications, the decision of the
Engineer shall be final. Should the contractor, find any discrepancy in the
information furnished by the Engineer, same shall be immediately brought to
the notice of Engineer for resolution. The contractor shall obtain clarifications
on discrepancies from Engineer before proceeding with the work.

F. No detailed shop drawings will be accepted for examination by the Engineer
unless the same, have first been completely checked by the contractor's
qualified structural engineer (independent agency to be appointed by
contractor) and are accompanied by an erection plan showing the location of all
pieces detailed. The contractor shall check and ensure that detailing of
connections is carefully planned to obtain ease in erection of structures,
including field-welded connections and/or bolting.

G. No fabrication work shall be started by the contractor without having obtained
approval of Engineer on the relevant drawings. Approval by the Engineer of any
of the drawings shall not relieve the contractor of his responsibility to provide
correct design of connections, workmanship, fit of parts, details, materials and
errors or omissions of all work shown thereon. The approval of Engineer shall
constitute approval of the size of members, dimensions and general
arrangement, but shall not constitute approval of the connections between
members and other details.

H. Drawings, for approval, shall be submitted by the contractor in an orderly
manner commensurate with erection sequence and approved construction
programme.

I The contractor shall furnish ten prints of all approved final drawings for field use
and record purpose.

J. The drawings prepared by the Contractor, and all subsequent revisions
thereof shall be at the cost of the Contractor, and no separate payments shall
be made for the same. Revisions shall incorporate all modifications, field
changes, substitutions etc. effected. The rates/prices quoted for fabrication
work shall be deemed to include the cost of such drawing work.

K. The Contractor shall give due consideration to the need of trial assemblage at
shop, weight and size limitation of elements for transportation from shop to
construction site, temperature variation of 25 degree centigrade between the
fabrication shop and site, site measurements or the as-built dimensions and
avoidance of site welding except for fixtures. All the drawings shall be prepared
in metric units. The drawings should preferably be of A-1 standard size, and the
details shown therein shall be clear /and legible. These drawings shall include
but shall not be limited to the following:

i) Assembly drawings, giving exact sizes of the sections to be used and
identification marks of the various sections.
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Dimensional drawings of base plans (plates), anchorages details in
foundation, foundation bolts location etc.

Complete bills of materials and detailed drawings of all sections
including their billing weights.
Shop details of temporary structures together with detailed calculations.

Detailed shop drawings for proper co-ordination with the concrete
components to which the steel members shall be connected, as

Any other drawings or calculations that may be required for proper
completion of the works and clarification of the works or substituted

iv)
v)
required.
vi)
parts thereof.
vii)

All 'as-built' drawings.

7.1.5 Applicable Codes of Practice
The following specifications, standards and codes are included as part of this

Specification.

All standards, specifications, codes of practice current on the date of

signing of agreement and referred to herein shall be applicable

.1S: 800 (2007)

Code of Practice for General Construction in Steel.

2. 1S: 808 (1989)

3.1S: 814 (1991)

Dimensions for Hot Rolled Steel Beam, Column, Channel and Angle
Sections.

Covered Electrodes for Manual Metal Arc Welding of Carbon
&Carbon -Manganese Steel

N

. 1S: 816 (1969)

Code of Practice for Use of Metal Arc for

General Construction | n Mild Steel.

Welding

_1S: 817(1969)

Code of Practice for Training and Testing of Metal Arc Welders.

IS: 919 (1993)

ISO System of Limits & Fits (Part 1 & Part 2)

IS: 1148 (1982)

Hot Rolled Rivet Bars (upto 40mm) for Structural Purposes.

o N| o »n

_1S: 1182 (1983)

Recommended Practice for Radio Graphic Examination of Fusion
Welded Butt Joints in Steel Plates.

9.

IS: 1363 (1992)

Hexagon Head Bolts, Screws and Nuts of Product grade C.

10.
(Part 1 to 5)

1S:1364 (1992)

Hexagon Head Bolts, Screws and Nuts of Product Grades A &B

11.1S:1367(1991)

Technical Supply Conditions for Threaded Steel Fasteners.

12.1S:1821 (1987)

Dimensions for Clearance Holes for Bolts and Screws.

13.1S: 4206

(1987)

Dimensions for Nominal Lengths and Thread Lengths for Bolts,
Screws and Studs.

14.1S:1852 (1985)

Rolling & Cutting Tolerances for Hot-Rolled Steel Product.

15.18:1977 (1975)

Structural Steel (Ordinary Quality).

16.1S:2016(1967)

Plain Washers.

17.

IS: 2062 (1992)

Steel for General Structural Purposes

18.

IS: 2595 (1978)

Code of Practice for Radio Graphic Testing.

19.

IS: 3600 (1985)

Methods of Testing Fusion Welding Joints.

20.

IS: 3613 (1974)

Acceptance Tests for Wire Flux Combinations for Submerged
Arc

\Welding.

21.1S: 3658 (1981)  |Code of Practice for Liquid Penetrant Flow, Detection.
22.1S: 3757 (1985)  High Strength Structural Bolts
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23.1S: 4000 (1992) [High Strength Bolts In Steel Structures-Code of Practice

24.1S: 4353 (1967) |Recommendations for Submerged Arc Welding of Mild Steel and

Low Alloy Steel.

25.1S: 4943 (1968) |Assessment of Butt and Fillet Fusion Welds in Steel Sheet,
andPipe

26.1S: 5334 (1981)  |Code of Practice for Magnetic Particle Flow Detection of Welds

27.1S: 5369 (1975) |General Requirements for Plain Washers and Lock Washers.

28.1S: 5372 (1975)  |Taper Washers for Channels

29.1S: 5374 (1975)  [Taper Washers for | Beams.

30. 1S: 6623 (1985)  [Specification for High Strength Structural nuts

31.1S:6649(1985) Specifications for hardening and tempering washers for
strength structural nuts

32.1S: 6755 (1980) |[Double Coil Helical Spring Washers.

33.1S: 7215(1974) Tolerances for Fabrication of Steel Structure.

34.1S:7318 Approval Tests for Welders When Welding Procedure
(1974)(Part 1) Approval is not required -fusion Welding of Steel.

35. 1S:8500(1991) Structural steel -Micro alloyed (Medium and High Strength Qualities)

36. 1S:8910(1978) General requirements of Supply of Weldable Structural Steel.

37.1S:9595 (1980) Recommendations for Metal Arc Welding of Carbon & Carbon-

Manganese Steels.

38.1S10178(1995) |CO2 gas shielded Metal - Arc welding of Structural steels -

Recommendations
7.1.6 Products
7.1.6.1 Materials

A All materials to be supplied by the Contractor shall conform to relevant Indian,
Standards or equivalent, as approved by the Engineer.

B. Steel materials required for the work shall be free from imperfections, mill
scales, slag intrusions, laminations, pittings, rusts etc. that may impair strength,
durability and appearance. All materials shall be of tested quality only. If
desired by the Engineer, test certificates in respect of each consignment shall
be submitted in ftriplicate. Whenever the materials are permitted for
procurement from identified stocks, a random sample shall be tested at an
approved laboratory, as directed by the Engineer.

7.1.6.2 Structural Steel

All structural steel shall be of tested quality and shall conform to one of the following
standards:

IS: 226 Structural steel (Standard Quality)

IS: 2062 Grade -B Structural steel (Fusion welding quality)
IS: 961 High Tensile Structural Steel (Ordinary)

IS: 1161 Steel Tubes for Structural purposes

1S:8500 - Grade Fe 540 HT(High Tensile)

The Contractor shall supply to the Engineer, copies of the manufacturer’s test certificate
that the steel brought to the site for incorporation in the works is of a quality fully
complying with the specifications. If required by the Engineer, the Contractor shall
arrange for testing of the steel samples as per IS: 1608 - 1599.
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7.1.6.3 Bolts and Nuts
For splicing of any structural member wherever required HSFG bolts and nuts of
property class-8.8 conforming to 1S:3757 and 1S:6623 (1985) respectively shall be
used. Unless specified otherwise, the bolts shall be hexagonal. All anchor bolts shall be
of property class of 8.8 and nuts shall conform to IS: 1363 (1992), 1S:1364 (1992) and
I1S:1367, as applicable, and unless specified otherwise, shall be hexagonal. All nuts
shall conform to property class compatible with the property class of the bolts used.

7.1.6.4 Washers

For HSFG bolts, washers shall be conforming to 1S:6649 (1985). Plain washers shall be
conforming to 1S:5369 ( 1975), unless otherwise specified. One washer shall be
supplied with each bolt and in case of special types of bolts, more than one washer as
needed for the purpose shall be supplied. An additional double coil helical spring
washer, conforming to 1S:6755 (1980), shall be provided for bolts carrying dynamic or
fluctuating loads and those in direct tension. Tapered washers, conforming to 1S:5372
(1975) and 1S:5374 (1975), shall be used for channels and beams respectively
wherever required.

7.1.7  Storage of Materials

7.1.7.1 General
All materials shall be so stored as to prevent deterioration and to ensure the
preservation of their quality and fithess for the work. If required by the Engineer, the
materials shall be stored under cover and suitably painted for the protection against
weather. Any material, which has deteriorated or has been damaged shall be removed
from site and replaced by new members as directed by the Engineer at no extra cost
and time.

A The steel to be used in fabrication shall be stored in a separate stack clear off
the ground section wise and lengthwise.

B. The storage area shall be kept clean and properly drained. Structural steel shall
be so stored and handled in such a manner that members are not subjected to
excessive stresses and damage. Girders and beams shall be placed in upright
position. Long members shall be supported on closely spaced skids/runners to
avoid unacceptable deflection.

7.1.7.2 Yard
A The Contractor shall be required to establish a suitable yard, in an approved
location at site for storing the fabricated steel structures and other materials
which will be delivered to site. The yard shall have proper facilities such as
drainage and lighting including access for cranes, trailers and other heavy
equipment.
B. The Contractor shall have been deemed to have visited the site, prior to

submission of his tender, to acquaint himself with the availability of land and the
development necessary by way of filling, drainage, access roads, fences, sheds
etc., all of which shall be carried out by the Contractor at his own cost and as
directed by the Engineer.

7.1.7.3 Covered Store
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All field connection materials, paints etc. shall be stored on racks and platforms, off the
ground, in a properly covered building by the contractor.

7.2 STRUCTURAL STEELWORK SPECIFICATION -WELDED STRUCTURE

7.2.1 General
Scope of Specification
This Specification covers the supply, fabrication and delivery to Site of welded structural
Steelwork, including the supply of all consumables, electrodes and other materials
required for fabrication and field connections of all structural steelwork covered under
the scope of the Specification.

7.2.2 Products
Ref. Specification 7.1.6 for Structural Steel

7.2.3 Execution
7.2.31 Workmanship

7.2.3.11 General
All workmanship shall be in accordance with the best practices in modern structural
shops. Greatest accuracy shall be maintained in the manufacture of every part of
the work and similar pails shall be strictly interchangeable. The contractor shall not
proceed with any welding until the Engineer has approved his welding plan, which
shall include.

- All information on welding procedures, equipment, additives and preheating during
welding operation.

- Details of non- destructive testing methods.

- Precautions with regard to welding shrinkage.

- Possible treatment of completed welds by grinding.

- Procedure and programme of welding sequence.

- Pre Heating the to be welded components as per relevant codes.

7.2.31.2 Templates

Templates used throughout the work shall be of steel. In cases where actual
materials have been used as templates for drilling similar pieces, the Engineer
shall decide whether such materials are fit to be used as parts of the finished
structure.

72313 Straightening
All materials shall be straight and free from twists, and if necessary, before
being worked, shall be straightened and/or flattened by pressure, unless

required to be of curvilinear form.

7.23.14 Clearance
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The clearance between faying surfaces of bolted connections shall not be
greater than 1mm for each end. If separation is between 1 to 3mm, the surface
should be tapered to eliminate the separation. Over 3mm separation shall be
filled with filler plates.

7.2.31.5 Shearing, Cutting and Planning

Cutting shall be done automatically. Cutting by shearing machine may be used
for plates not exceeding 10 mm in thickness provided that the plate edges be
fully enclosed in a weld. Oxygen cutting may be used provided a smooth and
regular surface free from cracks and notches is secured.

1. Chipping of angle flanges and edges of plates, wherever necessary, shall be
done without damaging the parent metal. Chipped edges shall be ground to a
neat finish and sharp corners and hammered rough faces shall be rounded off.

2. The edges and ends of all cut/sheared plate members, flange plates, web
plates of plate girders, and all cover plates, and the ends of all angles, tees,
channels and other sections forming the flanges of plate girders, shall be
planed/ground. Edge preparation for welding may be done by machine
controlled flame cutting, with edges free from burrs should be clean and

straight.

3. The butting surfaces at all joints of girders shall be planed so as to butt in close
contact throughout the finished joint.

4, All flame cut surfaces shall be ground to remove the burned/ hardened portion

of the material for flame cut surfaces.

7.2.31.6 Assembly
1. All parts assembled for welding shall be in as close contact as practicable over
the whole surface.
2. The component parts shall be so assembled that they are neither twisted nor
otherwise damaged. Specified cambers, if any, shall be provided.
3. All parts of bolted and welded members shall be held firmly in position by

means of jigs or clamps while bolting or welding. No drifting of holes shall be
permitted, except to draw the parts together and no drift used shall be larger
than the nominal diameter of the bolt. Drifting done during assembling shall not
distort the metal or enlarge the holes.

4. Trial assemblies shall be carried out at the fabrication stage to ensure accuracy
of workmanship. These checks shall be witnessed by the Engineer-in-Charge
and such trial assemblies shall be at the cost of the Contractor.

7.2.3.2 Welding

7.2.3.21 General

The welding and the welded work shall conform to welded bridge code, 1S:816
(1969) and 1S:9595 (1980), IS: 4353 (1967) unless otherwise specified. As
much work as possible shall be welded in shops and the layout and sequence
of operations shall be so arranged as to eliminate distortion and shrinkage
stresses.
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7.2.3.2.2 Electrodes

All electrodes shall be kept under dry conditions. Any electrode damaged by
moisture shall not be used unless it is guaranteed by the manufacturer that,
when it is properly dried, there will be no detrimental effect. Any electrode,
which has part of its flux coating broken away or is otherwise damaged, shall
be rejected. Any electrode older than six (6) months from the date of
manufacture shall not be used. Batch certificates for electrodes shall be

submitted by the Contractor.
Manual Metal Arc Welding electrodes shall be adopted as per following details:

Serial | Classification | Brand Name Manufacturer Remarks
No.
1 E-6013 Overcord M/s Advani For Structural
Steelon Standard | Oerlikon (P) Ltd. | Steel members
Excel-123 S Modi Arc having
Ferrospeed Plus | Electrodes Co. | thickness up to
Weld Excel India | 19mm
Ltd. (Modi Group
Co.) ESAB India
Ltd.
2 E-7018 Super Cito Advani Oerlikon | For Structural
Modi-7018 Modi Arc Steel members
Excel-18 S Electrodes. having
thickness more
ESAB 36H Weld Excel India | than 15mm
Ltd. (Modi
Group
Co.)
ESAB India Ltd

For MIG and SAW welding the suitable

manufacturer shall be used.

7.2.3.2.3Preparation of Joints

1. The edges shall be prepared, with an automatically controlled flame
cutting torch, correctly to the shape, size and dimensions of the groove,
prescribed in the design and fabrication drawings. In case of U-groove
joints, the edges shall be prepared with an automatic false cutting torch in
two phases, following a bevel out with a gouging pass, or by machining.

2. The welding surfaces shall be smooth, uniform and free from fins, tears,
notches or any other defects, which may adversely affect welding, and
shall be free of loose scale, slag, rust, grease, paint, moisture or any
other foreign material.

product/brand of

above mentioned

7.2.3.24 Welding Procedure
1. All welding procedures shall be submitted to the Engineer for approval,
well before starting fabrication.
2. The welding procedures shall be arranged by the Contractor to suit the
details of the joints, as indicated in the drawings and the position at
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which welding has to be carried out. Welding procedure shall cover the

following:
a. Type and size of electrodes
b. Current and (for automatic welding) arc voltage

Length of run per electrode; or (for automatic welding) speed of

travel

Number and arrangement of runs in multi run welds

Position of welding

Preparation and set-up of parts

Welding sequence

Pre or post heating
i Any other relevant information.

3. The welding procedures shall be so arranged that distortion and
shrinkage stresses are reduced to the minimum, and that the welds
meet the requirement of quality specified.

4, Any weld found defective shall be removed, by using either chipping
hammer or gouging torch, in such a manner that parent material is not
injured in any way.

S@m oo

7.2.3.2.5Fusion Faces and Surrounding Surfaces
1. Fusion faces and the surrounding surfaces within 50mm of the welds shall be
free from all mill scale and free from oil, paint or any substance which might
affect the quality of the welds or impede the quality/progress of welding. These
shall be free from irregularities, which would interfere with the deposition of the
specified size of weld or be the cause of defects.

2. All mill scale within 50mm of welds shall be removed prior to welding, either by
pickling followed by thorough power wire brushing, or by other approved
methods.

3 If preparation or cutting of the fusion faces is necessary, the same shall be
carried out by shearing, chipping, gas cutting or flame gouging.

4 Where hand gas cutting or hand gouging is employed, the blowpipe or gouging

blowpipe shall be properly guided.

7.2.3.2.6 Assembly for Welding
Parts to be welded shall be properly assembled and held firmly in position by
means of jigs and clamps prior to and during welding.

7.2.3.2.7 Welded Girders and Other Plate Construction
Automatic submerged arc welding shall be employed for fabrication of welded
girders and other plate construction, wherever specified. Metal Inert Gas (MIG)
welding (C0,) may be done for short length where access to the location of the
weld does not permit submerged arc welding subject to approval of Engineer.

7.2.3.28 Accuracy of Fit-Up
Parts to be fillet welded shall be brought into as close contact as practicable,
and the gap due to faulty workmanship or incorrect fit-up shall not exceed
1.5mm. If greater separation occurs at any position, the size of fillet weld shall
be increased at such positions by the amount of the gap.

7.2.3.29 Jigs and Manipulators
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Jigs and manipulators shall be used, where practicable, and shall be designed
to facilitate welding and to ensure that all welds are easily accessible to the
operators.

7.2.3.2.10 Ends of Butt Welded Joints
The ends of butt joints shall be welded so as to provide full throat thickness.
This may be done by the use of extension pieces, cross-runs or other
approved means.

7.2.3.2.11 Weld Face and Reinforcement of Butt welds
The weld face shall, at all places, be deposited projecting the surface of the
parent metal. Where a flush surface is required, the surplus metal shall be
dressed off.

7.2.3.2.12 Testing of Butt Welds
All butt welds shall be tested 100% for DPT & UT and 20% for MPT in addition
25% of the Butt-welded joints are to be radio graphically tested by the
Contractor at his own cost. If such tests indicate the joints to be defective, the
cost of rectification of defective welds shall also be borne by the Contractor.

7.2.3.2.13 Minimum Leg Length & Throat Thickness in Fillet Welds
The minimum leg length of a fillet weld as deposited shall be not less than the
specified size. In no case shall a concave weld be deposited, unless
specifically permitted. Where permitted, the leg length shall be increased above
that specified length, so that the resultant throat thickness is as great as would
have been obtained by the deposition of a flat-faced weld of the specified leg
length.

All fillet welds shall be tested 100% for DPT & UT and 20% for MPT by the
Contractor at his own cost. If such tests indicate the joints to be defective, the
cost of rectification of defective welds shall also be borne by the Contractor.

7.2.3.214 Dislodging
After making each run of welding, all slag shall be thoroughly removed and the
surface cleaned.

7.2.3.2.15 Quality of Welds

The weld metal, as deposited (including tack welds), shall be free from-cracks,
slag inclusions, porosity, cavities and other deposition faults. The weld metal
shall be properly fused with the parent metal without under cutting or
overlapping at the toes of the weld. The surface of the weld shall have a
uniform consistent contour and regular appearance.

If in case, rectification/repairs of welded components becomes necessary then
the defective weld portion shall also be tested by PAUT testing.

7.2.3.2.16 Weather Conditions
Welding shall not be done under weather conditions, which might adversely
affect the efficiency of welding.

7.2.3.2.17 Qualification and Testing of Welders

Page 327 of (998)
Contractor Feb-23 Maha-Metro



NMRP Phase-2 Tender No. N2- 004/C-01/2023 Part-Il, Section-VII-F
Work Requirement (S5.07: STRUCTURAL STEEL WORKS)

The Contractor shall satisfy the department that the welders are suitable for the
work for which they will be employed, and shall produce evidence to the effect
that welders, have satisfactorily completed appropriate tests, as described in
IS:817 Part | (1992). The Engineer may, at his own discretion, order periodic
tests of the welders and/or of the welds produced by them. Such tests shall be
at the expense of the Contractor.

7.2.3.2.18 Supervision
The Contractor shall employ competent welding supervisors to ensure that the
standard of workmanship and the quality of the materials comply with the
requirements laid down in this Specification.

7.2.3.2.19 Machining of Butts and Bases

Splices and butt joints of compression members, depending on contact for
stress transmission, shall be accurately machined over the whole section. In
column bases, the ends of shafts together with the attached gussets, angles.
Channels etc., after bolting and/or welding together as the case may be, shall
be accurately machined so that the parts connected butt over the entire surface
of contact. Care shall be taken that connecting angles or channels are fixed
with such accuracy that they are not reduced in thickness by machining by
more than 0.8mm.

7.2.3.2.20 Requirement of Welded Joints
Apart from the requirements of welding specified under the above sub clauses,
sections above, the Contractor shall ensure the following requirements in the
welded joints.

i)Strength-quality with parent metal.

ii)Absence of defects.

iii)Corrosion resistance of the weld shall not be less than that of parent
metal in an aggressive environment

7.2.3.3 Shop Assembly
1. The steelwork shall be temporarily shop assembled, as necessary, so
that the accuracy of fit may be checked before dispatch. The parts shall be
shop assembled with a sufficient number of parallel drifts to bring and keep
the parts in place.
2. Since parts drilled or punched, with templates having steel bushes shall be
similar and, as such, interchangeable, such steelwork may be shop erected in
part only, as agreed by the Engineer.

7.2.34 Erection Marking
1. Each fabricated member, whether assembled prior to dispatch or not so
assembled, shall bear an erection mark, which will help to identify the member
and its position in respect of the whole structure, to facilitate re-erection at site.

2. These erection marks shall be suitably incorporated in the shop detail and
erection drawings.

7.3 STRUCTURAL STEELWORK SPECIFICATION : BOLTED STRUCTURE
7.31 General
7311 Scope of Specifications
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These specifications cover the supply, fabrication and delivery to site of bolted
structural steelwork, including the supply of all consumables and other
materials required for fabrication and field connections of all structural
steelwork covered under the scope of the specification.

7.3.2 Products
Ref. Specification 7.1.6 for Structural Steelwork -General

7.3.3 Execution
7.3.31 Workmanship
7.3.3.1.1 General

All workmanship shall be in accordance with the best practice in modern
structural shops. Greatest accuracy shall be maintained in the manufacture of
every part of the work and all similar parts shall be strictly interchangeable.

7.3.31.2 Templates
Templates used throughout the work shall be of steel, in cases where actual
materials have been used as templates for drilling similar pieces, the Engineer
shall decide whether such materials are fit to be used as parts of the finished
structure.

7.3.3.1.3 Straightening
All materials shall be straight and free from twists, and if necessary, before
being worked shall be straightened and/or flattened by pressure, unless
required to be of curvilinear form.

7.3.31.4 Clearance
The clearance between faying surfaces of bolted connections shall not be
greater than 1 mm at each end. If the separation is between 1 to 3 mm the
surface should be tapered to eliminate the separation. Over 3mm separation
shall be filled with filler plates.

7.3.3.1.5 Shearing, Cutting and planning

1. Cutting shall be done automatically. Cutting by shearing machine may
be used for plates not exceeding 10mm in thickness provided that the
plate edges be fully enclosed in a weld. Oxygen cutting may be used
provided a smooth and regular surface free from cracks and notches is
secured.

2. Chipping of angle flanges and edges of plates, wherever necessary,
shall be done without damaging the parent metal. Chipped edges shall
be ground to a neat finish and sharp and sharp corners and hammered
rough faces shall be rounded off.

3. The edges and ends of all cut/sheared flange plates, web plates of
plate girders, and all cover plates, and the ends of all angles, tees,
channels and other sections forming the flanges of plate girders, shall
be planed/ground.

4. The butting surfaces at all joints of girders shall be planed so as to butt
in close contact throughout the finished joint.
5. The ends of all built up girders and of all columns shall be faced in an

end- miling machine after the members have been completely
assembled. Bearing edges for girder bearing stiffeners and column
bases shall be machined.
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6. Unless clean, square and true to sharp, all flame-cut edges shall be
planed. Cold sawn ends, if reasonably clean and flame-cut ends of
sections not inferior to sawn ends in appearance need not be planned,
except for butting ends.

7.3.3.1.6 Drilling

1. Holes for bolts shall be drilled to conform to Clause 10 of I1S:7215-
1974. Punching of holes shall not be permitted. All holes, except as
stated hereunder, shall be drilled to the required size, 3mm less in
diameter and reamed thereafter to the required size. All matching
holes for bolts shall register with each other so that a gauge of 0.8mm
less in diameter than the hole can pass freely through the members
assembled for bolting, in the direction at tight angle to such members.

2. All drilling shall be free of burrs.

3. No holes shall be made by gas cutting process.

7.3.31.7 Assembly

1. All parts assembled for bolting shall be in close contact over the whole
surface

2. The component parts shall be so assembled that they are neither
twisted nor otherwise damaged. Specified cambers, if any, shall be
provided.

3. All parts of bolted and welded members shall be held firmly in position
by means of jigs or clamps while bolting or welding. No drifting of holes
shall be permitted, except to draw the parts together and no drift used
shall be larger than the nominal diameter of the bolt.

4, Drifting done during assembling shall not distort the metal or enlarge
the holes.

5. Trial assemblies shall be carried out at the fabrication stage to ensure
accuracy of workmanship, and these checks shall be witnessed by the
Engineer. Such trial assemblies shall be at the cost of the contractor.

7.3.3.1.8 Field Bolts

1. Requirements stipulated under bolting shall apply for field bolts. Field

bolts nuts and washers shall be furnished by the Contractor in excess
of the nominal numbers required. He shall supply the full number of
bolts, nuts and washers and other necessary fittings required for
completing the work, together with the additional bolts, nuts and
washers totalling to 10% of the requirement subject to minimum of 10
Nos. Only HSFG bolts of class 8.8 shall be used.

2. At the time of assembly, the surfaces in contact shall be free of paint or
any other applied finish, oil, dirt, loose rust, loose scale, burrs and other
defects which would prevent solid seating of the parts or would
interfere with the development of friction between them.

3. If any other surface condition, including a machined surface, is
specified, it shall be the responsibility of the Contractor to work within
the slip factor specified for the particular case.

4, Each bolt and nut shall be assembled with washers of appropriate
shape, quality and number in cases where plane parallel surfaces are
involved. Such washers shall be placed under the bolt head or the nut,
whichever is to be rotated during the tightening operation. The rotated
nut or bolt head shall be tightened against a surface normal to the bolt
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axis, and the appropriate tapered washer shall be, used when the
surfaces are not parallel. The angle between the bolt axis and the
surface under the non-rotating component (i.e. the bolt head or the nut)
shall be 90 + 3 degree. For angles outside these limits, a tapered
washer shall be placed under the non-rotating component. Tapered
washers shall be correctly positioned.

5. No gasket or other flexible material shall be placed between the holes.
The holes in parts to be joined shall be sufficiently well aligned to
permit bolts to be freely placed in position. Driving of bolts is not
permitted. The nuts shall be placed so that the identification marks are
clearly visible after tightening.

Nut and bolts shall always be tightened in a staggered pattern and
where there are more than four bolts in any one joint, they shall be
tightened from the centre of the joint outwards.

6. If, after final tightening, a nut or bolt is slackened off for any reason, the
bolt, nut and washer or washers shall be discarded and not used again.

7.3.3.2 Shop Assembly
1. The steelwork shall be temporarily shop assembled, as necessary,
so that the accuracy of fit may be checked before dispatch. The parts
shall be shop assembled with a sufficient number of parallel drifts to
bring and keep the parts in place.

7.3.3.3 Erection Marking
1. Each fabricated member, whether assembled prior to dispatch or not
so assembled, shall bear an erection mark, which will help to identify
the member and its position in respect of the whole structure, to
facilitate re- erection at site.
2. This erection mark shall be suitably incorporated in the shop detail and
erection drawings.

7.4 STRUCTURAL STEEL SPECIFICATIONS PAINTING WORKS

7.41 General

7.4.1.1Scope of Specification
This Specification covers the scope of painting, methods for the surface preparation,
application of paints and precautions to be taken for the painting of structural steel
work. It covers the supply and delivery of all necessary materials, labour, scaffolding
tools, equipment and everything that is necessary for the job completion on schedule.

7.4.1.2Applicable Codes

The following Specifications, Standards and Codes are included as part of this
Specification. All standards and codes of practice referred to herein shall be the current
editions during the currency of project including all applicable official amendments and
revisions. In case of discrepancy between this Specification and those referred to
herein, this specification shall govern. In case of discrepancy between Contract
drawings and this specification, the Contract drawings shall govern.

a) IS: 102 (1962) : Ready Mixed Paint, Brushing, Red lead, Non

Setting, Priming.

Page 331 of (998)
Contractor Feb-23 Maha-Metro



NMRP Phase-2 Tender No. N2- 004/C-01/2023 Part-Il, Section-VII-F
Work Requirement (S5.07: STRUCTURAL STEEL WORKS)

b) IS: 159 (1981) : Ready Mixed Paint, Brushing, Acid Resisting for
Protection against Acid Fumes, Colour as
Required.
c) IS: 341 (1973) : Black Japan, Types A, B & C.
d) IS: 384 (1979) : Brushes, Paints and Varnishes, Flat.
e) IS: 487 (1985) : Brush, Paint and Varnish i) Oval Ferrule Bound ii)
Round Ferrule Bound.
f) IS: 958 (1975 : Temporary Corrosion Preventive Grease, Soft
Film, Cold Application.
g) IS: 1153(1975) : Temporary Corrosion Preventive, Fluid, Hard Film,
Solvent Deposited.
h) IS: 1477(1971) : Code of Practice for Painting of Ferrous Metals in
Building. Part | - Pre-treatment Part Il -Painting
i) IS: 1674(1960) : Temporary Corrosion Preventive Fluid, Soft Film,
Solvent Deposited.
i) IS: 2074( 1992) : Ready Mixed Paints, Red Oxide -Zinc Chrome,
Priming.
7.4.2 Products
7.4.21 Materials
7.4.2.1.1Paint
1. All paint delivered to the fabrication shop/Site shall be ready mixed, in

original sealed containers, as packed by the paint manufacturers, and
no thinners shall be permitted.
2. Paint shall be stirred frequently to keep the pigment in suspension

7.4.21.2 Storage of Paints
1. All paints shall be stored strictly in accordance with the requirements
laid down by the paint manufacturers. The storage area shall be well
ventilated and protected from sparks, flame, direct exposure to sun or
excessive heat, preferably located in an isolated room or in a separate
building.

2. All paint containers shall be clearly labelled to show paint identification,
date of manufacture, batch number, order number and special
instructions in legible form. The containers shall be opened only at the
time of use. Paints which have liveried, gelled or otherwise deteriorated
during storage shall not be used. Paints for which the shelf life
specified by the supplier has expired shall not be used without
inspection and approval by the Engineer.

7.4.3 Execution

7.4.3.1 Paint System
1. Sand blasting where specified shall be carried out in accordance with 1S:1477.
2. Painting work shall be carried out as follows:

Painting Specifications
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DESCRIPTION GENERAL SURFACE
FABRICATION EXTERNAL SURFACES INTERNAL SURFACES
SHOP

Surface Treatment

Abrasive blast cleaning to
minimum SA-2.5 SIS-055900
near - white blast cleaning

Abrasive blast cleaning to
minimum SA-2.5 SIS-055900
near - white blast cleaning

1! Under - Coat

Inorganic zinc silicate primer
(self-curing solvent type) DFT —
75 m shall be Berger Zinc
Anode 11 or approved
equivalent. The primer should
be applied by spray only.

Epoxy Zinc phosphate primer
polyamide cured DFT-35 m

2" Under-Coat

Epoxy zinc phosphate primer
polyamide cured DFT - 35 m
shall be Berge Epilux 610
Primer or approved equivalent.
The primer should be applied by
spray or brush only.

Epoxy zinc phosphate primer
polyamide cured DFT-35 m
shall be Berger Epilux 610
Primer or approved equivalent.
The primer should be applied
by spray or brush only.

3 Under-Coat

Epoxy zinc phosphate primer
polyamide cured DFT-35 m
shall be Berge Epilux 610
Primer or approved equivalent.
The primer should be applied by
spray or brush only.

Polyamide cured coal tar epoxy
coating DFT 100 m

4™ Under Coat

Epoxy high build micaceous iron
oxide coating polyamide cured
DFT-90 m shall be Berger
Epilux 4 High Build MIO. The
primer should be applied by
spray or brush only.

Polyamide cured coal tar epoxy
coating DFT 100 m

ERECTION SITE

EXTERNAL SURFACES

INTERNAL SURFACES

Intermediate Coat

Acrylic  polyurethane  finish
aliphatic isocyanate cured DFT-
30 m shall be Berger thane or
approved equivalent applied by
spray or brush in approved
colour.

NA

Finishing Coat

Acrylic  polyurethane  finish
aliphatic isocyanate cured DFT-
30 m shall be Berger thane or
approved equivalent applied by
spray or brush in approved
colour.

NA

INTERNAL
fabrication.

SURFACE =

Contractor
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EXTERNAL SURFACE = All other surfaces which are prone to humidity and moisture from the

Atmosphere.

The following precautions must be taken:

a. After abrasive blast cleaning, the first undercoat (primer coat) should be applied well
before surface deterioration.

b. Over coating intervals, application parameters shall conform to manufacturer's
instruction manual.

C. The DFT (Dry film thickness) shall be measured after completion of each coat.

7.4.3.2 Surface Preparation

7.4.3.21 General

All surfaces shall be cleaned of loose substances and foreign materials, e. g. dirt,
rust, scale, oil, grease, welding flux etc. so that the prime coat adheres to the
original metal surface. The work shall be carried out in accordance with IS: 1477
(1971) (Part I). Any oil, grease, dust or foreign matter deposited on the surface
after preparation shall be removed and care shall be taken to ensure that the
surface is not contaminated with acids, alkalis or other corrosive chemicals. The
primer coat shall be applied immediately after the surface preparation is
completed.

Before the application of any paint, the surfaces to be treated shall be thoroughly
cleaned freed from all scale, loose paint, rust and other deleterious materials. Oil
and grease shall be removed from the surface by washing with solvents or with a
detergent solution before blast cleaning operation of metal polish with metal
pellets. If any traces of oil or grease remain after blasting they shall be removed by
solvent cleaning and the area will be re-blasted thereafter.

All welded areas/joints shall be given special attention for removal of weld flux
slag, weld metal splatter, weld head oxides; weld flux fumes, silvers and other
foreign objects before blasting. If deemed necessary by the Engineer, acid
washing and subsequent washing with clean water shall be used.

Any rough seams will have to be ground and must be inspected and approved by
the Engineer-in-Charge before application of the coatings.

All structural steel to be painted shall be cleaned blast cleaning in accordance with
SA 2 1/2 Near- White Blast cleaning (equivalent Swedish Standard SIS 055900).
For SA 2 1/2 the profile should be in the range of 40-70 microns and shall be
measured with comparator. Mill scale, rust and foreign matter shall be removed to
the extent that the only traces remaining are light stains in the form of spots or
stripes. Finally the surface shall be cleaned with a vacuum cleaner or clean dry
compressed air.
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The blast cleaning shall produce a surface roughness complying with the one
specified by the paint manufacturer for the primer concerned. If cleaned surfaces
are rusted or are contaminated with foreign material before painting is
accomplished they shall be re-cleaned by the Contractor at his expenses.

The surface shall be cleaned by impingement of abrasive materials, such as grit of
cast iron, malleable iron, steel or synthetic material, at high velocity created by
clean and dry compressed air blast. Prior to application of the blast, heavy deposits
of oil and grease shall be removed by solvent cleaning and excessive surface
scale removed by hand tool or power tool cleaning.

The last finish paint shall be applied after structural steel erection and slab
construction.

7.4.3.3 Mixing and Thinning

1. Allingredients in a paint container shall be thoroughly mixed to break-up lumps and
disperse pigments, before use and during application, to maintain homogeneity. All
pigmented paints shall be strained after mixing to remove skins and other
undesirable matters.

2. Dry pigments, pastes, tinting pastes and colors shall be mixed and/or made into
paint so that all dry powders get wetted by vehicles and lumps and particles are
uniformly dispersed.

3. Additives that are received separate such as curing agents, catalysts, hardeners
etc. shall be added to the paint as per the manufacturer’s instructions. These shall
be promptly used within the pot life specified by the manufacturers and unused
paint h thereafter shall be discarded.

4. Thinners shall not be used unless essential for proper application of the paint.
Where thinners are used, they shall be added during the mixing process and the
type and quantity of thinner shall be in accordance with the instructions of paint

manufacturer.
7.4.3.4 Paint Application
7.4.3.41 General
1. Paint shall be applied in accordance with the manufacturer

recommendations, as supplemented by these Specifications. The work
shall generally follow 1S: 1477 (1971) (Part Il). Prior approval of the
Engineer shall be taken in respect of all primers and/or paints, before
their use in the works.

2. Paint shall generally be applied by brushing except that spraying may
be use for finish coats only when brushing may damage the prime
coats. Roller coat or other method of paint application shall not be used
unless specifically authorized.

4, Spraying paint shall not be adopted on red lead or zinc rich paints.
Daubers may be used only when no other method is practicable tor
proper application in difficult accessible areas.
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5. Paint shall not be applied when the ambient temperature is 10°C and
below. For paints which dry by chemical reaction the temperature
requirements specified by the manufacturer shall be met with. Also,
paint shall not be applied in rain, wind, fog or at relative humidity of
80% and above or when the surface temperature is below dew point,
resulting in condensation of moisture. Any wet paint exposed to
damaging weather conditions shall be inspected after drying and the
damaged area repainted after removal of the paint.

6. Each coat of paint shall be continuous, free of pores and of even film
thickness without thin spots. The film thickness shall not be so great as
to detrimentally affect either, the appearance or the service life of the
paint.

7. Each coat of paint shall be allowed to dry sufficiently before application
of the next coat, to avoid damages such as lifting or loss of adhesion.
Undercoats having glossy surface shall be roughened by mild sand
papering to improve adhesion of subsequent coats. Successive coats
of same colour shall be tinted whenever practical, to produce contrasts
and help in identifying the progress of the work.

7.4.3.4.2 Brush Application

1. Proper brushes shall be selected for a specific work piece. Round or
oval brushes which conform to 1S:487( 1985) are better suited for
irregular surfaces, whereas flat brushes which conform to 1S:384(
1979) are convenient for large flat areas. The width of flat brushes shall
not generally exceed 1.25mm.

2. Paint shall be applied in short strokes depositing a uniform amount of
paint in each stroke followed by brushing the paint into all surface
irregularities, crevices and corners and finally smoothening or leveling
the paint film with long and light strokes at about right angles to the first
short strokes. All runs and sags shall be brushed out. The brush marks
left in the applied paint shall be as few as practicable.

74343 Spray Application

1. The spraying equipment shall be compatible with the paint material and
provided with necessary gauges and controls. The equipment shall be
cleaned of dirt, dried paint, foreign matter and solvent before use.

2. The paint shall be applied by holding the gun perpendicular to the
surface at a suitable distance and moved in a pattern so as to ensure
deposition of a uniform wet layer of paint. All runs and sags
shall be brushed out immediately. Areas not accessible to spray
shall be painted by brush or dauber.

3. Water trap acceptable to Engineer shall he furnished and installed on
all equipment used in spray painting.

7.4.3.5 Shop Painting
1. The painting system specified in Table shall be followed.
2. Surfaces in contact during shop assembly shall not be painted.

Surfaces which cannot be painted but require protection shall be given
a rust inhibitive grease conforming to 1S.958-1975 or solvent deposited
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compound conforming to 1S: 1153 (1975) or IS. 1674 (1960) or treated
as specified in the drawing.

3. Surface to be in contact with concrete shall not be painted.

4, The shop coats shall be continuous over all edges, including ends
meant for jointing at site by bolting, except where the paint could be
detrimental to bolting. In such cases, no paint shall be applied within
50mm, and the unprotected surface shall be given a coat of corrosion
inhibitive compound.

5. The unpainted area shall be cleaned prior to welding. The welded joint
shall be cleaned and de-slagged, and immediately after covered by the
same paint as has been used for the remaining surface.

7.4.3.6 Protection of Paintwork

1. The Contractor shall provide measures as necessary to prevent damage to the
work and to other property or persons from all cleaning and painting operations.
Paint or paint stains which result in other unsightly appearance on surfaces not
designated to be painted shall be removed or obliterated by the contractor at
his cost.

2. All painted surfaces that in the opinion of the Engineer are damaged in anyway,
shall be repaired by the contractor at his cost with materials and to a condition
equal to that of the requirements specified in these specifications.

3. Upon painted surfaces that in the opinion of any other work that would cause
dust, grease or foreign materials to be deposited upon the painted surfaces, the
painted surfaces shall be thoroughly cleaned. At the time of opening the
flyovers to public traffic, the painting shall be completed and the surfaces shall
be undamaged and clean.

4. The areas for high-strength bolts shall be protected by masking tape against
undercoat application at the fabrication shop. Immediately prior to erection any
rust in the paint area shall be removed by power wire brushing to a standard
equivalent to SA3.

7.43.7 Site Painting
1. After the erection of structures at the site, the contractor shall provide the
necessary treatment as specified in Table "PAINTING SPECIFICATIONS".
2. Surface which has not been shop coated, but require surface treatment shall be

given necessary surface preparation and coats at site as specified in Table.

7.5 STRUCTURAL STEEL WORK QUALITY CONTROL
&TESTINGREQUIREMENTS

7.51 General

7.5.1.1 Scope of Specification
The scope of work of these specifications is to establish the norms for ensuring
the required Quality Control through established testing norms of the welded
structural steelwork.

7.5.1.2 Codes / Standards
Relevant IS codes for tolerance and tests of welding procedures as specified in
the specification for Structural Steelwork -General.

7.5.1.3 Submittals
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The Contractor shall submit the following:

Proposed overall schedule for documentation of calculations, shop drawings,
plan/procedures and records, submission of procedure of fabrication.

The contractor shall himself inspect all materials, shop work and field work io
satisfy the specified tolerance limits and Quality norms before the same are
inspected by Engineer or his authorized representative.

Products
Not Applicable

Execution

Tolerances

The contractor shall through appropriate planning and continuous
measurements in the workshop and the erection at site, ensure that the
tolerance specified below are strictly adhered to.

Dimensional & Weight Tolerance

The dimensional and weight tolerance for rolled shapes shall be in accordance
with IS: 1852. The acceptable limits of straightness for rolled or fabricated
members as per IS:

7215 are:

Struts and columns: 1/1000 or 10 mm whichever is smaller

Where L is the length of finished member

A limit for distortion in transverse direction 5 from the true axis of plate and box
girder shall not be more than L/1000 where L is the length of diagonal ofprofile.

Tolerance in specified camber of members shall be 3mm in 12m length
Tolerance in specified lengths shall be as follows:

Column finished for contact bearing 1 mm
Other members (cols.) upto and over 10 m £ 5mm
Including 10 m L/2000 sub tomax of 8 mm
Other members (beams) upto12 m 3 mm
Over 12m L/4000 submax. Of +5 mm

End of Members

Beam Jo beam and beam to column connection -Where the abutting parts are
to be jointed by butt welds, permissible deviation from the squareness of the
end is

Beam upto 600 mm in depth  : 1.5 mm

Beam over 600 mm in depth: 1.5 mm for increase in depth of every 600 mm
subjected to max of 3 mm.

Where abutting parts are to be joined by bolting through cleats or end plates,
the connections require closer tolerance, permissible deviation from the
squareness of the end is:
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Beams up to 600 mm in depth 1 mm per 600mm of depth subject to a max of
1.5 mm.

For full bearing, two abutting ends of columns shall first be aligned to within 1 in
1000 of their combined length and then the following conditions shall be met:

a) Over at least 80% of the bearing surface the clearance between the
surfaces does not exceed 0.1mm.
b) Over the remainder of the surfaces the clearance between the surfaces

does not exceed 0.3 mm.
Where web stiffeners are designed for full bearing on either the top flange or
the bottom flange or both, at least half the stiffener shall be in positive contact
with the flange. The remainder of the contact face could have a max. gap of
0.25 mm.

7.5.31.3 Depth of Members
Acceptable deviation from the specified overall depth as per 1S:7215 (1974) is:
Upto and including 1000mm : 1.0mm
Over 1000 mm :2.0mm

75314 Web Plates

An acceptable deviation from flatness in girder webs in the length between the
stiffeners or in a length equal to the girder depth shall be:

Upto 500 mm depth 0.5 mm

Over 500 mm & including 1000 mm 1.0 mm

Over 1000 mm 2.0 mm
7.5.3.1.5 Flange Plates

A reasonable limit for combined warpage and tilt on the flanges of a built-up
member is 1/200 of the total width of flange or 2 mm whichever is smaller
measured with respect to centerline of flange.

Lateral deviation between centre line of web plate and centre line of flange
plate at contact surfaces measured as the difference 6 between diagonals of
nominal length L shall not be greater than L/1000.

7.5.3.1.6 End Milling
Column ends bearing on each other or resting on base plates and compression
joints designed for bearing shall be milled true and square to ensure proper
bearing and alignment. Base plates shall also have their surfaces milled true
and square.

7.5.3.2 Quality Control
In order to exercise proper control of the quality of the welding, Contractor shall
enforce methods of control as tabulated below:

Purpose Control Subjects Methods of control
1. Control of welding Quality control of electrodes, | Weldability test to determine
Materials and basic welding wire, flux and | the technological properties if
metal quality protective gases materials.
Checking of  quality and | Mechanical test of weld metal
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Weldability of the basic metal
and welded members

Metalographical investigations
of welds macro-structure and
microstructure

Checking of weld metal
resistance  for intercrystalline
corrosion. Study if weld metal

qualifications

quality determination

solidity by physical control
methods.
2. Checking  of weldelWelding of specimens for| Mechanical tests,

metalographical investigation &
checking of welded joints by
physical control methods

7.5.3.3Tests & Testing Procedures
Agency for testing of weld shall be approved by the Engineer prior to testing.

7.5.3.3.1Visual Examination
The contractor shall conduct visual examination and measurement of the external
dimensions of the weld for all joints. Before examining the welded joints, areas close to
it on both sides of the weld for a width not less than 20 mm shall be cleaned of slag and
other impurities. Examination shall be done by a magnifying glass which has a
maghnification power of ten (10) and measuring instrument which has an accuracy of +
0.1 mm or by weld gauges. Welded joints shall be examined from both sides. The
contractor shall examine the following during the visual checks.
i)  Correctness and shape of the welded joints
i) Incomplete penetration of weld metal.

i) Influx

iv) Burns

v) Unwelded craters

vi) Undercuts

vii) Cracks in welded spots and heat affected zones

viii) Porosity in welds and spot welds

ix) Compression in welded joints as a result of electrode impact while carrying out
contact welding

x) Displacement of welded element

The contractor shall, document all data as per sound practices.

Contractor
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7.5.3.3.2 Mechanical Test

The Contractor shall carry out various mechanical tests to determine
weldability, metal alloyability, and nature of break, correct size and type of
electrodes, degree of pre-heat and post-heat treatment. The type, scope and
sample of various mechanical tests shall be determined in agreement with the
purchaser. The number of tests conducted shall depend on the result obtained
to satisfy the Engineer that the correct type and size of electrode, degree of
preheating and post-heating and weldability of metal are being followed.

7.5.3.3.3 Dye Penetration Test
All welds shall be tested by "Dye Penetration test" as per current practices.

7.5.3.34 Radiography Test
Radiography test shall be conducted by the contractor to determine gas
inclusion (blow holes, hollows) slag inclusion, shallow welds and cracks for
25% lengths all butt joints.

Before conducting the examination, the welded joints shall be cleaned of slag
and scales and visually examined. The welds shall be marked into
separate portions depending on the length of photograph. The length of
photograph shall be such as to ensure that there are no distortions and shall
reveal the defect correctly. The length shall not be more than 0.75 of the focal
distance and the width of the photograph would depend on the width of the
welded joint plus 20mm on either side of the weld. The cassette with film shall
be protected by sheet of lead or equivalent of proper thickness against
incidental, diffused and secondary radiation.

The direction of the ray with relation to the film shall be as specified hereunder.

Welds of butt joints without edge slopes with edge processing shall be
examined by central ray directed at right angles to the weld.

In special cases examination of welds with inclined rays directed along edge
slopes may be permitted by the Engineer.

Lap joints shall be examined by directing rays at 45 degree to the bottom plate.
Welds in T-joints without any edge preparation shall be examined by rays
directed at 45 degree to the weld. Angle welds in lap and tee-joints shall be
examiner by the rays in opposite direction i.e. the film will be on the side of the
weld. Weld in angle joints shall be checked by directing ray along the bisector
of the angle between the welded elements. Opposite direction of the ray and
location of the film may also be permitted by the Employer.

7.5.3.3.5Ultrasonic Test
Ultrasonic test shall be conducted by the contractor to detect gas inclusion
(pores), slag inclusion, shallow welds, cracks, lamination and friability etc. Prior
to starting of ultrasonic test the welded joint shall be thoroughly cleaned of slag
and other material. Surface of the basic metal adjacent to welded joint on both
sides shall be mechanically cleaned by the grinder or a metal brush to provide
the contact of the whole ultrasonic probe surface with surface of basic metal.
The width of the clean surface shall be as directed by the Engineer. The
welded joint then shall be covered with a thin coat of transformer oil, turbine or
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machine oil to ensure acoustic contact. The joints so treated shall be marked
and the marks shall be entered into the documentation, subsequent to this,
ultrasonic test shall be carried out as directed by the Engineer. At least 50% of
weld shall be tested by ultrasonic testing.

7.6 STRUCTURAL STEEL SPECIFICATIONS -ERECTION
7.6.1 General

7.6.1.1Scope of Specification
This Specification covers the delivery to site, storage and erection of structural
steelwork at site. This includes plant and equipment requirements, installation of
fabricated steel work position and grouting all complete as per drawings, specifications
and other provisions of the Contract.

7.6.1.2Submittals
A. Ref. Specification for Structural Steelwork -General
B. The contractor shall submit for approval a full description of his proposed
erection method including sequence of erection, use of temporary supports,
connection details and erection camber diagram and design calculations
covering various stages of erection process.

7.6.2 Products
Not applicable

7.6.3 Execution

7.6.3.1Delivery, Storage & Handling

A. Before the shop assembling is dismantled, all members and sections shall be
appropriately marked with paint or grooved with their identification numbers as
detailed in shop drawings.

B. The Contractor shall deliver the fabricated structural steel materials to site, with
all necessary field connection materials, in such sequence as will permit the
most efficient and economical performance of the erection work. As per
scheduled programme, the Engineer may, at his discretion prescribe or control
the sequence of delivery of materials.

C. Fabricated parts shall be handled and stacked in such a way-that no damage is
caused to the components. Measures shall be taken to minimize damage to the
protective treatment on the steelwork. All work shall be protected from damage
in transit. Particular care shall be taken to stiffen free ends, prevent permanent
distortion and adequately protect all machined surfaces. All bolts, nuts,
washers, screws, small plates and articles generally shall be suitably packed
and identified. Plant and Equipment

7.6.3.2Plant and equipment
All erection tools and plant & equipment proposed to be used shall be efficient,
dependable and in good working condition, and the suitability and adequacy of such
shall be determined by the Engineer. The Contractor shall, in his technical proposal
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submittal, specify the plant and equipment proposed by him for erection of structural
steelwork at Site.

7.6.3.3Storage
Materials to be stored shall be placed on skids above the ground and shall be kept
clean and Properly drained.

7.6 3.4 Method and Sequence of Erection
The method and sequence of erection shall have the prior approval of the Engineer.
The contractor shall arrange for the most economic method and sequence consistent
with the drawings and Specifications and such information as may be furnished to him
prior to the execution of the Contract. The erection of steelwork shall be planned so as
to ensure safe- working conditions at all times. The Contractor shall be solely
responsible for enhancing the safety of his construction activities at Site.

7.6.3.5 Assembly & Erection

A. During erection, the members and sections shall be accurately assembled as
shown on the approved shop drawings and any match marks shall be followed.
The material shall be carefully handled so that no sections will be bent, broken
or otherwise damaged. Hammering which will damage or distort the members
shall not be done. Bearing surfaces and surfaces to be in permanent contact
shall be cleaned before the members are assembled. Splices and field
connections shall have one half of the holes filled with bolts and cylindrical
erection pins (half bolts and half pins) before bolting with high-strength bolts.
Fitting-up bolts shall be of the same nominal diameter as the high-strength
bolts, and cylindrical erection pins shall be 1 mm or larger.

B. The correction of minor misfits involving harmless amounts of reaming, cutting
and chipping will be considered a legitimate part of the erection. However, any
error in the shop fabrication or deformation resulting from handling and
transportation which prevents the proper assembling and fitting up of parts by
the moderate use of drift pins or by a moderate amount of reaming and slight
chipping or cutting, shall be reported immediately to the Engineer and his
approval of the method of correction obtained. The contractor shall be
responsible for all misfits, errors and injuries and shall make the necessary
corrections and replacements.

C. The straightening of plates, angles, other shapes and built-up members, when
permitted by the Engineer, shall be done by methods that will not produce
fracture or other damages. Distorted members shall be straightened by
mechanical means or, if approved by the Engineer, by the careful planned and
supervised application of a limited amount of localized heat, each application
subject to the approval of the Engineer.

D. The responsibility in respect of temporary bracing and guys shall rest with the
Contractor until the structural steel is located, plumbed, leveled, aligned and
grouted within the tolerances permitted under the Specification, and the
permanent bracing/framing system has been installed.

E. The temporary guys, braces, false work and cribbing shall not be the property
of the department and may be removed by the Contractor, with the approval of
the Engineer, without any charge, once the permanent framing system has
been installed -to the satisfaction of the Engineer and when the temporary
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bracing, guys etc. can be removed without any potential danger/damage to the
erected structure.

7.6.3.6 Setting Out

A. Positioning and levelling of all steelwork, plumbing and placing of every part of
the structure with accuracy shall be in accordance with the approved drawings
and to the satisfaction of the Engineer. The Contractor shall check the positions
and levels of the anchor bolts etc. before concreting and ensure that they are
properly secured against disturbance during pouring operations. The Contractor
shall remain responsible for correct positioning and shall set proper screed bars
to maintain proper level. No extra payment shall be made on this account.

B. No permanent field connections by bolting shall be carried out until proper
alignment and plumbing guides have been attached.

7.6.3.7 Field Bolting

A. Bolts shall be inserted in such a way that they remain in position under gravity,
even before fixing the nut. Bolted parts shall fit solidly together when
assembled and shall not be separated by gaskets or any other interposed
compressible materials. When assembled all joint surfaces including those
adjacent to the washers shall be free of scales. They shall be free of dirt, loose
scales, burns and other defects that would prevent solid seating of the parts.

B. Holes for turned bolts to be inserted in the field shall be reamed in the field. All
drilling and reaming for turned bolts shall be done only after the parts to be
connected are assembled. Tolerances applicable in the fit of the bolts shall be
in accordance with relevant Indian Standard Specifications.

C. All high tensile bolts shall be tightened to provide when all fasteners in the joint
are tight, the required minimum bolt tension as per relevant Indian
Standard/Specification.

D. The manufacturing and use of high strength friction grip (HSFG) bolts shall
comply with the requirements of 1S:3757 (1985).

E. Load indicating bolts or washers may be used, subject to the approval of the
Engineer.

7.6.3.8 Holes, Cutting and Fitting

A. No cutting of sections, flanges, webs, and cleats, rivets, bolts, welds etc. shall
be done unless specifically approved and / or instructed by the Engineer.
B. The erector shall not cut, drill or otherwise alter the work of other trades, or his

own work to accommodate other trades, unless such work is clearly specified in
the Contract, or directed by the Engineer. Wherever such work is specified, the
Contractor shall obtain complete information as to size, location and number of
alterations, prior to carrying out any work.

7.6.3.9 Drifting
A. Correction of minor misfits will be considered as permissible. For this, light
drifting may be used to draw holes together and drills shall be used to enlarge
holes, as necessary, to make connections. Reaming, that weakens the
member or makes it impossible to fill the holes properly or to adjust accurately
after reaming, shall not be allowed.
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B. Any error in shop work which prevents proper assembling and fitting of parts by
moderate use of drift pins and reamers shall immediately be brought to the
attention of the Engineer, and approval of the method of correction obtained.
The use of gas cutting torches at the erection site is prohibited.

7.6.3.10 Grouting

A. The positions to be grouted shall be cleaned thoroughly with compressed
air jet and wetted with water, and any accumulated water shall be removed.
Grouting shall be carried out under expert supervision taking care to avoid
air locks. Edges shall be finished properly.

B. Whatever method of grouting is employed, the operation shall not be
carried out until the steelwork has been finally levelled. Immediately before
grouting, the space under steel is thoroughly cleaned. Where packing is to
be left in place, they shall be placed such that they are completely covered
with grout.

C. The grout to be used shall be Non-shrink grout Conbextra GP-2 of M/S
Fosroc or equivalent.

D. All steel in foundations shall be solidly encased in Portland Cement
Concrete of minimum characteristic strength at 28 days as specified in the
drawings, subject to a minimum of 35 N/mm2. A minimum cover of 100mm
shall be provided to all steelwork where surrounding concrete is in contact
with soil.

7.6.3.11 Inserts and Embedment

Various steel inserts and embedments are required under the contract to be
fabricated, positioned and secured firmly into place inside the formwork prior to
concrete being poured. There are also requirements of jointing, threading,
bolting and welding inserts and embedments of different concrete and
structural steel elements in order to establish structural continuity and
connection. Great care shall be exercised by the contractor in executing all
aspects of the work related to inserts and embedments, including tolerances,
so that the final assembly of the concrete elements can meet satisfactorily the
continuity requirements intended in the structure.

7.6.3.12 Painting after Erection
A. Steelwork coated with rust inhibitor shall not be left exposed for a
period exceeding 15 days. Otherwise, such steelwork shall be re-
cleaned and re- coated with such finish until encased in concrete.

B. No steelwork with shop paint shall be left exposed at site for a period
exceeding than that approved by the Engineer.
C. The surfaces required to remain unpainted at shop, shall be given a

protective coating after the structure is erected, levelled, plumbed,
aligned in its final position, and accepted by the Engineer. However,
touch up painting, making good any damaged shop painting and
completion of any unfinished portion of the shop coat shall be
progressively carried out by the Contractor.

D. Painting shall not be done in frost or foggy weather, or when humidity is
such as to cause condensation on the surfaces to be painted. Before
commencing painting of steel, which is delivered unpainted, all
surfaces to be painted shall be dried and thoroughly cleaned from all
loose scale and rust.
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E. All field bolts, welds and abrasions to the shop coat, and surfaces
delivered unpainted from fabrication shop, shall receive the full
protective treatment as specified in Table defined in painting
specifications before delivery to Site.

F. Surfaces, which will be inaccessible after field assembly, shall receive
the full specified protective treatment before assembly. Bolts and
fabricated steel members, which are galvanized or otherwise treated,
shall not be painted.

G. The contractor shall be responsible for any damage caused to other
components of the structure including the substructure. In particular,
he shall take all necessary precautions to minimize concrete splash
onto completed steelwork or rust staining of concrete due to erected
steel work and clean and/or repair all stains and other damages to
completed work prior to tests on completion.

Final Cleaning up

Upon completion of erection, and before final acceptance of the work by the
Engineer, the Contractor shall remove, free of cost, all false work, rubbish and
all temporary works, resulting from or in connection with the performance of his
work.
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S.08: PILE FOUNDATIONS

A. Piling plant and Methods:

Suggested method for piling is bored cast in-situ piles with hydraulic drilling rigs
using partial depth casing with Polymer slurry and oscillator arrangement.

Not less than 2 weeks before any piling work is commenced, the Contractor
shall submit to the Engineer for approval, full details of his proposed piling
plant and detailed method statements for carrying out the Works. Details of
casings and concreting methods in respect of bored cast in-situ concrete piles
are to be provided.

. The Contractor shall not commence any piling until the plant and methods

which he proposes to use have been approved by the Engineer but such
approval shall not relieve the Contractor from any of his obligations and
responsibilities under the Contract. If for any reason the Contractor wishes to
make any change in the plant and methods of working which have been
approved by the Engineer, he shall not make any such change without having
first obtained the Engineer approval thereof.

List and nos. of equipments, accessories proposed to be used for the present
job shall be submitted along with the technical bid.

Records:

The Contractor shall keep complete records of all data required by the
Engineer covering the boring operations, reinforcement cage lowering and
concreting procedure of each pile and shall submit two signed copies of these
records to the Engineer, in the format given in the specification or as approved
by the Engineer within two days of completion of concreting of the pile.

Programme and Progress Report:

i. The Contractor shall inform the Engineer each day about the programme of
piling for the following day and shall give adequate notice of his intention to
work outside normal hours and at weekends, where approved.

ii. The Contractor shall submit to the Engineer on the first day of each week,
or on such other date as the Engineer may decide, a progress report
showing the rate of progress to that date and progress during the previous
week or period of all main items of piling works, as required by the
Engineer.

D. Setting Out:

The Contractor shall establish and maintain permanent datum level points,
base lines and grid lines to the satisfaction of the Engineer and shall set out
with a suitable identifiable pin or marker, the position of each pile. The setting
out of each pile shall be agreed with the Engineer at least 8 working hours
prior to commencing work on a pile and adequate notice for checking shall be
given by the Contractor.
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Notwithstanding such checking and agreement, the Contractor shall be
responsible for the correct and proper setting out of the piles and for the
correctness of the positions, levels, dimensions and alignment of the piles.

After all piles are cast and weak concrete is chipped out, the Contractor
shall submit the drawing showing the exact location of piles with respect to the
Pier/column centre line.

Disturbances and Noise:

i. The Contractor shall carry out the piling work in such a manner and at
such times as to minimize noise and disturbance. The pile driving
operation can produce noise levels upto 100 dB(A) at a distance of 25m
from the site. Using a sound absorbent could reduce the noise levels.
This can reduce the noise levels to 70dB(A) at a distance of 15m from the
piles. The safety and precautions as stipulated in 1S:5121 (1969) "Safety
Code for Piling and other Deep Foundation" need to be adopted.

ii. The Contractor shall take precautions adequate enough to avoid damage
to existing services and adjacent structures. IS: 2974 (Part 1) - 1982 may
be used as a guide for studying qualitatively the effect of vibration on
persons and structures. In case of deep excavation adjacent to piles,
proper shoring or other suitable arrangement shall be done to guard
against the lateral movement of soil stratum or releasing the confining soil
stress. Any such damage shall be repaired by the contractor to the
satisfaction of the Engineer.

iii. The Contractor shall ensure that damage does not occur to completed
piling works and shall submit to the Engineer for approval, his proposed
sequence and timing for driving or boring piles having regard to the
avoidance of damage to adjacent piles.

Obstructions:

If during the execution of the Works the Contractor encounters obstructions
in the ground, he shall forthwith notify the Engineer accordingly, submit to
him details of proposed methods for overcoming the obstruction and proceed
according to the Engineer’sinstructions.

8.2 Scope of Work:

Contractor

a)

b)

These specifications cover the works of providing pile foundations. Work
included consists of all necessary services and furnishing of all labour, material,
tools, equipment and related items for the full and satisfactory performance of
the contract, conforming to these specifications and as shown in the Contract
Drawings or reasonably implied therein or any authorised conditions or
alterations thereof.

The tenderer is advised to visit the site and familiarise himself with the
conditions at site. The Engineer shall not be held responsible for the accuracy of
the soil data, furnished in good faith with the tender.

The construction of piles shall be in accordance with the following Indian
Standard Codes of Practice for Design and Construction of Pile Foundations:

IS: 2911-2010 Part | Section 2 Bored Cast in-situ Concrete Piles Or IRC:78
Standard specifications and code of practice for road bridges Foundation And
Substructure
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With the tender the Contractor shall submit the detailed method of construction
to be used. For cast-in-situ concrete piles the Contractor shall indicate the
methods he proposes to concrete the piles in order to prevent necking of piles.
The items of work will generally be as follows:

i. Boring/drilling including provision of temporary casing/permanent casing

ii. Supplying, fabrication, and placement of all reinforcing bars.
iii. Casting of concrete piles as per specifications.
iv. Load testing of piles.

General:

Unless otherwise specified in this section all materials shall conform to the
requirements specified in separate sections for Concrete, Formwork and
Reinforcement.

. Cement:

The cement to be used for piling and all foundation work shall be conforming to
following Indian Standard Specifications:

i. 53 grade Ordinary Portland Cement conforming to 1S:269 — 2015

i. 1S:16714:2018 Specification of GGBS for Use in Portland cement by blending
process, and for making concrete by direct addition shall be limited to 40% of
the cement in Substructure component such as Pile, Open Foundation and
Pile Caps.

iii. As an alternative to (ii) above PSC Cement conforming to IS: 455
specifications for Portland slag cement (PSC) can be used.

iv.  Cement shall be free from lumps and caking.

Concrete Mix Design:

The concrete shall be M35 or as specified in the approved drawings. The
maximum size of coarse aggregate shall not exceed 20mm. For sub aqueous
concrete, the requirements specified in IS 456 shall be followed. For cast-in-situ
piles, concrete with a slump of 150 to 180mm (consistent with the method of
concreting) will be required. For slumps more than 150mm the workability should
be tested by "determination of flow" as per IS: 9103. Minimum cementitious
content for design mix shall not be less than 400 kg/m3 of concrete in piling. For
piling, quantity of cement shall be as per the design mix or the minimum cement
content whichever is greater shall be used. For improving resistance against
chlorides and sulphates form surrounding soils or water, mineral admixture such as
GGBS is preferred to be used.

For underwater concreting the provisions of relevant para of IS 456 shall be
followed.

Chemical Admixture used in the Mix Design shall conform to specification
mentioned in S.030of Section-VII-F.

The contractor shall submit mix design calculations and get the same approved by
the engineer well before the starting of installation of piles and carry out adequate
numbers of tests to ensure the minimum specified strength as indicated in
drawings.

The concrete shall be properly graded, shall be self-compacting and shall not get
mixed with soil, excess water, or other extraneous matter.

Concrete cube tests:
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Concrete cubes shall be cast, tested and evaluated as specified in S.03 of Section-
VII-F.

d. Reinforcement:

The reinforcement shall conform to the requirements specified inS.05 of Section-
VII-F along with IS 2911 (Part 1/ Sec 2) and used as per the drawings, extending
for the full length of the pile and shall project minimum 60 times the bar diameters
above the cut off level or as specified in the drawing. Only circular concrete cover
blocks threaded on to the helix shall be used for ensuring the specified cover.
Minimum clear cover to the reinforcement shall be 75 mm, unless otherwise
mentioned.

e. Temporary Casings and Tremie Pipes:

Temporary casings, as approved by the Engineer, shall be used to maintain the
stability of pile bore hole. The casings and tremie pipes shall be in mild steel. The
temporary casing plates shall have adequate wall thickness and strength to withstand
driving stresses, stresses due to soil pressure, etc. without damage or distortion all
joints shall be watertight. The internal diameter of the casing shall not be less than
the nominal diameter of pile. Temporary casings and tremie pipe shall be free of
distortion and shall be of uniform cross-section throughout each continuous length.
During concreting, they shall be free of internal projections and encrusted concrete
which may prevent proper formation of the pile. The tremie shall be water-tight
throughout its length and have a hopper attached at its head by a water-tight
connection.

f. Stabilizing Material:

The stabilizing material (Polymer slurry used & quality control) to maintain the
sides of pile bores shall havethe properties as per requirement given below.
Polymer slurry is obtained by mixing polymer powder with water in suitable
proportion (1kg powder in 1000 litres of water) and the solution is thoroughly
agitated so as to ensure uniform mixing of the polymer powder and water. The
capacity of the mixing tank shall be more than 1.5 times of the volume of the bore
hole for which the Polymer is to be used.

For mixing of polymer powder with water and the subsequent pumping of slurry into
bore, suitable capacity mixing tank (M.S tank) equipped with agitator & pumping
arrangement shall be used.

However, Use of Bentonite as stabilizing material is not permitted.
Polymer slurry shall satisfy the desired properties at all times:

a) Marsh cone viscosity  60-70 seconds/qt (900 mI-One cone volume)
b) Specific gravity 1.05 to 1.07

c¢) PHvalue 8to 10

d) Sand Content by mud balance method - 0.25 % to 2%

Test Bores (150mm Dia)
a. Bore hole shall be made as per IS 1892 for determining (which is one of the
criteria of establishing) start of socketing horizon and termination level of piles.
Standard Penetration Test (SPT), as per IS 2131, in a bore hole shall be
conducted at 1.0 m intervals in the overburden soil and rock portion having core
recovery < 30%.
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b. Number of bore holes for determining termination shall vary depending on the

site condition and as decided by the Engineer. Generally, one borehole shall be
done at each Pier location.

Cast In-Situ Bored Piles:
A. General:

Vi

Vii

viii

Xi

Xii

Diameters of the piles shall be the concrete shaft diameters and shall not be
less than the diameters specified in the drawing.

Bore hole data provided by the Employer for construction are only indicative
in this regard and it is the contractors® responsibility to make correct
assessment of ground conditions before starting the piling operation. Depth
of piles is likely to vary, and contractor shall have no claim whatsoever
irrespective of the depth of piles provided at any and all locations.

These shall be formed by boring to the founding strata specified in the
drawings or as directed at site. The sides of the boring shall be prevented
from collapsing by one of the following means

Permanent mild steel liner (cased pile)

Removable/temporary mild steel casing (uncased pile).

Bored cast-in-situ piles shall conform to IS 2911 (Part 1/ Section 2) and IS
14593, where not contravening to the following provisions. Based on
borehole reports and drawings, Method Statement for the piles shall be
established by the Contractor before commencement of the work and the
same shall be submitted to the Engineer for obtaining his approval.
Installation of piles shall be carried out as per pile layout drawings,
installation criteria, approved Method Statement and instructions of the
Engineer Any changes to the pile design, based on test-piles results, bore-
hole data or soil conditions encountered during boring, shall be as instructed
by the Engineer.

During boring, the Contractor shall, where required by the Engineer, take
soil, rock or ground water samples and transport them to an approved
testing laboratory to carry out soil tests as directed.

The method adopted shall be chosen giving due consideration to the subsoil
data, ground water conditions and to the other relevant conditions at site as
well as to the presence of adjacent structures.

Before installing the initial test pile, the Contractor shall finalise the pile
testing arrangement and obtain approval of the Engineer. It is envisaged
that the working piles shall be installed after the successful completion of the
initial pile load test.

The bottom of the steel lining shall be sufficiently deep in advance of the
boring tool so as to prevent settlement of outside soil and formation of
cavities.

Removable mild steel casings shall be used only with extreme caution.
Individual casings shall be joined together by screwing or any other
approved method and not by direct butting with external lug connections.
The inner surface of casings shall be smooth and free of all internal
projections.

The Contractor shall record all the information during installation of piles,
including pile-bore observations before concreting each pile. The data sheet
for recording pile data shall be as approved by the Engineer. On completion
of each pile installation, pile record shall be submitted to the Engineer within
two days of completion of concreting of the pile.
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The contractor shall set out piles with precision survey duly erecting
permanent benchmarks and other references. He shall be responsible for
correct maintenance of position and plumb thereafter and these shall be
checked periodically.

Control of Position& Alignment:Piles shall be installed as accurately as
possible according to the drawings either vertically or to the specified batter.
All deviations will be measured at the cut off level of the piles. The deviation
from the true axis shall not be more than 1.5% for vertical piles and 4% for
rake piles. Piles should not deviate in location by more than 75mm when
used in groups. For single or 2 piles used under columns, deviation shall not
be more than 50mm. The Contractor shall maintain a record of actual pile
locations in the form of drawing and submit the information to the Engineer
at suitable intervals.

B. Boring:

\Y

Vii

viii

Boring shall be done using hydraulic drilling rigs with oscillator arrangement
suiting to different kinds of strata encountered.

The size of cutting tools shall not be less than the diameter of the pile by more
than 75 mm. However, the size of cutting tool shall be chosen by contractor
depending on the type of substrata and equipment employed by contractor so
that executable pile shall not have diameter less than nominal diameter of pile
as specified in drawing.

The boring centre shall be aligned with the pile centre and the boring machine
shall be installed so as not to move or incline. The sides of the bore-hole shall
be stable throughout.

Working level shall be above the Cut-off-Level. After the initial boring of about
1.0 m, temporary guide casing of suitable length shall be lowered in the pile
bore for vertical pile. The diameter of guide casing shall be such as to give the
necessary finished diameter of the concrete pile. The centre line of the guide
casing shall be checked before continuing further boring. Guide casing shall be
minimum of 1.0 m length. Additional length of casing may be used depending
on the condition of the strata, ground water level etc.

The temporary guide casing (if provided) shall be withdrawn cautiously, after
concreting is done up to the required level. While withdrawing the casing,
concrete shall not be disturbed.

For providing permanent MS liner, Clause 709.1.4 of IRC: 78 shall be
complied. Wherever stricter provision has been given in the drawings, the
same shall be followed. The Contractor shall fabricate MS liners from MS
sheets to suit to the diameter of the pile. The required length of the liners will
be made up by welding each unit at site. The thickness of the liners shall not
be less than 6 mm and for the bottom length of 1.2 m or such increased length
as decided by the Engineer, the thickness can be increased suitably. The
bottom end of the MS liners shall be stiffened by welding additional plates to
withstand the impact during driving.

The piles shall be founded on hard rock or other suitable strata as approved by
the Engineer.

Piling shall be done by using hydraulic rig with temporary liner. Use of liner
(for the top 4 to 6 meters from ground level or more depth, to protect loose soil
falling in bore hole) as directed by engineer, is essential. No extra payment
shall be made to the contractor for using temporary liner over the item of piling
as in BOQ/Design and build contract.

Use of drilling mud in stabilizing sides of the pile borehole may also be
necessary together with temporary or permanent casing wherever sub soil and
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ground water conditions are likely to cause mud flows or instability of pile bore
or sand boiling. However, this will be permitted only when deemed necessary
by the Engineer.

Consistency of the stabilizing material suspension shall be controlled
throughout concreting operations in order to keep the bore stabilized, as well
as to prevent concrete getting mixed up with the thicker suspension of the
mud.

After the installation of temporary casing, the drilling operation will continuously
proceed together with the application of the Polymer slurry.

Boring operation shall be carried out further by using the shaft stabilization
slurry (Polymer Slurry).The drilling operation shall proceed together with the
mixing of the Polymer Slurry. Once the pumping of polymer slurry into the bore
is initiated, the bucket or auger is then rotated to mix the Polymer slurry along
the Pile shaft.

Prior to preparation of the bore stabilising slurry, cleanliness and water
tightness of storage tank shall be ensured. pH value of fresh water shall be
between 7 to 9.

The site conditions and drilling diameter of bore holes may affect the usage
ratio of polymer in the mixture and as well as it’s viscosity.

During concreting activity, the flushed out Polymer fluid will be collected in
storage tanks by pumping back. There is no hazardous effect of this bore
stabilising fluid on environment. The Polymer slurry level shall not be kept
below the bottom level of Steel Casing. The slurry shall be tested periodically
and the results will be submitted to the Engineer. Prior to placing of concrete in
the borehole, make sure that heavily contaminated slurry, which could impair
the free flow of concrete from the tremie pipe, has not accumulated in the
bottom of the borehole. For this, the borehole shall be kept untouched after
reaching the desired depth for 1 to 2 hours so as to allow the suspended
particles of the polymer to settle down. Then the bore hole shall be cleaned by
cleaning bucket before pouring the concrete.

When borehole is stabilised by casing and drilling mud or by maintaining water
head using temporary/permanent casing, the bottom of the hole shall be
cleaned very carefully before concreting work is taken up. Cleaning / flushing
methodology shall be submitted for the approved of the Engineer prior to
commencement of piling.

Where mud flow conditions exist or the aggressive action of ground water is to
be avoided, or in the case of piles built in water or in cases where significant
length of piles could be exposed due to scour - the casing should be left
permanently in the ground with 8 mm thick permanent liners as directed by
Engineer-in-charge.

xviiiThe quantum of steel required in liners up to depth of cut off level shall be

measured as per drawing though the liner might have been provided right from
the level of the working platform on practical considerations, since the length of
the permanent liner above the cut-off level has to be necessarily removed by
gas-cutting for facilitating peeling of the top portion of the pile and for
interlacing its reinforcement bars into the capping slab. There is however, no
objection if the surplus pieces (if cut and removed carefully and then found
reusable) are joined and are re-welded to required length for reuse in the same
contract on some of the other piles. No claim shall be entertained for such
pieces if the cut pieces cannot be reused by the Contractor in the aforesaid
manner.
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xix Pumping from bore hole shall not be permitted unless a casing has been
driven into a stable stratum which prevents flow of external ground water from
other strata in significant quantities.

xx In case of end bearing piles founded on hard rock, cutting of rock by hydraulic
rig using diamond bits will be resorted to. Scheme adopted shall be such that
the noise and vibration parameters specified in tender documents
/Environment manual are not violated. Drilling in rock shall be carried out by
hydraulic rig using diamond bits. Hydraulics rigs of suitable capacity (in terms
of rpm and torque) to be able to bore in hard rock strata shall be deployed.

xxi In case of dry bores, inspection shall be carried out from the ground surface for
bores having diameter less than 750mm. For larger diameter bores equipment
shall be provided to enable the Contractor and the Engineer or their
representatives to descend into the boring for the purpose of inspection with all
necessary safety precautions.

xxii Care shall be taken not to harm a recently concreted pile due to driving the
casing nearby before the concrete has sufficiently set in that pile. The danger
of doing harm is greater in compact soils than in loose soils.

Penalty on mishandling of Polymer slurry

Mishandling of Polymer slurry (like splashing of Polymer slurry outside
specified width of barricading or non-cleaning of tyres of dumpers and transit
mixers before leaving the piling site thereby making the road dirty etc.) is
strictly prohibited . Noncompliance of same shall attract a penalty as follows:

i On first observation - Rs. one lakh
ii. On Second observation - Rs. two lakhs
iii. On third and each subsequent observation - Rs. three lakhs

8.6 Termination of Pile:

a) The boring depth shall be measured at two or more places to the bottom of the
Hole immediately after completion of boring operations. The results shall be
reported promptly.

b) Pile shall be terminated at a design depth with a minimum socket length as
mentioned in design document/drawing, or as directed by the Engineer-In-
Charge.

c) Approval of the termination depth of the pile by the Engineer shall, in no way,
absolve the contractor on the integrity of the pile.

d) For the purpose of socketing of end bearing pile in hard rock, the following criterion
shall be satisfied:

e When the crushing strength of the rock is more than characteristic strength of
pile concrete, the rock encountered should be deemed as hard rock as per
clause No.B7 of Annex-B, IS 2911- Part1/ Sec-2).

¢ Rock will classify as hard rock if RQD > 75%.

e Minimum Socketing depth in hard rock shall be as per approved drawing or
as directed by the Engineer-In-Charge.

e) For establishing the similarity of soil/rock strata actually met while advancing the
pile-bore with the strata selected for terminating the pile , Pile Penetration Ratio
(PPR) shall be used in this method as per clause No.10 of IRC-78:2014.

f) Pile Penetration Ratio (PPR) of rock strata encountered, used for termination of
pile shall be confirmed by Initial Pile Load tests, Routine pile Load tests and
also co-related with the Unconfined Compressive strength of rock strata and
also RQD values.
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As the resistance to rock cutting increases, RPM decreases, and Kelly bar
pressure is required to be increased, i.e., increasing the torque. This is reflected
in the torque- RPM curve.

Cleaning of borehole:

a)

b)

After completion of borehole upto the required depth, the borehole shall be
cleaned as per clause 8.3 of IS : 2911 (Part 1/Section 2).

When the boring is done by rotary drilling rigs, cleaning-bucket attached to the
Kelly shall be used for cleaning the bore. Wherever stabilizing material is used,
after using the cleaning-bucket, the bore shall be flushed with fresh slurry.

Pile bore shall be cleaned by fresh stabilizing material through tremie pipe or as
specified in the Method Statement, before (in case delay in concreting after the
completion of bore) and after placing the reinforcement cage and just before the
start of concreting. Pile boring shall be inspected and approved by the Engineer,
in accordance with approved Method Statement, before concreting.

The Contractor shall measure the final depth after this cleaning, when there is a
delay in concreting after completion of the bore, for knowing the casting pile
length, and confirm its effect by comparing with the depth at the end of boring.

Reinforcement Steel:

a)

c)

d)

The reinforcement shall be assembled before placing in the moulds and all
hoops and links shall be of uniform length firmly wired into position Ends of
helical reinforcement, if used, shall be firmly secured. Diagonal fork spacers
shall be of a pattern that has been approved by the Engineer.

Joints in main longitudinal bars will be permitted only where, in the opinion of the
Engineer, each bar cannot be supplied in one complete length. Where
permitted, joints shall be provided in staggered manner at agreed locations,
designed to develop the full strength of the bar across the joint, provided with
adequate extra links or stirrups and staggered in position from those of adjacent
longitudinal bars, all to the approval of the Engineer.

All joints/laps in the longitudinal bars will be held in position by means of binding
wire and tack welding. Nothing extra shall be paid for the welding of lap joints.
The last one circle of helical stirrups at each end shall be welded to main
longitudinal bars.

Lowering of the reinforcement cage:

The reinforcement cage shall be properly aligned with the pile core and kept
vertical without collapsing the hole wall. In lowering of the reinforcement cage, it
shall avoid deformations, damages, etc. by using reinforcing material as
necessary. In the lap joint part of the reinforcement cage, the upper and lower
cages shall be in a straight line, with the joints tightly bound.

Proper cover to reinforcement and central placement of the reinforcement cage
in the pile bore shall be ensured by use of suitable concrete spacers or rollers.
cast specifically for the purpose, as directed by the Engineer. The longitudinal
reinforcement shall project, minimum 60 times the dia. of reinforcement bar or
as indicated in the drawing, above Cut-off-Level.

After lowering of the reinforcement cage, the height of the top end of the
reinforcement shall be measured and reported. The axes of the reinforcement
cage and the pile core shall be matched, checked and reported.

Concreting:

Concreting shall not be done until the Engineer is satisfied that the termination
level of pile, is as per the installation criteria and the Method Statement that
has been approved by the Engineer.
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Prolonged delays in the commencement of concreting after the completion of
the boring shall not be permitted. The time interval between the completion of
boring and placing of concrete shall not exceed 6 hour.

Concreting shall be done by tremie method. The operation of tremie concreting
shall be governed by IS 2911 (Part 1/ Sec 2).

The concrete shall have a minimum slump of 150mm in case of concreting in a
water free bore. Suitable precautions shall be taken for prevention of
segregation. Internal vibrators shall not be used unless the Contractor is
satisfied that segregation will not result because of vibration and unless the
method of use has been approved by the Engineer. It is essential that the
water level within the pile bore be in equilibrium before commencement of
concreting.

The concrete for piles underwater or in drilling mud shall be placed with a
tremie pipe. The tremie pipe shall not be less than 200mm diameter for 20mm
aggregate. The joint between the hopper and tremie pipe as well as the joints
in the tremie pipe shall be watertight and the tremie pipes shall be thoroughly
cleaned after each use.

Concreting by tremie shall continue to allow the initial pours of concrete, mixed
with stabilizing fluid, sludge and cut spoils from the bore to overflow and the
consistency and quality of the over flowing concrete is comparable to that of
design mix. The length of overflow shall be decided by the Engineer.

The contractor shall also ensure that there is no reduction in poured concrete
quantities. These calculations shall be based on consumption of concrete
poured in bore (as recorded in bore log) and actual concrete required in bore
on theoretical basis i.e. based on nominal diameter of pile and actual bore hole
length (based on actual sounding of founding level). Above 5% reduction in
consumption of poured concrete quantities in pile may be rejected.

While concreting the tremie shall be withdrawn slowly ensuring adequate
height of concrete outside the tremie pipe at all stages of withdrawal.

The Contractor shall ensure that heavily contaminated drilling mud has not
accumulated at the base of boring since this could impair free flow of concrete
from the tremie pipe.

If the specific gravity of the drilling mud at the base of the bore exceeds 1.20
the placing of concrete shall not proceed.

The first charge of concrete shall be placed in the hopper over a sliding plate
of the bottom of the hopper. The charge should be adequate in volume to
ensure flushing action to prevent mixing of water or drilling mud and concrete.
Alternatively, floating plugs of approved specification may be used before the
first charge of concrete.

The tremie pipe shall at all times penetrate the previously placed concrete with
adequate margin against accidental withdrawal. The tremie pipe shall not be
withdrawn until the completion of concreting. At all times a sufficient quantity of
concrete shall be maintained within the pipe to ensure that the pressure from it
exceeds that from the seepage water.

Spot measurements shall be taken at suitable intervals to check that the
tremie pipe has an adequate penetration into previous concrete.

Concreting of the pile shall be in one single and continuous operation. In case
of long piles of large diameter, large size mixers or more mixers shall be used
so that the entire concreting operation is completed in not more than two
hours.

Temporary casings, when used, shall be extracted carefully to the satisfaction
of the Engineer, whilst the concrete is sufficiently workable to ensure it is not
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disturbed or lifted, and the reinforcement cage does not get disturbed. During
extraction, a sufficient quantity of concrete shall be maintained inside the
casing to overcome the pressure from external water, soil or stabilizing
material and to ensure that no reduction in section by way of necking or
shearing of concrete and contamination of the pile takes place.

When a casing is being extracted a sufficient quantity of concrete shall be
maintained within the bore to ensure the pressure from external ground water
and soil is adequately exceeded by the pressure of concrete. Otherwise
necking of the pile may result. A minimum embedment of 1.5 to 1.8 m is
required.

Grouting at base of pile shall be done wherever the results of proof coring (in
case of rock), sonic logging and/or loading test etc. confirm that there is a
void/sludge at the pile base. The grouting shall be done with cement slurry
under suitable pressure after concrete in the pile attains the desired strength.
For this purpose, conduit pipes with easily removable plugs at the bottom end
shall be placed in the bore along with reinforcement cage before concreting.
No concreting shall be placed in the bore once the bottom of the casing has
been lifted above the top of concrete.

The top of concrete in a pile shall be brought above the cut-off level since the
top concrete is loose and is weak because of contamination with water/drilling
mud. This ensures good concrete at the cut-off level.

After each pile has been cast, any empty bore shall be protected and carefully
backfilled as soon as possible with approved materials.

Complete boring and concreting records shall be submitted to the Engineer for
each pile. The records shall include the duration of concreting, tremie lengths
(individual and cumulative), tremie pipe lengths removed, theoretical sounding,
actual sounding, actual lengths of pile concreted and the volume of concrete
placed, cut off level, founding levels etc. For piles with temporary casings
records of sequence of casing withdrawal and levels of concrete before and
after withdrawal shall also be included in the reports.

Cut-off-level ( COL)

a)

b)

Cut off level of piles shall be as indicated in working drawings or as directed by
Engineer.

The top of concrete in pile cast shall be above the Cut-off-Level by 1.0 m
(minimum) and as per the Method Statement, to remove all laitance and weak
concrete and to ensure good concrete at Cut-off-Level, for the proper
embedment into the pile cap. Any exceptions, due to contingent situation, will
be subject to the approval of the Engineer.

Preparation of pile head: The area surrounding the piles shall be excavated
up to the bottom of the pile caps. After seven days of concreting of pile, the
exposed part of concrete above the COL shall be removed or chipped off and
made rough at COL. In case a part of extra-pile concrete before curing is
handled, the Contractor shall obtain prior approval from the Engineer. The
projected reinforcement above COL shall be properly cleaned and bent
carefully, only where required, to the required shape and level to be anchored
into the pile cap as per the drawing. While finishing the pile head, care shall be
taken to ensure no harmful damage, such as cracks, occurs in the concrete.
The pile top shall be embedded into the pile cap by 150 mm or clear cover to
reinforcement, as per the drawing and as agreed by the Engineer. All loose
material on the top of pile head after chipping to the desired level shall be
removed and disposed as per contractual procedure and as directed by the
Engineer.
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d) In case of concrete being placed by tremie method and pile cut off level less
than 1.0 meter below the ground level, concrete shall be cast to the piling
platform level to permit overflow of concrete for visual inspection. In case COL
of pile is more than 1.0 meter below working level then concrete shall be cast
to a minimum of one meter above COL. Before concreting, contractor shall
obtain the approval of the Engineer of the height above COL up to which the
concrete is to cast.

e) Any defective concrete in the head of the completed pile shall be cut away and
made good with new concrete.

8.11 Pile Cap:

Pile caps shall be of reinforced concrete. A minimum offset of 150 mm shall be
provided beyond the outer faces of the outer most piles in the group. If the pile cap
is in contact with earth at the bottom, a levelling course of minimum 75 mm
thickness of PCC of grade M15 shall be provided or as shown in the drawings.

The ground shall be excavated, levelled, prepared and then layers of coarse
aggregate and blinding concrete shall be constructed below pile cap, conforming to
Clause 2.0 of this Specifications and as per the drawings. The pile cap shall then
be cast as per the drawings and conforming to specifications mentioned in S.03 &
S.05 of Section-VII-F of this Technical Specifications, subject to tolerances
mentioned therein.

The attachment of the pile head to the cap shall be adequate for the transmission
of loads and forces. The top of pile after stripping shall project at least 150mmor
clear cover to reinforcement or as per given in the drawing, into the pile cap.
Concreting of the pile cap shall be carried out in dry conditions. All the operations
and tools required for making the pile in dry condition is included in the item.

8.12 Testing of Piles:

Contractor

i The Contractor shall conduct Load tests/Integrity Tests on Pile as described
below in accordance with these specification and approved method statement.
Cost of the same is deemed to be included in the contract price and nothing
extra shall be payable to the contractor on this account.

ii  When preparing for conducting a pile test, the Contractor shall follow the
requirements of the various acts, orders, regulations and other statutory
instruments that are applicable to the work for the provision and maintenance
of safe working conditions, and shall in addition make such other provision as
may be necessary to safeguard against any hazards that are involved in the
testing or preparations for testing.

i Full details of the equipment proposed to be used, the test setup and pile
testing scheme along with detailed design, drawings shall be submitted to the
Engineer, before making arrangements to carry out the tests, for obtaining his
approval. Approval of the Engineer shall also be obtained after the test setup
is complete, prior to commencement of loading.

iv  The work shall include mobilization of all necessary equipment, anchor piles
and rock anchors and anchor piles and rock anchors, providing necessary
engineering supervision and technical personnel, skilled and unskilled labour
as required, to carry out the complete pile testing and submission of test
reports.

v It is essential that all the equipment and instruments are properly calibrated
both at the commencement and immediately after the completion of tests, so
that they represent true values. If the Engineer desires, the Contractor at his
own cost shall arrange for calibration of the instruments in presence of the
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Engineer, at a laboratory having Engineer's approval, and the test report and
calibration certificate shall be submitted to the Engineer.

vi The load tests shall be in accordance with the Indian Standard Code of
Practice for Design and Construction of Pile Foundations IS 2911 (Part IV)
Load Tests on Piles. For initial load test, test load will be 2.5 times the
theoretical designed capacity of pile. For initial load, test arrangement to be
designed shall also cater for additional 25% above test load and nothing extra
will be paid on this account. Permissible stresses in test arrangement (steel
truss or plate girder) to cater for test load plus additional 25% load shall be
within permissible stresses as per IS: 800 (as for permanent structure). For
test frame, steel of Grade -B conforming to IS: 2062 shall be used.

vii  Engineer will decide the locations of initial and routine (both lateral and vertical
load tests). The Frequency or number of the Initial/Routine pile load testshall
be as per IS: 2911 (Part 1V). Notwithstanding to the above, the number of
Routine Load test shall be2 percent of the total number of piles
required.Nothing Extra shall be payable to the contractor on this regard.The
contractor shall undertake test piles required for initial pile load test (both
lateral and vertical) in the initial stages of work using the same methodology
and equipments which will be subsequently used for working piles. These tests
shall be undertaken well in advance of taking up working piles. No working pile
would be allowed to be undertaken till satisfactory initial pile load tests have
been completed. Non- granting of permission for pile/ pile cap by Engineer in
such respect will not be considered as reason for delay or any claim thereof.
The test arrangement to be employed shall be of nature which is quick to
install and remove and easily transferable. However, for stations initial load
tests for all pile types have to be performed. Routine pile testing has to be as
per IS 2911-Part 4

viii The Contractor shall give the Engineer at least 48 hours’ notice of the
commencement of construction of these piles which are to be subjected to
Initial Tests.

ix The load tests shall not normally be conducted unless the concrete is at least
28 days old. However in special circumstances, permission can be given by
Engineer for prior testing.

x  All testing shall be done under the direction of experienced personnel
conversant with the equipment and the testing procedure.

xi  Before the commencement of the tests all the particulars regarding the test
pile including boring data and concrete cube strengths shall be made available
at site and shall form a part of the test report.

xii  On completion of each load test the Contractor shall submit a report of the
load test which shall include the following information.

a. Description of soil conditions, ground water table, actual boring and
installation records, concrete cube test results.

Method of load application

Load settlement readings during loading and unloading

Time load-settlement curve

All other observation relevant to the test being conducted.

®ao o

8.13 Integrity test
Two types of pile integrity tests will be performed:

a. Dynamic Integrity Test:
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The Dynamic Integrity test using pile driving analyser or approved equivalent
for pile integrity shall be performed on all the piles as specified below. The top
of the pile shall be made accessible, chipped off up to hard concrete, levelled
by trimming it back as far as practicable. The reinforcing bars of the piles
tested shall be bent sideways. The test shall be performed after removal of
bad/ weak concrete at top so that the wave propagation is steady through hard
concrete. The test shall be carried out at minimum 3 locations on each pile in
such a way that the entire cross section of the pile is evenly covered. The test
shall be conducted with a minimum age of concrete of 15 days. A specialist
approved agency shall be employed for the test and the tests shall generally
be as per recommendations of the agency unless directed by the Engineer. A
complete report indicating the graphical display of wave propagation under
eachhammer blow shall be submitted along with interpretation of results
showing discontinuities, cross-sectional changes or material changes if any
are to be co-related with Site data. 75% of total working piles shall be tested
by dynamic integrity test.

Cross hole Ultra-Sonic Integrity Test
The bored piles shall be tested to determine integrity of the pile by the above
method.

The tests shall be carried out with consented method and consented specialist
firm.25% of total working piles shall be tested for integrity by Cross hole ultra-
sonic method.

General

i. The integrity of each pile shall be examined prior to acceptance of the pile
into the Permanent Works.

ii. Atleast 30 days prior to the commencement of integrity test, the Contractor
shall submit the testing method, equipment, and testing
company(specialised firm) to the Employer's Representative for his
consent.

iii. The Contractor shall demonstrate how the results obtained from the tests
are to be interpreted in order that irregularities can be identified.

iv. The equipment of tests shall be certified with recent calibration/set up of
the instrument and with curriculum vitae of those using the instrument
and interpreting the result.

Criteria for acceptance

i. Criteria for acceptance or non-acceptance of the piles shall be
established before starting the test in agreement between the Employer's
Representative and the Contractor, based on specifications and
experience records from the equipment supplier and the specialized
company performing the testing, and other available information.

i. In cases where there is doubt if the pile can be accepted based on the
test results, an impartial expert appointed by the Employer's
Representative shall decide.

Installation of pipes for integrity testing Cross hole Ultra-sonic method

i. 4 nos. of 50 mm (OD) Mild Steel pipes shall be fastened to the inner
side of the reinforcement cage of all piles with diameter 1200mm or
below. Installation of these pipes shall be carried out for the entire
length of the pile. All the joints (if any) in the pipes shall be properly
sealed by suitable means so as to make them water tight. The bottom
and top of these pipes shall be plugged to prevent entry of mud, slush,
polymer slurry, concrete etc.. Spacing of these pipes shall be at 90° in
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piles with diameter of 1200mm or below. For 1500 mm and 2000 mm
diameter piles, 6 nos. of 50 mm (OD) pipes spaced at 60° shall be
used.

The mild steel pipes shall be supported and braced securely so that
they maintain their position during cage lowering and subsequent
concreting operations.

f. Testing

The Contractor shall carry out the tests by a specialized experienced
agency consented by the Employer's Representative for all bored
piles or as directed by the Employer's Representative.

Unless otherwise directed or consented by the Employer's
representative, integrity tests shall not be carried out until 7 days or
more have elapsed since pile casting. Testing shall be undertaken on
pile heads before steel reinforcement for pile caps is placed.

Once the testing is completed, the pipes shall be filled with standard
cement non-shrink mortar/grout before taking up the pile cap works.

iv. The testing shall be carried out in the presence of the Employer's
Representative.
g. Reporting

The Contractor shall submit to the Employer's Representative the test
results, associated interpretive report and certificate for each tested
pile within 10 days of the completion of each test.

The interpretation of test results shall be carried out by competent
specialist engineers.

h. Anomalies

If any anomalies, which indicate unacceptable weaknesses in the
concrete, are reported as a result of integrity testing, the Contractor
shall perform core drilling for sampling and laboratory testing to prove
whether the quality and bearing capacity of the concrete are adequate.
The program for necessary core drilling and testing shall be consented
by the Employer's Representative.

If such anomalies are shown to be detrimental to the performance of
the pile, remedial measures shall be consented by the Employer's
Representative and undertaken by the Contractor to rectify this.

No covering over of the piles shall occur until the Employer's
Representative is satisfied with the results of the testing and any
remedial works.

The contractor shall conduct trial probes and trial pits down to depths
decided by the Engineer with the objective of locating underground
utilities well in advance of the piling. The locations shall be decided by
the Engineer after consultation with the contractor.

Defective Piles:

The Engineer reserves the right to reject any pile which in his opinion has not
been constructed in accordance with the specifications.

The Contractor will not be paid for rejected piles. The increase in cost of the pile
caps, tie beams and other measures adopted for strengthening as a result of
rejection of defective piles shall be borne by the Contractor.
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As-Built Drawings:
On completion of the work, the Contractor will submit a plan showing the exact
location and length of each pile as constructed at site, as well as dates of concreting,
cube test results etc. The original tracing of this drawing shall be submitted to the
Engineer.

8.16 Pile Data:

The contractor shall submit data in the following proforma for each pile indicating all
technical details along with date and time of various operations in adequate
permanent forms/copies for record.

Proforma:
i)  Reference No. Location (Co-ordinates) __ area.
i)  Sequence of installation of piles in group
iii)  Pile diameter & type
iv)  Working level (Platform level)
v)  Cut off level (COL)
vi)  Actual length below COL
vii) Pile termination level
(a) Start of socket (Level)
(b) Termination of pile (Level):
viii) Top of finished concrete level
ix) Date and time of start and completion of boring
x)  Depth of ground water table in the vicinity.
xi) Type of rock at pile tip
xii) Method of boring operation
xiii) Details of stabilizing material as used:
xiv) (a) Unconfined Compression Strength (UCS) Value in rock (from the nearest
bore hole): Core recovery (from the nearest bore hole):
(b) Rate of drilling in mm / hr:
(1) At start of socketing horizon
(2) At termination level
xv) Date and time of start and completion of concreting.
xvi) Concrete quantity
Actual:
Theoretical:
xvii) Grade and slump of concrete
xviii) Results of test cubes

8.17 Measurement for Payment (Not applicable for Schedule B):

Contractor

The Contractor shall be paid for the length of each pile as measured from the
theoretical founding level (as per drawing) or as per actual whichever is less to the
point of the vertical cut-off level. The Contractor's rate shall include all items of work
including all temporary/permanent arrangements for boring including usage of polymer
slurry, concreting, handling, form-work, including chipping of top weak concrete,
cutting off the MS liner / casing as necessary, removal of excavated earth, chipped
concrete, casing / liners and polymer slurry away from site including its treatment &
final disposal, and all other items of work for the satisfactory completion of the pile
foundations. Reinforcement shall be measured and paid separately.

The quantity of permanent steel liners required for the job shall be measured in Metric
tonnes and paid for separately as per the relevant item of BOQ.
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The boring/drilling and socketing through hard rock strata shall be measured extra
over and paid for separately as per the relevant item of BOQ.
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Work Requirement (5.09: SHALLOW FOUNDATIONS)

S.09: SHALLOW FOUNDATIONS

General

The work shall cover furnishing and providing plain or reinforced concrete foundation
placed in open excavation, in accordance with the drawings and these Specifications or as
directed by the Engineer.

Shallow foundations shall be used where a suitable bearing stratum is found near the
surface without any highly compressible layers below and calculated settlements are within
acceptable limits.

A method statement indicating the following shall be submitted by the Contractor for
approval of the Engineer, well in advance of the commencement of construction of open
foundation :

i) Sources of materials

i) Design, erection and removal of formwork

iii) Production, transportation, laying and curing of concrete

iv) Personnel employed for execution and supervision

v) Tests and sampling procedures

vi) Equipment details

vii) Quality Management System to be adopted including Quality Manual

viii) Any other relevant information

Details of necessary arrangements for execution under water wherever necessary, shall
be included in the method statement.

Dimensions, lines and levels shall be set out and checked with respect to permanent
reference lines and permanent benchmark so that the foundations are located correctly
and in accordance with the drawings.

Formwork, steel reinforcement and structural concrete for open foundations shall conform
to S.02, S.05 and S.030f Section-VII-F respectively of these Specifications.

Workmanship

Preparation of Foundations

Excavation for laying the foundation shall be carried out in accordance with S.02 of
Section-VII-F of these Specifications. The last 300 mm of excavation shall be done just
before laying of lean concrete below foundation. Excavation shall be made only to the
exact depth as shown on the drawing or as approved by the Engineer.

Open foundations shall be constructed in dry conditions and the Contractor shall provide
for adequate dewatering arrangements, wherever required, to the satisfaction of the
Engineer.

Open foundations should be located on the firm ground having stable strata of having SBC
as per drawing or as specified by the Engineer. The strata shall be well compacted before
levelling course and foundations are laid on the levelling. In case foundations resting on
rock, no foundation shall be laid on sloping rock. The rock shall be made level for the width
of the foundation before levelling course is laid. Before seating on the rock, bearing
capacity of the rock shall be assessed properly, and safe bearing capacity assessed in the
designs is to be confirmed.

In case of Open foundation resting on rock, seating of the rock shall be achieved by
providing adequate no. of anchorage bars drilled to the required depth in the rock or as
directed by Engineer-In-Charge. Cost of the same is deemed to be included in the contract
price and nothing extra shall be payable to the contractor in this regard.

Setting Out
The plan dimensions of the foundation shall be set out at the bottom of foundation trench
and checked with respect to original reference line and axis.
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9.3.

9.4.

9.5.

9.6.

Work Requirement (5.09: SHALLOW FOUNDATIONS)

Construction

i. For foundation resting on soil, a layer of M15 concrete of minimum thickness 100 mm
shall be provided above the natural ground to provide an even surface to support the
foundation concrete. Before laying of lean concrete layer, the earth surface shall be
cleaned of all loose material and wetted. Care shall be taken to avoid muddy surface.
If any part of the surface has become muddy due to over-wetting, the same shall be
removed. If required, the M15 concrete may be laid to a thickness of more than 100
mm, as per the direction of the Engineer. For foundations resting on rock, the rock
surface shall be cleaned of any loose material and then levelled with a layer of
concrete of the same grade as that of the foundation, so as to provide an even
surface.

i. No point of the surface of the lean concrete, in the case of foundation on soil or the
surface of hard rock, in the case of foundation on hard rock, shall be higher than the
founding level shown on the drawing or as ordered by the Engineer. Levels of the
surface shall be taken at intervals of not more than 3 meters centre-to-centre in each
direction, subject to a minimum of nine levels on the surface.

iii. Foundation Concreting to be done as per specified in the S.03 of Section-VII-F of
these specifications. The concrete surface shall be finished smooth with a trowel.

iv. Open foundations shall be laid dry. Where dewatering is necessary for laying of
concrete, it shall be carried out adopting any one of the following methods or any
other method, approved by the Engineer.

v. All spaces excavated and not occupied by the foundations or other permanent works
shall be refilled with sand or approved suitable material up to surface. surrounding
ground with sufficient allowance for settlement. All backfill shall be thoroughly
compacted and in general, its top surface shall be neatly graded. Backfilling shall be
in accordance with S.02 of Section-VII-F of these Specifications.

Tests and Standards of Acceptance

The materials shall be tested in accordance with these Specifications and shall meet
prescribed criteria.

The work shall conform to these Specifications and shall meet the prescribed standards of
acceptance.

Test Bore shall be done at each Pier Location, or as approved by the Engineer-In-Charge,
as per IS 1892 for determining strata of the sub-soil for Open Foundation. Standard
Penetration Test (SPT), as per IS 2131, in a bore hole shall be conducted at 1.0 m
intervals in the overburden soil and rock portion having core recovery < 30%.

Contractor shall conform bearing capacity and settlement for shallow foundation at each
foundation location via SPT/Plate Load Test. Contractor shall conduct at-least one Plate
Load Test for each type of shallow Foundation. Nothing extra shall be payable to the
contractor on this regard.

Tolerances

a) Variation in dimensions :+50mm, -10mm
b) Misplacement from specified position in plan :15mm

c) Surface unevenness measured with 3 m straight edge :5mm

d) Variation of levels at the top :+25mm

Measurement (applicable to the BOQ schedules)

Excavation in foundation shall not be payable, rates of the same is deemed to be included
in th