Tender Document for Works

(Two-Envelope Tendering Process Without Prequalification)

Procurement of:

C-4: Composite Contract package in connection with New BG Railway
Line of HORC project for:

(i) Design & Construction of Twin Tunnel using NATM and Cut & Cover
method from km24.880 to km 29.580.

(ii) Design & Installation of Ballastless Track (excluding supply of
rails) from km 24.856 to km29.680;

(iif)Detailed Design, Supply, Installation, Testing & Commissioning of
General Electrical Services including Supply, Erection, Testing and
Commissioning of 11kV HT/LT Power and Control Cable Network,
GIS Substation (11/0.433) kVA , Tunnel lighting system etc. from km
24.880 to km 29.680.

(iv)Design & Construction of Embankment, Bridges and other
miscellaneous works from Ch. km 12.00 to Ch. km 18.00.
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https://drive.google.com/u/1/settings/storage?hl=en&utm_medium=web&utm_source=gmail&utm_campaign=storage_meter&utm_content=storage_normal
https://drive.google.com/u/1/settings/storage?hl=en&utm_medium=web&utm_source=gmail&utm_campaign=storage_meter&utm_content=storage_normal

Summary
Specific Procurement Notice (SPN)

PART 1 - TENDERING PROCEDURES

Section | - Instructions to Tenderers (ITT)
Section Il - Tender Data Sheet (TDS)
Section Ill -  Evaluation and Qualification Criteria

Section IV - Tender Forms
Section V - Eligible Countries
Section VI - Prohibited Practices

PART 2 - EMPLOYERS’ REQUIREMENTS

Section VII — Employer’s Requirements

PART 3 - CONDITIONS OF CONTRACT AND CONTRACT FORMS
Section VIII - General Conditions of Contract (GCC)

Section IX - Particular Conditions of Contract (PCC)

Section X - Contract Forms
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PART 2 — Employer’s Requirements

Summary Table

Section VII-1: General

Section VII-2: Functional (Civil and BLT)

Section VII-3: Design (Civil)

Section VII-4: Construction (Civil)

Section VII-5: Outline Design Specifications (ODS)- Civil and BLT
Section V1I-6: Outline Construction Specifications (OCS)-Civil and BLT
Section VII-7: General Electrical Services

Section VII-8: Tender drawings and documents

Section VII-9: Appendices
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Section VI1I-1: Employer’s Requirements— General

Section VII: Employer’s Requirements

Section VII-1: GENERAL
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1.2

EMPLOYER'S REQUIREMENTS - GENERAL
Project Profile and Background.

General

State of Haryana is strategically located bordering the National capital of Delhi. NCT, Delhi
shares three fourth of its border with Haryana alone and remaining with Uttar Pradesh. The
development of Haryana region, bordering Delhi is very important for balanced growth of
NCR as it acts as buffer zone against rampant migration and other support infrastructure. At
present on account of growth of Metro network in Delhi & NCR, there is radial movement
of commuters to and from, Delhi being in centre. This “Hub and Spoke” traffic planning has
resulted in rapid growth of Noida, Greater Noida, Faridabad and Gurugram. However, for
hub and spoke concept to sustain it is necessary to link the ends of spoke by ring
connectivity. There will be natural demand for commuter movement within these towns like
Gurugram, Faridabad, Ballabhgarh, Palwal, Sohna, Manesar etc. Peripheral roads have been
commissioned recently, linking these towns around Delhi but Rail link provides economical,
sustainable, eco-friendly and bulk freight transport option. The peripheral Rail link will also
help in growth of other cities within the same distance from Delhi like Sonipat, Panipat, and
Rohtak. Western DFC originating from Dadri station is passing through Asaoti Station on
Delhi- Mathura route, providing connectivity to Haryana Orbital Rail Corridor (HORC).
This will also help in easing the pressure on the transport network of Delhi as some of the
commuter traffic moving on the radials will get shifted to HORC. Apart from passenger
traffic, substantial amount of freight traffic, which is entering the Delhi area of rail network
but is not meant to be consumed in Delhi, will also get diverted via this corridor. Apart from
this, there are major goods sheds in the heart of Delhi causing endless avoidable traffic jams.
The goods sheds in west Delhi are Azadpur, Shakurbasti, Dayabasti, Sabzi Mandi which are
located on prime commercial land and are black spots of the urban planning. Previously
moving out commercial activity to other states had interstate taxation issues but now with
GST in place, there is no reason of not shifting these activities to the peripheral region. In
any case, if freight traffic movement through Delhi is restricted, then these goods sheds or
alternatives will be serviced via the proposed HORC. Haryana Orbital Rail Corridor
(HORC) from Palwal to Sonipat Via Sohna, Manesar, Kharkhoda and Harsana Kalan is to
be constructed as an Electrified (1X25kV AC-50Hz) double line track, capable of operating
at a maximum train speed of 160 kmph.

Forest and Environmental Clearance

It is mentioned that for railway projects no prior environmental clearance is required as per
Environment Impact Assessment (EIA) Notification, 2006. Further, the Forest
(Conservation) Act, 1980 is not applicable to the Project in terms of Ministry of
Environment, Forest and Climate Change (MoEFCC’s) OM No.11-37/2016 FC dated
10.03.2022. However, certain part of the Project falls in specified area of Aravalli range.
The clearance for specified area of Aravalli range is under process and is likely to be
obtained before the award of contract.

DEFINITIONS AND INTERPRETATIONS

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

. “Availability” shall mean the probability that an item will be in a state to perform
a required function under given conditions at a given instant or over a given time
interval assuming that the required external resources are provided.
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“As-Built Drawings” means those drawings produced by the Contractor and
endorsed by its true records of construction of the Permanent Works and which have
been given a consent from the Engineer.

“As-Built Documents” mean the set of drawings and documents which are a true
record of the construction of the Permanent Works prepared by the Contractor.

“CAD Standards” means requirements for CAD, as specified in the Appendix 9 of
Employer’s Requirements.

“Charted Utilities” mean identified Utilities listed in Employer’s Requirements-
Tender Drawings and Documents, which may be affected by the execution of the
Works under the Contract.

“Cold Joint” means a joint or discontinuity formed when a concrete surface
hardens before the next batch is placed against it, characterised by poor bond unless
necessary procedures are observed.

“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 the Employer's Requirements
- General.

"Construction Reference Drawings': means those drawings referred in the
Employer's Requirements - Design in respect of which a Notice has been issued.

"Construction Reference Drawings Submission': means the submission of
Construction Reference Drawings representing elements of the Permanent Works
and for which the Contractor seeks a Notice.

“Contract Spares” means any Spare Parts recommended by the Contractor for the
operation and maintenance of the Permanent Works following the Taking Over of
the Works.

“Contractor’s Project Plan” means the plan to provide a clear overview of the
Contractor’s organisation, management systems and the methods to be used for the
execution and completion of the Works

“Controlled Blasting” means a method of blasting which is aimed at reducing
vibration and noise due to blasting.

“Construction/Installation and/or Manufacture Documents” means the
document which contain all drawings, calculations, computer software, samples,
patterns, models, operation / maintenance manuals and other information to be
submitted by the Contractor and approved by the Engineer.
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“Consumables” means those parts that are not repairable and usually have a
relatively short life span.

“Critical Path Method” means a schedule network analysis technique used to
determine the amount of scheduling flexibility (the amount of float) on various
logical network paths in the project schedule network, and to determine the
minimum total project duration.

"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 Criteria”: means the criteria defined in Employer’s Requirements-Design
and Outline Design Specifications.

"Design Manual™: means the manual to be prepared and submitted by The
Contractor as part of the Definitive Design and as described in the Employer's
Requirements - Design.

“DN Line” means the down line of the HORC double line track route from Sonipat
to Palwal.

“Final Design”: has the meaning identified in the Employer’s Requirements —
Design.

"Fixed 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.

“Good For Construction Drawings (GFC)”: Construction Reference Drawings
or Working Drawings which have received Notice from the Engineer, shall be
endorsed as “Good For Construction Drawings” and will be issued to the Site.
Execution of work shall be carried out only as per drawings which have been
endorsed as GFC.

“Interface Management Plan” means the plan for all interface issues that may
arise during the design, construction, testing and commissioning of the Works, in
consultation with the Interfacing Contractors/ Interfacing Parties and the Engineer.

“Isolation” means isolating and earthing of the electrical equipment, by
disconnection of the respective section from all incoming sources of electricity
supply and also outgoing connections.

“Independent Laboratory” means a laboratory, submitted by the Contractor to the
Engineer for approval, that is free from outside control and not subject to direct or
indirect influence or authority of the Employer, the Engineer, or the Contractor

“Inspection and Test Plan” means a document that states inspection and testing
requirements and actions provisioned for the Works, related process, Plant, or
Materials. It is used to control, check, monitor and record; testing procedures that
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are required for quality assurance and to achieve the agreed quality requirements for
the Works.

. “Installation Tests” means the tests to be performed to verify the conformity of
completion of an installation/assembly to the design documents approved by the
Engineer prior to the start of Commissioning, and they must be successfully
completed before the Tests on Completion.

. “Interface Coordinator” means the person who has the responsibility, and
authority with substantial experience to resolve interface matters to the satisfaction
of the Engineer and provide the necessary support team for the Interface
Management System as specified in Appendix 5

. “Interfacing Contractor” means the Contractor engaged by the Employer or other
agencies having an interface issue with the Contractor for the Works.

. “Interfacing Parties” comprises the interfacing contractors / consultants / service
providers, who are engaged in part of the works, relevant authorities and public
utility agency.

. “Interface Table” means the table that describes the relationships between the
Contractor and Interfacing Contractors / Interfacing Parties and their roles and
responsibilities is a key document.

. “Kick-Off Meeting” means the meeting held by the Engineer to formally notify
all parties concerned under the Contract that the project has commenced and to
ensure that every party has a common understanding of their role from the
Commencement Date up until issuance of the Performance Certificate.

. “Maintainability” means a characteristic expressed as the probability that an item
will be retained in or restored to a specified condition within a given period, when
the maintenance is performed in accordance with prescribed procedures and
resources.

. “Maintenance Manuals” means the manuals providing detailed instructions for the
maintenance of infrastructure and maintenance facilities.

. “Method Statement” means a document that states the way a particular work, task,
or process along with various associated aspects such as quality, safety, environment
protection, time and resources; are planned to be directly controlled by the
Contractor or its Subcontractor.

. “Monthly Progress Meeting” means the meeting specified under Appendix 7 of
the Employer’s Requirements.

. “Monthly Progress Report” means the report that the Contractor shall prepare and
submit to the Engineer.
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“Nonconformity Report” means a report documenting non-fulfilment of a
requirement, with objective evidence, the location and time of occurrence or
detection, and provision for its proper resolution by the concerned responsible.

""Notice': means a Notice of No Objection.

“Notice of Objection” means a category of Engineer’s response, issued by the
Engineer to the Contractor.

“Not Reviewed” means a category of Engineer’s response, issued by the Engineer
to the Contractor.

“On-Site Laboratory” means Contractor’s own laboratory submitted by the
Contractor to the Engineer for approval as specified in Appendix 12 of the
Employer’s Requirements.

“Operation and Maintenance Manuals (O&M Manuals)” means the manual that
will be indicating the provisions which are required for maintenance of various
assets created under the Contract by the Employer under their operation phase.

“Priority Section” means the section from Km 49.7 to Km 55.6 of HORC Main
line and connectivity line from Manesar station on HORC and Patli station on Delhi-
Rewari section of Indian Railway Network.

“Programme Analysis Report” means the report submitted to the Engineer that
shall, in narrative format, describe the basis and assumptions used to develop each
programme.

“Project” means the project named as “Haryana Orbital Rail Corridor (HORC)”.

“Project Management Plan” refers to the plan that will be established by the
Contractor for the management of activities related to design, procurement,
manufacture, execution/construction, delivery, installation, testing and
commissioning.

“Project Management Information System” means a document, information and
communication technology system (platform) that is to be implemented by the
Contractor so that the management of information between the Contractor, the
Employer and the Engineer is efficient, reliable, and secure.

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

“Indian Railway” means the rail tracks of the Indian Railway and any ancillary
areas of Indian Railway such as the depots, sidings, stations, terminus, traction
power stations, etc.

“Request for Inspection” means the form used to give notice by the Contractor to
the Engineer.
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“Railway Representative” means a person, or persons, nominated by the Employer
/ Engineer to liaise with the Contractor and the Engineer on matters affecting the
operation of Indian Railway.

“Restriction” means speed restriction, which is a limitation of the normal permitted
speed of rail traffic over a specified length of the Railway.

“Tender Drawings and Documents” means the drawings and documents prepared
by the Employer for reference purposes only and included in the Tender Documents.

“Reliability” means the probability that an item/equipment/system can perform a
required function under given conditions for a given time interval.

“Routine Test” means the test which is required to perform or undergo on each
Plant, Contractor’s Equipment and Materials during or after manufacture to
ascertain that it complies with specified criteria.

“Right of Way” means the land area of the Project, either acquired by the Employer
or for which the Employer has the permission of the Stakeholder to construct the
embankment & bridges, etc. over their area.

“Environmental, Social, Health and Safety Management Plan” means the plan
in accordance with the requirements of Appendix 13 of the Employer’s
Requirements.

“Safety” freedom from unacceptable risk of harm.

“Safety Integrity Level” One of a number of defined discrete levels for specifying
the safety integrity requirements of the safety functions to be allocated to the safety
related systems. Safety Integrity Level with the highest figure has the highest level
of safety integrity.

“Safety-Critical” means failure of the system, sub-system or equipment that
directly leads to a situation with the potential to cause harm, injury, damage to
property, plant or equipment, damage to the environment, or economic loss.

“Smooth Blasting” means a type of controlled blasting which achieves minimum
rock damage and a smooth surface. This is achieved by drilling a line of closely
spaced parallel holes along the excavation surface with a suitable burden/spacing
ratio, loading all the holes lightly with an appropriate amount of explosive and
detonating all these charges simultaneously after the detonation of main production
blast.

“Software Related Items” comprises (but not limited to) erasable programmable
read only memory (EPROM), digital versatile disc (DVD), other related items
which are the most updated items used in relation to the Works, and those to be
supplied by Subcontractors of any tiers

“Site Offices” means Site Office for Employer's/Engineer’s Personnel constructed
by the Contractor.
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. “Spare Parts” means those parts which are generally repairable and have normally
a service life of several years.

. ""Specification™: has the meaning identified in the Employer's Requirements -
General.
. “Sub-system” Each system comprises of sub systems. Signalling System comprise

sub systems of Electronic Interlocking System, Train Detection System, Point
Operation System, Absolute Block Working with BPAC, Power Supply System etc.
Telecommunication System comprise sub systems of Optical Fiber Communication
System, Quad cable system, Data Networking System, Telephone System,
Emergency Communication System, VHF Communication System, Master Clock
System, Integrated train platform announcement and display system and 48 volt DC
Battery Backup System etc.

. “Temporary Benchmarks (TBM)” means the benchmarks provided by the
Employer, used to locate & confirm the Right of Way (ROW) and its co-ordinates
including levels.

. “Three Months Rolling Programme” means the programme which the Contractor
shall prepare and update monthly as per Appendix 6 of the Employer’s
Requirements.

. “Three Weeks Rolling Programme” means the programme which the Contractor
shall prepare and update weekly per Appendix 6 of the Employer’s Requirements.

. “Time Bar Chart”, known as “Gantt Chart” too is a type of bar chart which
illustrates a project schedule. i.e. the start and finish dates of the activities and
summary elements of a project

. “Uncharted Utilities” mean Utilities other than Charted Utilities which are
identified during a survey conducted by the Contractor or encountered during
excavation/ other works.

. “UP Line” means the up line of the HORC double line track route from Palwal to
Sonipat.
. “Utilities” means the electricity, lighting, traffic control, telephone and/or

communication cables, gas, water, sewage and drainage pipes, including all
associated protection, supports, ancillary structures, fittings and equipment.

. “Working Drawing” means additional drawings developed by the Contractor as
necessary to supplement the Construction Reference Drawings and to specify
additional details and procedures for construction of the Works, such as shop
drawings, fabrication drawings, erection drawings, Temporary Works drawings, bar
bending schedules, bar reference drawings, embankment/cutting cross sections. All
such drawings shall comply with the requirements of the Contract.

. “Works Programme” means the time-scaled and resource-loaded critical path
network, updated from time to time in accordance with the General Conditions of
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Contract and Employer’s Requirements, depicting activities, durations, sequences
and interrelationships that represent the Contractor’s work plan, work breakdown,
schedule structure for constructing and completing the Works, distributed over the
Time for Completion of the Contract.

. Abbreviations
AC
ACB
AllB
ALARP
ASLI
BG
BIS
BLT
BOCW
BS
CAD
CCTV
CD
CIF
CIP
CP
CPCB
CPM
CRS
CSD
CTC
CcVv

D&B

Tender No. HORC/HRIDC/C-4/2022

Alternating Current

Air Circuit Breaker

Asian Infrastructure Investment Bank
As Low As Reasonably Practicable
Automatic Safe Load Indicator
Broad Gauge

Bureau Of Indian Standards
Ballastless Track

Building Or Other Construction Work
British Standards

Computer Aided Design

Closed Circuit Television

Compact Disc

Cost, Insurance And Freight
Co-Ordinated Installation Plan
Contract Package

Centre Pollution Control Board
Critical Path Method
Commissioner Of Railway Safety
Combined Service Drawings
Centralized Traffic Control
Curriculum Vitae

Drill And Blast



Section VII-1: Employer’s Requirements— General

DB

DB

DC
DCN
DDF
DFC

DFCCIL

DG
DGPS
DIN
DL
DNP
DP
DPI
DPR
DSS
DT
DTN
DVvD
DVT
E&M
EIA
ELCB
EMC
EMI

EPROM
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Decibel

Distribution Box

Direct Current

Design Change Notice
Digital Distribution Frame

Dedicated Freight Corridor

Dedicated Freight Corridor Corporation of

India Limited

Diesel Generator

Differential Global Positioning System

Deutsche Industrial Norms
Double Line

Defects Notification Period
Detection Point

Dots Per Inch

Daily Progress Report
Distribution Substation

Down Time

Data Transmission Network
Digital Versatile Disc

Design Verification Table
Electrical & Mechanical
Environmental Impact Assessment
Earth Leakage Circuit Breaker
Electro Magnetic Compatibility
Electro Magnetic Interference

Erasable Programmable Read Only
Memory
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ERP
ESHS
FAT
FCN
FFL
FL

FMECA

FRACAS

FTA
GAD
GCC
GE
GFL
GIS
GL
GNSS
GOl
GPR
GPS
GRC
GRM
GS

GSM-R

HDPE
HFL

HORC
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Enterprise Resource Planning
Environmental, Social, Health and Safety
Factory Acceptance Test(S)

Field Change Notice

Finished Floor Level

Formation Level

Failure Modes Effect and Criticality
Analysis

Failure Report and Corrective Action
System

Fault Tree Analysis

General Arrangement Drawing
General Conditions Of Contract
Geotechnical Engineering
Ground Floor Level
Geographical Information System
Ground Level

Global Navigation Satellite System
Government Of India

Ground Penetrating Radar
Global Positioning System
Grievance Redress Committee
Grievance Redress Mechanism
General Specifications

Global System For Mobile Communication
- Railway

High Density Polyethylene
Highest Flood Level

Haryana Orbital Rail Corridor
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HP/BHP
HT
HTML
HV
HVAC
Hz
IC
ICD
ID

IEC

IHA

IISWBM

IMD
IMP
INR
IP
IPS
IR

IRC

ITP
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Horse Power / Brake Horse Power

High Tension

Hyper Text Markup Language

High Voltage

Heating, Ventilation And Air Conditioning
Hertz

Integrated Circuit

Interface Co-Ordination Document
Identification

International Electro — Technical
Commission

Interface Hazard Analysis

Indian Institute Of Social Welfare &
Business Management

Integrated Maintenance Depot
Interface Management Plan
Indian Rupee

Point Of Intersection
Integrated Power Supply
Indian Railways

Indian Road Congress
Insulated Rail Joints

Indian Railway Standards
Indian Railway Signal Engineering Manual
Indian Standards

International Organization For
Standardization

Information Technology

Inspection And Test Plan
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ITT
KM /
KM

KV
LAN
LCD
LCX
LED
LRU

LT

LV
LWL

MC
MCB/LV
MCCB
MCIL
MDR
MMI
MOR
MPR
MQR
MS
MSDS
MSL
MTBF

MTBSAF

MTTR

MTTR
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Instruction To Tenderers
Kilo meter

Kilo Volt

Local Area Network
Liquid Crystal Display
Leaky Coaxial Cable
Light Emitting Diode
Line Replaceable Units
Low Tension

Low Voltage

Lowest Water Level

Municipal Corporation

Miniature Circuit Breaker / Low Voltage

Moulded Case Circuit Breaker
Maintainability Critical Items List
Major District Roads

Man Machine Interface
Ministry Of Railway

Monthly Progress Report
Monthly Quality Report
Method Statement

Material Safety Data Sheet
Mean Sea Level

Mean Time Between Failure

Mean Time Between Service Affecting
Failure

Mean Time To Repair

Mean Time To Restore
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NABL

NATM
NCR
NFPA
NGO
NH
NHAI
NOC
NONO
NONOC
NOO
NR
Oo&M
O&SHA
OCS
ODBC
ODF
ODR
OEM
OFC
OHE
OHSAS

OHTL
OPM
PCC

PDF
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National Accreditation Board For Testing
And Calibration Laboratories

New Austrian Tunnelling Method
Nonconformity Report

National Fire Protection Association
Non-Governmental Organization
National Highway

National Highway Authority Of India
No Objection Certificate

Notice Of No Objection

Notice Of No Objection With Comments
Notice Of Objection

Not Reviewed

Operation And Maintenance

Operating And Support Hazard Analysis
Overhead Catenary System

Open Data Base Connectivity

Optical Equipment Manufacturer
Other District Roads

Original Equipment Manufacturer
Optical Fibre Cable

Over Head Electrification

Occupational Health And Safety
Assessment Series

Over Head Transmission Lines
Other Preventive Measures
Particular Conditions Of Contract

Portable Document Format
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PHA Preliminary Hazard Analysis
PMIS Project Management Information System
PPE Personal Protective Equipment
PR Public Relation
PS Particular Specifications
PVC Polyvinyl Chloride
PWD Public Works Department
QA : Quality Assurance
RAMS Reliability, Availability, Maintainability
And Safety
RAP Resettlement Action Plan
RBD Reliability Block Diagram
RC Reinforced Concrete
RCC Reinforced Cement Concrete
RCIL Reliability Critical Item List
RDSO Research Designs And Standards
Organization
RDT Reliability Demonstration Testing
RFI Request For Inspection
RFO Rail Fly Over
RINL Rashtriya Ispat Nigam Limited
RL Rail Level
ROB Road Over Bridge
ROCS Rigid Overhead Conductor System
ROM Read Only Memory
ROW Right Of Way
RUB Road Under Bridge
S&T

Signalling And Telecommunication
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SAIL
SAT
SCADA
SCC
SCIL
SER
SH
SI
SIL
SL
SM
SOD
SP
SRR
SRS
SSHA
SSP
SWR
TCAS
TCP
TER
TMS
TOT
TSS
UG
UPS

USB
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Steel Authority Of India Limited
System Acceptance Test(S)
Supervisory Control And Data Acquisition
Sectional Control Centre

Safety Critical Items List
Signalling Equipment Room

State Highway

International System Of Units
Safety Integrity Level

Single Line

Station Master

Schedule Of Dimensions
Sectioning Post

Submission Review Request
System Requirement Specifications
Subsystem Hazard Analysis
Sub-Sectioning Post

Station Working Rules

Train Collision Avoidance System
Traffic Control Plan
Telecommunication Equipment Room
Train Management System
Transfer Of Technology

Traction Substation

Under Ground

Uninterrupted Power Supply

Universal Serial Bus
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UTM Universal Transverse Mercator

vDhU Video Display Unit

VHF Very High Frequency

VN Variation Notice

WGS84 World Geodetic System 84

WHO World Health Organization
WQMP Works Quality Management Plan
XLPE

Cross Linked Polyethylene

RELEVANT DOCUMENTS

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.

Notwithstanding the precedence specified above the Contractor shall always immediately
seek advice from the Engineer in the event of conflicts between Specifications.

In case of conflict in Design Criteria in various Sub-Sections of Section VII, Employer’s
Requirements the order of precedence shall be as follows:

CIVIL &BLT

Outline Design Specifications (ODS)-Civil & BLT
Outline Construction Specification (OCS)-Civil & BLT

iii. Tender Drawings

iv. Functional, Design, Construction, General
v. Appendices
vi. Indian and other International Standards referenced herein.
vii. Indian and other International Standards.
ELECTRICAL
I. Particular Specifications (PS)-General Electrical Services
ii. General Specifications
iii. Tender Drawings
iv. General
v. Appendices
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PHASES (DESIGN AND CONSTRUCTION)

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

b) The Design Phase shall commence upon the date of Letter of Acceptance (LOA). This
phase shall include the preparation and submission of:

i. the Preliminary Design,
ii. the Definitive Design;
iii. the Construction Reference Drawings.

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

c) The requirements for the Preliminary Design, Definitive Design and Construction
Reference Drawings are stated in Clause 2 of the Employer's Requirements -Design.

d) 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 Construction Reference Drawings Submission. Such Notice may be issued by
the Engineer in respect of a Construction Reference Drawing Submission covering a
major and distinctive part of the Permanent Works. However, construction shall not be
commenced until the appropriate Working Drawings have been endorsed:

I. by the Contractor as "Good for Construction™; and
ii. 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.

e) Notwithstanding Clause 4 b (iv) above, for those elements identified under Sub-Clause
2.5 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.

f) The Contractor shall furnish Contractor’s Warranty in the format approved by the
Employer given in Section X — Contract Forms.

SPECIFICATIONS

In accordance with the provisions of these Employer's Requirements (Section VII-1 to
Section VII1-9), 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.

SPECIFICATIONS IN METRIC AND IMPERIAL UNITS

a) The Contract shall utilise the SI system of units. Codes and Standards in imperial units
shall not be used unless the Engineer has given his consent.

b) Conversion between metric units and imperial units shall be in accordance with the
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7.

8.

10

relevant Indian Standards.

WORKS PROGRAMME

a)
b)

d)

The Key Dates are defined in Appendix 2 to these Employer's Requirements.

The Contractor shall prepare and submit its Works Programme and three-month rolling
programmes and the detailed requirements contained in Appendix 6 to these Employer's
Requirements.

In compiling its Works Programme and in all subsequent updating and reporting, the
Contractor shall make provision for the time required for co-ordinating 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 Interfacing Contractors, the review procedures, determining and
complying with the requirements of all Government Departments and all others whose
consent, permissions, authority or licence is required prior to the execution of any work.

The Works Programme shall take full account of the Design Submission Programme.

MONITORING OF PROGRESS

a)

b)

f)

Project Monitoring shall be done by Integrated Project Monitoring Software (IPMS).
The contractor has to prepare Primavera P6 schedule as per the Programme
Requirements provided in Appendix 6.

The Contractor shall submit to the Engineer three copies (along with an additional copy
in digital format) of a Monthly Progress Report (MPR), as described in Appendix 7 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.

The MPR shall be submitted by the end of each calendar month. It shall account for all
works actually performed in the current month.

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.

A monthly meeting to monitor & review the progress of the project shall be convened
by the Engineer. Contractor’s site Representative & Designer Representative of
Contractor and site representative of all Interfacing Contractors shall also attend the
meeting. The Employer may also be present in the meeting.

The Engineer or Employer may also conduct progress review meetings and Interface
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.

QUALITY ASSURANCE

The Contractor shall establish and maintain a Quality Assurance System in accordance with
Appendix 11 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.

SOFTWARE SUPPORT
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10.1 GENERAL

a) The Contractor shall provide full support to the Engineer for all computer programs
provided by the Contractor under the Contract.

b) The Contractor shall submit a software support plan at least 90 days before
commencement of software installation. This plan shall require the Contractor to
provide all changes, bug fixes, updates, modifications, amendments, and new versions
of the program as required by the Engineer.

c) The Contractor shall provide all tools, equipment, manuals and training necessary for
the Employer / Engineer to maintain and re-configure all the software provided under
the Contract.

d) The Contractor shall submit all new versions to the Engineer for review at least 2 weeks
prior to their installation. New Versions of any program shall not result in any non-
conformance with the Specification or degrade the operation of the System. The
Contractor shall:

i. Ensure that all new versions are fully tested and validated on the simulation and
development system prior to installation.

ii.  Ensure that all new versions are fully tested and commissioned once installed on the
Site.

iii. Deliver to the Employer/Engineer any new version, together with the updated
Operation and Maintenance Manuals.

e) The Engineer shall not be obliged to use any new version and that shall not relieve the
Contractor of any of its obligations. Any effect upon the performance or operation of
the computer-controlled system that may be caused by a new version shall be brought
to the Engineer attention including updating the files to suit new version.

10.2 IMPLEMENTATION OF SOFTWARE BASED BILLING & PROJECT
MANAGEMENT SYSTEMS

The contractor shall perform all billing processes through the software-based billing system
as and when introduced by HORC. The Contractor shall also introduce appropriate Project
Management Systems during the project execution phase.

10.3 ERROR CORRECTION

a) When a fault is discovered within delivered software or documentation, the
Contractor shall take necessary steps to rectify errors or faults at the earliest.

b)  The Contractor shall provide written details as to the nature of the proposed
correction to the Engineer.

c)  The Contractor shall notify the Employer promptly of any fixes or patches that are
available to correct or patch faults.

d)  The Contractor shall detail any effect such fixes or patches are expected to have, upon
the applications.

10.4 TRAINING

The Contractor shall provide training for the Employer’s/Engineer’s staff to enable the
Employer/Engineer to make proper use of any software and its new versions. In case
Contractor fails or unable to provide training, the Engineer may ask for proposal.
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11.
111

CO-ORDINATION WITH INTERFACTING CONTRACTORS
General

b)

d)

a)

The Contractor is responsible for detailed co-ordination of his design and
construction activities with Interfacing Contractors. Such co-ordination
responsibilities of the Contractor shall include the following:

I.  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.

ii.  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).

iii.  To obtain from the Interfacing Contractors information reasonably
required to enable the Contractor to meet the design submission dates as
identified in Appendix 2.

iv.  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.

v.  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.

vi. 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 the Engineer
no later than two (2) calendar days from the date of such correspondence and
meetings.

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.

Where an Interfacing Contract is yet to be awarded the Contractor shall proceed with
the co-ordination 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 co-ordination.

The cut-off dates to be identified in the IMP are the latest dates. Any claim of
additional costs by the Interfacing Contractors as a result of the Contractor’s failure
in adhering to these dates shall be borne by the Contractor. The Contractor shall note
that the information exchange is an iterative process requiring the exchange and
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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.

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 of Employer in general. Such work shall be subject to the rules and
regulations imposed by the Employer.

11.2 Design & Construction Interface

a)

b)

The dates shown in Employer’s Requirements Appendix 2 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 whether because the Interfacing
Contractor(s) have not been identified or for whatever reason, the Contractor shall
liase with such Interfacing Contractor/s as soon as they have been awarded.

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.

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.

11.3 Construction Interface

a)

b)

Construction interface will be necessary throughout the duration of the Works
commencing from the time the Contractor mobilises 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,
plinths, ducts, service buildings, 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.
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12. SURVEY AND SITE INVESTIGATIONS

a)
b)

c)

a)

b)

d)

The datum used for the Contract shall be Mean Sea Level Datum

The Contractor shall carry out all further site investigations (such as detailed utility
identification, detailed geo technical investigation etc.) necessary for the design of
the Permanent Works and to enable the determination of the methods of construction
and the nature, extent and design of the Temporary Works.

The Contractor shall carry out geotechnical investigation using conventional method
of boreholes and geo-physical methods for the entire alignment.

CLIMATIC CONDITIONS

The entire section of HORC with connecting IR Station is situated in the state of
Haryana. During summer months the temperature can be as high as 45°C with a high
level of humidity, nights can be relatively cool with temperatures dipping to 30°C.
Torrential rains and high humidity accompany the monsoon in late June to early
September. In the winter months temperatures can vary from a high of 21°C during
day to a low of 2°C during night.

The information given above is only indicative. The contractor shall obtain detailed
climatic data in respect of minimum & maximum temperatures, rain, relative
humidity, sunshine, and wind velocity/pressure etc. from “India Meteorological
Department publications” and the same shall be taken into account by the Contractor
when designing any part of the Permanent Works. The Contractor shall ensure that
due allowance is made for more severe local conditions when Permanent Works are
required to operate, for example, with restricted ventilation that may lead to higher
local ambient temperatures, and any other factors that may affect the operating
environment in any way.

Unless specific figures are provided elsewhere, the Permanent Works will generally
be required to function at its rated value with the values of ambient temperature and
relative humidity appropriate to the location of the equipment within the
classifications shown in Table given below. Certain parts of the Permanent Works
may need to be rated for more or less onerous conditions as required by the PS.

The Contractor’s attention is drawn to the more severe environmental conditions
that may exist during the construction/installation period and shall take adequate
measures to protect the Permanent works against any deleterious effects of such
conditions during the time between installation and final completion of the project.
Also, Air throughout the project will contain considerable moisture content, hence
the permanent works shall be tropicalized and vermin proof.

PROJECT MANAGEMENT INFORMATION SYSTEM (PMIS)

The Contractor shall use PMIS developed by the Employer. All documents generated by
the Contractor should be transmitted to the Engineer by electronic means (and vice versa)
and that all documents generated by either party will be electronically captured at the point
of origin and can be reproduced later, electronically and in hard copy.

CONTRACTOR’S PROJECT ORGANISATION

a)

b)

The Contractor shall have a competent team of Managers, Engineers, Technical staff
etc. so as to complete the work satisfactory as per various requirements of the
Contract.

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

CONTRACTOR’S CERTIFICATE

The Contractor shall provide his registration details for GST Registration, EPF registration,
ESI registration, Statutory Certificate, Certificate as per ESHS Manual etc. as required for
the execution and completion of the Works.

DELETED
MAINTENANCE REPORT

I. The Maintenance Report 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 tunnels and drainage.

ii. The Contractor shall provide inspection and maintenance manuals for the civil and
electrical services.

ii. 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;

iv. All instruments necessary to carry out the inspections and monitoring that are
identified in the report shall be provided by the Contractor within the lump sum
tender price.
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EMPLOYER'S REQUIREMENTS -FUNCTIONAL (CIVIL & BLT)

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, installation 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

11

1.2

13

14

1.5

The design and performance of the Permanent Works shall comply with the specific core
requirements contained in these Employer’s Requirements — Functional (Civil &BLT).

The design of the Permanent Works shall be developed in accordance with these Employer's
Requirements — Functional (Civil & BLT), the Contractor's Technical Proposals, submitted
along with this tender and the other requirements of the Contract.

The Permanent Works shall be designed and constructed to the highest standards available
using proven up-to-date good Engineering practices. The Specification shall in any case not
specify standards which, in the Engineer's opinion, are less than or inferior to those described
in, Section VII-5: Outline Design Specifications (ODS)-Civil & BLT and Section VII-6:
Outline Construction Specifications (OCS)-Civil & BLT contained in the Tender
Documents. Construction shall be carried out employing the procedures established by the
Contractor as per approved Quality Assurance and Quality Control plan and Environmental,
Social, Health and Safety (ESHS) Plan.

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.

Employer’s Requirements- Functional (Civil & BLT) shall be read in conjunction with
Employer’s Requirements-Design, Construction, Outline Design Specification (ODS)-Civil
& BLT, Outline Construction Specifications (OCS)-Civil & BLT and other requirements of
the Contract.
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2 SCOPE OF THE WORKS
2.1 Scope under Lumpsum Price Schedule ‘A’

HORC project crosses Aravalli Range between Sohna and Dhulawat stations through a
tunnel to be constructed in C-4 Package from Ch.24880 m to Ch.29580 m. The tunnelling is
required to be done in rock as well as in soil. It involves tunnelling by NATM method and
Cut and Cover method. Two separate tunnels are to be constructed - one for Up line and one
for Down line. The tunnel is to be provided with Ballastless track (BLT). NATM work is
required to be carried out from fourteen faces as shown in Tender drawings. The tunnel has
got four permanent ventilation shafts and one construction cum utility shaft. Tentative
location of the shafts and area of land which will be made available to the Contractor for
working is shown in Tender drawings. The soil excavated from the tunnel will be used for
construction of embankment from Ch. km12 to km18. Certain bridges are also involved in
formation from Ch. km 12 to km 18.

The Scope of the Works for C-4 Package will be, but not limited to, as follows:

2.1.1 Design and Construction of Twin Tunnel

a) Design and Construction of NATM twin Tunnels from Ch. 24880 m to Ch. 28480 m
in all types of strata (rock and soil).

b) Design and Construction of Cut & Cover Tunnels from Ch. 28480 m to Ch. 29580 m

C) Design and Construction of four (02x02) Nos. of permanent ventilation shafts and
other associated structures shown in the Tender drawings. These permanent
ventilation shafts may initially be used for construction of tunnels.

d) Design and Construction of one (01) No. construction cum utility shaft as shown in
the Tender drawings. Cross passage between two tunnels of the same size as that of
NATM tunnel shall be provided at the location of construction shaft to accommodate
electrical installations.

e) Design and Construction of cross passages at an interval of approximately 350m
including fire stop doors at both ends as shown in the Tender drawings.
f) Design and construction of portals at both ends of tunnel including drainage

arrangement for surface runoff from cut slopes and protection against fall of boulders.
9) Design and construction of drainage system for catering to storm water entering the
tunnel from open cutting at approach of Portal P-2 and outfall arrangements near

Portal P-1.

h) Design and construction of abutment A-2 of viaduct near Portal P-1.

i) Providing about 500 sqm egress area at Portal P-1 and P-2 along with road connection
with existing road for evacuation of passengers during emergency as shown in Tender
drawings.
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Note-Excavated earth/rock from tunnelling/cutting shall be property of the Contractor. Royalty
for using the excavated earth/rock for construction of the Works shall be borne by the Contractor.
Surplus excavated earth/rock from tunnel shall be disposed off by the Contractor at his own cost.

2.1.2 Design and Construction of Ballastless Track

Design and construction of ballastless track including transition from ballastless track to
ballasted track at each end and derailment guard in entire length of tunnel as well as in
approach of tunnels. The work also includes supply of spares and maintenance of
ballastless track for a period of one year after start of traffic.

2.1.3 Design and construction of railway formation

Design and construction of railway formation including blanketing (primarily using
excavated material from tunnelling/cutting) from Chainage km12.00 to Chainage km
18.00 and from abutment A-2 of viaduct to Chainage km 24.880 for double track of Main
line as shown in tender drawings and as per RDSO Guidelines. It shall include the
following items also:

a) Design and construction of precast RCC drains on berms.
b) Design and construction of chutes for discharge of water from drains on about
1.0m beyond toe of embankment berms to at an interval of 50 m
The Contractor shall arrange borrow areas for earthwork (required in addition to earth
obtained from cutting/tunnelling) in embankment at his own cost.

2.1.4 Design and construction of cutting, sump, precast RCC drain on berms in the
approach of Portal P-2

a) Design and construction of cutting in a length of 100 m or equal to transition
length required between BLT and ballasted track in open cutting in the
approach of Portal P-2, whichever is more.

b) Design and construction of side drains and catch water drains in cutting on both
sides along with two (02) sumps i.e. one (01) No. on outer side of each track at
the junction of Cut and Cover tunnel and cutting.

c) Design and construction of precast RCC drains on berms.

d) Design and construction of chutes for discharge of water from drains on berms
to side drain of cutting.

e) Protection of slope of cutting by turfing over coir netting as per IS: 15869,
IS:15872 and IRC: 56.

2.1.5 Design and construction of slope protection works of embankment

Design and construction of slope protection work of embankment from Chainage km12.00
to Chainage km18.00 by turfing over coir netting as per IS: 15869, 1S:15872 and IRC: 56.
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2.1.6

2.1.7

2.18

2.19

2.1.10

2111

2.1.12

2.1.13

Design and construction of minor bridges

The Contractor shall design and construct minor bridges (RUBs and waterway bridges) as
per list given in Annexure-F-1. Minor bridges shall include all components of bridges
such as RCC box/RCC hume pipe, wing wall, return wall, face wall, curtain/drop wall,
flooring, ground improvement if required, protection of approach embankment slopes for
a length of 15 m on each side, boulder backing, granular backfill, inspection steps on both
sides of embankment and other incidental works to complete the bridge in all respects as
shown in the Tender drawings. RUBs shall be provided with height gauges on each
approach road as per RDSO drawing No. M-0001. Drainage arrangement shall be provided
for RUBs wherever natural drainage is not available. Repairs to approach roads, wherever
required, shall also be carried out by the Contractor.

Design and construction of major bridge

The Contractor shall design and construct substructure and superstructure of major bridges
as shown in Annexure- F-2. Substructure of major bridge shall include foundation,
abutment/pier, wing wall, return wall, ground improvement if required, protection of
approach embankment slopes for a length of 30 m on each side, boulder backing &
granular back fill behind abutment/wing/return wall, inspection platforms for
abutments/piers, inspection steps on both sides of embankment, bridge plaque, bridge
board and other incidental works to complete in all respects as shown in tender drawings.

Design of bridges as given in Annexure-F-3. These bridge shall be constructed by the
Contractor and shall be paid under Schedule-‘B’

Design and construction of precast RCC retaining wall near the toe of embankment
wherever ROW is inadequate. Approximate locations of retaining wall is shown in
Annexure- F-4.

Design and construction of RCC hume pipe (NP-4) of 450 mm dia/precast RCC box
(500mm x 500mm, clear opening) in the embankment from Ch. km 12 to Ch. km 18 at
approximately 500m interval for crossing utilities in future.

All temporary works associated with construction of the works, including construction and
maintenance of site office(s) for Engineer’s/Employer’s staff complete in all respects as per
the details given in the Employer’s Requirement (Appendix 10 of Section VII-9:
Appendices) to the satisfaction of the Engineer for the duration of the Contract.

Construction of diversion roads and their maintenance based on MORTH specifications
including widening, to ensure smooth flow of traffic as per the Traffic Control and
Management Plan approved by the Engineer.

Maintenance of existing roads as per MORTH or DSR specifications as applicable within
the length of this contract package in good condition at all times, and restoration to original

Tender No. HORC/HRIDC/C-4/2022



Section V11 2: Employer’s Requirements (ER) — Functional (Civil & BLT) 5

2.1.14

2.1.15

2.1.16

2.1.17

2.1.18

specifications of all roads and all other works, to complete the Works as contained in the
tender documents.

Provision of barricading including their maintenance and painting in accordance with
Section VII-8, Tender drawings and documents and OCS-Civil & BLT for the works & the
areas occupied by the Contractor to segregate them from public area.

Surveying, instrumentation and monitoring, as per Section VII-5: Outline Design
Specifications (ODS)-Civil &BLT, for settlement and building protection, risk analysis,
settlement prediction, preventive and corrective actions.

All interfacing works with the Interfacing Contractors as defined in the Appendix 5 of the
Contract.

The Contractor shall be responsible for obtaining approval of drawings of structures by all
relevant authorities through the Employer, if required.

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

a) Site clearance and dismantling of obstructions etc., before commencement of work
as specified or as directed by the Engineer;

b) True and proper setting out and layout of the Works, benchmarks and provision of
all necessary labour, instruments and appliances in connection therewith as
specified or as directed by the Engineer;

c) All aspects of quality assurance, including testing of materials as per the approved
inspection and test plan and other components of the work, as specified or as
directed by the Engineer;

d) Day to day cleaning of worksite throughout the execution period,;
e) Maintenance of BLT for one(01) year after Taking Over of the Works;

f) Submission of completion (i.e., 'As-Built’) drawings 06 (Six) sets in A-1 size and
all other related documents as specified including scanned and AutoCAD copy with
soft copies in both formats of all As-built drawings & documents.

g) 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 by the Engineer ;

h) Compliance of requirements of Environmental, Social, Health and Safety (ESHS) Plan.

i) Results of sub-surface investigations conducted at project site are enclosed with the Tender
document. This information about the rock, soil and sub-soil water conditions is being
made available to the contractor in good faith and the contractor shall have to obtain the
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details of sub soil parameters independently. No claim whatsoever on account of any
discrepancy about the rock/soil parameters and sub soil water 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.

2.1.19 CONTRACTOR’S FACILITIES & SITE OFFICE

For batching plant, field quality control laboratory, site office and other activities (excluding labour camps)
certain area of land as shown in Tender drawings will be made available by the Employer on as is where is
basis free of cost. This land shall be made good for such offsite activities as needed by the Contractor at no
extra cost to the Employer. The land shall be cleared from debris, all structures made by the contractor
including, RCC footings and rafts etc. and reinstated to the line, level and to the same conditions as existed
before the work started before handing over back to the Employer within 91 days after Taking over
Certificate. The final bill shall be released to the contractor after all structures from the Contractor facility
and site office are removed & clearance of site. The cost of setting up of all the above mentioned facilities
& the office and reinstatement of site is included in lump sum price in Schedule ‘A’.

2.2 Scope under BOQ Schedule ‘B’

Under this Schedule, the Contractor is required to carry out works which are not covered in
Schedule ‘A’. Broadly following works shall be carried out under this Schedule ‘B’:
a) Construction of approach roads for shafts and portals including paving of area.

b) Construction of bridges as per list given in Annexure-F-3

c) Any other item as directed by the Engineer related to the Works.

2.3 Scope under Schedule ‘C’ (Item Rate for miscellaneous works)

Under this Schedule, the Contractor is required to carry out works which are not covered in
Schedule ‘A’ or Schedule ‘B’.

a) Diversion of all uncharted utilities, if required, as per approved plan.
b) Any other activity as directed by the Engineer

2.4 REFERENCE TO THE STANDARD CODES OF PRACTICE

2.4.1 All Standards, Outline Construction Specifications (OCS)-Civil & BLT, 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, IRS, IS, IRC, UIC, as applicable.

2.4.2 Wherever Indian Standards do not cover some particular aspects of design/ construction,
relevant International Standards will be referred to. The Contractor shall make available at
site such standard codes of practice.

2.4.3 In case of discrepancy among Standard codes of practice and Section VII-6: Outline
Construction Specifications (OCS)-Civil &BLT, the order of precedence shall be as given
below:

a) Outline Design Specifications-Civil &BLT
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2.5

2.6

b) Outline Construction Specifications-Civil &BLT

c) Standard Codes of Practice.
In case of discrepancy among Standard Codes of Practice, the order of
precedence will be

(i) IRS,
(i) 1S,
(iii) IRC,

(iv) other International codes
d) Indian Railway Unified Standard Specifications,
e) CPWD specifications,
f) NBC 2016,
g) MORTH Specification for Road & Bridges,

DIMENSIONS

As regards errors, omissions and discrepancies in Specifications and Drawings, relevant
clause of Particular Specification 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 shall be entertained on account
of any errors or omissions in the levels or strata turning out different from what is shown on
the drawings.

INSPECTION

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

2.7 ALIGNMENT OF TRACKS (TUNNEL, CUTTING & EMBANKMENT)

2.7.1

2.7.2

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 also satisfy himself that it suits to the
available land width and there is no conflict with any existing and planned structures which
are to be preserved.

The Contractor is permitted to propose deviations in alignment to suit his construction
proposals, but he must demonstrate that any such deviations do not reduce the technical and
operational performance. The Contractor needs to verify the contract boundaries while
proposing any change in vertical and/or horizontal alignment but such deviations shall
require prior approval of the Employer subject to following conditions: -

a) There is no extra cost to the Employer
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b) Changes proposed are essentially required to suit the contractor’s specific design

c) 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.

2.8 CLEARANCES

2.8.1 The Permanent Works shall not infringe the Fixed Structure Gauge in tunnels as shown in
the drawings and Indian Railway Schedule of Dimensions (IR SOD) at other places. Extra
clearance shall be provided on curved alignment as per IR SOD.

2.8.2 The Permanent Works shall provide for the installation of operating equipment for the
railway without infringement of the Fixed Structure Gauge and IR SOD.

2.9 DURABILITY AND MAINTENANCE

2.9.1 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 as
described under Sub-Clause 1.3.2 and 1.3.3 of the Section VII-5: Outline Design
Specifications (ODS)-Civil & BLT and in above mentioned paragraphs.

The Permanent Works shall be designed and constructed so as to minimise the cost of
maintenance whilst not compromising the performance characteristics and ride quality of
the railway.

2.10 OPERATIONAL REQUIREMENTS

2.10.1 The Permanent Works shall be designed to permit the railway to operate satisfactorily at a
maximum design speed of 160 kmph where applicable.

2.10.2 During construction the Contractor shall be responsible for providing and maintaining
adequate flood protection to the works.

2.11 ENVIRONMENTAL CONSIDERATIONS

All provisions and conditions contained in the Environmental, Social, Health and Safety
(ESHS) Manual as per Appendix 13 of Section VII-9: Appendices, Part 2, Employer’s
Requirements shall be strictly complied with.

2.12 FUNCTIONAL REQUIREMENTS REGARDING INTERFACE  WITH
CONCERNED AUTHORITIES

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 subject to compliance with all necessary statutory requirements,
especially pollution control.
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2.13 TRAFFIC MANAGEMENT

The Contractor shall carry out the Works so as to minimise 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 the
concerned road authority as per Appendix 10. He shall comply strictly with the approved plan
during construction of his plan.

2.14 CRS INSPECTION

The Contractor shall note that the Commissioner for Railway Safety (CRS) will inspect the
Works from time to time for the purpose of determining whether the HORC Project complies
in terms of operational and infrastructural safety in accordance with the Laws of India. The
contractor shall note that CRS 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 CRS. The Contractor shall make all necessary arrangements
for assisting CRS in carrying out his inspection duties and also comply with his instructions
regarding rectifying any defects and making good any deficiencies. Contractor shall prepare
and make available all drawings, documents, sketches, photographs etc. as required for
submission of application for inspection of CRS as instructed by the Engineer.

2.15 STANDARDS

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

2.15.2 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.
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ANNEXURE-F-1

LIST OF MINOR BRIDGES UNDER SCHEDULE-A

MAIN LINE
S.NO. Br. No. Chainage Type of Type of | SPAN No. x L (in
(M) Crossing Bridge m) X H (in m)

1. 47 12208.018 | Balancing | RCC Box 1x2.00x2.00
Culvert

2. 48 12298.018 Road + 2 Cell 5.00x5.00+4.00x5.00
Drain RCC Box

3. 49 12341.836 | Balancing | RCC Pipe 1x1.8
Culvert

4. 50 12645.715 | Balancing | RCC Box 1x2.00x2.00
Culvert

5. 51 13114.998 | Field Canal | RCC Box 1x3.00x3.00

6. 52 13903.112 | Field Canal | RCC Box 1x3.00x3.00

7. 54 14601.627 | Field Canal | RCC Box 1x3.00x3.00

8. 55 14756.727 Road RCC Box 1x5.00x5.00

9. 56 15100.394 | Balancing | RCC Box 1x2.00x2.00
Culvert

10. 57 15944 Road RCC Box 1x5.00x5.00

*Main line Chainages start from Prithla station of HORC.
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ANNEXURE-F-2
LIST OF MAJOR BRIDGES UNDER SCHEDULE-A
MAIN LINE
S.NO. Br. No. *Chainage Type of Type of SPAN
(M) Crossing Bridge
No.x L (inm)H

(inm)
1. 62 17500 Road PSC U-Slab 1x12.20

*Main line Chainages start from Prithla station of HORC.
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ANNEXURE-F-3
LIST OF BRIDGES UNDER SCHEDULE-B
S.NO. Br. No. *Chainage Type of Type of SPAN
(M) Crossing Bridge
No.x L (inm)H
(in m)
1. 53 14472.112 Stream Composite 2x24.40**
Girder
2. 58 16127 Canal PSC U-Slab+ 1x12.20 +
RCC box 1x5.00x5.00
abutment
3. 59 16727 Road PSC U-Slab 2x12.20
4. 60 16827 Road RCC Box 2x7.00x5.60
5. 61 16917 Canal PSC U-Slab 1x12.20

*Main line Chainages start from Prithla station of HORC.

**Fabrication & erection of composite steel superstructure is not in the scope of work.
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ANNEXURE-F-4

APPROXIMATE LOCATIONS OF RETAINING WALL

S.NO. Location (Chainage m) and Length (m) Approx. height (m)

From To

1 12000 12040 40 1.25t01.75

2 12040 12080 40 1.0to 1.25

3 12100 12140 40 05t01.0

4 17300 17360 60 1.251t01.75

5 17380 17400 20 05t01.0
Total Length(m) 200
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1.

1.2

13

14

1.5

1.6

1.7

2.1

EMPLOYER'S REQUIREMENTS - DESIGN (CIVIL & BLT)

INTRODUCTION

The Employer's Requirements - Design, specifies the procedural requirements for
the preparation of the design of the Permanent Works. These requirements are
subdivided into: Design Phase, Construction Phase and General Application.

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.

The Contractor shall engage the Designer who shall undertake and prepare the
design of the Permanent Works and Temporary Works. The Contractor shall place
his core design team at Gurugram.

The Contractor shall ensure that the Designer shall be associated during
construction of NATM tunnel at least throughout the NATM Main Drive and shall
review the primary support adequacy as the excavation proceeds and propose any
change in primary support system requirement due to encountered geology for the
approval of Engineer including the interpretations of monitoring Data.

The Contractor shall submit his Quality Assurance Plan as required in Appendix
11, Section VII-9: Appendices, Part 2- Employer’s Requirements for the design
required by the Contract.

The Design and Construction Standards shall be in conformity with the
requirements of "Rules for Opening of a Railway or a Section of a Railway for
Public Carriage of Passengers” and to the satisfaction of the Commissioner of
Railway Safety whose sanction is mandatory for commissioning of the System.

The Contractor shall get the design of NATM tunnel, Cut & Cover tunnel, BLT,
Permanent Ventilation Shafts and Portals, proof checked by Detailed Design
Consultant appointed by the Employer. The cost of proof checking shall be borne by
the Employer. Proof checked design shall be submitted to the Engineer for approval.

REQUIREMENTS DURING DESIGN PHASE

The principal requirements of the Design Phase are the production of the
Preliminary Design and General Arrangement Drawings, the Definitive Design and
the Construction Reference Drawings. It should be clearly understood that the
Tenderer’s technical proposal submitted along-with his tender including any
modifications to the same during negotiations stage shall only form the basis for
further design development into the preliminary and Definitive design, subject to
the same conforming to the Outline Design Specifications.

Tender No. HORC/HRIDC/C-4/2022



Section VI11-3: Employer’s Requirements— Design (Civil & BLT) 2

2.2

2.3

2.3.1

2.3.2

2.4

24.1

Preliminary Design

The Preliminary Design shall define the main structural elements. In addition,
General arrangement drawing, general construction methods and documentation
needed to develop the Definitive Design shall be submitted.

Definitive Design -Tunnel

The Definitive Design shall accord with and incorporate the Preliminary design and
shall be the design developed to the stage at which all elements of the primary support
of the tunnel, final lining and structures are fully defined and specified and in
particular:

(@ Calculation and analysis duly incorporating the expected geological
variations are complete for primary support system required for NATM
tunnel, final lining and temporary support system for any other works;

(b) all element of primary support for NATM tunnel are delineated;
(c) all main and all other significant elements are delineated;

(d) all field and laboratory tests are carried out to a reasonable extent to
evaluate geological conditions and geotechnical parameters required for
design of NATM tunnel and other associated works;

(e)  all tests and trials for the performance of NATM tunnels, primary support
system elements such as rock bolts/dowels, shotcrete creep tests, etc. and
selection of materials and equipment required for installation of primary
support system and final lining of tunnel;

() shall take full account of effect on the permanent works of the proposed
excavation schemes and primary support system used herein on the final
lining to be installed and commissioned for NATM tunnel;

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

(h)  Interface Management Plan (IMP).

During the preparation of the Definitive Design, the Contractor shall complete all
surveys investigations, Geological investigation and related field and laboratory test
and shall submit Geotechnical interpretative report for the full alignment. The
Geotechnical interpretative report shall clearly include all parameters (elastic and
strength parameters) required for analysis and design of primary and secondary
support system for the tunnel.

Definitive Design -Bridges, BLT and other civil structures

Definitive Design shall be the design developed to the stage at which all elements of
the structures are fully defined and specified and in particular:
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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 on the Permanent Works of the
proposed methods of construction and of the Temporary Works.

e) Interface Management Plan (IMP).

2.42 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.

2.5 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.

2.6 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 of outline design, design briefs
and performance specifications, such documents may be submitted as Definitive
Design Submissions.

2.7  Upon issue of the Notice in respect of the Definitive Design Submission, the
Contractor shall complete the design in all respects and produce the Construction
Reference Drawings, the purpose of which is to illustrate all kinds of primary
support system suiting to geological variations expected to be encountered along the
alignment and in case of geological conditions encountered or not envisages one of
the situation, the proposal shall be submitted to the Engineer for approval and
immediate requirement of support shall be carried out at least with the consent of
the Engineer and detailed scheme with supporting calculations shall be submitted
for the approval of the Engineer. For the Permanent Works construction reference
drawings shall be submitted complete in all respect for the purpose they are
intended.

2.8  Construction Reference Drawings shall fully detail for the construction of the
elements covered by the Definitive Design and shall show in full the works to be
constructed.
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3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

REQUIREMENTS DURING CONSTRUCTION PHASE

The selection of the support system on the basis of geological conditions encountered
during excavation

The review of adequacy of primary support on the basis of geological conditions
variations encountered with respect to expected geological conditions assumed at
Definitive Design Stage

Performance/adequacy of the primary support system elements for NATM tunnel by
conducting pull-out test on support elements such as rock bolts/dowels, creep test of
shotcrete.

The response of tunnel after installation of primary support in terms of inward
movements and loading on the support elements evaluated on the basis of
instrumented data gathered from load cells, strain gauges, etc. for shotcrete as well as
rock bolts/dowels.

The principal requirements relating to design during the Construction Phase are the
production of Working Drawings, the preparation of technical submissions as required
under the Contract, the compilation of the Final Design and the production of the “As-
Built” Drawings.

Working Drawings shall be prepared as required under the Contract. They shall be
endorsed by the Contractor as being in accordance with the Construction Reference
Drawings.

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”

At least 3 months but not more than 6 months prior to the anticipated date of
substantial completion of the Works, the Contractor shall submit the Final Design to
the Engineer.

The Final Design is the design of the Permanent Works embodied in:

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 Construction Reference Drawings;
c) the calculations (see Clause 11 below); and
d) co-ordinated interfaces and 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.

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.
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4. DESIGN INTERFACES WITH INTERFACING CONTRACTS

The Contractor shall co-ordinate all design and installation work with the various
Interfacing Contractors as described in Appendix 5, Section VII-9: Appendices, Part
2- Employer’s Requirements.

5. DESIGN SUBMISSIONS
5.1  Preliminary Design Submission
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:
(@) the quality assurance plan for design
(b) review of the outline design criteria
(c) the submission of design manuals
(d) the submission of proposed software
(e) the proposed geological/ geotechnical investigations/ test

(F) the preliminary onsite testing recommendation for bridges and other civil
structures

(9) outline of proposed design philosophy (NATM)

(h) Equipment likely to be used for excavation and installation of
support system including shotcrete

(i) the preliminary equipment layouts and details
(j) the preliminary off site testing recommendation

(k) the submission of specifications proposed for NATM, BLT, Bridges
and other civil works

(I) the identification of design codes and standards
(m) the CAD procedures

(n) preliminary section of the NATM tunnel shape and size, keeping the
rail level same as indicated in the tender drawings and keeping the
provisions for systems such as OHE, walkway and other Electrical
services

(o) outline primary support system for NATM tunnel in soil or rock or
partially in rock and partially in soil

(p) an alignment review

(g) the preliminary construction methodology for NATM tunnel, Cut &
Cover tunnel, portals and permanent ventilation shafts, BLT, Bridges
and other civil works
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5.2
521

Definitive
General

(r) the design submission programme (update)
(s) the utility diversion plan

(t) proposed site surveys and other field surveys
(u) the preliminary ground treatment proposal
(v) The preliminary reinstatement drawings.

(w) GAD of bridges

Design Submission

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)

b)

c)

d)

f)

9)

h)

)

k)
1)

the dimensions of all major features, primary and secondary support
system for NATM tunnel, structural elements and members;

the details of the portals and primary support system at permanent
ventilation shafts;

all materials including rock bolts/dowels, pipe roofing, lattice girder and
shotcrete;

Submission of GIR

expected loading on the primary and secondary support system
depending upon geological conditions & overburden, deformations
inside the tunnel and surface settlements;

potential forces and movements due to excavation on the primary
support system and final lining of the NATM tunnel,

potential forces and movements due to all possible loadings and actions,
and their accommodation;

all second order effects;

the layout and typical details of reinforcement in structural concrete
members including tunnel lining;

the locations and nature of all relevant joints and connections and
details thereof;

standard details;

location, geometry and setting-out of all main elements and features;

m) provisions and proposals for construction interfacing with the

Interfacing Contractors;
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n) construction sequences and shuttering arrangements for tunnel lining;
0) utilities to be diverted /supported;

p) proposed methods of predicting the ground movements due to work and
adjacent to the excavations;

q) Erection/launching scheme of bridge girders/slabs.

r) predictions of effect on structures due to ground movements and the
proposed protective measures to limit the effects to a degree not
exceeding the limit as defined under the Outline Design Specifications
(Design Criteria);

s) Traffic or other civic service affected;
t) Prediction of lowering of water table and its effect on the works; and

u) Cross Passages.

522 Drawings
The Definitive Design Submission shall include drawings that shall illustrate
the proposed Definitive Design and in particular shall include, without
limitation:

a) General Arrangements;
b) Layouts and details of structural elements for BLT, bridges and other civil
works

c) Expected geological conditions along the alignment;

d) Support arrangement and construction methodology for portals, and
permanent ventilation shafts,

e) Excavations sequence and details of the support system and their
sequencing for the tunnel in all kind of expected geological strata;

f) Detail of the portals and permanent ventilation shafts;

g) Associated support arrangements;

h) Earthwork in formation and cutting including slope protection;

i) Structural and surface drainage;

J) Access roads and temporary road works;

k) Bridge works

I) Existing and proposed utilities;

m) Road works and works related to traffic management including decking.
n) Embedded items

0) Excavation Machines and Back-up Equipment

p) Cross passages
5.2.3 Contract Specification
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5.2.6

5.2.7

5.2.8

5.2.9

The Specification included in Outline Design Specification and Outline
Construction Specifications shall be amplified so as to specify
comprehensively the design and construction of the Permanent Works.

5.2.4 Design Manual

The Design Manual shall incorporate all design requirements, standards,
codes, loading cases, permissible movements and deflections, excavations
scheme, characteristics of primary and secondary support system including
shotcrete, 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 of tunnel shall
specifically state methodology of design of excavation of tunnel, adequacy
of the primary and secondary support system of the tunnel including
excavation scheme, Permanent Works as a comprehensive reference text and
efficient working document

5.2.5 Interface Report on Interfacing Contractors

This will include the following:

() Details of the design and construction of the Works adjacent to other
contracts.

Testing and Commissioning Report: Details of proposals for testing and
commissioning procedures for all relevant elements and equipment contained in
the Permanent 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 to confirm and justify parameters used in the tunnel
foundation and geotechnical designs. The report shall include the full logs and
descriptions of confirmatory boreholes drilled by the Contractor.

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.
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5.2.10Utilities Report

A report giving details of arrangements and working methods in respect of the
existing utilities, including protection measures, diversions, reinstatements and
programme allowances.

5.2.11Temporary Works Design Report

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.

5.2.12Primary Support Design Report for NATM

A comprehensive report which provides sufficient details for primary support
design including calculations as well as for final tunnel lining shall be furnished.
The primary support system shall be designed for various geological conditions
expected to be encountered during excavation.

5.2.13Construction / Installation Analysis Report

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

5.2.14Construction Method Statement

A report which provides sufficient information on primary and secondary support
system including elements of support system and list of the equipment proposed to
be used and for other works, the methods of construction 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.

5.2.15Project 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.

(iiiy 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
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actions shall be included with appropriate justification.

5.2.16Report 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 tunnel
accesses and accesses facilities.

5.2.17Notices on Definitive Design Submission

The Contractor may make Definitive Design Submissions and seek separate Notices

in respect of:

a) The temporary works for bridges, permanent construction shaft and portals
of the underground works.

b) All works related to the lengths or sequence of excavation scheme for tunnel
which will be excavated from one location together with any intervening
works.

c) Major elements as identified under Sub-Clause 2.7 above.

The issue of such separate Notices under above mentioned points 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.

6 DESIGN SUBMISSIONS - CONSTRUCTION REFERENCE DRAWINGS
SUBMISSIONS
6.1 The Construction Reference Drawings shall be derived directly from the Definitive

6.2

6.3

6.4

Design and shall detail and illustrate in full the Permanent Works. The Construction
Reference Drawings shall form part of the Working Drawings to be used for
construction purposes.

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

Unless otherwise required by the Engineer, the Construction Reference 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.

The latest Construction Reference Drawing for which Notice has been issued by the
Engineer shall be drawn on a tracing film duly signed by the Designer and the
Contractor and shall be submitted to the Engineer for his approval. The Engineer will
issue Notice in respect of such drawings, endorse them and return to the Contractor.
The Contractor shall endorse such drawings as “Good For Construction (GFC)” and
shall issue them to the Site for execution of the works.

7 DESIGN SUBMISSIONS — CONSTRUCTION PHASE
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7.1

7.2

7.3

7.4

7.5

7.6

The Contractor shall prepare proposed Working 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 be based on
Construction Reference Drawings and shall comply with the requirements of the
Contract. Working Drawings shall be submitted to the Engineer for his approval.

If the Working Drawings are considered in order, the Engineer shall issue Notice in
respect of such drawings, endorse them and return to the Contractor. On the
endorsement by the Engineer, the original will forthwith be returned to the Contractor
as the Working Drawings. The Contractor shall endorse such drawings as “Good For
Construction (GFC)” and shall issue them to the Site for execution of the works.

The contractor shall finalize details of the excavation scheme and installation
sequence of primary support system and submit such finalized details to the Engineer
for review. The proposed excavation scheme and primary support system requirement
and installation sequence shall not adversely affect the final lining.

The Contractor shall finalise 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 statically and, if appropriate, aerodynamically stable.

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.

As-Built Drawings, endorsed by the Contractor shall be submitted to the Engineer for
agreement in accordance with Clause 5.5 of the GCC and in electronic format using a
commercially available CAD program.

8 DESIGN SUBMISSIONS - REVIEW PROCEDURES

8.1

8.2
8.3

8.4

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.

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

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.

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

9.1

9.2

The Contractor shall prepare the Design Submission Programme which is to set out
fully the Contractor's anticipated programme for the preparation, submission and
review of the Design Packages, the Definitive Design Submission and the
Construction Reference Drawings Submissions and for the issue of Notices in relation
thereto.

The Design Submission Programme shall:
(a) be consistent with and its principal features integrated into the Works
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9.3

10

11
111

11.2

11.3

114

12
121

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 Construction Reference Drawings;
and

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

The Contractor shall submit the Design Submission Programme to the Engineer

within thirty (30) days of the Commencement Date, and thereafter up-dated versions
thereof at intervals of not more than one (1) month throughout the Design Phase.

PROGRAMME FOR SUBMISSIONS DURING THE CONSTRUCTION PHASE

In accordance with Clause 4 of the Employer's Requirements - General, the
Contractor shall identify submissions required during the Construction Phase.

CALCULATIONS

Unless otherwise required by the Engineer, calculations relevant to the Definitive
Design and Construction Reference 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.

The Contractor shall prepare and submit a comprehensive set of calculations for the
Definitive Design in a form acceptable to the Engineer. If 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

Similarly, the Contractor shall submit such further calculations as have been prepared
in connection with the Construction Reference Drawings. Calculations to be included
as part of the submission herein shall comprise the up- to-date calculations in respect
of the Definitive Design, the Construction Reference Drawings and such further
calculations which the Contractor has prepared during the production of Working
Drawings.

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

DOCUMENTS REQUIREMENTS

Drawings shall be prepared generally to Al size, but to 1ISO AO size where
appropriate. Appendix 7 of Section VII-9: Appendices, Part 2 -Employer’s
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12.2

12.3

12.4

13
131

13.2

13.3

13.4

135

Requirements defines the Drawings and CAD Standards required for drawing
preparation and submittal.

The Contractor shall submit 3 copies of his design and/or drawings for review by the
Engineer. After receipt of “No Objection” from the Engineer, the Contractor shall
submit 6 copies of design and/or drawing for the use of the Engineer.

The submission of drawings may be by CAD Media files and Appendix 9 specifies
drawing Submission requirements for CAD Media files.

The contractor to provide two licensed working software copy being used by its DDC
to Employer/Engineer’s design department maintained for the entire contract period.

Detail Design Consultant (DDC) for Ballastless Track (BLT) System

Upon award of the Contract, the Contractor shall engage Detail Design Consultant
for design of BLT. The Contractor shall submit details of DDC proposed to be
engaged for Design of Ballastless track system for the approval of the Engineer. DDC
shall be engaged within twelve months of the Commencement Date.

DDC shall have the experience of design of BLT of at least 10 Km length having
satisfactory working performance under mixed traffic conditions with at least 22
tonne axle load and at an operational speed of at least 130 kmph for at least 5 years
since the date of its operation as on date of opening of the Tender.

DDC shall submit experience certificate for design of ballastless track system issued
by the user railway administration. The certificate shall specifically indicate that the
designer has designed ballastless track system (including fastening system) of at least
10 Km length. The certificate shall clearly state that ballastless track system is having
satisfactory working performance under mixed traffic conditions with at least 22T
axle load and at an operational speed of at least 130Kmph. The certificate shall state
the date of start of operation on ballastless track system and the duration for which
ballastless track system has been in continuous operation.

In case the user railway administration is from foreign country and the certificate is
issued in language other than English, the supporting documents shall be translated
into English.  The translation of the certificate shall be either stamped by
Embassy/High Commission of India or Partner Countries of Hague convention may
submit these documents with “Apostille” stamp. The experience certificate issued by
foreign user railway administration in English shall also be either stamped by
Embassy/High Commission of India or submitted with “Apostille” stamp.

DDC proposed to be engaged shall submit details containing, but not limited to, the
name of line in which the system is in use for minimum 5 years, details of user
railway administration such as name of the Railway administration and its contact
person, address, telephone number, E-mail id etc.

The Contractor shall submit test report of the proposed fastening system from a
reputed independent institute/laboratory. The test report shall be accompanied with
the drawing of the fastening system including its components which have been tested
and reported upon. The Contractor shall propose the same fastening system for which
test report has been submitted. The testing shall be done for Cat ‘E’ as specified in
EN-13401 Pt-1:2012 & EN-13401 Pt-5:2012 for 60Kg UIC rail section. The
Contractor shall also submit a statement showing compliance or otherwise, in
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13.6

13.7

14
141

juxtaposition to each Clause and Sub-Clause as specified in EN-13401 Pt-1:2012 &
EN-13401 Pt-5:2012.

The Contractor shall submit detailed design and drawings of ballastless track for main
line including fastening system, derailment prevention arrangement, arrangement for
provision of ducts for signal/telecommunication/electrical in longitudinal and
transverse direction, transition system, drainage system with construction procedure &
maintenance /repair procedure, QAP etc. to the Engineer for approval.

The Contractor shall indemnify HORCL and HRIDC against any claims from any
other party in connection with the intellectual property rights of the drawings and
design/fastening system/ballastless track system or any other documents submitted by
the Contractor or any other patent rights.

Detailed Design Consultant (DDC) for Tunnel by NATM

Upon award of the Contract, the Contractor shall engage Detail Design Consultant
(DDC) for design of tunnel. DDC must have experience of design of minimum 2.0 km
length of tunnel by New Austrian Tunnelling Method (NATM) in a single contract
during the last seven years. The Contractor shall submit details DDC proposed to be
engaged to the Engineer for approval.
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ATTACHMENTD 1

DESIGN CERTIFICATE

This Design Certificate refers to design submission no. .........ccccceevee. , which comprises of
Definitive Design submission / Construction Reference 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 Outline Design Specifications and other
contract provisions.

b) an in-house check has been undertaken and completed in accordance to approved
Quality Assurance Plan (QAP) 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 Authorised Representative

Name TR
Position e
Date TR
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 authorised representative
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Name S,
Position ST

Date S,

Note 1
The Contractor shall insert one of the following, as applicable:
(i) the Contractor's Technical Proposals

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

(i)  Design Packages NOos. .......... 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 DESIGN/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
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(b) Notice of ‘No Objection’ from the Engineer:

Notice of ‘No Objections’ from the Engineer

Notice of “No Objections” from the Engineer is being accorded for design Principles.
However, the overall responsibility for the detailing and design accuracy lies with
Design and Build Contractor.

REMARKS
Design Reviewed
Engineer
(GC/HORC)
Senior Design | Reviewed
Expert
(GC/HORC)
Chief Design | Reviewed
Expert
(GC/HORC)
DPD Reviewed & comments as marked

(GC/HORC) | ondrawing

Section C

[Contractor to attach copies of necessary and required approvals]
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MINIMUM REQUIREMENT OF THE DDC’S ORGANIZATIONAL STRUCTURE

The DDC shall submit an Organisation Chart together with clear description of the
responsibilities of each member within the overall works programme.

Sr.NO Designation Numbers Experience

1 Team Leader 01 Graduate degree in Civil Engineering having
experience not less than 15 years and would
have handled minimum 02 projects involving
design of tunnel by NATM as Team Leader.

2 Tunnel Design 02 Graduate degree in Civil Engineering and
Expert (NATM) minimum 10 years of relevant experience in
the concerned field and would have handled
minimum 01 project involving design of
tunnel by NATM.

3 Tunnel Design 02 Graduate degree in Civil Engineering and
Expert (Cut & minimum 10 years of relevant experience in
Cover) the concerned field and would have handled

minimum 01 project involving design of
tunnel by Cut & Cover.

4 Bridge Design 01 Graduate degree in Civil Engineering and
Expert minimum 05 years of relevant experience in
the concerned field and would have handled
minimum 01 project involving railway
bridge involving deep foundation.

5 Embankment 01 Graduate degree in Civil Engineering with
Design Expert total experience of 10 years and minimum 5
years of relevant experience in the concerned
field and would have handled minimum 01
project involving railway/highway
embankment of minimum 6 m height.

NOTE:

1. Sufficient documentary proof to substantiate the qualification and work experience
shall be submitted. The Contractor shall submit proposal of DDC experts having
experience as mentioned above to the Engineer for approval before deployment.

2. The requirement given above is minimum. The Contractor shall be required to
supplement the above mentioned design team as per requirement of the Works so as to
adhere to the timelines given in Appendix-2- Contract Key Dates and Completion
Date, Section VII-9: Appendices, Part 2- Employer’s Requirements under the
Contract.
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3.

EMPLOYER'S REQUIREMENTS — CONSTRUCTION (CIVIL & BLT)

CONTRACTOR'S SUPERINTENDENCE
The Contractor shall submit a Staff Organization Plan in accordance with the Attachment C-1

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.

The contractor’s representative and his associates/supervisors shall have experience and
qualification appropriate to the type and magnitude of the Works as per Attachment C-2. Full details
shall be submitted of the qualifications and experience of all proposed staff to the Engineer for his
approval.

CHECKING OF THE CONTRACTOR'S DESIGN OF TUNNEL EXCAVATION AND
TEMPORARY WORKS

The Contractor shall, prior to commencing the Excavation of the tunnel shall submit certificate to
the Engineer certifying that excavation schemes, adequacy of primary support system and its
installation sequence are sufficient on the basis of geological and geotechnical information’s
gathered/derived (from field and laboratory testing) for the most probable geological conditions,
However, the adequacy of the support system shall be checked on the basis of geological conditions
encountered during excavations and on the basis of instrumented data.

For works other the NATM tunnel, the Contractor shall submit the certificates 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.

CARE OF THE WORKS
(i) Unless otherwise permitted by the Engineer all work shall be carried out in dry
conditions.

(i) The Works, including materials for use in the Works, shall be protected from damage
due to water. Water on the Site and water entering the Site shall be promptly removed
by temporary drainage or pumping systems 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.
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(iii)

(iv)

(v)

(vi)

(Vi)

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.

The methods used for keeping the Works free from water shall be such that settlement
of, or damage to, new and existing structures do not occur.

Measures shall be taken to prevent flotation of new and existing structures.

Inward movement in the NATM tunnel shall be monitored by using 3-D laser targets at
an appropriate locations approved by the Engineer the results shall be reviewed by the
designer on regular basis and submitted to the Engineer with the comments and
interpretation. If results are beyond permissible limits the remedial measures shall be
adopted immediately with consent of the Engineer.

The results for load cells, strain gauges etc shall be reviewed by the designer and
interpreted in acceptable form and submitted to the Engineer on regular basis with the
comments and recommendation of the designer.

4. Protection of the Works from Weather

@

(ii)

(iii)

(iv)

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.

Permanent Works, including materials for such Works, shall be protected from
exposures of weather conditions that may adversely affect such Permanent Works or
materials.

During construction of the Works storm restraint systems shall be provided where
appropriate. These systems shall ensure the security of the partially completed and on
going stages of construction and 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.

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

4.1 Utilities

Please refer to Appendix 10 of Section VI1-9: Appendices, Part 2- Employer’s Requirements of this

document
5. TESTING
5.1 General

The Contractor shall provide and perform all forms of testing procedures applicable to the NATM
Works and various elements of the primary support and shall conduct all necessary laboratory and site
acceptance tests.

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.

The testing Procedures shall be submitted, as required, by the Contractor during the duration of the
contract to reflect changes in primary support system or the identification of additional support
requirement.

The Engineer shall have the facilities for monitoring all tests and have access to all testing records.

All costs associated with the Testing shall be borne by the Contractor, unless otherwise specified,
including the services of any specialised personnel or independent assessors.

All testing equipment shall carry an appropriate and valid calibration labels.
5.2 Batches, Samples and Specimens
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
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applying to the batch apply to all of the material delivered over the period.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.A specimen is the portion of a sample that
is to be tested.

5.3 Samples for Testing

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

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.

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.

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.

Samples which have been tested may be incorporated in the Permanent Works provided that:

(i) the sample complies with the specified requirements;
(i) the sample is not damaged; and

(iii) the sample is not required to be retained under any other provision of the Contract.

Additional samples shall be provided for testing if in the opinion of the Engineer:
(i) material previously tested no longer complies with the specified requirements; or

(i) material has been handled or stored in such a manner that it may not comply with the specified
requirements.

5.4 Testing

The Contractor shall be responsible for all on-site and off-site testing and for all in-situ testing.
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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
provided that:

(i)  they are accredited for the relevant work at least NABL approved to a standard
acceptable to the Engineer ; and

(i) particulars of the proposed laboratory are submitted to the Engineer for his consent
shall be at least NABL approved.

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

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-the situ
tests shall be removed by the Contractor as soon as practicable after the testing is complete.

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 Sub-section 4.12.4(i) above and particulars of the laboratory proposed shall be
submitted to the Engineer for consent prior to the testing.

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

5.5 Compliance of Batch

The results of tests on samples or specimens shall be considered to represent the whole batch from
which the sample was taken.

A batch shall be considered as complying with the specified requirements for a material if the results
of specific tests for of 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
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additional tests, for every property.

5.6 Records of Tests

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:

(@)

(b)

(©)
(d)
(e)
(f)
(9)
(h)
(i
)
(k)
(0
(m)
(n)

material or part of the Works tested;

location of the batch from which the samples were taken or location of the part of the
Works;

place of testing;

date and time of tests;

weather conditions in the case of in-situ tests;
technical personnel supervising or carrying out the tests;
size and description of samples and specimens;
method of sampling;

properties tested;

method of testing;

readings and measurements taken during the tests;
test results, including any calculations and graphs;
specified acceptance criteria; and

other details stated in the Contract.

Reports of tests shall be signed by the site agent or his assistant, or by another
representative authorised by the Contractor.

If requested, records of tests carried out by the Employer's staff or by the Engineer shall
be given to the Contractor.
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5.7 Test for Shotcrete Operators

Shotcrete operators are to be tested for their performance by performing an in-situ test for spraying
of shotcrete in a desired manner. Successful operators should be issued a competency certificate and
record for all such competent operators shall be maintained. Shotcreting for the NATM tunnelling
work should be done only by operators having competency certificate.

MATERIALS

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 Section V1I-8: Tender drawings
and documents of this document. These materials shall be procured only from approved
manufacturers/Suppliers.

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.

Parts of materials which are to be assembled on the Site shall be marked to identify the different parts.

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.

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 mean 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.
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7.
7.1

TAKING OVER OF WORKS / SECTIONS
Inspection

a)

b)

General

Within seven (7) days of receipt of the Contractor’s written application for a Taking-Over
Certificate, pursuant to Sub-Clause 10.1 of the General Conditions of Contract, the Engineer, in
the company of the Contractor, will inspect the Works or Section covered bythe application, as
per the requirements described in this Sub-Clause. During the joint inspection, the Works or
Section will be examined and relevant documentation will be reviewed. The Engineer will
prepare a written list of outstanding items, if any, to be completed or corrected before issuance
of the Taking-Over Certificate and a separate written list of items to be completed or corrected
during the remainder of the Contract orthe Defects Notification Period. The list shall include an
agreed date of correction for each deficiency.

The Contractor shall also obtain written confirmation from all applicable Interfacing Contractors
that all interfacing matters have been concluded.

If there are no outstanding items to be completed or corrected before the Taking Over ofthe
Works or a Section, the Contractor shall submit to the Engineer all guarantees, warranties, final
certifications or similar documents or both as are required under the Contract.

Static Inspection

The inspection listed in the following table shall be conducted by the Engineer, in coordination
with Interfacing Contractors as necessary.

The Contractor shall prepare and submit for review and approval by the Engineer a Static
Inspection Plan detailing and explaining how the Contractor will plan, perform and document all
tests and inspections that shall be conducted to verify and validate the Works. The Static Inspection
Plan shall consist of a narrative description supported by graphics, diagrams and tabulations as
required.

Structure

Inspection Method

Confirmatio )
Inspection Item n of “As- Vlsual. Measurement  Test
Built” Inspectio | ek
Records n

Earthwork

At every 100m on
straight line, at every
20m on curved line, at | v v
each terminal point of
structures

Formation
width

Cross

' Drawings at every | s v
section

100m on straight line,
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Inspection Method
Confirmatio .
Structure Inspection Item n of “As- Visual MR e TP
Built” :I“SP““" Check
Records
at every 20m on
curved line, at each
terminal  point  of
structures.
Retaining List of location of
.. v v
wall retaining walls
Soil test records,
compaction records,
Constructio | CBR & deformation
v
n modulus (Ev2)
records, construction
photos
Blanket material test
records, compaction
Blanketing test records, CBR & | v
layer deformation modulus
(Ev2) test records.
Thickness v v
List of structures
Structures crossing the Railway v v
Crossing (earth cover, overhead
clearance, etc.)
Drainage Drainage works at
& embankment/cutting, | v/ v
system . :
drainage diagram
Bridges Formation .
width At each bridge v v
Quality records of
‘ aggregate used,
Construction reinforcement, cement v
concrete quality
control data,
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Structure

Inspection Method

. Confirmatio Visual
Inspection Item n of “As- Insnectio Measurement  Test
Built” P Check
Records

measurement records

of cast-in-situ piles/

open foundation etc.
Repairing of | Records of repaired v v
structures parts of structures

Records of
Rebar cover | measurement of rebar | v

cover
Clearance
under Above roads/rail v v
girder/slab
Abutment/p
ier All Structural v v
structures/R | drawings
CC box etc.
Concrete Schmidt hammer tests | v/ v
strength
List of | . .
bridges List of bridges v v

Test record of
PSC prestressing cable, v
slab/girder | anchorage system &

prestressing record.
Pile load | Pile load test

NA

test parameters

Material test record,
Steel Girder fa.brlcatlon, welding & NA

trial assembly records,

dead load camber
Bearings Acceptance test record NA
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Inspection Method
Confirmatio .
Structure Inspection Item n of “As- ;;lsualti MR e TP
Built” PR Check
Records
Track  on | Track parameters at NA
oOwWG every sleeper location
Load test parameters
of superstructure (PSC v v
Load test girder/slab)
Load test parameters
v
of skew RCC box
Station Platform At every 10m on
leneth straight line, at every
wicﬁh’ 5m on curved line,
control points of curve
Clearance of
isolated and
z;zzzizzs All structures
on platform
as per SOD
itle:;rcase Results of stair width NA
pavement measurement
Drai f .
liigiie (;L Section & slope at
flar d every 20m
List of facilities
Safet (clearance from
fencey ete platform end to
S fixed/movable fence,
etc.)
Protective Abutment/
facilities Pier Drawings v v
protection

Tender No. HORC/HRIDC/C-4/2022




Section VI1I-4: Employer’s Requirements — Construction (Civil & BLT) 13

Inspection Method
. Confirmatio Visual
Structure Inspection Item n of “As- Insbectio Measurement  Test

Built” P Check
Records

Slope List, location and

protection Drawings of slope | v v

works protection works

After Static Inspection of the Works as mentioned above the Contractor shall submit the Inspection Report
in the agreed format in four (4) signed copies to the Engineer for review and approval.

7.2 Remedial Action and Re-inspection

Within twenty-eight (28) days of receipt of a written application for a Taking-Over Certificate,the
Engineer shall proceed in accordance with Sub-Clause 10.1 of the General Conditions of Contract.

7.3 Taking Over Certificate

If the Engineer does not issue a Taking-Over Certificate, but gives instructions in accordance with
sub-paragraph (ii) of Sub-Clause 10.1 of the General Conditions of Contract, the Contractor shall,
when he considers the work specified by the Engineer completed, give written notice to the
Engineer and the Contractor.

The Contractor shall submit documents required by Commissioner of Railway Safety (CRS) and
shall accompany him during his inspection along with necessary records.

8. Sub-Contractor for Construction of Ballast less Track System

8.1 Upon award of the Contract, the Contractor shall engage Sub-Contractor for Construction of ballast
less Track System. The Contractor shall submit details of Sub-Contractor proposed to be engaged
for Construction of ballast less Track System for the approval of the Engineer. Sub-Contractor for
Construction of ballast less track system shall be engaged within twelve months of the
Commencement Date.

8.2 Sub-Contractor to be engaged shall have the experience of Construction of ballast less track system
for a minimum length of 2.0 km in a single contract during last seven years from the last date of
submission of Tender.

8.3 Sub-Contractor to be engaged shall submit experience certificate for construction of ballast less
track system issued by the user railway administration.

In case the user railway administration is from foreign country and the certificate is issued in
language other than English, the supporting documents shall be translated into English. The
translation of the certificate shall be either stamped by Embassy/High Commission of India or
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8.4

8.5

8.6

Partner Countries of Hague convention may submit these documents with “Apostille” stamp. The
experience certificate issued by foreign user railway administration in English shall also be either
stamped by Embassy/High Commission of India or submitted with “Apostille” stamp.

Proposed Sub-Contractor shall submit details containing, but not limited to the name of line in
which the system is in use for minimum 5 years, details of user railway administration such as name
of the Railway administration and its contact person, address, telephone number, E-mail id etc.

Upon approval of the Sub-Contractor, the Contractor is required to enter into legally enforceable
agreement with the Sub-Contractor within 60 days of approval of designer and submit a copy of the
agreement to the Engineer. The agreement must specify the specific role and responsibility of the
Sub-Contractor.

No construction of BLT shall be started unless agreement with the Sub-Contractor is submitted to
the Engineer.
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ATTACHMENT -C-1
MINIMUM ORGANISATION STRUCTURE REQUIRED

The figures indicated in Table 1 below are the minimum number of Project-Personnel required which are
to be deployed as per the minimum level of supervision. The qualification/experience of such Project
personnel is given under Annexure-C-2

TABLE-1 LIST OF MINIMUM ORGANISATION STRUCTURE REQUIRED

Minimum no. of

S.No. |Designation of Project Personnel Project—l Penalty ~ for ~ Non-
Perso_nng deployment per week or|
require part thereof per person

1. |Contractor’s  Representative/  Project 1 Rs 50,000/-

Manager
2. | Senior Tunnel Expert (NATM) 4 Rs 40,000/-
3. | Tunnel Expert(NATM) 4
4. | Ballast less Track Expert 1 -
S. Planning Engineer 1 Rs 40,000/-
6. Senior Quality Assurance /Quality Control 2
7. | Quality Assurance /Quality Control Expert 2 Rs 50,000/-
8. |Health & Safety Expert 4 Rs 50,000/-

Surveyor 5 -
10.| Tunnel Expert (Cut & Cover) 2 Rs 40,000/-
11.| Bridge Expert 1 -
12.| Procurement Manager 1 Rs 40,000/-
13.| Senior Geologist 1
14.| Geologist 1 -
15.| Environmental Expert 1 Rs 40,000/-
16.| Senior Geotechnical Engineer 1
17.| Geotechnical Engineer 1
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18.| Blast Expert 1
19.| Civil Engineer (Concrete Expert) 4
NOTES:-

I.  The Contractor shall deploy resources as per the above-mentioned table. The Contractor shall also
confirm to deploy manpower over and above the minimum numbers indicated above, if the work
SO requires.

ii.  The performance of project personnel deployed will be evaluated periodically by the Engineer
during the contract period. In case the performance of any of the project personnel is not
satisfactory, the Contractor shall replace them with good personnel immediately as per directions
of the Engineer.

iili.  The personnel at Sr.No.1, must be deployed by Commencement Date. Personnel at Sr.No.2, 4, 5,
6, 8, 10 & 12 in the above table must be deployed within 30 days of Commencement Date. Non
adherence to these provisions shall attract penalty as indicated in the table above.

iv.  The resources indicated in table above are for peak requirement. All resources need not be
mobilized simultaneously for entire duration of the contract. The Contractor shall mobilize the
resources as per the deployment programme approved by the Engineer.

v. In case of non-deployment of project personnel, the penalty shall be imposed as indicated above
and deducted from Contractor’s running / final bills. The decision of the Engineer in this regard
shall be final and binding.

UNDERTAKING:

I.  We confirm to deploy project-personnel required to achieve progress of work as per construction
work program submitted along with the tender or as approved by the Engineer.
ii.  We confirm to deploy manpower over and above the minimum numbers, if the work so requires.

SIGNATURE OF AUTHORIZED SIGNATORY OF CONTRACTOR
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ATTACHMENT C-2
MINIMUM QUALIFICATION & EXPERIENCE OF PROJECT PERSONNEL

S. No.| DESIGNATION QUALIFICATION EXPERIENCE LEVEL
L. , i ... | Minimum total experience of 15 years out of
Contractor’s , Graduate in Civil | \yhich minimum 10 years as In-charge in
Representative/ Project Engineering

Manager (Team Leader)

Infrastructure projects*.

Graduate/Diploma in Civil

Minimum total experience of 10/12 years out

2. | Tunnel Expert (NATM) Engineering of which minimum 05/08 years in relevant

field in Infrastructure projects

3. | Tunnel Expert (Cut & GraQuate{DlpIoma in Civil Minimum to_ta_l experience of 10/1_2 years out

Cover) Engineering o_f Wr_uch minimum 05/02_3 years in relevant
field in Infrastructure projects

4. | Ballasteless Track Expert Gra(_juate_/DlpIoma in Civil Minimum to_ta_l experience of 10/1_2 years out

Engineering of which minimum 05/08 years in relevant
field in Infrastructure projects
. Graduate/Diploma in Civil | Minimum total experience of 10/12 years out

5. | Bridge Expert Engineering of which minimum 05/08 years in relevant

field in Infrastructure projects

6. Graduate in Civil | Minimum total experience of 10 years out of

Planning Engineer Engineering with | which minimum 05 years in relevant field in
certification ~ Primavera | Planning of Infrastructure projects.
software
7. | Quality Assurance (QA) | Graduate/Diploma in Civil 'V"”'”!“m to_ta_l experience of 10/13 years out
/Quality  control  (QC) | Engineering of which minimum 05 Yrs. In QA (Flelt_j)
Ex And At Least One Year as In-Charge in
pert .
Infrastructure Project _

8. | Procurement Manager Graduate in Engineering / M:)ngmetrﬂt?rll ?ﬁﬂggt?ﬂg?u?; g?c/)?gc%/lears "
Diploma in procurement

. , . Minimum total experience of 10 years out of

9. | Geologist Master’s degree in Geology | which minimum 05 years in relevant field in

Infrastructure projects.

10. | Health & Safety Expert Graduate/Diploma N | Minimum total experience of 06/08 years
Engineering/Science  with | with relevant experience of 3 years in
one year full time Diploma | Infrastructure projects.
in Industrial safety . _

11. | Environment Expert Graduate in Environmental Vl\élrl]?éanlérr;égtrzl g,z( 2%222%8(: g? ﬁ?{ﬁiﬁgt(‘,’g
Engineering/ Master’s | environmental aspects in railways/roads
degree in Environmental | linear projects.

Engineering/Environmental
Science
12. Minimum Total Experience of 05/08 Years

Surveyor

Diploma in Civil

Engineering / ITI

in Survey Work for Infrastructure project
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13.

Blast Expert Graduate/Diploma in Civil Minimum Experience of 15 years in blasting

Engineering

14.

- . . Minimum total experience of 10 years out of
Civil Engineer (concrete | Post Graduate instructures | \which minimum OI% years in reIe\)//ant field in

expert) and Graduate in Civil | Infrastructure projects.
Engineering

NOTES:

I.  *Infrastructure project includes Railway, DFC, Metro, RRTS and Highway tunnel projects.

SIGNATURE OF AUTHORIZED SIGNATORY OF CONTRACTOR
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ATTACHMENT C-3
MINIMUM RESOURCES REQUIRED FOR THE PROJECT- PLANTS & EQUIPMENT

The figures indicated below are the minimum number of equipment required.

S.No.| Types of Equipment Required for Minimum No. of Unit of
the Work Equipment Required for the
Work

1.  |Double Boomer 02

2. |Robotic Shotcrete Machine 08

3. [Concrete Batching Plant (each 60 02
cum/hr)

4.  [Excavator (75 cum/hr) 12

5. |Grader 02

6. |Dozer (150 Cum/hr) 04

7. |Vibratory Roller (10 T) 04

8. Pugmil/Crusher(200MT/hr) 01

9. |Concrete Pump with Boom Placer 02

10. [Stationary Concrete Pumps (36 cum/hr) 05

11. [Transit mixtures 10

12. [Survey Instruments (Total Station) 04

13. |Lab Testing equipment- fully equipped As per Appendix 12 of
for site tests. Section VII-9: Appendices,

Part 2- Employer’s
Requirements

14. |Digital Level (Leica, Sokia) 04

15. [Tunnel lining gantry of minimum length 08
15m

Note:

I.  These resources are for peak period of each activity. All plants and equipment need not
be mobilized simultaneously. Plants and equipment as required as per the progress of
the work shall be brought at site in advance as directed by the Engineer.

UNDERTAKING:

We confirm to deploy resources as per the above-mentioned minimum requirement and also
confirm to deploy plants & equipment over and above the minimum numbers indicated above,
if the work requires so.
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SIGNATURE OF AUTHORIZED SIGNATORY OF CONTRACTOR
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CHAPTER 1
INTRODUCTION

This part lays down the specifications/criteria for design of civil structures i.e.
tunnels(NATM and Cut & Cover), permanent ventilation shafts, ballastless track, bridges,
embankments, retaining walls and other civil structures.

The broad parameters covered in these specifications are listed below:

Material Parameters (Concrete, Reinforcement steel & Structural Steel etc.)
Design Parameters

Loadings

Load Combinations

Allowable stresses

Design Methodology

N o a bk~ DR

List of Design Codes and Standards
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CHAPTER 2
OUTLINE DESIGN SPECIFICATION -GENERAL
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CHAPTER 2
OUTLINE DESIGN SPECIFICATIONS- GENERAL
2.1 General

The structures to be designed in C-4 Package are mentioned in the Employer’s
Requirements, Section VI1-2, Functional (Civil and BLT), Sub-Clause 2, Scope of Works.

The design works include the preparation and approval of GADs/architectural drawings,
Definitive Design and Construction Design for structures as per the Employer’s
Requirements, Section VI11-3, Design (Civil and BLT).

Initially GADs of bridges shall be prepared by the Contractor after carrying out detailed
topographical survey and will be based on conceptual GAD and preliminary design. These
GADs will be sent to the Site for checking feasibility of construction by Engineers
Representative and Contractors Representative. The initial GADs shall be modified
incorporating remarks of construction feasibility and submitted to the Engineer along with
the preliminary design calculations. After approval of the Engineer, GADs shall be
submitted to the stakeholders for approval, if any. Getting approval of GAD from the
concerned stakeholders is the responsibility of the Contractor. The Contractor shall address
all the queries of the stakeholders. However, the Employer will assist the Contractor in
obtaining approval from the concerned stakeholders. The Contractor shall attend any
meeting/presentation/joint site visit with stakeholders, as per the requirement, for the
approval of GADs. After approval of the stakeholders, the GAD shall be finally approved
by the Employer.

2.2 Employer’s Inputs
The Employer shall furnish following documents to the Contractor: -
a) Plan and L-section of the main line
b) Conceptual GAD of bridges
c) Conceptual layout plan for tunnel
d) Geotechnical Interpretive Report (GIR) for tunnel
e) Design Basis Report (DBR) for tunnel
f) Geo-technical investigation reports for tunnel and bridges
2.3 Design Life

The design life of a structure is that period for which it shall be designed to fulfill its
intended function.

The Contractor is required to submit a report demonstrating the approach in design,
construction and selection of material so as to achieve the design life as specified.

The design life of tunnel and bridges shall be as follows:
a) Tunnels works
The design life of all tunnel structures shall be 120 years.
b) Bridges
The design life of bridges shall be 100 years.
¢) Retaining Wall
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The design life of retaining walls shall be 100 years.
d) Other Civil Structures
The design life of Other Civil Structures shall conform to relevant codal provisions.
2.4 Schedule of Dimensions, Fixed Structure Gauge (FSG) and Clearances

Tunnel, bridges and other structures shall be designed to cater for movement of double stack
containers. FSG for tunnel shall be as shown in Employer’s Requirements, Section VII-8,
Tender drawings and documents and clearances shall be as per IR Schedule of Dimensions
for Broad Gauge.

2.5 Rock and Soil Parameters

Geotechnical investigation reports shared with the Tender Documents are indicative in
nature and the Contractor shall carry out independent detailed GT investigations as per
codal provisions. However, if there is a wide variation (>15%) in the design rock/soil
parameters compared to the parameters as per GT report of nearest bore hole given in the
Tender Documents, the same shall be brought to the knowledge of the Engineer and a
confirmatory (repeat) bore hole shall be done to ascertain design soil parameters.

2.6 Liquefaction of soil

Liquefaction of soil shall be considered as per IS 1893-Part-1. The design ground water
table shall be used for liquefaction potential calculation. The moment magnitude Mw to be
taken in design shall be 7.0. The factor of safety shall be more than 1.0 to ascertain that the
strata is not liquefiable.

2.6.1 Design Ground Water Table
Base value of ground water table shall be considered as the highest level of the following:
(a) Data published by Central Ground Water Board (CGWB),
(b) Ground water table reported in Geotechnical report provided in Tender Documents,
(c) Ground water table encountered by the Contractor during GT investigation.

The design ground water table shall be taken as minimum 3.0m higher than the base value
of ground water table as given above.

2.7 Differential Settlement in continuous structures
Differential Settlement between two adjacent bridge piers shall not be more than-
a) 12mm for Long Term Settlement;
b) 6mm for Short Term Settlement
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2.8 General Design Requirements

2.8.1

2.8.2

2.8.3

2.8.4

2.8.5

2.8.6

2.8.7
2.8.8

2.8.9

2.8.10

2.8.11

2.8.12
2.8.13

The Project entails construction of BG double-track electrified railway lines capable of
handling “25t loading -2008” double stack containers for a maximum speed of 100 kmph.
The design speed for passenger train shall be 160 kmph. The Project is a feeder route to
DFC also. The embankment and cutting shall be designed for “DFC loading (32.5t axle
load)”. Bridge substructure shall be designed for “DFC loading (32.5t axle load)”and
superstructure shall be designed for “25t loading — 2008 unless specified otherwise in
the Contract.

All levels shall be quoted in meters correct to three decimal places and shall be to Mean
Sea Level (MSL) Datum India. The rail level on a track shall refer to the top of the inner
rail of the UP Line i.e. line going from New Prithala to Sonipat.

The Contractor shall comply with the provisions of IR Schedule of Dimensions, with
regard to the clearance over the existing IR network.

Horizontal and vertical alignment has been given in the Final Alignment Drawings.
Proposed Right of Way (ROW) has also been marked on the Alignment Drawings. The
Contractor should check the feasibility of alignment at site and may propose minor
modification, if required.

All structures shall be designed and detailed to withstand earthquake forces for Seismic
Zone IV.

Exposure conditions shall be considered as ‘moderate’ for design of all type of
structures/bridges.

Minimum grade of reinforcement steel shall be Fe 500D conforming to IS 1786.

The data like bridge length, size, barrel length, type of crossing, highest flood level (HFL),
total waterway and indicative span configuration etc. in respect of the proposed road/
waterway bridges has been shown in the conceptual GAD of the bridges. While designing
the bridges, it shall be obligatory that in case of parallel section, the total bridge length,
box opening and/or HFL for an individual bridge for HORC project shall not be less than
that of the corresponding KMP/DFC bridge. Also, the span configuration for the proposed
bridges shall match the span configuration of the corresponding KMP/DFC bridge, to the
maximum extent possible, to avoid obstruction and to bring the abutment/piers in line
with the existing abutment/piers. Deviation from above shall be in consultation and with
approval of the Engineer.

Precast RCC drains shall be designed for drainage of storm water from embankments
between existing KMP expressway and HORC embankment.

In case of pile foundation, bored cast in-situ concrete piles of diameter 1.2m shall be
provided.

Inspection platform all-round the abutment caps/pier caps shall be provided along with
access ladder.

Trolley refuge on bridges shall be provided as per provisions of IRSOD.

In case, the bridge is at a location where the Right of Way is restricted, special type of
abutment / pier / return wall / wing wall shall be designed subject to approval of the
Engineer.
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2.8.14

2.8.15

2.8.16

2.8.17

2.8.18

2.8.19

2.8.20

Protection of embankment on approaches of bridges shall be by CC blocks of suitable
sizes, over consolidated gravel bed of minimum thickness of 150 mm, encased in cast in-
situ RCC grid frames of suitable cross section having opening size of approximately
1.75m x 1.75m, for a length of 30m on both sides for major bridges and 15m on both sides
for RCC boxes. The above protection works shall be provided with toe wall at the end of
slope. Adequate drainage arrangement shall be provided in protection works.

Inspection steps (1m wide) on either side of formation shall be provided with CC of M20
grade at all bridges.

Adequate provision shall be made for inspection and replacement of bearings without
major disruption to railway operations or any activity underneath the bridge.

Necessary provisions for OHE mast shall be made on piers of bridges having multiple
CG/ OWG spans.

Precast retaining walls shall be designed upto 2m height above ground level. Beyond 2m
height, cast in-situ retaining wall may be used. Reinforced Earth (RE) wall shall not be
permitted.

Precast CC coping shall be provided over the return wall, wing wall & retaining wall with
minimum thickness of 75mm at the edge and 100mm at the centre. It shall project 75mm
beyond the wall thickness on either side.

NP-4 pipe of 450mm diameter, conforming to IS 458, shall be designed at about 500m
interval throughout the alignment in embankments having fill heights upto 5m. In
embankments having fill heights more than 5m precast RCC box of 500mmx500mm clear
size shall be designed for the purpose of future utilities. RCC pipe shall be designed for
appropriate installation conditions as per 1S-783, according to the fill height.
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CHAPTER 3
OUTLINE DESIGN SPECIFICATIONS - TUNNEL
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3.1

3.2

3.3

CHAPTER 3

ALIGNMENT, CROSS SECTION and LOADING REQUIREMENTS FOR
TUNNEL

GENERAL

The Outline Design Criteria hereto provide minimum standards that are to govern the design
of NATM tunnel, Cut & Cover tunnel, Permanent Ventilation Shafts, portals and other
Permanent Works. The Outline Design Criteria shall be read in conjunction with DBR and
Outline Construction Specifications (Civil and BLT) where appropriate.

Wherever in contract documents any term provides for consent, concurrence, no-objection
or agreement of the Employer or the Engineer, the same shall mean and denote consent
concurrence or agreement in writing (even if not so expressly stated).

CODES AND STANDARDS

The design and construction of the Permanent Works shall comply with codes of practice
and standards prevalent at the time of submission of Tender Documents. Regulations made
and requirements issued by the Indian Government and by relevant utility authorities shall
be followed and specified.

Alternative or additional codes, standards and specifications proposed by the Contractor
shall be internationally recognized codes including Austrian Standards for NATM shall be
equivalent to or better than, Indian Standards issued by the Bureau of Indian Standards or
any other Indian professional bodies or organizations, subject to being, in the opinion of the
Engineer, suitable for incorporation into the Specifications.

Subject to the requirement of this specification and other control documents all design work
will comply with the appropriate current standards issued by the Bureau of Indian Standards
(BIS), or subject to approval by the authority, an appropriate current standard from a
reputable institution may be used. All standards shall be that including Amendments and
Addenda, current at the date of tender.

HORIZONTAL AND VERTICAL ALIGNMENT OF TUNNEL

The horizontal and vertical alignments of the HORC Project are given in the Tender
drawings as listed in Employer's Requirements, Section VII-8, Tender drawings and
documents.

The Contractor shall design the tunnel works to these alignments. However, subject to the
provisions of the Contract, changes to the given alignments may be permitted to suit the
specific characteristics of his design as per Sub-Clause 2.7 of Employer’s Requirements —
Functional(Civil and BLT), at no extra cost to the Employer subject to prior approval of the
Employer. While fixing the design alignment of tunnel, due consideration for lateral and
vertical clearances as per IRSOD on curves shall be given.
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3.4

3.5

3.5.1

3.6

TUNNEL CROSS SECTION

The cross section of tunnel shall be determined in accordance with DBR. The cross section
of the tunnel shall ensure provision of space for associated structures and equipment
required for operation and maintenance of the tunnel.

CROSS SECTION OF PERMANENT VENTILATION SHAFTS AND
CONSTRUCTION CUM UTILITY SHAFT

The cross section of permanent ventilation shaft has been shown as rectangular in tender
drawings. The Contractor may modify the cross section to any other shape provided clear
opening along the length of the tunnel is not less than 25 m and clear opening perpendicular
to the track is not less than 12 m. The cross section of construction cum utility shaft can be
decided by the Contractor depending upon construction requirement for introduction of four
nos. of working faces for both tunnels.

LOADING REQUIREMENTS

3.6.2 General

3.5.2

The loads for design of tunnel shall broadly be taken as given in the DBR in Employer’s
Requirements, Section VI1I-8, Tender drawings and documents unless stated otherwise in
the Contract.

Design Loads and Loading Combinations

Each component of the structure shall be designed/checked for all possible combinations
of loads indicated in DBR of tunnel in Employer’s Requirements, Section V1I-8, Tender
drawings and documents but not limited to these only.

Tender No. HORC/HRIDC/C-4/2022



Section VI1I-5: Employer’s Requirements -Outline Design Specifications (ODS) — Civil and BLT 14

CHAPTER 4

GEOLOGICAL AND GEOTECHINICAL INVESTIGATIONS AND
FIELD TRIALS
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CHAPTER 4

GEOLOGICAL AND GEOTECHINICAL INVESTIGATIONS AND
FIELD TRIALS

4.1 GENERAL

4.2

The Contractor shall be responsible for determining for his design purposes the Geology
and the Geotechnical parameters of the sub-surface strata along the route. Geotechnical
Investigations have been carried out by the Employer and the Geotechnical Investigations
Reports are given in Employer’s Requirements, Section VI1I-8, Tender drawings and
documents for information only. These shall be confirmed and supplemented if considered
necessary by the Contractor by way of additional boreholes.

FIELD TRIALS FOR PRIMARY SUPPORT SYSTEM

The Contractor shall carry out intensive field testing in order to evaluate the geological
conditions expected to be encountered during tunnel excavation and to evaluate the design
parameters required for design of the NATM tunnel. The trial may be made to the primary
support system such as rock bolts/dowels, shotcrete, forepoling and pipe roofing in order
to evaluate their performance in different geological conditions to the extent possible prior
to the design of works so that more appropriate designs for different geological conditions
can be established before the execution of work. Otherwise, such tests may be
recommended at a suitable frequency in different geological conditions and change in
geological conditions during excavation and design of primary support system shall be
reviewed on the basis of the interpretation of the results obtained from instrumented data.
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CHAPTER 5

DESIGN OF CUT & COVER TWIN TUNNEL AND PERMANENT
VENTILATION SHAFTS
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CHAPTER 5

DESIGN OF CUT & COVER TWIN TUNNEL AND PERMANENT
VENTILATION SHAFTS

5.1 GENERAL PRINCIPLES
The Contractor shall use design methods for the analysis of the permanent ventilation shafts
that take into account, but not limited to:

a. the method of construction, including temporary works;

b. the ground/structure interaction, including the effects of temporary works;
c. ground pressure redistribution and bending moment redistribution;

d. shortand long term heave and settlement;

e. Groundwater loading, backfill and other imposed loading, if any.

For the purposes of assessing ground pressures the shafts shall be considered as effectively
a rigid box structure subject to earth pressure at rest.

Temporary Ground Support shall be designed in accordance with the requirements of Chapter
6.

In preparing his designs and method statements the Contractor shall carry out his own
assessment of the adequacy of the available geotechnical information, and shall indicate
where he considers such information to be deficient having regard to the particular works or
activities to which the design or method statement relates.

The Contractor shall at his own expense conduct further soil investigations where his designs
or method statements identify that it is necessary or prudent to do so to enable him to identify
all foreseeable circumstances which may affect the execution of the works and to ensure that
there is no likelihood of meeting unexpected conditions of a critical nature.

If the Contractor intends to carry out additional ground investigation from the surface,
beyond the limits of the worksite, he shall make his own arrangements with landowners and
occupiers for the necessary access. He shall not assume that such access will necessarily be
granted, although the Engineer will provide assistance where it appears that this would be
beneficial.

The design life required shall be obtained by the use of durable materials, corrosion
protection, resistance to or avoidance of wear etc.
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5.2 DESIGN PRINCIPLES

The design method for construction of the cut and cover tunnels/ shafts shall take into
account at least:

a) the geology along the length and depth of the cutting;

b) the hydrology and the permeabilities of the strata encountered along the length of the
cutting;

c) the magnitude of settlement which could be expected. In this context the location
of the works in relation to existing structures shall be considered.

d) the depth of construction required,

e) any particular difficulties that special plant might meet with in respect of access,
clearances and working space;

f) the noise levels produced,;
g) the methods by which the completed structure shall be secured against flotation;
h) the method of waterproofing the completed structure:

1) Slope instability.

5.3 EXCAVATION WITHOUT SUPPORT SYSTEM (OPEN EXCAVATION) FOR CUT & COVER

54

TUNNEL

The open excavation shall be carried out in the area, where, there are no structures/
utilities/other establishment in the influence Zone of the excavation and does not involve
extra tree cuttings. The detailed excavation scheme along with complete details of the scheme
shall be submitted for prior approval of the Engineer.

FLOTATION

Minimum depth of overburden on underground structures should not be less than 2 metres in
general. The Contractor shall check the cut and cover tunnels for the possibility of flotation
due to differential water pressure and shall design the structure such that adequate factors of
safety against flotation are provided as set out below.

A load factor of 0.90 shall be applied to the self weight of the structure, including the first stage
only of the track concrete. A load factor of 1.0 shall be applied to the weight of backfill material
over the structure.

The overall factor of safety against flotation shall not be less than 1.05 and 1.10 for any
construction stage and after the completion of the Permanent Works respectively.

Suitable measures to counteract flotation forces for the Permanent Works shall be incorporated
in the Contractor’s design. The measure(s) chosen shall suit the particular conditions and the
method of construction:
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a) Toeing-in of the base slab into the surrounding ground;
b) increasing the dead weight of the structure by: thickening of structural members;

c¢) providing an extra thickness of concrete beneath the base slab tied into the structural
base slab;

It will not normally be acceptable to modify the vertical alignment of the tunnels solely
to counteract flotation forces. The use of ground anchors as a permanent measure to
counteract flotation forces will not be permitted.

Where the base slab is toed-in to the surrounding ground a partial safety factor of 2.0
shall be applied to the shear resistance of the ground above the toe and the adhesion factor
shall not apply. The value of the weight of ground above the toe shall be calculated as for
the backfill material.

The value of the weight of any additional thickness of concrete shall take account of the
increased volume of water displaced.

The Contractor shall ensure that his method and sequence of construction is such that an
adequate resistance to uplift is maintained at all times, and shall put forward his proposal
to this effect.

5.5 CRACKING OF CONCRETE

Anti-crack reinforcement shall be provided in all walls and slabs more than 250 mm thick to
distribute cracking arising from shrinkage, early thermal and temperature effects.

Minimum reinforcement on each face in each direction shall be at least 0.125% of the
concrete cross-sectional area for grades 415 and above.

In addition, spacing between the bars should not be greater than 150 mm.

Generally, pairing of bars and more than one layer of bars is not preferred for such structures.
It is preferred that smaller diameter bars in any direction are placed at closer intervals to
prevent early thermal and shrinkage cracks.

5.6 THERMAL CRACKING

Walls and slabs of underground structures are usually thick. Therefore, adequate consideration
shall be given to the risk of early thermal cracking and shrinkage effects. Suitable property
enhancers/blending material conforming to relevant codes shall be used by the weight of
cement in such a manner that it shall replace the cement quantity for the same grade of concrete
to reduce the risk of early thermal cracks. This concrete shall serve as a measure to reduce the
thickness of walls & slab to minimise the risk of thermal cracks. The designer shall ensure that
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any requirements considered appropriate such as cement chemistry and curing methods are
properly addressed.

5.7 CORNER DETAILS

Particular attention shall be paid to the corner joints of large structural members. External
wall/slab junctions shall be provided with crack control steel and transverse ties. Radius of
bend of main tension bars shall be increased to cater for the high bearing stresses within the
bend.

5.8 CONSTRUCTION JOINTS

The design and detailing shall be such that the number of construction joints will be as few
as practicable and shall minimise leakage.

5.9 BASE STABILITY

The Contractor shall include in design adequate precautions against base heave in the clayey
silts during construction. The stability of the bottom of the excavation shall be checked in
accordance with an acceptable method of analysis. A surcharge of 20 kN/m? shall be allowed
for, applied at ground level to the ground surrounding the excavation.

The Contractor shall show in his calculations the contribution made to the base stability of the
excavation by his proposed method of construction and shall state the factor(s) of safety used
in the design. The factor(s) of safety shall relate to the method of construction and to the
particular location of the Works and shall be subject to the consent of The Engineer.The
Contractor shall check the stability of the completed structure against failure due to base heave
under the structure.

5.10 WATERPROOFING

The grade of concrete, treatment of construction joints, areas of slab pours and external
protection shall be chosen such that the required standard of waterproofing can be achieved
and maintained. Materials for expansion joints, caulking etc. shall have acceptable fire
performance for use on an underground railway line.

5.11 Material parameters, loads & loading combinations, concrete cover and crack width shall be
taken as per Design Basis Report given in Employer’s Requirements, Section V1I-8, Tender
drawings and documents.
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CHAPTER 6

TEMPORARY GROUND SUPPORT SYSTEM & OTHER
REQUIREMENTS FOR EXCAVATION TO CUT & COVER TWIN
TUNNEL AND PERMANENT VENTILATION SHAFTS
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CHAPTER 6

TEMPORARY GROUND SUPPORT SYSTEM & OTHER
REQUIREMENTS FOR EXCAVATION TO CUT & COVER TWIN
TUNNEL, PERMANENT VENTILATION SHAFTS AND
CONSTRUCTION CUM UTILITY SHAFT

6.1 TEMPORARY GROUND SUPPORT SYSTEM

Excavation will be required in soil as well as in rock or partially in rock and partially in soil
for Cut & Cover tunnel and shafts. The design of temporary ground support system for Cut
& Cover tunnel and shafts shall take into account all prevailing factors, loading and
circumstances to ensure safety of temporary ground support system till permanent structures
are constructed.

6.2 DESIGN OF TEMPORARY WORKS

Temporary works shall in general be designed in accordance with the same design
standards as the permanent works. However, the design may take into account the limited
duration over which the temporary works are expected to function. The calculations and
drawings shall make clear where provision for limited life has been taken into account,
particularly where this may have a substantial influence on the stability of the temporary
works.

The design of temporary works shall take account of all the applied external forces and
imposed structural deformations, and, additionally for underground works, the effects of
removal of load from the ground and the movement of the ground independent of the load.
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CHAPTER 7

DESIGN OF PRIMARY SUPPORT SYSTEM FOR NATM MAIN DRIVE
AND PORTALS

Tender No. HORC/HRIDC/C-4/2022



Section VII-5: Employer’s Requirements -Outline Design Specifications (ODS) — Civil and BLT 24

7.1

CHAPTER 7

DESIGN OF PRIMARY SUPPORT SYSTEM FOR NATM MAIN DRIVE
AND PORTALS

GENERAL

7.1.1 In preparing his designs and method statements the Contractor shall carry out his own
assessment of the adequacy of the available geological and geotechnical information, and
shall indicate where he considers such information to be deficient having regard to the
particular works or activities to which the design or method statement relates.

7.1.2 The Contractor shall at his own expense conduct further soil/rock investigations in additions
to investigations where his designs or method statements identify that it is necessary or
prudent to do so to enable him to identify all foreseeable circumstances which may affect
the execution of the works and to ensure that there is no likelihood of meeting unexpected
conditions of a critical nature.

7.1.3 If the Contractor intends to carry out additional ground investigation from the surface,
beyond the limits of the worksite, he shall make his own arrangements with land owners
and occupiers for the necessary access. He shall not assume that such access will necessarily
be granted, although the Engineer will provide assistance where it appears that this would
be beneficial.

7.2 DESIGN PRINCIPLES

The design method for construction of the NATM main drive and final lining of NATM
tunnel shall take into account at least:

a)

b)

9)
h)
i)
j)

the expected geological conditions along the length and depth of the tunnel
alignment;

the hydrology and the permeabilities of the strata encountered along tunnel
alignment;

the depth of construction required;

any particular difficulties that special plant might meet with in respect of
access, clearances and working space;

the noise levels produced;
control over heave, swell, piping and instability of the base of construction;

the methods by which the completed permanent ventilation shafts shall be
secured against flotation;

the method of water proofing the completed structure;
expected performance of the proposed support system for NATM main drive

support system requirements for various expected geological conditions
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7.2.1

7.2.2

7.2.3

7.3

7.3.1

k)  type of construction equipment proposed for the NATM main drive

I)  sequence of primary supports installations
NATM Main Drive in Soil

In some portion of the works, it is expected that tunnel is to be constructed in soil portion
specifically from CH 26000 m to CH 28880 m. The excavation sequences for heading,
benching and invert shall be designed in such a manner that the deformations inside the
tunnel shall be limited to the design deformations considered in fixing the excavation
profile. The design calculations for the support system shall be carried out with standard
software available in the market, e.g. FLAC, PLAXIS, RS2 etc. The design submitted
for the same shall also indicate for adjustment for support system requirement with
respect to the instrumented data gathered during execution.

NATM Main Drive Partially in Alluvium and partially in Rock

In such a situation the primary support system shall be designed keeping in view of the
requirements indicated in Sub-section 7.2.1 above with due consideration in the
modelling for these geological variations and interfaces in between soil and rock.

NATM Main Drive in Rock

In rocky strata it is expected on the basis of observations made for the outcrops around
the work site that the strata will be highly fractured. Special precaution shall be taken in
the design for excavation sequence and support system in order to avoid collapse of
the ground in any case. Due to highly fractured rock the analysis shall be carried out for
excavation sequence and support system requirements and their installation sequences.
The adequacy of the support system shall be ensured by means of detailed analysis and
design of the construction sequences and installation of primary support systems and
proposing the adjustment for these support systems after reviewing the instrumented data
during excavation.

DESIGN OF NATM MAIN DRIVE
General

The Contractor shall prepare and submit to the Engineer for his consent a detailed design
including calculations schedules and drawings for primary support system requirements
and sequences of installations vis-a-vis excavations sequences for all kind of geological
variations expected to be encountered along the tunnel alignment. The design of NATM
main drive shall be carried out in accordance with provisions of DBR.
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7.3.2 Method Statement

The Contractor shall prepare a method statement giving the full details of materials, plant
and operations involved in the excavation and installation of primary support system for
NATM main drive. This shall be incorporated into the design submission for consent and
shall include details of:

a)  Sequences of excavations;

b)  The method of producing the shotcrete

c) The method of application of shotcrete

d)  The method of placement of seal coat of shotcrete to the excavation;
e)  Method of installations of rock bolt/dowel

f)  Method of installation of lattice girder

g) Method of installation of shotcrete lining of required thickness

h)  Method of installation of fore poling / pipe roofing

i)  The methods of monitoring tunnel convergence and checking the stability of
tunnel,

j)  The methods of monitoring and checking the stability of neighbouring
properties, highways, utilities and other underground structures;

k)  Emergency procedures to be implemented in the event that monitoring
indicates instability of tunnel excavation.

7.3.3Ground Movements

The design of temporary ground-support works shall limit ground movement around the
site and thereby avoid damage to adjacent structures and properties, roads, utilities, and
footpaths.

During the Preliminary Design phase, all existing structures that may be influenced by
construction of the works shall be investigated to establish allowable settlement criteria
for each structure or group of structures. Establishment of an appropriate zone of
influence shall be accepted as 50m either side of the tunnel centre-line or the base of the
excavation plus a spread of 45° to the horizontal in areas where structures are located
whichever is more.

The design of all ground-support walls shall limit settlement in the adjacent structures or
ground to 25 mm maximum.

The design shall also include provisions to limit angular distortions in adjacent structures
to 1:500 maximum. Angular distortion to sensitive structures may be limited to maximum
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7.3.4

7.4
7.4.1

1:2000 depending upon nature and type of structures.

The above limits/provisions are upper limits. However, this may have to be restricted
further if required to avoid damage to the adjacent structure or causing discomfort to the
occupants.

These requirements are in addition to any other requirements imposed by applicable
government agencies and the Employer.

Limiting Construction-Induced Vibrations at Existing Adjacent Structures

In the design, the effects of construction-related vibrations shall be considered. Unless
otherwise accepted by the applicable government agencies and the Employer, peak
particle velocities at existing adjacent structures shall not exceed the values in the Table
below:

Table 7.1: Peak Particle Velocities in mm/sec (Maximum Allowable) at
Existing Adjacent Structures

Most structures in “good” condition 25
Most structures in “fair” condition 12
Most structures in “poor” condition 5
Water-supply structures 5
Heritage structures/bridge structures 5

Above limits are maximum permissible. However, this may have to restricted further if
required to avoid damage to the adjacent structure or causing discomfort to the occupants.
Methods of reducing vibration, such as limiting explosive charge per delay or operating
pile-driving equipment at lower energy levels, may be required. The use of expansive
agents or mechanical excavation methods shall be required in place of blasting at certain
critical locations. In addition working hours for such equipment causing vibrations may
have to restricted, keeping the convenience and comfort of the occupants in mind.

DESIGN OF FINAL TUNNEL LINING
General

The Contractor shall prepare and submit to The Engineer for his consent a detailed design
including calculations schedules and drawings for final lining for all kind of geological
variations expected to be encountered along the tunnel alignment. Design of lining shall
be carried out in accordance with provisions of DBR.
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7.4.2

7.4.4

7.4.5

7.4.6

Cracking of Concrete

Anti-crack reinforcement shall be provided in all walls and slabs more than 250 mm thick
to distribute cracking arising from shrinkage, early thermal and temperature

effects.Reinforcement on each face in each direction should be at least 0.125% of the

concrete cross-sectional area for grades 415 and above. In addition, spacing between the
bars should not be greater than 150 mm.

Generally, pairing of bars and more than one layer of bars is not preferred for such
structures. It is preferred that smaller diameter bars in any direction are placed at closer

intervals to prevent early thermal and shrinkage cracks.
Thermal Cracking

Walls and slabs of underground structures are usually thick. Therefore adequate
consideration shall be given to the risk of early thermal cracking and shrinkage effects.
Suitable property enhancers/blending material conforming to relevant codes shall be
used by the weight of cement in such a manner that it shall replace the cement quantity
for the same grade of concrete to reduce the risk of early thermal cracks. This concrete
shall serve as a measure to reduce the thickness of walls & slab to minimise the risk of
thermal cracks. The designer shall ensure that any requirements considered appropriate
such as cement chemistry and curing methods are properly addressed.

Construction Joints

The design and detailing shall be such that the number of construction joints will be as
few as practicable and shall minimise leakage.

Waterproofing

Ground water Leakage rates shall not exceed a general value of 0.1 litres/sqm/day. For
any 10 metre length of tunnel, the leakage rate shall not exceed 0.2 litres/sqm/day

The grade of concrete, treatment of construction joints, areas of pours and external
membranes shall be chosen such that the required standard of waterproofing can be
achieved and maintained without using waterproofing membrane.

Cross Passages

Design of cross passages shall be carried out on the lines of NATM main drive.
The locations of cross passages shall be chosen to avoid critical sections of the alignment
where their construction could have an adverse effect on adjacent structures.

The openings into the running tunnels shall have a minimum width of 3.5 m and a
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minimum height of 3.5 m. Throughout the cross passage minimum headroom of 3.5 m
shall be maintained over a width of 3.5 m.

The cross passage floor screed shall be laid to fall and drain into the running tunnel
drainage system. Floor level shall correspond with the level of the tunnel escape route.

A concrete bulkhead with the provisions of fitting steel door and frame shall be provided
to isolate the cross passage from each running tunnel. The door along with frame shall
be provided and fitted (fixed) by the Contractor. The door shall be self-latching and have
a fire resistance of 2 hours minimum and shall be capable of withstanding the
maximum differential pressures on either side created by the passage of trains.
Maximum force to open shall not exceed 150N. Any mechanism needed to operate the
door must be demonstrated to be of adequate reliability.

7.4.7 Design of Portals
Portals P1 and P2 shall be designed in accordance with provisions of DBR.

Tender No. HORC/HRIDC/C-4/2022



Section VI1I-5: Employer’s Requirements -Outline Design Specifications (ODS) — Civiland BLT 30

CHAPTER 8
INSTRUMENTATION AND MONITORING IN NATM TUNNEL
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8.1

8.2

8.2.1

8.2.2

CHAPTER 8

INSTRUMENTATION AND MONITORING IN NATM TUNNEL
GENERAL

The Contractor shall submit a complete comprehensive instrumentation scheme with the
Preliminary Design to achieve the following:-

e Safety during and after the construction by providing early warning of any excessive
and undue ground movement inside the tunnel.

e To provide deformations and loading data for the verification of initial design of the
primary and secondary support.

e To provide early information about tunnel behaviour in order to optimize excavation
and support activities during construction and to recognize in time the requirements
for remedial measures (Observational Approach)

The instruments shall be designed to meet the basic and minimum standards indicated in the
specifications for designing, furnishing, installing, maintaining and removing
instrumentation systems for the detection of ground movements, settlements and
displacements, performance of tunnel ground support, measurement of loads, stress and
strain in structural elements for the support of excavations. Associated field surveying work,
development, processing and visualization of data shall also be carried out. Contractor shall
be responsible for the supply and installation of the instrumentation, monitoring which
includes taking of readings and the presentation of the results in a report form as per
specifications and as directed by the Engineer.

SUBMISSIONS

General

All technical submissions are subject to the approval of the Engineer.
Method Statement for instrumentation

The Contractor shall submit together with Method Statement along with specifications, how
he intends to run the specified monitoring system. The Method Statement shall include but
not necessarily be limited to, the following:

e Proposed programme and procedures for obtaining and installing instruments and for
performing the works. Quality Assurance Plan including various tests for quality

control shall be submitted.

e Site organisation and a plan for his personnel deployment (no of crews and person per
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crew) and how he intends to perform the specified work. The program shall consider
the following conditions and time frame for excavation activities:

e Tunnel excavation works will be day and night 7 days a week.

¢ Instrument and material information shall consist of complete instrument description and
specification; calibration test results and certificates of compliance; replacements,
spares, maintenance requirements and suppliers details.

e Details of the system, which shall be used for data collection and data transfer to a
computer unit and/or recording unit. This is related to all monitoring devices, which are
equipped with remote reading facilities.

e Type and presentation of output to be produced by the Contractor.

e Detailed procedures applied during acceptance tests, function testing and calibrations
for all monitoring equipment.

e Proforma Sheets as applicable.
8.2.3 Working drawings, records and procedures

(i) Working drawings and complete installation procedures including checks and
calibrations.

(i) Principal features of the work to establish and reference instrumentation locations.

(iii) Established elevation of each cased deep benchmark and the initial elevation of each
settlement reference point.

(iv) Working drawing or in report form showing the following:

(@) Installation procedure used for the installation of each instrument. Include
date of installation.

(b) As built configuration of each instrument including depths, lengths,
elevations, station, offset and other dimensions of key elements of each
installed instrument.

(c) Verification of records that instruments meet specified tolerances.
(v) Daily logs and survey notes:

(a) Keep logs and survey notes stating all instrument readings and observations
made about events regarding temperature, weather, soil and groundwater
conditions on the Site, and all other information required to properly interpret
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the data.

(b) The notes and logs shall include at least the following additional information:

o Temperature.

e Water ingress.

o List of instrument observations performed.
« Date and time of observations.

o Coordinates of locations.

« Names of the operators.

e Types and serial numbers of measuring devices used.

e Construction loading or other activities in the vicinity of
instrumentation.

o Duration and cause of interruptions or delays to progress.

e Any cracks in or damage to any structures, or other events.

8.3 SPECIFICATIONS FOR NATM INSTRUMENTS
8.3.1 General

8.3.2

The essential requirements of any instrument shall be reliability and provide easy and fast
installation, operation and calibration. The instruments must be durable and not prone to
damage during and after installation.

In the case of electrical readout devices and electrical remote reading facilities, the
reliability of the measured signals shall be such that the instrument's accuracy fulfils the
short term as well as the long term requirements under the prevailing environmental
conditions underground with cable lengths of more than 250 m.

The device shall be designed to deliver stable electrical signals during the intended service
life of the instrument.

Instrument’s Specifications
i) Level Points

a) For the determination of elevation of tunnel crown or at other points only approved
pins or bolts shall be used.

b) Levelling of the tunnel crown and other specific points (sidewalls etc.) shall be
done during tunnel excavation to monitor settlements and bottom heaves. The
method of performing the level measurements shall be such as to ensure an
accuracy of £ 1 mm.
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i) Convergence Bolts

a)

b)

c)

Convergence bolts or pins shall consist of ribbed bars protected against corrosion
with a minimum length of 250 mm.

The pins shall be securely attached to the exposed rock or shotcrete surface.

After installation, the convergence pins shall be protected by a protective cap.

iii) Targets or Reflectors

a)

b)

For opto-electronical measurements the bolts shall be provided with a plastic cap
with a predetermined breaking point serving as an adapter for the mounting of a
reflector with a marked centre point. This device shall be designed for high precision

measurements with two axes of rotation and to be observable from both sides. The

manufacturing accuracy must be better than [1 0.1mm in order to achieve an overall
accuracy of [1 1mm within the measuring section. The targets must be replaceable
without loss of accuracy.

This plastic reflector can be replaced by a positive centered prism if required with the
same standard as the reflector above.

iv) Borehole Extensometer

a)

b)

f)

9)
h)

Borehole extensometers shall be multiple position rod type or single rod type
with mechanical anchors at fixed points.

The minimum lengths of anchor parts must be 500mm, the minimum diameter
should be 20mm.

Each rod must be protected by a waterproof tube so as to be able to move freely.

Multiple rod type extensometers shall be designed to read at least at three
positions.

The instruments shall be resistant to corrosion.

The diameter of the bore hole for installation of the extensometers depends on
the type (single/multiple rod type) and it shall be in accordance with the
manufacturer's recommendations.

The dial gauge stop shall be adjustable to (1 100mm.

Initial readings shall be done by a dial gauge and calibration standard. Following
measurements will be done remotely by using electrical transducers. These
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sensors must have a measuring range of 50mm and must guarantee an accuracy
of the extensometer readings better than 0.05 mm. The sensor element shall be
of vibrating wire type suitable to transfer the data without loss of information.The
replaceable sensors must be robust, stainless and waterproof, suitable for rough
environment near the excavation area at the tunnel face. Cabling must withstand
shotcreting.

i)  Provide weatherproof enclosures, sealed against the intrusion of dust and water,
for termination of electrical cables. These connection boxes will be placed on
both sides of the measuring section and will contain a terminal board with clearly
marked and identified connectors or rotary switches to read each displacement
transducer. Provide compatible connection between terminal board connectors
and readout.

j)  Provide readout unit compatible with the provided displacement transducers
showing measured values in real physical units [mm]. The readout units with data
storage capability not less than 2 MB and shall also be lightweight, portable,
battery operated, rechargeable and sealed against dust and moisture.

k)  Provide a mechanical dial gauge with calibration standard for initial readings.

v)  Strain Gauges (Strain Meters)

a) Provide resistance type strain gauges, or equivalent, with the following minimum
requirements.
o Strain range, 10*10-3 m/m for compression, 4*10-3 m/m for tension
o Accuracy of least 10~ m/m
o Average sensitivity, one microstrain
o Temperature range, minus 10 to plus 60°C
o Active gauge length, 200 mm minimum
o Electrical cable, shielded, and rubber insulated

o Optional thermistors shall be furnished with the strain gauges, and
shall be incorporated with the strain gauge in the same instrument.

b) Provide the waterproof shielded electrical cable resistant to shotcreteting and
water.

¢) Provide weatherproof enclosures, sealed against the intrusion of dust and water,
for termination of electrical cables. These connection boxes will be placed on
both sides of the measuring section and will contain a terminalboard with clearly
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marked and identified connectors or rotary switches to read each strain gauge.
Provide compatible connection between terminal board connectors and readout.

d) Provide readout unit compatible with the provided strain gauges showing
measured values in real physical units [[Im/m]. The readout units with data
storage capability not less than 2 MB and shall also be lightweight, portable,
battery operated, rechargeable, and sealed against dust and moisture.

vi) Shotcrete Creep Test Equipment

a)  Provide an in situ shotcrete creep test stand consisting of a hydraulic piston with
precise automatic load control, strain measurement installed on one specimen
(200x200x400mm), temperature measurement within the specimen as well as
shrinkage monitoring on two, non stressed specimens. The test stand shall be
installed in the vicinity of the excavation area, the specimen shall be produced
by means of the shotcreting equipment and shotcrete used for regular support.
Time dependent stress levels shall be applied to the specimen and by means of
the resulting stress-strain-time relation necessary parameters for the shotcrete
material law shall be generated.

b) Specifications

= Max. hydraulic cell force = 1000 kN

= Stroke =50 mm

= Duration of one creep test: 20 to 28 days

= Number of programmable force levels: 6

= Accuracy of force control: < 1% FS

= Data storage: 20.000 measurements (Date/Time; Load; Strain)
= Range of strain measurement: 4%

= Sensitivity of strain measurement: 1,5E-6

= Accuracy of strain measurement: 10E-6

= Download of data: via PC or laptop, EXCEL compatible file format
(vii) Load Cells (Center-hole type)

a. Provide hydraulic/electrical center-hole or strut-installation type load cells with
capacities and accuracies as given below.

b. Provide reinforcement steel plate and set screws for the installation of strutted
type load cell.

c. Provide distribution plate and abutment plate for the installation of center- hole
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type load cell.

Provide calibration sheet for each load cell.

Both types of load cell shall be electron beam welded type to comply with the
following general requirements:

e Sensitivity of Cell: 0.5% of full range

e Equipped with an electrical sensor for remote reading. The output
interface must be designed to transmit data without loss of accuracy
via cabling longer than 250m.

e Total System Accuracy: £ 2.0% of full range

e Operation Range: Up to 2 times maximum design load

Provide readout unit compatible with the provided load cells showing measured
values in real physical units [KN]. The readout units with data storage capability
not less than 2 MB and shall also be lightweight, portable, battery operated,
rechargeable and sealed against dust and moisture.

Provide weatherproof enclosures, sealed against the intrusion of dust and water,
for termination of electrical cables. These connection boxes will be placed on
both sides of the measuring section and will contain a terminal board with clearly
marked and identified connectors or rotary switches to read each load cell.
Provide compatible connection between terminal board connectors and readout.

(viii) Rock Bolt Axial Force Meter “Measuring Anchor”

a)

b)

Provide complete hollow bar rock bolt with an integrated precise 4-fold
extensometer:

e Resolution of integrated extensometer : 0,01mm
e Total System Accuracy for load calculation: + 2% of nominal load

e Nominal load of anchor: 250kN (optional 350kN)
e Length of rock bolt: 4m or otherwise decided by the Engineer.

Provide nut and spacer to block and tension bolt after placement of shotcrete.

Initial readings shall be done by a dial gauge and calibration standard. Following
measurements will be done remotely by using electrical transducers. These
sensors must have a measuring range of 10mm and must guarantee an accuracy
of the readings better than 0.02 mm. Thesensor element must be equipped with
a 4-20mA interface to ensure a data transmission without loss of information. The
replaceable sensors must be roboust, stainless and waterproof, suitable for rough
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d)

environment near the excavation area at the tunnel face. Cabling must withstand
shotcreting.

Provide readout unit compatible with the provided displacement transducers
showing measured values in real physical units [mm]. The readout units with
data storage capability not less than 2 MB and shall also be lightweight, portable,
battery operated, rechargeable and sealed against dust and moisture.

Provide weatherproof enclosures, sealed against the intrusion of dust and water,
for termination of electrical cables. These connection boxes will be placed on
both sides of the measuring section and will contain a terminal board with clearly
marked and identified connectors or rotary switches to read each displacement
transducer. Provide compatible connection between terminal board connectors
and readout.

(ix) Radial Pressure Cell

a)

b)

d)

9)

Provide pressure cell to comply with following general requirements:

. Sensitivity: 0.2% of full scale

. Measuring range of electrical sensor: 5 MPa
. Total System Accuracy: £ 2% of full scale

. Active measuring area: 300x300mm

Provide couplers for mounting cells onto protective wire mesh lining.

Instead of a simple re-pressuring device the flat jack must be equipped with
devices for re-grouting the gap between pad and shotcrete/concrete which might
appear due to shrinkage of shotcrete/concrete.

The sensor must be equipped with Vibrating Wire type enclosed in electronic
beam welded case suitable to transmit data without loss of accuracy due to long
cabling.

Provide shielded cable or tube for con tnnectioo terminal panel.

Provide weatherproof enclosures, sealed against the intrusion of dust and water,
for termination of electrical cables. These connection boxes will be placed on both
sides of the measuring section and will contain a terminal board with clearly
marked and identified connectors or rotary switches to read each pressure
transducer. Provide compatible connection between terminal board connectors
and readout.

Provide readout unit compatible with the provided pressure transducers showing
measured values in real physical units [Mpa or bar]. The readout units with data
storage capability shall also be lightweight, portable, battery operated and
rechargeable, and sealed against dust and.
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8.4 EXECUTION AND MONITORING

8.4.1 General requirements

(i)

(i)

(iii)

(iv)

(v)

(vi)

(vii)

The instruments shall be installed at locations and in accordance with a time
schedule as per approved scheme or at vulnerable locations encountered during
excavation.

The geotechnical instrumentation and the monitoring program may be subject to
alterations and modifications if required by the actual geological or geotechnical
conditions.

All instrumentation shall be installed in accordance with the manufacturer's
recommendations and with the additional requirements specified in this section.

The installed measuring equipment as well as the required space for measuring
must be kept free and accessible for all the duration of construction.

All instruments shall be protected against damage by blasting and tunnel traffic.
Where required protective covers or housings may be used to prevent damage of
the instruments.

Readout units as dial gauges or tape extensometers shall be available at any time
during tunnel construction. Spare parts and spare units shall be maintained on
site.

All instruments and equipment used and required for the geotechnical
measurements shall be made available to the Engineer throughout the
construction period.

8.4.2 Reading and Plotting

(i)

(ii)

Reading of the instruments, data processing and plotting of the measurement
results shall be carried out by qualified personnel of the Contractor subject to
approval of the Engineer.

For the optical displacement monitoring a software package shall be used which
allows a direct data flow. This software shall include features as follows:

a. Free stationing of the theodolite and calculation of standard deviation
in all three coordinate directions.

b.  Automatic target identification and recognition of new zero readings.

c. Calculation of 3D-coordinates and displacements of any desired point and
its radial distance to the theoretical profile.
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d.

€.

f.

h.

Correction of errors based on physical effects.
Transformation of coordinates after control measurements.

Measurement results shall be tabulated and presented in graphs.

The provided software shall include following features:
Development of displacements with time, directly associated with
driving activities.

Plot of displacement vectors within the cross section.

3D Displacement vector orientations

Excavation program related evaluation and presentation of displacements
(Influence lines showing the influence of daily excavation on
displacements of measuring points).

Assessment of displacements prior to zero measurement.

Development of differences in displacement with time e.g. roof settlement
minus settlement of top heading footing.

Calculation of stresses and safety factors or degree of utilisation for the
shotcrete lining based on optical displacement monitoring, and time
dependent shotcrete strength.

Other evaluations as required by the Engineer & Designer.

(i) For the monitoring of geotechnical instruments a software package shall be used
which allows a direct data flow. This software shall include features as follows.

Presentation of data related to the time and excavation progress within one
plot.

Cross-sectional visualisation of measuring anchor and extensometer data.

Multiple plot capabilities (Forces / Radial strains in rock mass /
displacements).

Shotcrete stress calculation based on strain measurements material law for
young shotcrete as tested in situ.

(iv)  The first measurements (zero-readings) shall, for each measuring instrument, be
made immediately after installation or as soon as the particular instrument may
allow.

(v)  The frequency of the further measurements or readings can be envisaged for
each measuring section as follows:

1st week: daily
2nd week: twice a week
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3rd & 4th week: once per week
Later: monthly and bi-monthly

When the bench is approaching the instrumentation section installed during top
heading, reading frequencies shall be increased again.

The actual frequency of readings will however be influenced by the construction
stages top heading/bench heading in the tunnel and shall be proposed by the
Contractor.

Data of the optical displacement monitoring shall be processed on the same day
and plots shall be available at late afternoon or as requested by the Engineer.
Other data from measurements must be processed within 24 hours after the
readings have been taken and must be plotted. All processed data and visualized
diagrams must be available and open for the Engineer at any time. A copy of all
records shall be permanently kept on site and made available to the Engineer. If
required the Engineer may instruct shorter data processing and visualisation time.

(viy  The contractor has to inform immediately the Engineer in the case he observes
obvious unusual and unexpected readings or makes other unusual observations
in the tunnel.
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CHAPTER 9

MONITORING SECTIONS AND MONITORING DEVICES FOR NATM
TUNNELS
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CHAPTER 9

MONITORING SECTIONS AND MONITORING DEVICES FOR NATM
TUNNELS

9.1 GENERAL

In principle, the various monitoring devices shall be installed in monitoring sections.
Monitoring sections can be subdivided according to the instrumentation installed. For this
project, the following types of instrumented sections shall be applied:

Table 9.1: Definition of Monitoring Sections

Monitoring Section Type| Monitoring Monitoring

Devices Surface Devices

Underground

Standard (Type A) Precise Leveling (only for | Absolute

Open Excavations near Displacement

portal) Monitoring
Main (Type B) Extensometers (only in For Tunnels:

soft ground sections with | Apsolute Displacement

shallow overburden) Monitoring,

Extensometers, Pressure
Cells, Shotcrete Strain
Meters

For Shafts:
Absolute displacement

monitoring and shotcrete
strain meters

Special To be defined according to requirements

Standard Monitoring Sections (Type A) consist only of targets for absolute displacement
monitoring underground. They shall be installed at regular intervals in the tunnels
(approximately every 10 meters). For the excavations near portals surface markers at
suitable distances shall be installed and precise leveling carried out.

In “Main” Monitoring Sections (Type B) additionally the monitoring devices given in the
table above shall be installed. They shall allow additionally an assessment of the loading
of the primary support and of ground movements outside the excavation for design
verification purposes. At present it is envisaged to install these sections at approximately
150m to 200m distance. This distance may be changed as per site conditions.

Special monitoring instruments shall be installed for special purposes and may contain
rock bolt strain meters and rock bolt load cells.
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9.2

9.3

PRECISION LEVELING

Precision Leveling shall be performed at the surface for control of the slopes near the
portal. All settlement points shall be installed at construction activities or to allow for
reliable zero readings without any influence of construction activities.

It has to be guaranteed that the settlement pins are properly connected to the ground and
their movement is not restricted or hindered by application of any structural elements to
the location.

All precise leveling points shall be sufficiently protected against any damage due to
traffic, vehicles, etc.

3D ABSOLUTE DISPLACEMENT MONITORING

Monitoring of absolute displacements improved rapidly with improvements in electronic
surveying instruments and computer software. With absolute displacement monitoring it
is possible to determine 3D-coordinates of defined targets (reflectors) fixed to the tunnel
wall. This information is used to track the target movements in space and allows a realistic
assessment of the deformation behavior of the tunnel.

It is obvious that the layout of monitoring stations respectively their spacing between
each other is depending on the geological conditions.

In general, the following scheme shall be applied:

Table 9.2: Installation Scheme of Targets for 3D — Absolute Displacement

Monitoring
Structure No. of Targets Longitudinal Spacing
in Cross Good Poor
Section Ground Ground
Condition Condition
Main Tunnel 7 (5 in top heading, 10~20m 5m
2 at bench)

Additional targets and displacement monitoring sections (type A) might be required in
special areas such as intersections and niches. However, the installation of these sections
shall be decided by the Geotechnical Engineer on site during execution of the works.

9.4 EXTENSOMETERS

Extensometers are used for determination of ground movements outside of the excavated
structure. They allow an assessment of the development of strains in the surrounding
ground and stabilization of movements around an excavation.

Extensometers shall be multiple rod type with anchors connected to the ground by
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grouting at predefined positions.

Extensometers installed shall be sufficiently protected against any damages by
construction or equipment.

Structure No. of Targets in Cross Longitudinal
Section Spacing
Main Tunnel 3 Nos. 3 points MPBX 50m

9.5 SHOTCRETE STRAIN MEASUREMENTS

Shotcrete strain meters are used for determination of the stress development in the shotcrete
lining by measuring strains. They are always installed pair wise to allow a determination of
sectional forces such as normal thrust and bending moments.

Based on the measured strains stresses in the shotcrete lining are calculated by utilization
of a nonlinear material law. As several input parameters are required for this material law
long term creep tests on young shotcrete shall be performed, allowing a determination of
the required material parameters.

Shotcrete strain meters shall be temperature compensated to compensate for temperature
increase of the shotcrete during the hardening process. Shotcrete strain gauges shall be
installed at following sections:

Structure No. of Targets Longitudinal Spacing
in Cross
Section

Main Tunnel 7 Nos. 100m

9.6 PRESSURE CELLS
9.6.1 Radial Pressure Cells

With radial pressure cells the development of ground pressure acting on the primary
support structure (shotcrete lining) is measured. To get reliable results the following
requirements shall be met:

1. Large size pressure cells, as a larger area of the cell gives more reliable results
(larger area of influence)

2. Possibility of Rerouting; caused by thermal effects a shrinkage gap develops
between the cell and the shotcrete lining, which has to be closed to provide accurate
cell readings.
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Therefore pressure cells shall be of size 300 x 300 mm. Readings shall be taken
remote controlled with electrical transducers.

9.6.2 Tangential Pressure Cells

Tangential Pressure cells are used for determination of the shotcrete lining stress.
They shall only be installed in areas of special interest such as intersections. They
shall have a dimension of 100 x 200 mm. Readings shall be remote controlled with
electrical transducers.

9.6.3 Following scheme shall be followed:

Structure No. of Targets Longitudinal Spacing
in Cross
Section

Main Tunnel 7 Nos. 100m

9.7 ROCK BOLT AXIAL FORCE METER “MEASURING ANCHOR”

Measuring Anchors are used to determine the load development along the anchor. This
will provide information how load increases from the anchor tip to the anchor plate.
Measuring anchors shall be installed together with rock bolt load cell and extensometers.
These shall be installed at least at 3 locations.

9.8 ROCK BOLT LOAD CELL (CENTER HOLE TYPE)

The load cell(accuracy 0.5% and of 250 kN capacity) is installed at the anchor plate, It
gives information on the maximum anchor load and the degree of utilization of the
anchor. These shall be provided at least at 3 locations.

Structure No. of Targets in Cross Section

Main Tunnel 5 Nos. center hole load cells

9.9 SWITCH BOX

2 Nos. of switch boxex shall be provided at every 50 m.
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CHAPTER 10
EVALUATION AND INTERPRETATION OF MONITORING RESULTS
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CHAPTER 10

EVALUATION AND INTERPRETATION OF MONITORING RESULTS
10.1 GENERAL PROCEDURE

In general, the data handling and information flow of monitoring results shall be as follows:

Design & Present Experience
Calculation Construction already gained
Results Stage at Project

“JC = = =

Actual
Monitoring Evaluation and Interpretation of Monitoring Results :
Results { N PN 4 ~ Decisions

Experience of
involved

Geological

Other

Observations
Personel Trigger Levels

Fig. 10.1: Input Parameters for Evaluation and Interpretation of Monitoring Results

This will provide information how load increases from the anchor tip to the anchorplate.
Measuring devices shall be installed together with rock bolt load cell and extensometers.

Upon completion of daily monitoring activities and preprocessing of monitoring raw
data a preliminary evaluation of the monitoring results by a plausibility check shall be
performed. Only after the results have to be found reasonable and eventual errors have
been excluded and corrected, an update of the database shall be performed. Plausibility
checking shall be performed by the monitoring contractor together with the DDC
Instrumentation /Survey Engineer.

When the database has been updated with the actual monitoring results, Data are
provided to Engineer with evaluation and interpretation of the results. To guarantee a
quick decision with regard to support requirements and working procedures the database
must be updated with the daily, measurements each afternoon as directed by the
Engineer.

If the monitoring results are outside of the range of expected behavior the Contractor has
to make immediately required decisions and notify the Engineer.
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10.2 METHODS OF DATA EVALUATION AND INTERPRETATION

10.2.1 General

According to their geomechanical relevance, the main monitoring parameters
for tunneling are as follows:

Table 10.1: Parameters and their Geomechanical Relevance of 3D-Monitoring

Results
Parameter Geomechanic Relevance
Trend of Time Histories
Time - Displacement Diagram Useful for assessment of time dependent

components of displacement and
stabilization of construction steps

Distribution  Displacemen Vectors in | Reflects the effects of geological

of Cross t structures subparallel to the tunnel axis
Section
Influence Lines (General) Reflects the geomechanical conditions of

the ground along the tunnel and the effect
of individual excavation steps on the
already excavated section

Trend Lines Useful for 0 changes in
determination ground f indicator for
conditions and critical as
developments

Development of longitudinal Indicates changes in ground stiffness
Displacements close to the excavation ahead of the face
face

Trend of advancing displacements due | Reflects the influence on individual
to bench excavation bench excavation steps on the already
excavated tunnel sections

Development of differential Reflects the bearing behavior of the
settlements between primary lining and the quality of the
crown and top heading footings primary lining foundations

10.2.2 Time — Displacement Diagrams, Magnitude of Displacements

Time-Displacement diagrams show the development of the displacement of one point
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versus time. Time-displacement diagrams can be generated for all three components
of the displacement vector (vertical, horizontal and longitudinal displacement).
Construction phases (top heading, bench, and invert) are usually shown on the same
diagram to allow for an easy correlation between displacement behavior and
construction activities.

Date 15 21 27 02 08 14 20 26 02 08 14
(1995) May June July
Excavation ‘\
step 51 v expected
o ., behaviour
= 101 .
= \ ."""-..
é Settiement|'°] v ? A
@ 2011 destabilisation ~=~— e __ _
cm

Fig. 10.2: Schematic Time- Displacement Diagram (Settlement for Crown
Point)
When a constant face advance rate is assumed, the displacement rate over time has to
decrease continuously. Any acceleration indicates a destabilization, unless
construction activities in the vicinity of the monitored tunnel section such as bench or
invert excavation are ongoing. Usually after each excavation step a tendency towards
stabilization must occur.

It is essential to consider that the displacements monitored in the tunnel are only a
part of the total amount of displacements occurring. Fig. 8.3 shows a principle sketch
of the total vertical displacements and the measurable amount of displacements in the
tunnel. A certain amount of predeformation occurs already ahead of the face. When
the excavation has reached the chainage of the monitoring section, an additional part
of the total displacements cannot be measured due to the time required between
excavation, installation of the monitoring section and the following zero reading of
the section. Therefore it is essential that installation and zero reading of monitoring
sections are performed as fast as possible without any unnecessary delays.

In this respect, all zero readings in the tunnels shall be taken latest 6 hours after
excavation of the relevant monitoring section.
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Fig. 10.3: Schematic Representation of Pre-Displacements and
Monitored Displacements in Tunneling

10.2.3 Distribution of Displacements in Vector Diagrams

Displacement Vector plots allow the representation of the cross sectional
displacements and their development with time.

Displacement
fault scal% [mm]
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y 404
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Fig. 10.4: Vector Diagram — Influence of Stratification

Displacement vector plots allow the detection of weak zones and / or faults outside
the excavation area. They provide additional information about the rock mass
structure and deformation phenomena close to the tunnel. In general, the
displacement vector orientation in cross section reflects the influence of geological
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10.2.4

10.2.5

structures on the deformation behavior subparallel to the tunnel.

Lines of Influence

Lines of Influence are produced by connecting displacement values of a number of
monitoring points along the tunnel axis at the same time, similar to a “deflection
curve”. Normally, a number of lines for a specified time span are shown on one plot.
In addition, construction phases (top heading, bench, invert) are shown to allow for an
immediate correlation between measured displacements and and construction
activities.

fault

Geological -
situation 1 J2]3]415[6]7 lEW 9 |

Longitudinal section

[ M | v v Vv v ¥V

Excavation
step

Settlement

&

Fig. 10.5: Development of Lines of Influence when Excavation
approaches a “Weak Zone”

Monitoring

0]

The lines of influence in the simplified diagram above show the settlement of the
crown resulting from top heading excavation. The uniform shape of lines
corresponding to excavation steps 1 to 7 reflect a homogeneous ground mass with
uniform behavior. As the excavation approaches the fault (9), in excavation step 8
already a significant deviation of the previously uniform behavior can be observed,
extending also significantly behind the face. During tunneling through the fault a
further increase in settlements is measured.

Trend Lines

Trend lines are generated by connecting settlement values of individual lines of
influence at a predefined distance behind the face. They give a good overview of the
displacement development along the tunnel and are quite useful for extrapolation of
the displacement behavior ahead of the excavation face.

Trend lines which show increasing displacement can indicate critical situations and
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must be considered as a serious warning signal.
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Fig. 10.6: Development of Trend Line when Excavation approaches a
“Weak Zone”

10.2.6 Differential Settlements

This displacement option is used to show the difference in displacements between two
monitoring points belonging to the same monitoring section.

Usually, the difference in settlements is displayed between:
e  Crown and sidewall (Scrown — Ssidewall) = AS

. A 'S for both side walls shall be observed.

e  And for horizontal displacements between:Left and right sidewall (Hieft — Hrignt)

o The values of (Scrown — Ssidewall) and (Hiert — Hright) can provide valuable
information foundation condition of the footing.

10.3 CONTROL LIMITS

Comparison of monitoring data with control limits will give a first indication for the
identification of potential areas which are close to or exceeding design limits.

For the judgement of rock mass behavior and performance of the primary support,
control limits are established in terms of primary lining displacements, displacement
velocities, shotcrete strains, settlements etc.
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10.3.1 Types of Control Limits

Under expected construction conditions the monitored displacements and other
monitored data will be below the established threshold values, called control limits,
which define certain design limitations.

The control limits are established by the following trigger levels.

(i)

(ii)

(iii)

Alert Level

The alert level relates to threshold values representing the assessed behavior
(predicted values), on accidence of which, certain routines will be started to
impose an increased attention and surveillance to these specific areas.

The alert values indicate that the specific area is approaching a level where
additional actions and / or contingency measures may be necessary. The need for
adjustment of excavation and support procedures and / or monitoring shall be
considered.

Alarm Level

The Alarm level relates to threshold values, on accidence of which the element of
work may be approaching a critical state. The Geotechnical Engineer shall
convene for judgement of the specific case and the overall support and rock mass
performance. Implementation of additional support and / or contingency measures
to avoid the accidence of the Action Level shall be considered.

Action Level

This level relates to threshold values on accidence of which the element of work
is considered to be outside the expected range of assessed behavior and may be
close to its ultimate limit capacity.

The overall performance shall be rechecked together with a related risk
assessment. A design review shall be performed together with an assessment of
the need for additional support. Additional support and / or contingency
measures to guarantee the safety of the works shall be implemented.

For the case of identification of an unacceptable safety risk, the works shall
be stopped and remedial measures shall be implemented immediately.
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10.4 DEFINED MONITORING PARAMETERS
10.4.1 General

Control limits shall be defined by the Geotechnical Engineer for the following
monitoring parameters:

a. Displacement velocities derived from 3D absolute displacement monitoring
b. Differential Settlements

i. Shotcrete strains derived from strain measurements with shotcrete strain meters in
the shotcrete lining

Information derived from other monitoring results such as extensometers, ground
pressure cells etc. are used to confirm and supplement monitoring data and trends
derived from the instruments above and to judge the overall performance and safety of
the construction in case of exceedance of control limits.

The definition of control limits shall be considered as flexible and adjustable, which
means control limits shall be updated regularly, if necessary. The control limits shall
be adjusted on basis of experience gained during construction, if required.

10.4.2 Displacement Velocity

Displacement velocities are calculated from the measured 3D optical displacements
and are an important indicator for stability development. Usually, time intervals
between observation points “tn” are taken as one day. However, if the elimination of
scatter effects related to monitoring inaccuracies is required, larger time intervals may
occasionally be applied.

It is assumed that progress in the top heading will be 2 ~ 3 m per day.

Continuing or increasing displacement velocity indicates that the rock mass is not
stable and may be indicative for progressive destabilization.

However, immediately after excavation an increase of displacement velocities is an
expected phenomenon caused by stress redistribution. After installation of the primary
support, these displacement velocities must decrease and stabilize after the excavation
face has advanced further and the stress redistribution is completed.
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Fig. 10 .7: Definition of Control Limits for Displacement Velocities

As a guideline, the control limits related to measured displacement velocities are
defined as follows:

Table 10 .2: Control Limits for Displacement Velocities

Control Limit Displacement
Velocity
ALERT An=0.8 An1
ALARM An=1.0 Ana
ACTION An=1.1 An1

10.4.2 Differential Settlements Top Heading Crown — Top Heading Footing

Differential Settlements between the top heading crown and the top heading footing
shall be monitored to identify potential instabilities at the shotcrete lining footing:

Differential Settlement: As = Scrown — Stooting

Table 10 .3: Control Limits for Differential Settlements Top Heading
Crown

10.4.3 Trend Lines

— Top Heading Footing

Control Limit Differential
Settlement
ALERT +5mm
ALARM +1mm
ACTION -3mm

Control Limits for trend lines are defined in terms of:

[1fadvance
With 0O = Increase in displacement
Advance = corresponding face advance
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Table 10.4: Control Limits for Trend Lines

Control Limit Limiting
Value
[mm/mm]
ALERT 103
ALARM 5x 103
ACTION 1072

10.4.4 Shotcrete Lining Strains

Table 10.5: Control Limits for Strains in Shotcrete Lining

Control Limit strain in
[%]
ALERT 0.2
ALARM 04
ACTION 0.6

10.5 CONCLUSION

This report provides information on the methodology of an Observational Design
Approach, for tunnel Design after the principles of NATM.

Control parameters are used as an indicator to quickly identify areas of potential stability
problems or risk, which consequently shall be observed closer and in more detail.
Accidence of control limits may result in application of additional support or
implementation of contingency measures. All available monitoring information together
with other additional site related information (like geology, excavation activities, etc.)
shall be used, compared and related to each other to judge the performance of the rock
support and the rock mass behavior, whether it is stable, stabilizing, creeping or unstable.

Regarding control levels and limits it must be emphasized that these limits shall be
understood as flexible and adjustable, as during construction activities additional
experiences regarding rock mass behavior and rock mass — support interaction will be
gained, thus allowing improvements in the definition of limits.
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CHAPTER 11
SETTLEMENT AND BUILDING PROTECTION

Tender No. HORC/HRIDC/C-4/2022



Section VI1I-5: Employer’s Requirements -Outline Design Specifications (ODS) — Civil and BLT 60

111

CHAPTER 11
SETTLEMENT AND BUILDING PROTECTION

GENERAL

The Contractor shall design both his temporary and permanent works to ensure that
ground movements at the ground are kept to an absolute minimum. The Contractor shall
use proven techniques. Good workmanship is essential to restrict ground loss.

The Contractor shall be responsible for the control of all ground movements and for any
resulting damage to buildings, bridges, tracks and roads. The Contractor's attention is
drawn to the General Conditions of Contract and Employer's Requirements relating to
repair of damage should any arise as a result of the Contractor’s construction activities.

The Contractor shall take due regard of the presence of utilities over and adjacent to the
Works. The Contractor shall carefully and regularly monitor the ground adjacent to open
cut excavations and along tunnel drives to determine the rate and magnitude of any
settlements.

Settlement shall be limited such that any individual structure or buildings shall not suffer
damage greater than "Slight" as defined in the Damage Classification Table 11.1.

Settlement to Important Structures, Bridges, and Heritage Buildings shall be limited to
“Negligible” as defined in the Damage Classification Table 11.1.

The general approach to settlement control and building protection shall involve the
procedures described below.
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Table 11.1: Building Damage Classification®
(After Burland et al, 1977 and Boscardin and Cording, 1989)

1

2

4

5

Risk
Category

Descriptio
n of
Degree of
Damage

Description of Typical
Damage and Likely Form of
Repair for Typical Masonry

Buildings

Approx? Crack
Width (mm)

Max Tensile
Strain %

Negligible

Hairline cracks.

Less
than
0.05

Very Slight

Fine cracks easily treated during
normal redecorations. Perhaps
isolated slight fracture in
building. Cracks in exterior

brickwork visible
upon close inspection.

0.1to1

0.05to
0.075

Slight

Cracks easily filled.
Redecoration probably required.
Several slight fractures inside
building. Exterior

1to5

0.07510 0.15

cracks visible: some re-pointing
may be required for weather
tightness. Doors and windows
may stick slightly.

Moderate

Cracks may require cutting out
and patching. Recurrent cracks
can be masked by suitable
linings. Tack-pointing and
possibly replacement of a small
amount of exterior brickwork
may be required. Doors and
windows sticking. Utility
services may be interrupted.

Water tightness often
impaired.

5tol50ra
number of
cracks
greater than
3

0.15t00.3
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4 Severe Extensive repair involving 15to 25 but Greater
removal and replacement of also depends than 0.3
sections of walls, especially over| on number of
doors and windows required. cracks

Windows and door frames
distorted. Floor slopes
noticeably. Walls lean or bulge
noticeably, some loss of bearing
in

beams. Utility services disrupted.

5 Very Major repair required involving | Usually
Severe | partial or complete greater than
reconstruction. Beams, load- 25 but
bearing, walls lean badly and depends on
require shoring. number of

Windows broken by distortion. | cracks
Danger of instability.

2

The table is based on the work of Burland et al (1977) and includes typical maximum
tensile strains for the various damage categories (column 5) used in the stage 2
settlement analyses.

Crack width is only one aspect of damage & should not be used on its own as its direct

measure.

11.2

11.3

MINIMISING GROUND MOVEMENTS

The work shall be carried out in such a way as to minimize ground movements through
immediate installation of support to the ground and to minimize the inflow of water. Care
should be exercised to ensure that over excavation does not take place.

Construction from the surface shall be undertaken with due regard to the settlement
associated with the particular method chosen.

PREDICTION OF GROUND MOVEMENTS

The Contractor shall obtain consent from the Engineer for his proposed methods of
supporting and predicting settlements adjacent to structures. Proven methods based on
practical experience shall be used.

The Contractor shall provide predictive assessments of the anticipated ground movements
when making submittal for consent of his proposed method of construction of particular
sections of tunnel.
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11.4 STRUCTURE CONDITION SURVEY

The Contractor shall undertake a condition survey of all structures within the zone of
potential influence as determined by the Contractor's analysis which are anticipated to
incur movements in excess of the action level for Stage 1 specified in table 12.1 above.
“Structures™ includes all surface and sub-surface structures including historical
monuments, buildings, bridges, roads, tunnels, utilities, culverts and sewers.

11.5 ASSESSMENT OF IMPACT ON STRUCTURES

The Contractor shall provide an assessment of the effect of the predicted movement on
all structures within the zone of influence.

Settlements shall be limited as defined in Sub-Section 12.1 above.

Each building shall be categorised into one of the risk categories, in accordance with
criteria listed in column of the Damage Classification Table 10.1.

Depending upon the level of risk, precautionary and protective measures shall be
proposed by the Contractor and put into effect after consent from Engineer.

11.6 STAGED ASSESSMENT

Assessment of the effects of settlement shall be undertaken in one, two or three stages,
depending upon the findings at each stage, as described below:-

11.6.1 Stage 1

The effect of building foundations on the pattern of settlement is ignored. Any
structure where the predicted settlement is less than 10mm and the predicted ground
slope is lessthan 1/500 need not be subject to further assessment. All other structures
within the zone of influence shall be subjected to a Stage 2 assessment.

11.6.2 Stage 2

Structures subject to settlement from bored tunnels shall be individually assessed
using a limiting tensile strain approach. This method of assessment takes into account
the tensile strains in the ground and uses a simple idealised model of the building.
Tried and tested references from the literature may be utilised as an alternative.

In the case of cut and cover excavations, the assessment shall be based on the work of
Peck and Clough and O'Rourke using parameters derived from recent case histories
or any other tried and tested method.
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11.6.3 Stage 3

All structures which are placed in Category 3 or above in the Damage Classification
Table 10.1, during the second stage assessment, shall be subjected to a further
settlement assessment. A structural survey shall be undertaken by the Contractor to
determine the structural form and condition of a building, followed by an analysis of
how individual elements of the building would be affected by the predicted settlement.
The method, extent and detail of the analysis will be determined on a case-by-case
basis and may include, inter alia, an analysis of the soil/structure interaction, structural
behaviour, and the possible effects of differential stiffness of the foundations.

As a result of the Stage 3 analysis, the requirement for any protective works shall be
established and the details of any protective works including designs and method of
working determined. Details of such works shall be submitted to The Engineer for his
consent.

11.7 MONITORING

Monitoring of ground settlement shall be carried out during construction by the
Contractor, to check that the ground is behaving as predicted. The Contractor shall submit
for The Engineer's consent a monitoring system and procedures to immediately detect
movements.

The extent of monitoring of structures shall be carried out on a case-by-case day to day
or more frequent basis depending upon the assessment of risk of damage. Special attention
shall be paid to the historical buildings located along the alignment. Monitoring shall
begin prior to commencement of the Works to enable base-line values to be determined
accurately, and shall continue until all settlements due to the underground works, as
shown by the monitoring, has effectively stopped for a period of three months.

The Contractor shall make monitoring results available for inspection by The Engineer at
the construction site offices.
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CHAPTER 12
OUTLINE DESIGN SPECIFICATION- EARTHWORK IN FORMATION
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CHAPTER 12
OUTLINE DESIGN SPECIFICATIONS - EARTHWORK IN FORMATION

12.1 General

12.2

12.3

This part lays down criteria for design of formation in embankment.

Details of Structures to be designed

The Contractor shall design formation in embankment/cutting for various heights that are
coming in C4 Package.

Design of embankment/cutting shall include, but not limited to, the following: -—

a)
b)

c)

d)
e)
f)

Design of formation for “DFC loading (32.5t axle load)”
Slope stability analysis and design of protection measures for erosion control

Design of drainage system- longitudinal and cross drains including catch water drains
in cuttings.

Design of Trolley refuge
Design of hume pipe (NP-4)/RCC box crossings for utilities

Any other item which is required for complete design of formation in
embankment/cutting

Design Criteria

For design of formation, the “Comprehensive Guidelines and Specifications for Railway
Formation: RDSO/2020/GE: IRS 0004”, issued by RDSO (hereinafter written as RDSO
Guidelines) shall be followed. The geometric parameters of embankment/cutting shall also
conform to Indian Railway Schedule of Dimensions (IRSOD) and Indian Railway Permanent
Way Manual (IRPWM). Blanket material shall conform to RDSO Guidelines.

The design criteria for design of embankment/cutting slopes shall be as under-

a)

b)

c)

d)

€)

A minimum side slope of 2H:1V for embankment shall be adopted up to 4m height.
For higher embankments (more than 4m height.), the slopes shall be designed, however
side slope shall not be steeper than 2H:1V.

Both ‘End-of-Construction’ (EOC) and ‘Long-Term’ (LT) stability with most adverse
drainage conditions shall be considered, in design of slope.

Design shall be done using effective stress analysis method both for EOC and LT
stability conditions, adopting realistic values of shear strength and pore water pressure
parameters.

Width of berm shall be adequate to suit the mechanical compaction of earth with heavy
rollers. However, berm width shall be kept minimum 2m.

Erosion Control
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I. The slopes of embankments and cuts shall be protected against erosion by providing coir
netting for promotion of vegetative turfing.

ii. The coir netting shall not be lighter than 600 g/sqm. It shall conform to IS: 15869 ‘Open
weave Coir Bhoovastra-Specification’ and laid as per IS: 15872 ‘Application of Coir
Geotextiles (coir woven Bhoovastra) for Rainwater Erosion Control in Roads, Railway
Embankments and Hill Slopes-Guidelines’ and IRC: 56

iii. The seeds of grass species used for vegetative cover should be compatible with the local
soil and climatic conditions.

iv. The materials and techniques proposed by the Contractor shall be suitable for the slope
height and angle, soil type and climatic conditions and shall perform its function with
minimum maintenance requirements.

v. The contractor shall water and maintain the vegetation cover provided on slopes for a
period of 12 months.

vi. On approaches bridges stone block pitching shall be provided on each side for a length of
30m at major bridges and 15m at minor bridges.

h) Drainage Arrangement

I.  Top of the formation shall be finished to cross slope of 1 in 30 from centre of
formation to both sides in case of single/ double line. However, in case of
multiple lines, the cross slope shall be from one end to the other towards
cess/drain provided in between.

ii.  Inthe double track section, the longitudinal drain between two tracks shall not
be provided. However, in case of parallel Section, if toe of the new embankment
overlaps the toe of the existing KMP embankment, longitudinal CC drain of
suitable capacity, for satisfactory evacuation of storm water, shall be designed
between new HORC embankment and existing KMP embankment.

iii.  In station yard a system of covered/underground pucca longitudinal and cross
drains of adequate section shall be designed to ensure efficient drainage as
shown in tender drawings. The Contractor shall submit a drainage plan for
approval of the Engineer. Such plans should be sufficiently detailed. The
longitudinal drains shall be extended as necessary to lead the water clear of the
Works to natural drainage courses, culverts or any other suitable outlets.

iv.  Inhigh embankments (height > 6m), a system of RCC precast longitudinal drain
of adequate capacity shall be desined along the toe of berm and RCC precast
chute (at about 50 m interval) to collect and lead the surface runoff safely away
from the toe of embankment. A concrete chamber shall be provided at the
junction of longitudinal berm drain and chute. The chute shall be extended by
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about 1.0m beyond the toe of embankment to avoid erosion near the toe of
embankment. At locations where retaining is provided, suitable outfall
arrangement shall be provided to avoid of retaining wall foundation.

v.  All the drains shall be lined with CC of M20 grade.

vi.  All the drains shall slope towards the nearest culvert or natural low ground or
natural outlets existing nearby where the water shall be discharged with
appropriately designed outfall arrangement duly consented by the Engineer.

12.3.1 Trolley Refuge

Trolly refuge shall be designed as shown in tender drawing. It shall be provided
at 100m center to center on both Up and Dn tracks in a staggered manner.

vii.  NP-4 pipe of 450mm diameter, conforming to IS 458, shall be provided at about
500m interval throughout the alignment in embankments having fill heights
upto 5m. In embankments having fill heights more than 5m precast RCC box
of 500mmx500mm clear size shall be provided for the purpose of future
utilities. Installation conditions for the pipe shall be designed as per the IS-783,
according to the fill height.

12.4  Submittals

Prior to the start of construction operations, the Contractor shall submit to the Engineer all
relevant documents, drawings, calculations and data including, but not limited to the
following, and shall obtain the approval of the Engineer for the proposed materials, design,
construction methods and quality control procedures

a)

b)

9)

Tender No.

Geotechnical investigation reports and evaluation of sub-surface conditions along the
alignment.

The Contractor shall submit the report detailing the identification of borrow areas for
formation, blanket material, prepared subgrade. Geotechnical investigation reports for
borrow areas duly indicating the soil properties of the proposed borrow areas.

Details of earthwork balance (cut & fill), properties of materials to be
imported/exported, and management of excess materials. Material test reports for
embankment fill, prepared sub-grade and blanket.

Cross-section of embankment/cutting along the alignment, at every 50 m interval in
straight, at 20 m interval on curve and at junction with the structures

Slope stability calculations. Analysis of the stability and settlement of formation and
design of remedial measures if required. Details of earthwork design solutions and
criteria used

Details of proposed instrumentation and monitoring
Details of construction equipment.
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CHAPTER 13
OUTLINE DESIGN SPECIFICATIONS -: BRIDGES
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131

13.2
13.2.1

CHAPTER 13
OUTLINE DESIGN SPECIFICATIONS -: BRIDGES

General

The Bridges in HORC Project comprises of simply supported Prestressed U-slab / Steel
Composite Girders with RCC sub-structure with open/deep foundation and RCC Box
Bridges/Culverts.

Minimum Centre to Centre distance between two tracks has been kept as 5.3m according
to IRSOD (BG).

Details of Structures to be designed
Bridges with superstructure of Composite Girder (CG)

Standard RDSO drawings for “25t Loading-2008” will be used for superstructure of
bridges with CG. The Contractor is required to design foundation and substructure of these
bridges for “DFC loading (32.5T axle load)”.

Bridge elements to be designed by the Contractor includes, but not limited to, the
following: -

I.  Abutments & abutment caps including foundations & wing/return walls
ii.  Piers & pier caps including foundations

iii. Load on bearings, design and drawings of bearing pedestals, inspection
platforms including arrangements for access from track. Spherical bearings
shall be designed and provided at locations where Composite girders are used
at gradient.

iv.  Provision of jacking arrangements on abutment caps & pier caps for lifting of
superstructure
v.  Seismic arrestors in pier/abutment cap
vi.  Trolley refuge and man refuse on bridges, if required as per IR standards
vii.  Provision of supports for placing OHE mast for traction system
viii.  Protection works of abutments as per tender drawings
iX.  Inspection steps on approaches of bridges

X.  Side pathway on bridges for maintenance (Arrangement for pathway shall be
provided as per RDSO drawings No. CBS-0046)

xi.  Drainage arrangements

xii.  Arrangement for supporting signalling & telecom cables and other utilities
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Xiii.

Xiv.

XV.

Ground improvement technique/procedures, if required according to the GT
data and design requirements along with the method of verification of the
bearing capacity after implementation of ground improvement technique.

Construction methodology

Any other item which is required for complete design and construction of the
bridges.

13.2.2 Bridges with superstructure of PSC U- slab

Standard RDSO drawings for “25t Loading-2008” will be used for superstructure of
bridges with PSC U- slab (post tensioned). The Contractor is required to design foundation
and substructure for these bridges for “DFC loading (32.5T axle load)”.

Bridge elements to be designed by the Contractor includes, but not limited to, the

following: -

iv.

Vi.
Vii.

viii.

Xi.
Xii.

Xiii.

Xiv.

Abutments & abutment caps including foundations & wing/return walls
Piers & pier caps including foundations
Load on bearings, bearing pedestals, inspection platforms.

Provision of jacking arrangements on abutment caps & pier caps for lifting of
superstructure

Seismic arrestors in pier/abutment cap

Trolley refuge and man refuse on bridges, if required as per IR standards
Provision of supports for placing OHE mast for traction system

Protection works of abutments as per tender drawings

Inspection steps on approaches of bridges

Drainage arrangements

Arrangement for supporting signalling & telecom cables and other utilities

Ground improvement technique/procedures, if required according to the GT
data and design requirements along with the method of verification of the
bearing capacity after implementation of ground improvement technique.

Construction methodology

Any other item which is required for complete design and construction of the
bridges.

13.2.3 RCC Box Bridges
RCC Box bridges shall be designed for “DFC loading (32.5t axle load)”.
Bridge elements to be designed by the Contractor includes, but not limited to, the

following: -

RCC Box
Wing wall, return wall, drop wall, curtain wall
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iii. Protection works as per tender drawings
iv.  Inspection steps at approaches of bridges

v.  Ground improvement technique/procedures, if required according to the GT
data and design requirements along with the method of verification of the
bearing capacity after implementation of ground improvement technique.

vi.  Construction methodology
vii.  Any other item which is required for complete design of RCC box bridge

Standard RDSO drawing for box culvert shall be followed to the maximum extent. If
standard RDSO drawing is not available for desired sizes/fill height, box shall be designed
by the Contractor. However, thickness and reinforcement of the box shall not be less than
the closest available box size & fill height of RDSO drawing.

RDSO box culvert for double track are available upto 2m fill height. In case of higher fill
heights, the size and reinforcement of box shall not be less than the that of RDSO box for
single track with fill height of minimum 2m more than actual fill height.

Any variation from the above, if required due to site constraints shall be adopted after the
prior approval of the Engineer.

13.3  Design Requirements

For loadings, load combinations, analysis, and design of structures, all relevant IRS, IS,
IRC and other relevant codes shall be followed.

The superstructure/bearing, sub-structure and foundation will be checked for one track
loaded condition as well as multiple/all track loaded conditions as well as for single span
and two adjacent spans loaded conditions, as the case may be. The analysis and design will
be carried out for all possible cases of loadings.

Design of structures shall take into account construction methodology/ construction
sequence to be adopted during execution.

13.3.1 Railway Bridges with Steel/PSC superstructure
I.  Superstructure and bearings shall conform to standard RDSO drawings for ‘25t
Loading-2008” except for OWG bridges. Standard RDSO drawings for “DFC
loading (32.5t Axle load)” shall be used for OWG.

ii.  Substructure and foundation of bridges shall be designed for DFC loading (32.5T
Axle load) as per IRS Bridge Rules and other relevant codes.

iii.  Bridges shall be designed to accommodate curvature of the track alignment,
wherever required.

iv.  All ballasted deck bridges shall be capable of carrying long/continuously welded
rail (LWR / CWR) as per the provisions of “UIC-774(3R) and RDSO guidelines.

v.  Side pathway with hand railing shall be provided on steel superstructure bridges on
outer side of Up & Down track.
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vi.  Hand railing shall be provided for trolley/man refuge and inspection platforms on
bridges. The design shall be such that it can be easily maintained and replaced, if
required.

vii.  Adequate arrangement shall be made on the bridges for providing electrical/
telecommunication cables and other utilities as required. Specifications and
guidelines of the owning agencies in such cases shall be followed.

viii.  Arrangements for enabling inspection of superstructure and bearings shall be
provided as per RDSO report BS-113.

ix. Bridge bearings shall be as per corresponding standard RDSO drawings for
bearings. All bearings shall be replaceable without major disruption to railway
operations or to any activity underneath the bridge. Bearings shall be placed on
bearing pedestals designed in accordance with applicable codes. Appropriate
jacking points, on the pier/abutment cap in consideration with the requirements for
lifting of superstructure, shall also be provided. The bearings shall be sandwiched
between two true horizontal surfaces. Steel Wedge shall be provided to cater to
longitudinal slope of superstructure, wherever required.

X.  Expansion/Movement Joints/gaps and other necessary measures to control
shrinkage and thermal effects shall be incorporated in the structural design so that
the performance of the bridge/structures are not adversely affected during normal
working conditions. Movement joints shall be designed so as to be easily
maintained and replaceable.

13.3.2 RCC Box Bridges
I.  Bridges shall be designed for “DFC loading (32.5t axle load)”. In addition, the
design shall consider the loading standards as applicable to the type of the
crossing/existing road or Class A/Class 70R loading as per IRC 6-2017, as the case
may be.

ii.  Size of the Box openings (minimum required) has been shown in the conceptual
GADs. Height of box shown includes clear height and wearing coarse of
150mm.Overall height of box may vary as per site requirement and actual
road/ground profile. Any variation, due to site constraints, shall be done with the
consent of the Engineer

iii.  Barrel length of the culvert shall be decided based on the fill height and ROW.

iv.  The clear inner dimension of the box shall cater to the requirements of type of
crossing. The height of box shall include the thickness of wearing coarse provided
inside the box.

v.  Fill Depth shall be the height of fill from the bottom of the sleepers to the top of the
box and shall be inclusive of depth of ballast and depth of soil fill as per IRS
Concrete Bridge Code (CBC).
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Vi.

Vili.

All waterway bridges shall be protected by a well-designed flooring system. The
concrete floor shall be protected by curtain wall at upstream side and drop wall at
downstream side, wherever applicable.

Other Requirements:

a.

o Q@ S oo

All RUBs shall be provided with 1m wide walkway on one side of the
carriageway.

The approaches / approach ramps to the RUBs shall be of concrete of minimum
M25 grade.

Suitable height gauges shall be provided on both sides of RUBs as per RDSO
Drawing No. RDSO/M-0001.

Crash Barriers / medians / footpaths / railings shall be provided as per the
requirements of IRC Codes.

Inspection Steps shall be provided wherever required.
Provision for lighting shall be kept in the design of bridges.
Provision for signages shall be kept on both side of RUBs.

Suitable drainage system including sump and discharge arrangement (as
required) and protection works / ancillary works shall be designed.

Detailed Design criteria for of the Bridges shall be as per the below mentioned
Outline design specifications criteria .

13.4 Outline Design Specifications Criteria
13.4.1 ROADWAY AND RAILWAY CLEARANCES

The alignment of HORC crosses several existing roadways and existing railways. The
general clearance requirements for these crossings shall be as follows:

a) CLEARANCES FOR ROAD TRAFFIC

Vertical clearance for road traffic shall generally be 100 mm more than the clearance
specified in Clause 104.4.2 of IRC: 5.

General Arrangement Drawings at road crossings shall be approved by the owning
authorities/stake holders.

b) CLEARANCES FOR ROLLING STOCK

Clearance for railway traffic shall be as per Schedule of Dimensions of Indian Railways.
General Arrangement Drawing at railway crossings shall be approved by the relevant
Railway Authority.

13.4.2 MATERIALS PARAMETERS
a) CONCRETE
1) Grade of Concrete & Cover
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Grade of concrete shall be M-35 for RCC works and M-20 for plain cement concrete
including levelling course. However, grade of concrete for bearing pedestals and
seismic restrainers can be higher if required.

In case of foundation, cover shall be taken as 75mm for all conditions of exposure.
For substructure, cover shall be taken as 50mm.

2) Cement

The minimum cementitious material content, maximum water-cement ratio, total
chloride content by weight of cement shall be as per IRS-CBC.

3) Density

Density of concrete shall be taken as 25 kN/m? for PSC and RCC, 25 kN/m3 for Plain
cement concrete and 26 kN/m3 for wet concrete.

4) Poisson's Ratio
Poisson's ratio for all grades of concrete shall be taken as 0.15.
5) Thermal Expansion Coefficient

Coefficient of thermal expansion shall be taken as 11.7 x10-6 °C in accordance with
IRS-Bridge Rules.

6) Time-Dependent Characteristics of Materials
Long-term losses should be calculated in accordance with IRS- CBC.
The design shall be done according to construction sequence to be adopted at site.
b) REINFORCEMENT STEEL (REBARS)

High strength deformed (HYSD) reinforcement bars of minimum Fe-500D grade,
conforming to IS 1786 shall be used.

Young’s Modulus (E ) = 200,000 Mpa
Yield Stress(fy) = 500 MPa.
Density = 78.5 KN/m3

c) STRUCTURAL STEEL (FOR COMPOSITE GIRDERS & OTHER STEEL
STRUCTURES, IF ANY)

Structural steel used for composite girders and miscellaneous use such as railing,
supporting utilities, coverings etc. shall be as follows:

1) Structural Steel for Composite Girders
(@) General
Structural steel conforming to IS: 2062(Grade E250/E350 — BO0) shall be adopted.
Fabrication shall be done as per provisions of IRS B1 (Fabrication Code).
Design of steel structures shall be done as per IRS steel Bridge Code.
IRC Code: 22 shall be referred for steel-RCC composite construction.

Tender No. HORC/HRIDC/C-4/2022



Section VI1I-5: Employer’s Requirements -Outline Design Specifications (ODS) — Civil and BLT 76

Welding shall be done following IRS Steel Bridge Code, IRS Welded Bridge code
or relevant IS codes for welding.

(b) Young's Modulus shall be taken as 210000MPa as per IRS- Steel Bridge Code.
(c) Density: 7850 kg/m3
(d) Poisson’s Ratio: 0.30 as per IRC: 24-2010.
(e) Thermal Expansion Coefficient: 12x10-6 as per IRC: 24-2010
2) Structural Steel for Miscellaneous Use

The design of miscellaneous steel structures shall be done as per 1S: 800 and related
provisions.

Hollow steel sections for structural use shall be as per IS: 4923.
Steel tubes for structural purpose shall be as per 1S: 1161.
Steel for General Structural Purposes shall be as per IS: 2062(Grade E250/E350 — B0).

13.4.3 LOADS TO BE CONSIDERED FOR DESIGN

Following loads shall be taken into consideration for analysis and design of structures as
prescribed in IRS-Bridge Rules up to latest up-to-date correction slip.

DEAD LOAD

Dead load shall be based on the actual cross section area and unit weights of materials and
shall include the weight of the materials that are structural components of the bridge and
permanent in nature.

ii. SUPER IMPOSED DEAD LOAD (SIDL)

Superimposed dead loads include all the weights of materials on the structure that are not
structural elements but are permanent. It includes weight of track from
ballast/sleepers/rails/ fasteners/ cables/parapet/ hand-rail OHE mast/ cable trough/
Signaling equipment etc.

SHRINKAGE & CREEP
Shrinkage and Creep effects will be calculated as per IRS CBC.
LIVE LOAD (LL)
(a) Railway Vehicular Load
Live load shall be followed as per Sub-Clause 2.3 of IRS Bridge Rules.
(b) Dynamic Augmentation
CDA shall be considered as specified in IRS Bridge Rules.
(c) Footpath Live Load
Footpath live load shall be taken as 490 kg/m? as per IRS Bridge Rules
(d) Longitudinal Force
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Longitudinal force shall be followed as per clause 2.8 of IRS Bridge Rules.

Tractive force of one track and braking force of another track will be taken in the
same direction to produce worst condition of loading.

(e) Centrifugal Forces Due to Curvature of Superstructure

The horizontal centrifugal force due to moving load in curved alignment is to be
considered as per IRS: Bridge Rules.

For double stack containers, this force shall be considered to act at a height of 3m
(same as in case of DFC loading) above rail top level.

(H Racking Force

The horizontal transverse force due to racking as specified in IRS-Bridge Rules shall
be considered.

v. Earth/Surcharge load

Earth pressure and surcharge load/pressure shall be taken as per the provisions of IRS
Substructure & Foundation Code.

vi. TEMPERATURE EFFECTS
(a) Temperature
e Overall Temperature (OT)

The loads shall be considered as per IRS-Bridge Rules and IRC:6. Temperature
variation of +/- 35°C shall be considered, details of which are given below

Maximum Temperature considered as per Annex. F of IRC 6: +49°C
Minimum Temperature considered as per Annex. F of IRC 6: -0.4°C

Temperature variation as per Clause 215.2 of IRC 6 will be = (49-(-0.4)/2+10=34.7°C
say 35°C.

o Differential Temperature (DT)

The provision given in IRC 6, shall be considered to compute effect of differential
temperature gradient in the absence of any provisions in IRS code.

(b) Rail Structure Interaction (LWR Forces)

A rail structure interaction [RSI] analysis for continuing Continuous Welded
Rail/Long Welded Rail over ballasted bridge decks shall be carried out as per
provisions of “RDSO Guidelines for carrying out Rail-Structure Interaction studies on
Indian Railways (BS 114 (version-2))”.

e  The following shall be adhered to:

a. Track resistance in loaded and unloaded conditions shall be obtained from Sub-Clause
3.2.6 Track Stiffness of BS 114 (version-2). The recommended values for track
stiffness for ballasted tracks are 60kN/m and 20kN/m for loaded and unloaded track
respectively. The elastic limit is 2 mm for ballasted tracks. No change in track stiffness
is permitted on account of actual track behavior.
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b. The temperature variations, to be used for analysis, shall be taken as per provisions of
Sub-Clause 3.2.8 Temperature Variations of “BS 114 (version-2)”. The following
shall be used for analysis:

» The temperature of the bridge does not deviate from the reference temperature by more
than 35°C

» The temperature of the rail does not deviate by more than 50°C.
» The difference in temperature between deck and track does not exceed 20°C.

> The reference temperature is the temperature of the deck and the rail when the rail is
fixed.

c. Maximum additional stresses in rail in tension as well as compression on account of
rail-structure interaction shall be within the permissible limits as prescribed in Sub-
Clause 3.3.1 of “BS 114 (version-2)” for additional stresses in Rails The limit
prescribed in the document shall be used as it is and no benefit on account of lesser
axle load of actual rolling stock shall be permitted.

d. The provisions of Sub-Clause 3.3.2 of “BS 114 (version-2)” Displacements of Bridge
Elements shall be adhered to.

e. Checks must be performed for break in rail continuity due to unusual conditions such
as fractures or for maintenance purposes. The provisions of Sub-Clause 4.7 of “BS
114 (version-2)” for Rail Gap Analysis shall be followed.

f.  Minimum (unfactored) LWR force of 1.6t/m of span length shall be considered for
design irrespective of number of tracks.

e Software and general methodology to be used for carrying out Rail Structure
interaction analysis must be validated before adopting the same. A well-established
document such as UIC 774-3R may be used for validation.

e Representative stretches must be chosen for carrying out Rail-Structure interaction
which shall include special spans. The same shall be got approved from the engineer.

Note- In the present C-2 tender package all major bridges are non-ballasted and
therefore, RSI study for continuing CWR/LWR over bridge is not required to be
carried out.

vii. WIND LOAD (WL)
The wind load shall be calculated as per IRS: Bridge Rules and IS: 875 (Part 3).
Vb = Basic wind speed = 47 m/s for Delhi Zone (as per 1S 875).

viii. SEISMIC FORCE (EQ)
Seismic design philosophy as stated in IRS Seismic Code shall be adopted.

HORC project area lies in Seismic Zone 1V of seismic zone map of India. The peak
ground acceleration denoted as zone factor shall be taken as 0.24 for zone V.

Seismic Coefficient Method (SCM) shall be adopted for calculation of seismic forces.
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Design horizontal seismic coefficient (Ah) shall be calculated as per Sub-Clause 9.4.1 of
IRS Seismic Code. The expression is -

Ah = (Z/2) * (I/R) * (Sa/g)

Where,

Z = zone factor = 0.24

I = importance factor = 1.5

R = response reduction factor as per Table 3
Salg = average acceleration coefficient

The design vertical seismic coefficient shall be 2/3 of horizontal seismic coefficient.
Seismic load combinations shall be considered as per IRS Seicmic Code.

Seismic on soil mass behind the abutment and confined between the retaining wall shall
be considered in addition to dynamic increment in earth pressure.

Reinforcement detailing of Piers/Portal Piers and joints with pier cap and foundations
shall conform to ductility/capacity design requirements as per Annexure-B of IRS
Seismic Code.

ix. ERECTION TEMPORARY LOADS (ETL)
Erection forces and effects shall be considered as per IRS-Bridge Rules.

The weight of all permanent and temporary materials together with all other forces and
effects which can act on any part of structure during erection shall be considered in
design.

Special care shall be taken that no damage is caused to the permanent structure during
construction.

Xx. DERAILMENT LOADS (DR)
Check shall be made in accordance with the IRS-Bridge Rules.
xi. FORCES ON PARAPET

The parapets shall be designed to resist lateral horizontal force & a vertical force as per
IRS Bridge Rules.

xii. DIFFERENTIAL SETTLEMENT (DS)

Differential Settlement (post construction) between two adjacent bridge piers shall be
considered as follows:

12mm for Long Term Settlement
6mm for Short Term Settlement

Differential settlement shall be considered only in the design of continuous structures, if
any.

xiii. BUOYANCY LOADS
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The design of the foundation shall be done considering design ground water table as per
Chapter-2 Outline Design Specifications-General.

In case of river/waterway bridges, stability check and calculation of base pressure, full
buoyancy shall be considered on submerged portion of substructure and foundation up to
HFL or LWL as the case may be, irrespective of the type of soil on which the foundation
will rest.

Hydro dynamic forces will be considered as per IRS Seismic code.
xiv. WATER CURRENT FORCES

Water current force in submerged portion of substructures and foundations shall
be calculated as per IRS Bridge Substructure & Foundation Code.

(a) VEHICLE COLLISION LOAD (VCL)
The vehicle collision load on piers: as per of IRC: 6.

All structure near railway track shall be checked for accidental impact from derailed
trains as per IRS Bridge Rules as per Addendum & Corrigendum Slip No. 48 dated
22.06.2017.

(b) VIBRATION EFFECT

Effect of vibration due to movement of train on bridge structure shall be taken into
consideration. This will be checked through dynamic analysis.

xv. LOAD COMBINATIONS

Provisions of IRS-CBC shall be followed. The partial load factors and load combinations
shall be as per IRS-CBC.

Notes:

ULS-Ultimate Limit state.

SLS-Serviceability Limit state

Wind load and earthquake loads shall not be assumed to be acting simultaneously.

Load combination for Vehicle collision shall be as per IRC 6 but design of members
under vehicle collision load combination shall be carried out as per IRS CBC.

13.4.4 DESIGN CHECK
a) FOR REINFORCED CONCRETE STRUCTURE

Design of all RCC/PSC structures shall be done as per IRS CBC for Serviceability
Limit States (SLS) and Ultimate Limit State (ULS)

b) DESIGN CHECK FOR STEEL/COMPOSITE STRUCTURE

The design of steel structure shall be done as per IRS Steel Bridge Code/IRS-Welded
Bridge Code. For composite action IRC :22 shall be referred.

c) DURABILITY & CRACK WIDTH
(a) DURABILITY
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Provision of IRS-CBC shall be followed. The exposure condition is Moderate and
in case of Nallah crossing the exposure condition may be treated as “Severe”.

(b) CRACK WIDTH CHECK

For SLS Combination, crack width in reinforced concrete members shall be
calculated as per IRS-CBC.

The allowable crack width shall be as per exposure conditions given in IRS-CBC.
(c) DEFLECTION

Deflections shall be taken into account as per IRS: CBC while checking
appearance, efficiency of the structure and minimum specified clearances. Clause
no. 13 of IRS CBC shall be kept in view while calculating deflection/deformation.
Permissible values of deformation shall be in accordance with provision of UIC-
776-3R.

d) FATIGUE

Fatigue phenomenon shall be analyzed for those structural elements that are subjected to
repetition of significant stress variation (under traffic load).

(a) PRESTRESSED/REINFORCED CONCRETE STRUCTURE
The fatigue shall be checked as per IRS-CBC.
(b) STEEL/STEEL COMPOSITE STRUCTURES

IRS-Steel Bridge Code (up to latest correction slip) / IRS-Welded Bridge code shall be
adopted for fatigue check of structural steel members and connections.

Annual Traffic Density for fatigue checks shall be considered as 50 GMT (Gross
Million Tonnes per annum) per track (i.e. 1L00GMT for two tracks).

Simplified approach method given in Cl.14 of Appendix-G (Fatigue Assessment of
steel bridges) shall be followed for fatigue assessment.

13.5 Drainage

The drainage of deck shall be designed to cater the maximum envisaged rainfall intensity
and suitable longitudinal and transverse slope should be provided. Moreover the
provisions of Clauses-10 & 150f IRS-CBC shall be followed.

The top of soffit slab will be profiled so as to collect the run-off water at multiple points
by providing a cross slope of 2.5%. Drainage pipes will be provided to collect the run-off.

The drain pipe of double wall HDPE corrugated pipes with water collection box at top,
shall be provided to discharge the water along pier with most pleasant aesthetics.

13.6 BEARING SYSTEM
(a) Type of Bearing System
In case of RDSO girders, standard bearing drawings shall be followed.
(b) Replaceability of Bearings
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While finalizing the proposed bearing system, it shall be kept in mind that accessibility
and replacement of each part of bearing are of paramount importance as the design life
of bearings is shorter than that of the structure. Keeping in view the above cited criteria,
all the bearings, pedestals and pier caps will be detailed for replacement of bearings in
the future. The girders/end diaphragms shall be designed to facilitate the operations of
jacks during maintenance.

(c) Uplift

If required a holding-down device connecting the deck and the pier head shall be placed
in order to prevent the deck from overturning. The holding-down device may be
integrated in the bearing system or be a separate system constituted of bars embedded
in pier cap and bridge with appropriate details, permitting translation/rotation. Other
systems can also be foreseen.

Due to the lack of appropriate guidelines in Indian codes, the design criteria for holding
down device (upward force limit requiring holding down device, design formulas) will
be taken from the latest international practice.

13.7 SUBSTRUCTURE SYSTEM
(@) Pier Cap

For designing the pier cap as corbel the provisions of IRS-CBC should be followed.
In case of shear span to effective depth ratio being more than 0.6, pier cap will be
designed as flexural member.

Height of pedestal should be in between 150mm and 500mm as per IRC: 78.

The Pier cap shape shall be suitable at transition pier supporting different types of
superstructure instead of providing raised/column pedestal over pier cap.

(b) Piers

The effective length of a cantilever pier for the purpose of slenderness ratio
calculation will be taken as per IRS-CBC. Ductile detailing is mandatory.

The design of pier shall be done as per IRS CBC.
In all SLS combinations, pier/column shall remain in compression.
(c) Foundation System

Foundation shall be designed as per IRS Bridge Substructure & Foundation Code,
IRS Concrete Bridge Code, IRC-78, Manual on the design and construction of well
foundation, IS- 2911.

Shear reinforcement & ductile detailing shall be done as per IRS/IS Codes.
I.  Open Foundation

Open foundation has been contemplated as first choice. Soil replacement may
also be resorted, if the difference of bearing pressure and bearing capacity is
upto 20%, keeping other practical aspect and site conditions in mind.
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Deep foundation shall be provided at the locations as shown in the tender
drawings.

ii.  Pile Foundation
In case of Pile foundation, foundation analysis and design will be based on
IRS Code for Substructure & IRC-78. The forces applied by the pier are
transferred to the bottom of the pile cap for this purpose. Reactions in pile are
calculated using Rivet theory. The various specific assumptions made for the
pile and pile cap design are as follows:

Bored-cast-in-situ multiple pile groups will be adopted.

Minimum 1.2m diameter (unless specified otherwise in tender drawing) bored
cast-in-situ vertical piles in soil/rock have been contemplated for the
foundation of piers. Minimum number of pile in each pile cap shall not be less
than 4.

c. For piles and pile caps, load combinations shall be considered as per IRS-
CBC, Table-12. The various specific assumptions made for the pile and pile
cap design including pile load testing shall be as per IS: 2911, IRC-78 and
IRS-Bridge Sub-structure and Foundation Code.

d. For pile bearing capacity, all SLS Load combinations as per IRS-CBC will be
considered.

e. Increase in vertical load capacity of pile shall be done as per Table-1 of IS
1893-Part-1.

f. The lateral load capacity of pile shall be evaluated by using empirical
formulae given in IS: 2911 (Part-1/ section-2) .

g. [Initial load tests (not on working pile) will be conducted as per IS: 2911 - Part
IV. Initial test is proposed to be conducted for a load of 2.5 times as per the
safe load based on static formula.

h. The working load on pile for vertical and horizontal loads shall be verified
through routine load tests during construction.

i. In case of multiple pile system, spacing between the piles shall not be less
than 3 times the diameter of pile in soil and 2.5 times the diameter when
founded on rock.

J- In general, the top of pile cap shall be kept about min 500mm below the
existing ground level and weight of the earth cover will be applied on top of
pile cap when unfavorable. The earth cover on pile cap for any favorable
effect (stability, soil horizontal capacity.) will be neglected.

k. In case the location of foundation (all types) is within Load Impact Line of
nearby passing load(rail/road) then the effect of surcharge (dead load + live
load) corresponding to that passing load shall be taken into account.
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I Pile design shall be done according to IRS CBC. However, for crack control
in piles, it will be clarified that actual axial load will be considered to act
simultaneously.

m. Where there is a risk of liquefaction, the lateral soil resistance of the liquefied
layer will be taken as zero.

n. Pile cap shall be designed based on IRS —CBC 1997. No support from soil
below pile cap shall be considered.

0. The thickness of the pile cap shall be kept minimum 1.5 times diameter of the
piles for multiple-pile group as per IRC 78.

p. The structural design of the pile cap shall be carried out as IRS CBC. Crack
width shall be checked for load combination 1 IRS CBC.

g. Minimum reinforcement in pile caps at top shall be at least 0.12% in each
direction in case of compression and in case of tension, it shall not be less
than 0.2%.

Well Foundation

Well Foundation shall be designed as per IRS Bridge Substructure &
Foundation Code/ IRC: 78, IRS-CBC, Manual on the design and construction
of well foundation.

13.8 CODAL PREFERENCE

The IRS Codes shall be followed in principle. Although main clauses have been
mentioned in the ODS, the other relevant clauses as available in the IRS codes shall also
be followed, whenever applicable. If provisions are not available in IRS, the order of
preference shall be as follows, unless specified otherwise:

For railway loading related issues:

UIC Codes
Euro Codes
Any other code, which covers railway loading.

For other Design/ detailing related issues:

l.
.
M.
V.
V.

IS Codes

IRC Codes

EURO Codes

AASHTO Codes

Any international code with approval of HRIDC.
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CHAPTER.14
OUTLINE DESIGN SPECIFICATIONS: RETAINING WALLS
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CHAPTER.14
OUTLINE DESIGN SPECIFICATIONS: RETAINING WALLS

141 General
This part lays down criteria for design of Retaining Wall.
14.2  Details of Structures to be designed

The Contractor shall design the retaining walls of various heights that are required in C4
Package.

Retaining wall is required to be provided at some of the locations along the alignment due to
limited availability of ROW. Retaining wall shall be located near the edge of ROW. On LHS
(i.e. on KMP side) of main line, no retaining wall shall be provided except at locations where
private land falls between HORC ROW and KMP ROW. Further, some additional land is
proposed to be acquired along the alignment. In case additional land is made available before
undertaking the construction, provision of retaining wall shall be deleted and earthen slope
shall be provided at that location. Cost of additional earthwork due to provision of slope shall
be paid under the Schedule B.

Precast retaining walls shall be used up to 2m height height above the ground level. Beyond
2m height, cast in situ retaining wall may be used.

Reinforced Earth wall (RE wall) shall not be permitted.
14.3  Design Criteria

a) Wherever sufficient land is not available to provide a stable slope for the formation
along the alignment without infringing ROW, suitable earth retaining structure as per
the IRS-Bridge Substructure & Foundation Code shall be provided.

b) Earth retaining structure if required at any other critical location, shall be proposed by
the Contractor and shall be subject to approval of the Engineer.

c) The earth retaining structures, if required, shall be designed as per the following criteria:

i. In case the location of the earth retaining structure is within Axle Load Impact
Line, it shall be designed for earth pressure as well as surcharge due to DFC
loading (32.5T axle load).

ii.  Incase the location of the earth retaining structure is beyond the Axle-Load Impact
Line, it shall be designed for retaining the earth.

d) Design and reinforcement detailing shall suit the lifting and handling requirements of
the segments of precast retaining wall.

e) Joints between the segments shall be properly designed for required lap length also.
f) Expansion joints at 30m .
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CHAPTER 15
OUTLINE DESIGN SPECIFICATIONS: BALLASTLESS TRACK (BLT)
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CHAPTER 15
OUTLINE DESIGN SPECIFICATIONS: BALLASTLESS TRACK (BLT)

15.1 GENERAL

i.  HORC proposes to adopt BLT systems, which are proven and being used worldwide in
railways successfully. The proven design may require some modifications to suit to
HORC conditions.

ii.  Operating Regime on HORC:
a) Axle load and Speed

Traffic Type Axle Load Speed

Goods Train 32.5T 100 kmph

Passenger Train 22T 160 kmph
b) Electric Traction (Minimum) : 25 kV AC.
c) Track Circuits : DC.
d) Gauge : Broad Gauge

Nominal (1673mm)

e) Ambient Temperature : (-) 5°C to 50°C.
f) Rail Temperature : (-) 15°Cto (+)76°C.
g) Humidity : 100%

Note: The temperature range shall be commensurate with other provisions / guidelines through
codes / manuals / specific circulars.

15.2 DESIGN REQUIREMENTS
i) BLT shall be designed for the following:-
a.  Goods Traffic - 32.5T axle load & speed 100 kmph

b. Passenger Traffic- Main line for 22T axle load & speed 160 kmph (for passenger
traffic)

ii.  Dynamic augment may be taken as 2.5 (as prevailing on IR).

iii. Spacing of supports to rails — not more than 60 cm (wherever rails are supported on
sleepers/ discrete supports) so that the permissible bending stress in rails are not
exceeded beyond stipulated values. No joint shall be permitted in track on BLT and
the transition portion. The values of permissible bending stress are as under:-

For LWR section — 25.25 km/mm? (for 90 UTYS).
iv. Upward reaction / pressure from support base shall be clearly mentioned in design.
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v. Design shall be as per relevant codes of practice such as BIS, EN, IRS, IRCand UIC
with latest revision/ edition. If for any item/work, above mentioned codes are not
relevant, best available Engineering practice / International codes shall be
mentioned.

vi. Design & detail of suitable Transition System for smoothtransition from ballasted
track to BLT on both ends shall be part of the design.

vii. Design and detail of Expansion / Construction Joints in BLT at suitable intervals
shall be part of the design.

viii. Technical parameters required for foundation of BLT shall be suitably considered
for site conditions and shall be mentioned in the design along with their test code &
procedure, A design monograph of varying sub-grade characteristics, if applicable,
to be provided by the firm / designers.

ix. Design service life of BLT shall be a minimum of 60 years. Concrete for RCC
structures shall comply with relevant para of Indian Standard IS: 456-2000 &
relevant para of IRS-Concrete Bridge Code taking care of relevant durability clause
for expected life of RCC as minimum 60 years.

x. BLT may get submerged during heavy rainfall. Suitable arrangement shall be
provided for ensuring that BLT functions properly under submerged conditions.
Provision of adequate cross slope for drainage purpose and suitable measures to
prevent ingress of water must be considered. Design of proper drainage
arrangements preferably sub-surface drains for BLT shall also be part of design.
Design capacity of drainage system shall be adequate enough for the discharge from
slab track and remaining catchment other than track slab for regular daily discharge
and also discharge from rainfall as per the local conditions. Top surface of BLT shall
have surface finish with proper cross slope such that there is no stagnation of water
over it. Necessary field visit to ascertain local conditions may be done for suggesting
suitable drainage system.

xi. No appreciable cracks or settlements or separation of partsshall be developed during
service in the BLT leading to impaired service or failure. Minimum reinforcement
must be ensured to achieve design crack width of 0.1 mm notwithstanding any
provision in codes.

xii. BLT shall be designed for almost maintenance free conditions except replacement
of worn-out fastening components after their service life is over. The 2% of the
fastening components and other replacement items which are likely to be worn out /
damaged ,shall be supplied as spares for need based replacement in this work. The
offer shall be inclusive of the cost of 2% fastening components as spare. No
additional cost shall be paid for the spares.

xiii. Stable formation is required to be provided below BLT as per the RDSO guidelines
(No. RDSO/2020/GE: IRS-0004). Minimum bearing capacity at subgrade top level
of 10 tons/sg.m shall be ensured. Ground improvement may be required before
construction of BLT which need to be designed to avoid problems due to inadequacy
of its formation.

xiv. The proposed system shall be easy to repair and expeditious to restore in case of
damage due to derailment. The time & material requirement for repair shall be

Tender No. HORC/HRIDC/C-4/2022



Section VI1I-5: Employer’s Requirements -Outline Design Specifications (ODS) — Civil and BLT 91

XVI.

XVii.

Xviii.

XiX.

15.3

i

clearly defined along with detailed procedure of repair.

Cost effective design & methodology with reasonably less construction period with
opening of traffic with suitable speed restriction would be preferable.

A scheme giving details of the curing arrangements shall be submitted by the
designer to ensure curing in conformity to the IRS- concrete Bridge Code and best
international practices.

Adequate corrosion protection measures must be included in design to minimize
corrosion of fastening components of proposed system for ballastless track as
corrosion of fastening components in BLT is a major problem due to climatic
condition and waterlogging due to rainfall. Adequate corrosion protection measures
should be submitted as per EN 13146-6: 2012 —Test methods for fastening system
— Effect of severe environmental conditions and corrosion test shall be done as per
EN ISO 9227/ASTMB117-11, Corrosion tests in artificial atmospheres — salt spray
tests for exposure period of 1000 hours (for Normal Salt Spray Test) and results
shall meet the requirements of EN 13481-5:2012 regarding corrosion in fastening
system.

The design shall be cost effective serving all functional requirements expected of
BLT.

Any other factor considered necessary by the designer.

Changes in the above parameters (ii) and (iii) may be considered, in case the
Contractor is able to support it with the relevant documents and codes as per practice
in other Railways.

TRACK DETAILS

BLT for HORC shall be designed for following track details:-

Rail section: Rail profile shall conform to UIC 60 (R260) and Rail material shall
conform to IRS-T-12-2009 class-‘A’ including manufacturing and testing in
accordance with IRS-T-12-2009 with latest amendments.

Schedule of Dimensions (SOD) and Maximum Moving Dimension (MMD) of
Indian Railways for BG shall be followed.

Rail cant at Rail seat (inward): 1 in 20.

Traffic: Mixed — passenger & freight.

During service if some parameter goes out in case of any unforeseen circumstances,

the leeway / margin available to correct the parameter. Vertical: +10 mm / - 3mm,
Horizontal: £ 3mm.

Design temperature range: 70 degree Celsius variation of rail temperature as per
zone & chart of Indian Railway Permanent Way Manual and 40 Degree variation of
ambient temperature.

Long welded rails (LWR) are to be used. The proposed design of BLT shall take
into consideration of the forces due to LWR and interaction of LWR.

vii. It should be possible to do in-situ AT/Flash Butt welding as per the Indian

Railways welding manuals.
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ix. Track tolerances: Track tolerances over BLT when installed and later during service
under floating condition shall be as under.

Note: The temperature range shall be commensurate with other provisions / guidelines through
codes / manuals / specific circulars.

1.1 TABLE NO: 1

S. Parameter Installation  Service
No.
1 Gauge (with reference to 1673 mm measured +1mm +3mm

below 14 mm rail top) for straight track and for
curve up to the radius of 350 m.

Cross level on straight and curved track +1mm +3mm
3 Variation in versine on curved track(20 m chord 3 mm +6mm
with half overlapping)
4 Vertical alignment over a 3.6 m chord +1mm +6 mm
5 Lateral alignment over a 7.2 chord +1mm +3mm
6 Twiston 3.6 m base +1mm +5mm

The above installation parameter are not sacrosanct and the Contractor can also advise
their own limits for the above parameters along with basis for suggesting the changes.
Variation in horizontal alignment, vertical alignment versine, twist and gauge shall
not exhibit cyclic pattern.

15.4 TRACTION DETAILS

IR has diesels/Overhead Electric (25kV) traction. The BLT design shall have
adequate electrical insulation for correct performance of signaling and traction
equipment even in flooded condition during monsoon for which necessary local field
visit may be done and the design should take care of return current as per traction.

155 SIGNALING DETAILS

For signaling, the track circuiting is provided through the rails. The BLT system
should take care of the same with adequate insulation. A minimum electrical
resistance of 40 Qper km as per Indian railway signaling manual needs to be ensured.
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15.6 DERAILMENT GUARDS

Suitable arrangements for prevention of derailment in tunnels/ viaducts as per
instructions issued by Indian Railway from time to time in the form of derailment
slab/ block shall be provided to keep the derailed wheels in confined space and
prevent damage in case of derailment. Derailment guard shall be designed such that
in case of derailment:

I The wheels of a derailed vehicle under crush load, moving at maximum speed
are retained on the viaduct or tunnel etc.

ii. Damage to track and supporting structures is minimum.

15.7 BALLASTLESS TRACK STRUCTURE

© 0k wdE

Track shall be laid on cast in situ reinforced concrete plinth or slab, herein after referred
to as the “Track slab”. The track slab shall be designed as plinth beam or slab type
ballastless track structure. It shall accommodate the base plates of the fastening system.
The minimum depth of concrete below the base plate should be decided based upon
characteristics of underlying base and the design of the fastening system. In general,
track slab on which the fastening and rail are to be fitted shall-

Resist the track forces.

Provide a level base for uniform transmission of forces from the rails.

Have geometrical accuracy and enable installation of track to the tolerances laid down.
Ensure drainage.

Resist weathering.

Be construction friendly, maintainable and quickly repairable in the event of a
derailment. The Repair and Maintenance methods shall be detailed in the Maintenance
Manual.

Ensure provision for electrical continuity between consecutive plinths/slabs by an
appropriate design.

15.8 PERFORMANCE REQUIRED OF FASTENING SYSTEM
15.8.1 GENERAL

i.

ii.

iii.
iv.

The fastening shall be designed to hold the two rails of the track strongly to the
supporting structure in upright position by resisting the vertical, lateral and longitudinal
forces and vibrations.

The fastening shall be with a proven track record. Fastening system should have
satisfactory performance record of minimum 5 years in service in BLT on any
established railway system. In this regard, supplier should submit certificate of
performance from user railways administration including proof of use of the fastening
system.

The fastening shall provide insulation to take care of return current traction system.

Fastening shall satisfy the required performance norms as stated in the following
paragraphs.
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15.8.2 TECHNICAL PERFORMANCE REQUIREMENTS OF FASTENING
The fastening shall-

iv.
V.
Vi.

Vii.

viii.

Have design service life of 30 years in general. However, its components such as
rubber pad, rail clip etc. can be designed for 300 GMT or 15 years whichever is less.

. Anchor bolts or studs used for fixing base plate to the concrete should not be required

to be replaced during service life. Its components must not suffer any degradation
during its service life to a degree so as to affect the performance and safety of the
track. Full service life is to be attained under the following condition-
a. Atmospheric ultra violet radiation
b. Proximity of track up to 10m from salt water source
c. Contact with oil, grease or distillate dropped from track vehicles
Hold the rails to gauge and at the correct inclination within, tolerances laid down
against horizontal forces generated by vehicles in motion especially on curves, and
wheel set hunting, alignment irregularities and thermal forces.
Permit quick and easy installation and replacement with special tools.
Be capable of vertical adjustment during service life up to 12mm using shims.
Detailed calculations for the number of anchor bolts required on tangent and curved
tracks shall be furnished by the contractor, and approved by the Engineer.
For all the fastening components as per approved assembly, the contractor shall
furnish detail drawings, specifications and inspection & test plan to the Engineer.
The contractor shall furnish the ‘Installation and Maintenance Manual’ which shall
be approved by the Engineer.

159 SPARES
The Contractor shall supply fastening system @10% of the total requirement for the
permanent works as maintenance spare.
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CHAPTER 16
LIST OF CODES
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CHAPTER 16
LIST OF CODES

16.1 Introduction

The Contractor shall carry out the design on the basis of the codes and specifications given
below. The list of codes mentioned herein is only for guidance. The Contractor may
supplement these codes and standards with the consent of the Engineer if in his opinion it is
essential to do so to comply with the Employer’s Requirements.

The Contractor shall be responsible for detailing in his design report and specifications of
the standards on which his materials and workmanship will be based and these will be of
similar or higher standard than those listed below.

The Contractor shall also be responsible for getting the approval from the Engineer for the
standards which he intends to apply for the detailing of his design and specifications
additionally.

16.2 Relevant Standards

Apart from the basic data and specific requirements listed in the Employer’s Requirement,
all items of the Works shall be governed by the latest versions of the following codes and
specifications as revised/corrected/amended (with latest correction slip) till the date of
approval of design/drawings by the Engineer. In case of contradiction in various codal
provisions, the order of precedence shall be as follows:-

i.  Specific provisions in the Employer’s Requirements.
ii.  IRS Codes and specifications
iii. 1S Codes
iv.  IRC Codes and specifications
v. International Codes

However, in case of ROBs and other highway loading related structures, IRC Codal
provisions shall prevail over IRS Codal provisions. Notwithstanding the precedence
specified above, the Contractor shall always seek advice from the Engineer in the event of
any conflict for a final decision.

a) Loading Standards shall be as given in Design Requirements Criteria
b) Indian Railway Standard Codes and Specifications (IRS)
i.  Bridge Rules
ii.  Indian Railways Schedule of Dimensions (BG)
iii.  Concrete Bridge Code
iv.  Steel Bridge Code
v.  Fabrication Specification (B1)
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vi.  Welded Bridge Code
vii.  Indian Railways Bridge Manual

viii.  Indian Railways Permanent Way Manual
iX.  Indian Railways Works Manual
X.  Bridge Substructure & Foundation Code
xi.  Well and Pile Foundation Code
xii.  Seismic Code for Earthquake Resistant Design of Railway Bridges

c) RDSO Guidelines
i.  BS-113 Guidelines for providing Arrangements for Bridge Inspection

ii.  Comprehensive Guidelines and Specifications for Railway Formation:
RDSO/2020/GE: IRS 0004

iii.  BS-114 RDSO guidelines for carrying out rail-structure interaction studies on Indian
Railways

iv. BS-126 Guidelines for continuation of LWR/CWR over ballasted deck bridges on
Indian Railways

v. Report No. GE: R-50: Transitional System on approaches of bridges issued by
RDSO.

vi.  Report No. BS-111: Guidelines for use of High Strength Friction Grip (HSFG) bolts
on bridges on Indian Railways.

vii.  Guidelines for design of Spherical and Cylindrical bearings (in case of Steel
Bridges).- Letter No.: RDSO/CBS/Bearing dated 22-06-2011
viii.  RDSO drawing for H beam sleepers

d) Indian Road Congress (IRC) Codes and Specifications

i. IRC: 5 Standard Specifications and Codes of Practice for Road Bridges Section — I —
General features of design.

ii.  IRC: 6 Standard Specifications and Codes of Practice for Road Bridges —Section — 11
— Loads and Stresses — Seismic provisions of this standard are to be adopted for the
bridge design.

iii.  IRC:112 Code of Practice for Concrete Road Bridges

iv. IRC: 22 Standard Specifications and Codes of Practice for Road Bridges Section —
VI — Composite Construction.

v. IRC: 24 Standard Specifications and Codes of Practice for Road Bridges — Section
V, Steel Road Bridges.

Vi. IRC: 54 — Lateral and Vertical Clearances for VVehicular Traffic.
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Vii.

viii.

Xi.

IRC: 83 (Part — I1) — Standard Specifications and Codes of Practice for Road Bridges
— Section — IX — Bearings Part — 111, Pot, POT cum PTFE Pin and Metallic Guide
Bearings.

IRC: 83 (Part — V) — Standard Specifications and Codes of Practice for Road Bridges
— Section — IX- Bearings Part — 1V, Spherical and Cylindrical

IRC-78: Sub-structure for Road Bridges.
IRS-87: Design and erection of false work for road bridges.

Specifications for Road and Bridge Works issued by Ministry of Road Transport &
Highways (MORTH).

e) Indian Standards Codes and Specifications (IS)

iv.

Vi.

Vil.

viii.

Xi.
Xii.
Xiii.
Xiv.
XV.
XVI.
XVil.
XViii.

XiX.

IS: 456 Plain and reinforced concrete - code of practice
IS: 800 Code of practice for General Construction Steel
IS: 875 Code of Practice for Design Loads Part 1, 2 3, 4& 5 (Other than Earthquake)

IS: 1080 Design and construction of shallow foundations in soils (other than raft ring
and shell)

IS: 1364 Hexagon Head Bolts, Screws & nuts of product grades A & B Part 1 (part 1
Hexagon, Head Bolts (size range M 1:6 to M64)

IS 1367 Threaded Steel Fasteners

IS: 13920 Ductile detailing of reinforced concrete structures subjected to seismic
forces code of practice

IS: 1489 Specification for Portland pozzolana cement (Fly ash based)

IS: 1786 High strength deformed steel bars and wires for concrete reinforcement
IS: 1893 Criteria for Earthquake Resistant Design of structures

IS: 1904 Design and construction of Foundations in soils: general requirements.
IS: 2062 Specifications for weldable Structural steel

IS: 2502 Code of Practice for Bending and Fixing of Bars for Concrete
Reinforcement

IS: 2911 Design and Construction of Pile Foundation- Code of practice Part
1Concrete Pile- Section 2 Board Cast-in-situ-piles

IS 2911 Design and Construction of Pile Foundation- Code of practice Part 4 Load
test on piles

IS: 2950 Design and construction of raft foundations
IS: 3935 Code of Practice for Composite Construction

IS: 4326 Code of practice for Earthquake resistant design and construction of
Buildings

IS: 4923 Hollow steel sections for structural use -specification
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XX.
XXI.
XXil.

XXiii.

XXIV.

XXV.

XXVI.

IS: 8009 Calculation of settlements of shallow foundations
IS: 269 Specifications of OPC cement
IS: 9103 Specifications of Concrete admixtures

IS: 11384 Code of practice for Composite Construction in Structural Steel and
Concrete

IS: 12070 Code of practice for Design and construction of shallow foundation on
Rocks

IS: 14593 Design and Construction of Bored Cast-in-Situ Piles Founded on Rocks.
IS 455Specifications for Portland Slag cement

f) International Standards

UIC Code 774-3 (R) Track and Bridge Interaction
UIC Code 772-2 (R) Code for the use of rubber bearings for rail bridges

The list of standards given above is only indicative. The Contractor shall follow provisions
of appropriate codes and standards in force for items which are not covered in the codes
mentioned in foregoing paras.
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Section VII: Employer’s Requirements

Section V11-6: Outline Construction Specifications (OCS)-Civil &BLT
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Chapter 1
GENERAL-CIVIL
1.1 GENERAL:
1.1.1 These Specifications contained herein shall be read in conjunction with other tender

1.1.2

1.13

1.14

1.15

1.1.6

1.1.7

documents.

All Materials, works and construction operations for civil works shall conform to
the following manuals:

a) Indian Railways Permanent Way Manual
b) Indian Railway Bridge Manual
c) Indian Railway Works Manual
d) Indian Railway Schedule of Dimensions

e) Indian Railways Unified Standard Specification (Formation Works,
Bridge Works and P.Way Works)

f) The relevant IRS Specifications referred to in the above documents listed
at (a), (b), (c), (d) & (e)
g) CPWD Specifications, Vol 1&2 — 2019 for building works

h) In case of any contradiction in the various codal provisions, the order of
precedence shall be as follows:-

i. IRS Codal provisions

i. IRC Codal provisions
I. IS(BIS) Codal provisions

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.

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).

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 shall bear no costs of materials, labour, equipment, duties, taxes, royalties
etc.

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 inter-relations between various parts of works/trades. No claim
shall be entertained on the basis of compartmental interpretations.

Reference to the Standard Codes of Practice:

a) The contractor shall make available at site all relevant Codes of practice as
applicable.
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Legends Definition

IRS Indian Railway Standards

IR specifications Indian Railways Unified Standard Specification
(Formation Works, Bridge Works and P.Way|
Works)

IS Indian Standards

IRC Indian Road Congress

CPWD Central Public Works Department

RDSO Research Designs and Standards Organisation

UIC International Union of Railways (UIC, French:
Union international des chemins de fer)

MORTH Ministry of Road Transport and Highways

EN European Standard

ISO International Organization for Standardization

ASTM American Section of the International
Association for Testing and Materials

BS British Standard

1.1.8 Alternative or additional codes and standards proposed by the contractor shall be
internationally recognized codes and shall be equivalent to or better than, Indian
Standards issued by the Bureau of Indian Standards or any other Indian professional
body or organization, subject to being, in the opinion of the Employer’s
Representative, suitable for incorporation or reference into the specifications.

1.1.9 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

Rates:

a) 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.

b) All labour, materials, plant, equipment and temporary works, Overhead charges as
well as general liabilities, obligations, insurance and risks arising out of GCC,
required to complete and maintain the works to the satisfaction of the Engineer.
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f)

9)

h)

)

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

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 signages as
directed.

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

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

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.

Cost of Preparation and compliance with provision of a quality assurance control
program.

Cost of safeguarding the environment.

A testing laboratory as specified by the Engineer equipped with the following
minimum apparatus, materials and competent trained staff required for carrying out
tests, as specified in the relevant sections of the specifications: -

i. 1 Set of standard sieves for testing grading of sand with mechanical sieve shaker.

ii. Sieves with openings respectively of 4.75mm, 10mm, 20mm, 25mm, 30mm for
testing and grading of aggregates.

ili. Weighing Balance of capacity up to 10 Kg. reading up to 5 gm.
iv. Electric Thermostat controlled oven and pans for drying of sand and aggregates.

v. Glass measuring flasks of 1/2, 1 liter & 2 liter capacity.

vi. Flask for determining moisture content of sand.

vii. Slump cone with rod and V B Apparatus, flow table to measure slump or DIN

Specifications.

viii. Apparatus to measure permeability of concrete as per Appendix 1700/11 of

MOST Specifications.

iX. Minimum 24 Nos. steel moulds for 150mm x 150mm x 150mm concrete test

cubes. It may be necessary to provide more steel cube moulds depending upon
concreting program.

X. 25mm dia vibrator for compaction of concrete in test cubes and also vibrating
table.

xi. Concrete cube testing machine of 200 tonnes capacity with 3 dial gauges

electrically operated.

xii. Work benches, shelves, desks, sinks and any other furniture and lighting as

required by the Engineer.
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xiii. Abrasion Flakiness & Impact testing Equipment for testing coarse aggregate.
xiv. Silt Testing Equipment.

xv. Equipments for field lab as per list given in Annexure-VI1I of RDSO guidelines
No. RDS0/2020/GE: IRS-0004, Sept-2020

xvi. Any other equipment specified by Engineer.
1.1.10 Quality Assurance & Quality Control:

a) 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
and Quality Control system.

b) 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 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.

c) 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.

i. The test shall be conducted at the Site laboratory that may be established by the
Contractor or at any other Standard Laboratory selected by the Engineer.

ii. 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 from the Contractor's bills.

iii. All testing shall be performed in the presence of Engineer. Testing may be
witnessed by the Contractor or his authorised representative if permitted by the
Test House. Whether witnessed by the Contractor or not, the test results shall be
binding on the Contractor.

d) 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 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.

1.1.11 Training

The Contractor shall arrange the following trainings for all his concerned persons and
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25 persons of the Engineer and the Employer together:

a)
b)

c)

d)

2 days training for Tunnelling by NATM and Cut & Cover method.

2 days training for fabrication of welded steel girders for railway including one
day for practical demonstration at site.

2 days training for concrete, testing, scaffolding and formwork including one
day for practical demonstration at site

The Contractor shall bear all the expenditure for training including boarding,
lodging, airfare, transport, and remuneration of trainers. Training place shall be
provided by the Employer free of cost. However, the Contractor shall bear the
expenditure for refreshments and meals for all the participants during the
training period. The syllabus of training and the names of the trainers shall be
submitted to the Engineer for approval. Training shall be imparted only by those
trainers who are approved by the Engineer.

1.1.12 Dimensions:

a)

b)

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.

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.

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.

1.1.13 Setting out of Works:

The Contractor shall set out the Works indicated in the Contract. The Contractor shall
provide suitable stones with flat tops and build the same in concrete for temporary
benchmarks. 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 benchmarks 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
benchmarks is deemed to be included in the quoted rates.

a) All the survey work except leveling work shall be carried out using total

stations with one second accuracy. The leveling work shall be carried out using
Auto level.

b) The triangulations point given by concerned organization before start of work

shall be maintained during execution and handed over back to concerned
organization after completion of work.

1.1.14 Materials:
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a) 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.

b) Quality:

d)

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.

Sampling and Testing:

All materials used in the works shall be subjected to inspection and test in
addition to 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 labeled 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 if required quality 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 specification,
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, at site or at any testing laboratory or
institution as directed by the Engineer. No extra payment shall be made on this
account.

Dispatch of materials:

Materials shall not be dispatched from the manufacturer’s works to the site
without written authority from the Engineer.

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
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charge on request to the Engineer.
f) 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.

g) 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.

1.1.15 Storing of Materials at site:

a) 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.

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

c) 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.

1.1.16 Water:
a) 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..

b) 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.

c) 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 all such
Tests shall be borne by the contractor.

1.1.17 Workmanship:

a) 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.
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1.1.18 Load Testing on Completed Structures

a) Load Testing of superstructure, in case of major bridges with OWG/ composite
girders/ PSC girders and minor bridges with skew shall be done by the
Contractor as per the directions of the Engineer. Cost of span load test is
included in Schedule-C.

b) 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:

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

ii.  Premature removal of formwork.
iii.  Inadequate curing of concrete.
iv.  Over loading during the construction of the structure or part thereof.

v. Carrying out concreting of any portion without prior approval of the
Engineer.

vi.  Honey combed or damaged concrete which in the opinion of the Engineer

vii.  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.

viii.  Loss of camber in OWG beyond permissible range as specified by Railway
Board/RDSO.

iX.  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.

c) All the loading tests shall be carried out by the contractor strictly in accordance
with the instructions of the Engineer, as per IRS:CBC and IRC:SP-51. Such
tests shall be carried out only after expiry of minimum 28 days or such longer
period as directed by the Engineer.

d) The structure shall be subjected to the load as approved for SLS condition in the
design. This load shall be maintained for a period of 24 hours before removal.
Incremental loading shall be done in accordance with IRC:SP-51, unless
otherwise directed by the Engineer.

e) In case the recovery of the structure is not as per codal provisions, the structure
shall be considered to have failed to pass the test and shall be deemed to be
unacceptable.

f) Insuch 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. Again, Load test shall be conducted as per codal
provisions.

g) All costs involved in carrying out the tests (except integrity test for piles) and
other incidental expense thereto shall be borne by the contractor regardless of
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1.2
1.2.1

1.2.2

1.2.3

1.24

1.2.5

1.2.6

1.2.7

1.2.8

1.2.9

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.

h) If the load testing is instructed on any ground other than mentioned in (i) to (ix)
of CI. 1.1.18(b), the cost of the same shall be reimbursed to the Contractor, if
the result of the test are found to be satisfactory.

i) In addition to the load tests mentioned in these document, non-destructive test
methods such as core 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 per provisions in the relevant Indian/International standards and
as approved by the Engineer.

STRUCTURAL WORK:

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

Minimum cement content specified in the codal specifications 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 shall also be done in advance
for the use in the junction 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.

1.2.10 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.

1.2.11 In the mobilization period, the contractor shall carry out expeditiously and without

delay the following works:
I Material testing and mix designs of concrete as contemplated in the
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specifications.

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

iii. Any other pre-requisite items required for final execution.
iv. Site office for the use of the Engineer staff.
V. Casting yard with full facilities.
1.2.12 Casting yard to have following minimum facilities:
I. Casting beds as required.

i. All handling facilities for precast elements.

Ii. Curing arrangements as required.
iv. Stacking arrangements for precast elements.
v. Storing of materials.
vi. Proper drainage and approach roads.
1.2.13 Fabrication yard to have following minimum facilities:
i. Fabrication beds as required.
ii. All handling facilities.
iii. Stacking arrangements for precast elements.
iv. Storing of materials.
v. Proper drainage and approach roads.
1.3 SUPPLY OF PROGRES PHOTOGRAPHS AND ALBUMS (DIGITAL):

The work covers the supply of digital photographs 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 soft copy. Each photograph in the album
shall be suitably captioned and dated.

The photographs and materials shall form a part of the records of concerned
organization and same cannot be supplied to anybody else or published without the
written permission of concerned organization.

1.4  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.

Drone videography of the whole package for inspection and monitoring of
structures, shall be done by the Contractor once in a month.

The record of progress (photographs and videos) shall be submitted to the engineer
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1.5

1.6

on monthly basis or as directed by 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 AND PROJECT INFORMATION SIGNBOARDS

The Contractor shall provide barricading to demarcate Works Areas from the
public area.. All barricading shall be done at own cost by the Contractor. The

detailed scope of work is as follows:

Vi.

Vii.

viii.

Providing and installing the barricade of the design and type as shown in the
Tender Drawings and as per the approved plan firmly to the ground and
maintaining it during the progress of work.

Painting of the barricades shall be carried out to the design and colours as directed
by the Engineer and the Contractor shall carry out re-painting of the entire
barricades on a bi-annual basis.

Providing lighting on the periphery of barricades for direction illumination.

Project information signboards at each works area and Site Office shall be erected,
not later than 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 consent of the Engineer shall be obtained before barricading and heardings
signboards are removed.

Barricades and signboards shall be maintained in clean and good order by the
Contractor until the completion of the Works. All the barricadings and signboards
etc. shall be mopped minimum once in a week and washed monthly.

Damaged/worn-out barricades fhoarding shall be replaced by the Contractor
within 24 hours. Engineer‘s decision regarding need for replacement shall be final
and binding. If no action is taken by the Contractor, the cost of any repairs will be
deducted by the Engineer from any payment due to the Contractor.

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.

1.7  FINISHING WORK:

1.7.1 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
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1.7.2

1.7.3

1.7.4

1.75

the building during Construction.
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, not limited to the
following, shall be carried out under the direct supervision of the manufacturers of
the proprietary materials/ products or their trained and accredited licensee.

i. Bearings
ii. Fabrication, assembly and launching of steel OWG
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.

Applicable Codes, Standards & Publications for Structural & Architectural
Work:

The more important Codes, Standards and Publications to Contract are listed here
under:

Any other code/publication, if found necessary by the engineer, may be referred to
for such works. The latest revision along with all corrections slip & amendments
shall only be followed

Sr. No. | Code No. Code Name

General

1.

IS: 875 buildings and structures

Code of Practice for design loads (other than earthquake) for

1122
1S (part 4) works-Stone masonry

Methods of measurement of buildings and Civil engineering

1S:1237 Specification for cement concrete flooring tiles

IS: 1322 Bitumen felts for water proofing and damp-proofing

IS: 1893 Criteria for earthquake resistant design of structures

IS: 2185 (Part 1) Concrete masonry units: Hollow and solid concrete

IS: 2185 (Part 2) Concrete masonry units: Hollow and solid light weight

IS: 2185 (Part 3) concrete blocks

Concrete masonry units: Autoclaved cellular aerated

Ol o |N|jo|us W] N

. IS: 2572 Code of Practice for construction of hollow concrete block
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Masonry

10. | 1s: 3414 Cone. of practice for design and installation of joints in
Buildings

11. | IS: 3462 Specification for unbacked flexible PVC flooring

12 | 1s: 5318 Code_of practice for laying of flexible PVC sheet and tile
Flooring

13. | 15: 6408 (Parts 1,2) Recommendations for modular co-ordination in building
Industry-tolerances

14. | 1S: 8183 Bonded mineral wool

15. | 1S:10958 General check list of functions of joints in building

16. | 15:11817 C!assmc.atlon of.10|.nts in b.U|Id|ngs for zjlccommodatlon of
dimensional deviations during construction

17 | 1s:11818 Method .(.)f te.f,t. for. Iab.orétory determination of air
permeability of joints in buildings

18. | 1S:12440 Precast concrete stone masonry blocks

19. | CPWD Specifications with up-to-date correction slips

20. | BS:476 (Part 7) Method for classification of the surface spread of flame of
Products

21. | BS:476 (Part 20) Method of d.etermlnatlon qftheﬁre resistance of elements
of construction (general principles)

22. | BS:476 (Part 22) Methods .for determination of the. fire resistance of non-
load bearing elements of construction

23. | BS: 1245 Specification for metal door frames (steel)

24. | BS: 3261 Specification for unbacked flexible PVC flooring

25. | BS:3261: Part 1 Homogeneous flooring

26. | BS:5215 Specification for one-part gun grade polysulphide-based
Sealants

27. | BS:5606 Guide to accuracy in building

28. | BS:5725 (Part 1) Specification for pf'mlc bolts and panic latches mechanically
operated by a horizontal push-bar

29 | BS:6093 Cije' of practice for the design of joints and jointing in
building construction

30. | BS:8200 Codg of practice for the.de.5|gn of non-load bearing external
vertical enclosure of building

31 | ASTM C 332 Specification for light weight aggregate for insulating
Concrete
Specification for the manufacture, performance and

32. | ASTM C635 testing of metal suspension systems for acoustical tile and
lay-in panel ceilings

33. |SP7 National Building Code of India

34, | SP 23 (S&T) Hand Book on Concrete Mixes

Bitumen

35. | 1S:702 Industrial Bitumen

36. | 15:3384 Specification for_ bitumen primer for use in waterproofing
and damp-proofing

Building Construction Practices
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37 IS: 1838 Parts | and | Specifications for preformed fillers for expansion joint in
T concrete pavements and structures

38. | 1S 1946 Code of Practice. for use of fixing devices in walls, ceilings,
and floors of solid construction.

39. | 1S 3414 CoFie_ of Practice for design and installation of joints in
buildings.

20. | 1s: 6509 Code of Practice for installation of joints in concrete
pavements.

41. | 1S:11134 Code of Practice for setting out of buildings.

22 | 1s: 11433 Parts | ar\d I. Sp(_ec.ifications for one part Gun grade
polysulphide based joint sealant

43. | 1S 12200 Code of P.ract.ic.e fo.r provision of water stops at transverse
construction joints in masonry and concrete dams

Cement

44. | 1S:269 33 grade ordinary Portland cement

45. | IS: 455 Portland Slag Cement

46. | IS: 650 Specification for standard sand for testing cement

47. | 1S: 1489 (Part 1) Portland pozzolana cement: Fly ash based

48. | 1S: 1489 (Part 2) Portland pozzolana cement: Calcined clay based

49. | 1S: 3535 Method of Sampling Hydraulic Cements

50. | 1S: 4031 (Parts 1 to 13) Methods of physical tests for hydraulic
cement

51. | 1S:4032 Methods of chemical analysis of hydraulic cement

52 | 1s: 6925 Meth.ods . of test for d.etermination of water-soluble
chlorides in concrete admixtures

53. | 1S:8042 White Portland Cement

54. | 1S: 8112 Specification for 43 grade ordinary Portland cement

55. | 1S:12269 Specification for 53 grade ordinary Portland cement

56. | 1S: 12330 Specification for sulphate resistant Portland cement

57 | IRS: T40 Indian Railways' standard specification for special grade
cement for use in concrete sleepers

Concrete

58. | IS:456 Code of practice for plain and reinforced concrete
Code of practice for general construction of plain and

59. | IS: 457 . .
reinforced concrete for dams and other massive structures

60. | I1S: 460 (Part I TO lll) | Specification for Test Sieves

61. | IS: 516 Methods of tests for strength of concrete

62. | 1S: 1199 Methods of sampling & analysis of concrete

63. | IS: 1200 Methods of measurement of building and civil engineering

64. | IS: 1343 Code of practice for prestressed concrete

65. | IS: 1607 Methods of Test Sieving

66. | 1S:2386 Parts I-VIIl. Methods of tests for aggregates for concrete.

67. | 1S:2430 Methods of Sampling of Aggregates of Concrete

68. | 1S:2438 Specification for roller pan mixer

69. | IS:2514 Specification for concrete vibrating tables

70. | 1S:2571 Code of practice for laying in-situ cement concrete Flooring
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71 | 152645 Specifications for integral cement water proofing
) ’ Compounds
79 1152722 Specifications for portable swing batchers for concrete
) ’ (double bucket type)
73 | 1522770 g/luit:eos(:s of testing bond in reinforced concrete part | pull
4. 153025 Methods of sampling and test (physical and chemical) for
’ ) water & waste water
75 | 15:3370 Ei(;i?d:f practice for concrete structures for storage of
76. | 1S:3935. Code of practice for composite construction
77 | 1s:4326 gzﬁji:; practice for earthquake resistant construction of
Methods of test for determination of water soluble
78. | 1S:6925.
8. | 15:6925 chlorides in concrete Admixtures
79. | 1S:7242 Specifications for concrete spreaders
80. | 1S:7251 Specifications for concrete finishers
31 | 157861 Parts | & Il. Code of practice for extreme weather
) ) concreting
82. | 1S:7969 Safety code for handling and storage of building materials
83. | 1S:8989 Safety code for erection of concrete framed structures
Methods of test for determining setting time of
84. | 15:8142 , _
concrete by penetration resistance
85. | 1s: 9103 Specification for admixtures for concrete
Method of making, curing and determining
86. | 1S: 9013 compressive strengths of accelerated cured
concrete test specimens
87. | Is: 9284 Method of test for abrasion resistance of concrete
88. | 15:10262 Recommended guidelines for concrete mix design
89. | |s: 2926 Code of Practice ready mixed concrete needs to be
' ’ included in list
90 Specifications for Road and Bridge Works, Ministry
* | MORTH of Road Transport and Highways (Roads Wing)
91. | sp34 Handbook on Concrete Reinforcement and Detailing
92. | IRS Concrete Bridge Code
93. | IRC 112 Code of Practice for Concrete Road Bridge
Statndard Sepcifications and code of practice for
94. | |RC 83 (Part 4) road bridges Section IX Bearings (Spherical &
Cylindrical)
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95. | ASTM-C-94 Ready Mix Concrete
Construction Plant and Machinery
96. | |S: 1791 Specification for batch type concrete mixers
General requirements for concrete vibrators:
97. .
IS: 2505 Immersion type.
General requirements for screed board
98. | 1s: 2506 :
concrete vibrators.
99. | |S: 3366 Specification for pan vibrators
Code of Practice for use of immersion
100, |s: 3558 . I
vibrators for consolidating concrete
101 Is: 4656 Specifications for form vibrators for concrete.
102, |s: 4925 Specification for concrete batching and mixing plant.
Code of Practice for use of screed board
103, |s:
15:11993 concrete vibrators.
Formwork
Specifications for plywood for concrete
104. 1s: 4990 shuttering work
Guidelines for the design and erection of
105. .
IRC: 87 false work for road bridges.
Code of practice for use of steel tubes in
106, |s- - .
06, Is: 806 general building construction.
107 1s: 1161 Specification of steel tubes for structural purposes.
108 |s: 1239 Specification f_or. mild steel tubes, tubular and other
wrought steel fittings
Gypsum and Gypsum Board
109, Is: 2095 Gypsum plaster boards
110/ 15: 2542 (Part 1/Sec Methods of test for gypsum plaster, concrete and
to 12) products: plaster and concrete
111 Is: 2542 (Part 2/Sec | Methods of test for gypsum plaster, concrete and
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1to 8) products: Gypsum products
112/ |s: 2542 (Part1) Gypsum building plaster: Excluding premixed lightweight
plaster
113.

IS: 2547 (Part 2)

Gypsum building plaster: Premixed lightweight plaster

Handling and Storage

Recommendation of Stacking and Storage of construction

114. 15:4082 corial
materials

115 5:8348 Code of practice for stacking and packing of stone slabs for
transportation

116 |5:8759 Code of practice for maintenance and preservation of

stones in building

Instruments for Testing Cement and Concrete

117.1s:5513 Specification for vicat apparatus.

118. 1s:5514 Specification for apparatus used in Le-Chaterlier test.

119, 1s:5515 Specification for compaction factor apparatus.

120 1s:7320 Specification for concrete slump test apparatus.

121/ |5:7325 Specification for apparatus to determine constituents of
fresh concrete.

122/ 15:10080 Specification for vibration machine.

123 [5:10086 Specification for moulds for use in tests of cement and
concrete.

124 s:10510 Specification for vee-bee consistometer.

Joint Fillers
125 Preformed fillers for expansion joint in concrete pavements

IS:1838 (Part 1)

and structures (non extruding and resilient type): Bitumen
impregnated fibre

Paints and Coatings

126, 15:102 Ready mixed paint, brushing, red lead, non-setting, priming

127. 15:109 Ready mixed paint, brushing, priming, plaster, to Indian
Standard Colour No. 361 and 631 white and off white.

128. 1s:218 Creosote and anthracene oil for use as wood preservatives

129/ 1s:347 Varnish, shellac, for general purpose
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130, |s:348 French Polish

131 |5:2074 Re.ad_y mixed paint, air drying, red oxide-zinc chrome,
priming

132 s: 4833 Methodsof field testing of preservatives in wood

3)

133 15:10013 (Parts 1 to

(Part -1) Water soluble type wood preservatives

3)

134/ 15:10013 (Parts 1 to

(Part-2) Acid-copper-chrome preservative

135/ 1S: 10013 (Part 1 to

(Part-3) Copper-chrome-boron wood preservative

3)
Specification for powder organic coatings for application
and stoving to aluminium alloy extrusions, sheet and
preformed sections for external architectural
136, BS:6496

purposes, and for the finish on aluminium alloy
extrusions, sheet and preformed sections coated

with powder organic coatings

137, BS:EN:10152

Specification for electrolytically zinc coated cold rolled

steel flat products. Technical delivery conditions

138 ASTM A 164-71

Specification for electrodeposited coatings of zinc on steel

Pigment for cement

139, Bs:1014

Specification for pigments for Portland cement and
Portland cement products

Reinforcement & Structural Steel

140, 15206 Code of P_ractice for use of Steel Tubes in General Building
Construction

141, 1s:210 Grey Iron Castings

142 1s:280 Mild steel wire for general engineering purposes

143, |5:432 Part I. Mild ste.el and medium tensile steel bars. Part Il Hard
drawn steel wire.

144 1s:451 Technical Supply conditions for Wood Screws

145, 15:806 Code of practice for use of steel tubes in general building
construction

146. |s5:815 Classification coding of covered electrodes for metal arc
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welding of structural steels

147 15:1239 Specification for mild steel tubes, tubulars and other
wrought steel fittings

14815 1343 Code of Practice for Prestressed Concrete

149 15:1363 Black hexagon bolts, nuts and lock nuts and black hexagon
Screws.

150, 1s:1365 Slotted countersunk screws.

151 15:1566 (Part 1) Specifications for hard-drawn steel wire fabric for
Concrete reinforcement

152 15:1786 Specification for high strength deformed steel bars and
wires for concrete reinforcement.

153/ [S:2502 que of Practice for bending and fixing of bars for concrete
reinforcement.

154, 15:2629 Recommended practice for hot-dip galvanising of iron and
steel.

155 [S:2751 Code of Practice fgr welding of mild steel 'plain and
deformed bars for reinforced concrete construction.

156, 1s 4000 Code of practice for high strength bolts in steel structures

157 |5:4759 Hot-dip zinc coating on structural steel and other allied
products.

158/ |S:5525 Recommendations for detailing of reinforcement in

reinforced concrete works

159, 15:9417 Re.commendatlons for weldlng cold-worked steel bars for
reinforced concrete construction.

160.) S:14268 Uncoated stress relieved low relaxation steel class 2 for
Prestressed concrete

161, 1s:226 Structural steel (Standard Quality)

162 5:800 que_ of practice.for use of structural steel in general
building construction.

163. |5:813 Scheme of symbols for welding

164, 5:814 Covered electrodes for metal arc welding of structural steel.

(Part | & Part Il)

165 15:816 Code of practcice for use of metal arc welding for general
construction in mild steel.
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166. |s:822 Code of practice for inspection of welds.

167. 1s:961 Structural steel (High Tensile)

168. |5:1024 Code of practice for use of welding in bridges and structures
subject to dynamic loading.

169, 15:1030 Carbon steel casting for General Engineering Purposes

170/ 1s:1120 Coach Screws

1714 1s:1367 Technical Supply Conditions for Threaded Fasteners

172/ 1s:1161 Steel tubes for structural purposes.

173 [5:1182 Recommended practice for radiographic examination of
fusion welded butt joints in steel plates.

174/ 1s:1915 Code of Practice for Steel Bridges

1751 1s:2016 Plain Washers

176 15:2062 Structural steel (Fusion welding quality)

177. 15:3063 Single Coil Rectangular Section Sprint Washers for Nuts,
Bolts and Screws

178, 1s:3443 Crane Rail Sections

173/ 1s:3757 Specification for high tensile friction grip bolts

180, 1s:5624 Specification for foundation bolts

181, 15:3600 Code of practice for testing of fusion welded (Part 1) joints and
weld metal in steel

182 15:4923 Hollow steel sections for structural use.

183) 15:6227 Code of practice for use of metal arc welding in tubular
structure.

Code of practice for use of cold formed light gauge steel

184, 1s:801
structural members in general building construction.

185, |s:811 Specfifications for cold formed light gauge structural steel
sections.

186. 15:8500 StruFt_uraI steel Micro alloyed (Medium and high strength
qualities)

187 15:8910 General requirements of supply of weldable structural steel

188. 15:9595 Recommendations for metal arc welding of carbon &

carbon- manganese steels.
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189 1S 16172 Reinforced Couplers for Mechanical Splices of Bars in
Concrete
Sand
190, |5:383 Coarse and fine aggregates from natural sources for
concrete.
Scaffolding
1914 1s:2750 Specification for steel scaffoldings
192/ 15:3696 (Part 1) Safety Code of scaffolds andladders: Scaffolds
193, 15:3696 (Part 2) Safety Code of scaffolds andladders: Ladders
194, |5:4014 (Part 1) Code (?f practice for steel tubular scaffolding: Definition and
Materials
195, 15:4014 (Part 2) Code gf practice for. steel tubular scaffolding: Safety
regulations for scaffolding
196 |RC:87 Guidelines for the design and erection of falsework for
Road bridge
Sealants
197. 1S: 10959 Glossary of terms for sealants for building purposes
One part grade polysulphide base joint sealant: General
198.15:11433 (Part 1) | o0 iirements
One part grade polysulphide base joint sealant: Methods of
199 |s: 11433 (Part 2) test
Methods of sampling and test for anaerobic adhesives and
200, 1s: 13055 sealants
Specification for one part gun grade silicone
201, Bs: 5889 based sealants.
Wood
202, Is: 303 Plywood for General Purposes
Synthetic resin adhesives for plywood (phenolic and
203, |s: . .
03 15: 848 aminoplastic)
Seasoning of Timber — Code of Practice
204 |s: 1141
Veneered decorative plywood
205, 15:1328
Blocks Boards
206, |s: 1659
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Decorative thermosetting synthetic resin

207, 1s:
07, 1s: 2046 bonded laminated sheets
Wooden flush door shutters (solid core type):
208, 1s: 2202 (Part 1) Plywood face panels
209 Wooden flush door shutters (solid core (type):
115:2202 (Part 2) Particle face panels and hardboard face panels
Bearing
210 Standard specifications and code of practice for
| IRC: 83 Part-ll road bridges Elastomeric Bearings
211 IRC: 83 Part-lll Standard specifications and code of practice for road
' EN 1337gh bridges Pot Bearings
212 Standard Specifications and Code of Practice for Road
1 IRC: 83 Part-IV Bridges (Section — IX) Bearings (Spherical and Cylindrical)
Piling
213, 1S: 2911 (All Parts) Bored Cast in-situ Concrete Piles
Standard specifications and code of practice for
214 |RC: 78

road bridges Foundation And Substructure

All Indian Railway & RDSO Standards, any other code or publication as approved
by engineer in-charge

Metal

215, 1s: 276 Austenitic manganese steel castings

216, |s: 733 Wro.ught aluminium anFI alu.minium alloy bars, rods and
sections for general engineering purpose.

217. |s: 737 Specifications for wrought aluminium and aluminium alloy
sheet and strip for general engineering purpose.

218/ |s: 3614 (Part 1) Spegﬂcahon for fire check doors: Plate metal covered and
rolling type
Specification for metallic and non-metallic fire check doors:

219 |s: 3614 (Part 2) Resistance test and performance criteria

220, |s: 7196 Specification for Hold Fasts

221 ASME set 2 Part A | Ferrous Material Specification

222/ ASTM B 221 Specification for aluminum-alloy extruded bars, rods, wires,

shapes, and tubes

Tender No. HORC/HRIDC/C-4/2022



Section VI11-6: Employer’s Requirements -Outline Construction Specifications (OCS) — Civil &BLT 26

223, Bs: 4873 Specification for Aluminum alloy windows
Specification for strength and durability performance of
metal hinges for side hanging applications and dimensional
224/ BS: 7352 requirements for template drilled hinges
225, BS EN: 10143 Specification.for continuously hot-dip metal coated steel
sheet and strip. Tolerances on dimensions and shape
Stone and Facings/Linings
596 15:1121-(Parts 1 to Methods of test for determination of strength properties
4) of natural building stones
277/ 15:1121-(Parts 1 to .
1 4) (Part-1 Compressive strength)
228 1S:1121-(Parts 1 to
: 4) (Part-2 Transverse strength)
229/ 15:1121-(Parts 1 to )
. 4) (Part-3 Tensile strength)
230 IS:1121-(Parts 1 to
. 4) (Part-4 Shear strength)
231/ 15:1122 Method of test for determination of true specific gravity of
natural building stones.
2324 s:1123 Method of identification of natural building stones.
Method of test for determination of water absorption,
233 15:1124 apparent specific gravity and porosity of natural building
stones.
234/ |5:1125 Method of test for determination of weathering of natural
building stones
235 5:1126 Mgth_od of test for determination of durability of natural
building stones.
236/ |5:1127 Recommer.1d§tions for dimensions and workmanship of
natural building stones for masonry work.
237/ 1s:1128 Specification for Limestone (Slabs and Tiles)
238, 15:1129 Recommendation for dressing of natural building stones.
239, 15:1130 Specification for marble (blocks, slabs and tiles)
2404 |5:1597 (Part 2) Code of practice for construction of stone masonry
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Ashlar masonry

241 15:1706 Method for determination of resistance to wear by
abrasion of natural building stones

242/ 15:1805 Glossary of terms relating to stones, quarrying and Dressing

243, 15:3620 Specification for laterite stone block for masonry

244, 15:3622 Specification for Sandstone (slab & tiles)

245 15:4101 (Part 1) Cod‘e of practice for external facing and veneers: stone
Facing

246, 15:4101 (Part 2) Code of praFtice for external facing and veneers: Cement
concrete facing

247 15:4101 (Part 3) Code of practice for external facing and veneers: Wall tiling
and mosaics

248 15:4121 Method of test for determination of water transmission
rate by capillary action through natural building stones

249/ |s:4122 Method of test for surffac.e softening of natural building
stones by exposure to acidic atmospheres

250/ 5:4348 Me;thpd of test for determination of permeability of natural
building stones

251, 15:5218 Method of test for toughness of natural building stones

252 1s:8381 Recommended practice for quarrying stones for

construction purposes

253.15:14223 (Part 1) Polished building stones: Granite

254/ Bs: 8298 Code.of practiFg for design and installation of natural stone
cladding and lining
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2.1
211

2.1.2

2.1.3

2.14

2.15

2.16

2.1.7

2.2
221

CHAPTER-2.
SITE INSTALLATIONS AND SERVICES

GENERAL

Site installations, site clearance (including removal), services shall be carried out in
accordance with the provisions of the Employer’s Requirements.

The Contractor shall be responsible for providing plant, equipment, materials and
labour for the provision of all necessary Temporary Works and services adequate for
the execution of the Work under this contract.

The Contractor shall design, furnish, install, maintain and operate on the Site
Constructional Plants as specified in this Chapter, including camps, workshops:
warehouses, storage and assembly areas, all equipment, machinery, vehicles.
Scaffolding, water and power supply etc.

Obtaining necessary clearance/ permission that are needed for construction, from
various state/ central authorities for the equipment, water, power, sanitary and
explosives shall rest with the contractor.

Temporary Works and services carried out by the Contractor shall conform to the
applicable Indian Standard | Codes / laws, regulations and statutory requirements
including compliance to railways codes/manuals/guidelines etc. stipulated for such
purpose In-case no National Standard is available, International Standards are to be
applied as approved by the Engineer.

The design, construction, operation and maintenance of the Contractor's Temporary
Works and services shall be subject to inspection and approval by the Engineer.

The rights or customs of adjacent property occupiers for access shall not be infringed
by the Contractor.

SUBMITTALS

Within 28 days from the Letter of Acceptance, the Contractor shall submit to the
Engineer, updated layout plans showing, to an adequate scale, the locations and
arrangement of all enabling and temporary Works and facilities. These plans shall be
consistent with the plans submitted by the Contractor with his tender as well as with
any amendments and additions subsequently agreed to by the Engineer and the
Contractor and shall include.

i. Site offices, storages, parking areas, warehouses, materials yard, storage areas
ii. Concrete and material processing plant including cement storage.

iii. Temporary road including public road diversions.

iv. Communication System.

V. Service vehicles.

vi. Camps for Contractor’s Employees.

vii. Medical facilities.

viii. ~ Power supply and illumination, telephone services (radio and cable).
iX. Maintenance of Traffic.

X. Ventilation of Underground System.

Xi. Air-cooling in underground works.

Xii. Control of dust, silica and noxious gases in underground works.

xiii.  Water supply.
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Xiv.
XV.
XVi.

XVii.

XViii.

XiX.
XX.
XXi.

XXii.

XXiii.

XXIV.

XXV.

XXVi.
XXVii.

XXViii.

Sanitation & sewerage, sewage treatment and disposal,

Waste & garbage disposal.

Security and safety arrangements.

Field laboratory along with list of equipment as required under Quality
Assurance Programme.

Equipment tools and mechanical workshops.

Dumping areas, borrow, quarry and stockpile areas with development plans.
Explosive magazines.

Adequate back up power system.

Measures to comply with environmental norms and various conditions.
Muck disposal management.

Site Signage.

Drainage plan during construction.

Contractor Quality Plan

Emergency Plan.

Safety Plan

2.2.2  Within 42days from the commencement date, the Contractor shall submit to the
Engineer the following:

Vi.

Vii.

viii.

Detailed drawings to a scale ranging from 1:100 to 1:500 showing the camp
layout, buildings, roads, recreation areas, all utilities etc. and drawings to a
scale of 1: 50 to 1: 1 00 showing typical building construction details.
Drawings and Specification for the establishment of primary first aid stations
dispensary and ambulances.

Detailed design for industrial and potable water supply to the camps and
working area as well as sewerage system, sewerage treatment and disposal with
an estimate of number of people to be supplied with water. All the system shall
comply with the environmental and pollution control norms as applicable.
Detailed layout drawings for electrical installations and distribution systems on
the site, showing voltages, outlets and routing of power lines. The system
should include necessary power back up arrangements for uninterrupted
construction work.

Detailed design and drawings including manufacturer's drawings for concrete
and materials processing plants, including details of equipment for
transportation and placement of concrete in accordance with the requirements
of the pertinent Chapters of these Specifications.

Details of the excavation, drilling and grouting equipment in accordance with
the requirements set out in the relevant Chapter of these Specifications.
Details of the underground ventilation system, which shall include all
calculations of fresh air supply volume, type of ventilation scheme, duct
diameters. Materials, equipment, position of ventilators and dust arresters.
Description of the working cycle including number of persons employed,
number and capacity of diesel-powered equipment working at each heading
face shall also be included.

Details of the dewatering system.
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ix.  Details of Field laboratory to be set up at site by the contractor.

x.  Details of muck disposal and protection measures for compliance with
Environmental, Social, Health & Safety Management Plan of the work
specifications.

xi.  The designs shall be consistent with the proposal submitted by the Contractor
with his tender as well as with any subsequent amendments and additions
agreed to by the Engineer and the Contractor. (The Engineer reserves the right
to require any additional information deemed necessary to be included in the
submitted documents.)

2.3 DETAILS OF INSTALLATIONS AND SERVICES
The installations and services to be provided by the Contractor for the execution of
Works under this Contract shall include, but not limited to, the following:
231 CAMPS FOR CONTRACTOR’S EMPLOYEES
i. The Contractor shall design, construct, provide furnishings, maintain and
operate construction camps at the suitable locations. The construction camps
shall provide for the housing, feeding and recreation of the Contractor's
employees and those of his subcontractors. Kitchens with provision of LPG
facility for cooking (Fire wood not to be used), dining rooms, outdoor and
indoor recreation facilities, family dwellings, dormitories, sanitary facilities,
medical service, places of worship, roadways, drainage, fire control,
commercial centers and all utility services (potable water, power, lighting,
heating ventilating, sewerage treatment and disposal, cleaning and sanitation,
garbage collection and disposal, etc.) shall be provided. The camps shall be
large enough to accommodate the anticipated peak work force. The construction
labour camp should be as per BOCWA / BOCWR. The contractor has to provide
bio-toilets (separate for male and female) at Camp site as well as at all the
construction sites. The user ratio shall not be more than that specified in point
(iv) below.
i. No camp construction shall commence until the Contractor's drawings and
Specifications have been approved by the Engineer.
iii. All camp building shall be of sound construction and connected to all utility

services.
iv. Fixtures in the sanitary facilities shall be based on the following user ratios
a. 1 toilet for not more than 6 users
b. 1 tap for not more than 6 users
C. 1 washbasin for not more than 6 users.

2.3.2  The sewerage from the labour camps, work sites is to be properly treated before
discharge by providing septic tanks, soak pits etc. or any other treatment as per norms
recommended by the concerned authority.

i. Canteen facilities shall be provided by the Contractor in properly equipped
canteen buildings for all his and his subcontractor’s employees, if it is
considered expedient.

ii. The Contractor shall be responsible for keeping the camps and buildings within

it, in good hygienic conditions. The standards regulations presently in force in
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the project area with regard to water treatment, sanitary conditions, and fire and
accident prevention shall be duly taken into account.
2.3.3  Site Offices, Stores, Warehouses, Materials Yards

i. The Contractor shall provide and equip, for his own and his subcontractors' use,
main and secondary offices, warehouses, materials stock areas, fuel storage
areas and explosive magazines, all of which shall be maintained in good
condition until the completion of Works.

ii. The buildings and warehouses expected to be constructed and equipped by the
Contractor for use in the execution of the Works under this Contract, in addition
to the facilities explicitly specified elsewhere in these Specifications shall be,
but not limited to, the following:

a. Mechanical repair shop
Electrical repair shop
Metalwork fabrication and carpentry shop
Main warehouse and parts store
Bulk cement silo/cement store
Spare parts store.

iii. No dangerous goods, explosives, chemicals, fuels or similar items shall be
brought onto the Site unless the Contractor has advised the Engineer of the
intention to do so and has complied with all statutory requirements for its safe
storage and security.

iv. The Contractor shall minimize the use of the Site for the storage of fuels,
explosives and other dangerous goods as may be required for the construction
of the works and shall not use the site or allow access for any purpose not
connected to the Contract.

v. Dangerous Goods are only to be stored in nominated and approved storage areas
and facilities which must comply with the Indian regulations governing such
facilities.

vi. The contractor has to make appropriate provision for material storage sheds and
tarpaulin sheets for loose construction material.

vii. The contractor has to make appropriate provision for dustbins and

corresponding disposal of waste at labour campsite and at each work site.
2.3.4  Concrete and Materials Processing Plants

i. The Contractor shall install and erect all necessary material processing plants of
sufficient capacity to meet the planned peak requirements during construction.
The plants shall be subject to approval by the Engineer and shall be well
designed and fabricated and kept in good running order to ensure compliance
with the materials quality Specifications. All control and measuring equipment
shall be regularly serviced and calibrated.

ii. The plants required to be assembled/erected by the Contractor shall be but not
limited to the following:

a. Concrete plant (batching and mixing)
b. Concrete cooling plant (refrigeration and ice plant), if required.

c. Grouting plant.
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iii. Concrete & material processing plants shall meet all environment guidelines,
conditions imposed for construction of project by MOEF/ Government bodies/
State pollution control boards and other statutory bodies at no extra cost to the
Employer.

2.35  Temporary Roads

The contractor shall construct temporary roads / hauls roads, to various facilities.

Contractor shall develop detailed drawings for the above and accordingly construct

the same after approval of Engineer.

2.3.6  Communication System

i. Outside / Site Communication

ii. The Contractor shall install his communication system in the project area for
national/ international voice and data communication. These facilities can be
availed from the existing network of tele-communication or the contractor shall
make arrangement for providing these facilities through existing telecom
operators.

iii. Communication System in Underground Works

a. Communication systems for underground space shall comprise of
telephone/radio systems (walkie-talkie).

b. The Contractor shall install and maintain in operating condition,
communication system by telephone or preferably an underground radio
system approved by the Engineer between each heading face and
entrance to the concerned tunnel / caverns. All the employer’s site offices
shall be well connected with the above communication system.

c. In case of telephone system, an intermediate Intercom station shall be
located at least every 250m or less along the tunnel.

d. AIll Communication system shall have sources of energy independent of
the main energy supply for Underground works.

e. The availability of the communication from inside to outside the tunnel
shall be ensured at all times throughout the duration of the underground
construction.

2.3.7  Check In/Check Out Procedure for all persons entering any underground space:

i. The contractor must maintain an approved check-in/check-out procedure (in
form of Name tag boards and RFID/Biometrics) to ensure that above ground
personnel maintain an accurate accounting of the number of persons
underground and to prevent unauthorized persons from gaining access to the site.

ii. Atany time when underground operations are underway, at least one designated
person must be on duty above ground. This person is responsible for calling for
immediate assistance and keeping an accurate count of employees who remain
underground in the event of an emergency.

iii. In addition to establishing a check-in/check-out procedure, the contractor must
ensure safe access to and egress from all workstations at the construction site to
protect employees from potential hazards, such as being struck by excavators,
haulage machines, or other moving equipment.

iv. To help control access, all unused openings, including chutes and man ways,
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must be tightly covered, bulk headed, barricaded, or fenced off, and posted with
warning signs that read, “Keep Out” or similar language.

v. RFID system/Bio-metric system for entry record into tunnel for all staff of
contractor, employer and employer’s representatives. Contractor shall submit
record of entry and exit of all staff (Name, Personnel Type, Age, Gender and
Agency) along with date and time every 1st and 15th date of month to the
employer. The system should be able to transmit all recorded data between the
desired dates through USB drive etc. Further the system should be able to
generate fresh RFID tags/Bio-Metric entries when required for entry of new
personnel previously not registered with the system.

2.3.8  Entry/Exit records for all vehicles (Employer, contractor, consultant etc.) including
tunneling machineries entering any underground space:

i.  The contractor must maintain an approved Entry/Exit record (in form of RFID
TAG system) to ensure that above ground personnel maintain an accurate record
of time of Entry/Exit and prevent unauthorized vehicles from gaining access to
the site.

ii. Atany time when underground operations are underway, at least one designated
person must be on duty above ground. This person is responsible for calling for
immediate assistance and keeping an accurate count of the number and type of
vehicles in the event of an emergency.

iii. RFID TAG System for record of entry/exit time for all vehicles: Contractor shall
submit time record of entry and exit of all vehicles (Registration number,
Vehicle Type and Agency) along with date and time every 1st and 15th date of
month to the employer. The system should be able to transmit all recorded data
between the desired dates through USB drive etc. Further the system should be
able to generate fresh RFID tags when required for entry of new vehicles
previously not registered with RFID system.

2.3.9  SERVICE VEHICLES

i. The Contractor shall furnish, operate and maintain sufficient service vehicles
for use by his own staff and employees in the management, supervision and
performance of the Work.

2.3.10 MEDICAL FACILITIES

i. Indoor medical facilities are available at Sohna/Gurugram.

ii. In addition to above, the Contractor shall construct, equip and maintain on the
Site, the following medical facilities:

a. One ambulance and driver at his main camp.
b. One first aid station at each work site.

iii. The contractor shall comply with laws and health standards in force in the project
area. In the event of an epidemic breaking out, the Contractor shall carry out and
comply with all or arrangements or regulations, which may be issued by
Government or local authorities.

iv. These facilities shall be fully equipped and staffed to meet requirements of the
maximum anticipated workload and labour force, taking into consideration the

nature of the Works, its occupational hazards, location and accessibility. These
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establishments shall be available and fully operational within 60 days after the
date of issue the Letter of Acceptance.

v. Treatment facilities and care of seriously ill or injured persons shall be on an
emergency basis until their transfer to an established hospital.

vi. All the labour to be engaged for construction work shall be thoroughly examined
by health personnel and adequately treated before issuing them work permit by
contractor.

vii. Throughout the project duration, the contractor must maintain one 5-person
rescue team within 30 minutes travel time from the job site. Rescue team
members must be trained in rescue procedures, the use and limitations of
breathing apparatus, and the use of firefighting equipment with qualifications
reviewed annually. When flammable or noxious gases are anticipated at a jobsite,
rescue teams must practice using self-contained breathing apparatus once a
month. The rescue teams must be available through the duration of a construction
project.

2.3.11 POWER SUPPLY AND ILLUMINATION
i. General.

a. Contractor has to make his arrangements at his own cost for entire
construction power including any standby power requirements. Equipment/
transmission lines required for distribution and utilization of energy at
Construction site for Power, light etc. shall be installed by the contractor on
their own.

b. Power to be used by Contractor for their Labour and Staff Colony shall be
arranged by contractor on their own and at their own cost.

c. Contractor shall arrange DG sets of adequate capacity at his cost to meet back
up and emergency power supply requirement including lighting, dewatering
& ventilation.

d. Contractor shall indicate in his proposal of the phase wise requirement of
Construction power (HT) at above-mentioned locations.

ii. Power supply and Illumination provided by the Contractor

a. The Contractor shall install, operate and maintain electrical distribution
system, which shall include transformers, circuit breakers, disconnection and
safety switches, voltage regulators, lines, poles, pole hardware, conductors,
meters and other equipment necessary for power distribution throughout the
Site and temporary facilities.

b. An alternative source of emergency lighting system shall be provided every
50m at key points underground to allow emergency securing operations and
evacuation safely in the event of a primary power failure.

c. The Contractor shall ensure adequate illumination for all his operations on
the Site and at the Camps, including illumination of the streets. The
contractor shall maintain equipment and arrange device to measure light

intensities for illumination as follows:
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Area of Operation. Luminous
Intensity
(a) | Excavation and dumping areas and outdoor access | 35 Lux
ways

(b) | General construction areas, concrete placement, | 50 Lux
excavation and waste areas, access ways, active
storage areas, loading platforms, refueling, and field
maintenance areas.

(c) | Indoors: warehouses, corridors, hallways, and exit | 50 Lux
ways.
(d) | Tunnel and general Underground Work areas 50 Lux
(e) | Tunnel headings during drilling, mucking and scaling | 100 Lux
(F) | General construction plant and shops, e.g. batching | 100 Lux
plants, mechanical and carpentry shops, active
storerooms, barracks or living quarters, mess halls and
indoor toilets

(9) | First aid stations, infirmaries and offices. 350 Lux
(h) | Welding 300 Lux

d. The vaults along the entire length of the tunnel shall be illuminated with
electrical light throughout the duration of, construction works. The lamps
shall be provided in two rows with each row lamp spacing of 10 m in unlined
stretches and 20 m in lined stretches. Contractor shall suitably modify the
spacing and capacity of lights to meet the illumination requirements
mentioned above.

e. Electrical cables shall be well insulated, protected and firmly fixed to the
walls of the tunnel by means of adequate insulators; lamps shall be well
protected against damage.

f. The Contractor shall also provide suitable movable lamps to illuminate any
area in Underground Works including areas for instrumentation and where
the Engineer may wish to carry out inspection and rock mechanics tests or
instrumentation.

g. No energized electrical cable shall be permitted nearer than 70 m to the
heading face while charging explosives. Accordingly, suitable high-powered
light arrangement shall be made to have adequate illumination at the tunnel
face.

h. Lighting illumination by flame is expressly forbidden in the Underground
Works.

I. Whenever more than one agency is working in the same area, the Contractor,
who has already provided lighting | Power supply arrangements, shall extend
the facilities to the other Contractor, who shall pay for such facility of utility
at mutually agreed rates. In case of disputes, the matter shall be decided by
the Engineer, whose decision shall be final.

iii. Earthing of Wet work Areas, Control of Electric Discharges
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a. All equipment and appliances, which are exposed to lightning, shall be
earthed electrically, and the Contractor’s specialized personnel shall
periodically check the effectiveness or such earthing.

b. Personnel standing in water shall operate no equipment electrically powered
by more than 24 Volts.

c. Only air, battery-powered or hydraulic tools shall be permitted in the wet
areas.

d. Where electrical blasting is used, equipment shall be installed to control
possible electric discharge in the ground due to storms, electric motors, etc.
As soon as such discharges are noted, electrical blasting operations shall be
suspended, or the detonator type changed.

2.3.12 MAINTENANCE OF TRAFFIC

i. The Contractor shall be responsible for the safety along the roads related to the
Site. Where the work is carried out on the Site of, or close to an existing road,
the Contractor shall maintain the vehicular and pedestrian traffic safe at all times.
If his operations can cause traffic hazards, he shall repair or fence or take such
other measures for ensuring safety that are satisfactory to the Engineer.

ii. The Contractor shall submit his activity, schedule and the locations of his work
along the existing public roads to the authorities concerned and obtain all
necessary approval prior to the commencement of the respective work.,

iii. At the road crossings or in heavy traffic locations, the Contractor shall carry out
the Work within the working hours as directed by the Engineer, and after the
completion of the work he shall immediately make the necessary backfill and
pavement at the crossings.

iv. The Contractor shall provide temporary passes and badges to give an access to
the existing village houses, etc., to the satisfaction of the Engineer and the
authorities concerned whenever he disturbs such existing way during the
execution of works.

2.3.13 VENTILATION OF UNDERGROUND WORKS
i. General

a. The Contractor shall design, install and operate ventilation system for the
Underground Works and provide an underground atmosphere monitoring
system.

b. All parts of the Works shall be maintained in a state, which will not be injurious
to the health or the personnel. The air in underground works shall contain no
less than 20% oxygen (by volume) and shall not contain concentration of gases,
vapors or dust greater than is prescribed in the safety standards for the health or
workmen.

c. If required, the ventilating system shall be kept in operation also after break-
through in tunnels in order to maintain the fresh air-volume requirements stated
hereinafter.

d. Intermediate fans attached to the main duel line shall be provided as required to
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ensure satisfactory removal of contaminated air. All ventilation ducts shall be
maintained in a good condition to prevent any leakage.

e. Ventilation ducts shall be firmly fixed to the vaults in such position that a
minimum clearance of 30 cm remains between the duct and the extremities of
vehicular traffic employed in the Underground Works.

f. The Contractor shall ensure the required quantity of fresh air at the heading face.
The check of the airtightness of joints and control of the air ducts for leaks shall
be performed periodically. The Contractor shall immediately repair any
deficiency discovered or reported by the Engineer.

g. If the volume and quality of fresh air at the heading face is less than that
specified, then the whole duct system shall be pressure and volume tested in
portions not exceeding a few hundred meters. Measuring stations shall be
located not closer than 10 times the duct diameter from any fan or other flow
disturbance within the Main Line.

h. No work shall be permitted to be carried out unless the ventilation is provided
to the satisfaction of the Engineer. Indoor Air Quality standards as described in
EPA,1986 (with latest amendments) be adhered to.

ii. Ventilation System for Tunnel excavation

a. The ventilating system shall be of such efficiency that the average air velocity
in the largest excavated profile is not less than 0.3 meters per second. In case
the presence of methane gas is detected or suspected, this value shall be
increased to 0.5 meters per second.

b. The main ventilation system shall ensure that both following minimum fresh air
volume requirements are satisfied at all times

(@) 5.70 m3 per minute for each person employed in the Underground Works
at one time.

(b) A minimum of 2.00 m? of air per minute shall be supplied additionally for

each metric horsepower of diesel-powered equipment deployed in the
underground works alone time.
These fresh air volumes shall be cumulative, and the Contractor shall allow,
in his design calculations, for the maximum number of persons and diesel-
powered equipment deployed in the Underground Works at any one time.
Any estimated losses, e.g. due to the leaks in the ducts, shall be added to
the figures stated above.

c. The secondary ventilation equipment of the forced type shall be installed to
provide an adequate ventilation of the area between the heading face and the air
intake/outlet of the main system. This system shall be switched on prior to the
blasting and shall remain operative until the main system has been put into
exhaust mode of operation. The air intake shall be located at a sufficient distance
from the heading face to ensure that blasting fumes do not permeate into this
area and cause a recycling of blasting fumes. The outlet of this duct shall be
located so close to the heading face that the driving of the blasting fumes and
dust away from the face into main system is ensured. The minimum capacity

shall be at least 70% of the main system's capacity. The end diameter of the duct
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shall be such that the air discharge velocity is not less than 20 meters per second.

d. Re-entry into the heading face and resuming of the work shall not be permitted
until all blasting fumes have been ejected out.

e. Subject to meeting the minimum functional and safety requirements of
ventilation the engineer may allow other systems of ventilation also as proposed
by contractor. This shall in no way absolve contractor from his obligation to
meet the necessary requirements of ventilation at any time during work.

f. All equipment and ventilation duct shall always be maintained in sound working
order. Any damage to ventilation duct shall be repaired within 12 hours of the
damage.

g. Ventilation ducts must be maintained in straights alignments as much as
possible and with plain cross sections avoiding unnecessary curves, reduction
and rotations of the cross sections and always without any damage of the ducts.

h. Ventilation ducts must follow the advance of the tunnel excavation, being the
extremity of the duct no more distant from the front face than 20m. In any case
this distance shall be reduced if the quality of the air in the front face does not
follow health and safety specifications.

i. Whenever excavation proceeds more than 2 kms from any portal then contractor
will be required to install booster ventilation fans to enhance ventilation
capacity and install LT lines to reduce transmission loss over long lengthsif
other methods are not effective, for which nothing extra shall be paid.

2.3.14 AIR COOLING IN UNDERGROUND WORKS

i. The Contractor shall make suitable arrangements for cooling of air so as to
maintain the temperature in the underground construction sites below 300
Centigrade under all conditions.

i. The temperature shall be measured by the Contractor daily. Temperature
measurements shall be taken during normal working conditions with the
specified degree of ventilation.

iii. The maintenance of construction progress and control of temperature shall be
entirely the responsibility of the Contractor under all conditions. No claim or
extension of time for the completion of Works shall be allowed on this basis of
high / low temperatures experienced in the course of the work for any reasons,
whatsoever. However, Geo-thermal conditions are not anticipated by employer,
Temperature meter for measurement of temperature shall be supplied and or
installed & maintained at required location by contractor at his own cost.

2.3.15 CONTROL OF DUST, SILICA AND NOXIOUS GASES IN UNDERGROUND
WORKS
i. The Contractor shall install and operate equipment for the monitoring and
Control of dust, silica and noxious gases in Underground Works as described
here under.
ii. Dustand Silica
a. To reduce the amount of dust, only wet drilling will be allowed and during

mucking, muck piles shall be kept constantly damp by sprinkling with water.
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The use of high-pressure water jets for this purpose will not be permitted.

b. The Contractor shall measure and monitor the concentration of fine dust and
content of silicon dioxide. (Si02) in all dust producing underground operations
by a method to be approved by the Engineer.

c. Air Samples shall be taken within 10 days of commencing underground
excavation, at 30 days intervals thereafter and within 20 days following major
changes in tunnel excavation operation, or whenever required by the Engineer.
Samples shall be taken from actual working areas. A qualified person in
laboratory to be proposed by the Contractor and approved by the Engineer
shall perform the sampling and testing. A copy of the test results shall be
submitted to the Engineer within 2 weeks of the sampling date.

d. The concentration of fine dust (diameter less than 0.005 mm) may not, in
general exceed the value of 8.0 mg/m3 of air and this value will be further
reduced depending upon the extent of SiO2 content in rock as detailed in the

table below:
Content of SiOz2 in fine | Concentration of fine dust in milligrams
dust in percent by | per cum of air.
weight.
1-15 % 8.0mg/ M3
20 % 6.0 mg/ M3
30 % 4.0mg/ M3
60 % 2.0mg/ M3
80 % 1.5mg/ M3
100 % 1.3mg/ M3

e. Should the concentration of the fine dust exceed the limits stated above, the
Contractor shall undertake such necessary measures and install such
additional equipment which will ensure that the dust concentrations are within
the specified safe hygienic limits.

f. All staff entering underground work site shall be equipped with PPE including
respirators suited for the work.

iii. Noxious Gases

a. Use of internal combustion engines, other than approved mobile diesel-
powered equipment will not be permitted in underground construction Sites.

b. The Contractor shall provide and maintain equipment for measuring and
monitoring the content of noxious gases and oxygen at each heading face
throughout the duration of excavation works. Tests for determining
concentrations of carbon monoxide, carbon dioxide, nitrogen dioxide,
methane, other inflammable gases, and oxygen Shall be made by qualified
personnel before and after each blasting and at the beginning of each shift. A
record of reading shall be maintained and be made available to the Engineer
as and when asked for.

c. Gas concentrations in underground sites will not exceed the following limits:
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0.005 % 50 ppm of carbon
monoxide.
0.5% 5000 ppm of carbon
dioxide.
0.0005 % 5 ppm of nitrogen dioxide.
0.001 % 10 ppm of hydrogen
sulphide.
0.1% 1000 ppm of methane.
0.01 % Milligrams per litre of
nitrous oxide.

d. After each blast, before entering the blast area, the concentration of toxic gases
will be checked to ascertain the efficacy of ventilation system. The engineer
in addition may direct the contractor to measure the concentration of toxic
gases during other operations also. Contractor will always keep all measuring
instruments in a ready state. All such records shall be signed jointly by both
parties immediately after measurement.

e. Concentrations of other inflammable gases shall not exceed 40 % of the lower
explosive limit at the heading face and 20 % of the lower explosive limit
elsewhere in the tunnel.

f. If concentrations of noxious gases or other inflammable gases exceed the
permissible limits set forth above, all operations shall be interrupted
immediately, and personnel shall be removed to a safe area. All sources of
ignition shall be extinguished or removed. All equipment with the exception
of ventilation equipment shall be shut down.

g. The required measures will be mutually determined and agreed to by the
Engineer and the Contractor. In case of need, the Contractor shall engage the
services of an independent Consultant experienced in gaseous tunneling. Re-
entry and resuming of the Work shall be prohibited until the Engineer has
authorized re-entry.

2.3.16  WATER SUPPLY

i. The Contractor shall design, Install, operate and maintain two separate water
supply systems on the Sites
a. Industrial Water: For general construction use, treated to the extent necessary

to meet specified requirements of Works.

b. Potable water: For supply to all buildings and plants requiring high quality
water meeting requirements for drinking water supply.

ii. Water shall be, supplied by the Contractor from any suitable sources. The water
being supplied shall be free of contamination and unaffected by the Site
construction Work.

iii. The Contractor shall [ furnish, install, operate and maintain all pumps, pipelines,
fittings, valves, storage tanks purification plant and chlorination for the Water
supply and distribution systems, adequate in quantity and pressure. Industrial
water shall be used for construction purposes only. There shall be no cross
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connections of any kind between the industrial and potable water supply systems.
Only potable water shall be piped into buildings.

iv. The Contractor shall provide adequate water treatment facilities so as to ensure
that the treated water is supplied for drinking purposes to all the camps and
construction places.

v. Ample number of drinking points of potable water shall be provided by the
Contractor for the use of personnel in all working areas.

2.3.17 SANITATION AND SEWERAGE

i. Toilets shall be provided and maintained by the Contractor for the use of all
personnel at all work locations, which are remote from the fixed sanitary
facilities. The Contractor shall arrange for all chemical toilets to be attended to
daily for proper sanitary disposal.

ii. All offices, workshops, laboratory and other occupied work buildings shall be
provided with toilets connected to property constructed and regularly maintained
septic tanks approved by the Engineer.

iii. The camp sites shall be provided with a complete, properly maintained and
operated sewerage system, including septic tanks, sewage treatment and disposal
facilities. Facilities for washing clothes shall also be provided and linked to the
sewerage system.

iv. Sanitation, sewerage system and contaminated water from the tunnel excavation
shall meet all environment guidelines conditions imposed for construction of
project by MOEF / Government Bodies at no extra cost to the Employer.

2.3.18 DISPOSAL OF C & D WASTE

The contractor shall make necessary arrangements for the management of muck

disposal so that it meets all the environment guidelines / conditions imposed for the

construction of project by MOEF / Govt. bodies / State Pollution control board and/or
other statutory bodies.
2.3.19 WASTE AND GARBAGE DISPOSAL

i. The Contractor shall daily collect waste material and garbage from camps,
offices and workshops and transport it to an area approved by the Engineer,
where it shall be incinerated and buried or disposed off as approved by the
Engineer.

ii. The site shall be kept clean and free of refuse at all times. No waste shall be
dumped in areas other than those approved by the Engineer for waste disposal.
No waste of any kind shall be deposited in any watercourses.

iii. Waste and Garbage disposal system shall meet all environment guidelines and
conditions imposed for construction of project by MOEF/ Govt. bodies at no
extra cost to The Employer.

iv. The contractor has to make appropriate provision for Oil / Grease interceptor at
refueling stations and at fuel storage locations.

2.3.20 SETTING UP OF FIELD LABORATORY

i. The Contractor shall establish a field laboratory for ensuring quality control

measures for the Works, as detailed under Quality Assurance Programme

described elsewhere in the tender documents.
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ii. Prior to setting up of laboratory, Contractor shall submit detailed building plan
with exhaustive equipment-list clearly showing the different area for equipment
with sizes of the equipment and circulating area, and CV’s of qualified personnel
identified for laboratory work to the Engineer for approval. The laboratory shall
be headed by an experienced graduate civil engineer. All the equipment shall be
confirming to either the relevant IS or international standards.

iii. Upon receipt of Engineer's approval, the Contractor shall construct, maintain and
operate an integrated laboratory which provides sufficient rooms and equipment
to test aggregates, concrete samples, plain shotcrete and SFRS samples, soil and
rock samples, rock bolts capacity tests, nuclear gauge tests to control the density
of the compacted layers for earthworks, etc. The laboratory shall be established
as early as possible as but not later than three months from the date of issue of
Letter of Acceptance.

iv. The Contractor shall collect the samples, carry out the relevant tests, prepare the
complete reports and submit them to the Engineer.

v. Alltests will be made according to approved standards, and the testing equipment
shall comply with the same standards. All relevant standards shall be made
available in the laboratory by the Contractor.

vi. The laboratory shall be provided with light, ventilation, water supply, tank for
curing, toilet, office for operators and responsible for laboratory, archive etc. and
be spacious enough in order to store indoor the test samples

2.3.21  LAND REQUIREMENT

i. Employer has acquired the required land for permanent components of the
project work, approach roads to various project components which shall be
handed over to the contractor on as is where is basis. Tender drawings show the
available land acquired and major permanent structures required to be
constructed. The contractor shall organize the installation site in a way that his
temporary buildings, plants, equipment etc will not hinder the final/permanent
works. The land shall be used primarily for execution of work of the project. The
contractor will seek approval of the Engineer for setting up of site facilities on
land acquired for the project. Employer’s land shall not be used for setting up of
labour camps. Nothing additional will be paid for re-shifting of any plants and
machinery to the contractor. Extra land if needed by the contractor for setting up
of any of his facilities, such cost of land will be borne by the contractor.

ii. Contractor shall submit his scheme of land utilization including muck disposal
and subsequently construct the same after obtaining due approval of the
Engineer.

iii. Muck generated in the works may be used by contractor for constructing his
facilities / filling works etc. free of cost. The royalty payment and/or any cess
leviable by the statutory authority shall however be payable by the contractor by
such usage.

iv. Any Government duties, cess etc. levied by the statutory authority for land use
outside railway land shall be borne by the Contractor at no extra cost to the

Employer.
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v. Before demobilization, the Contractor shall remove all his temporary facilities
which were installed for execution of the work and restore the land to its original
state for all such land used as in (i) above.

2.3.22 FENCING AND SITE SECURITY

i. The Contractor's offices, workshops and storage compounds, camp sites and all
construction areas, where exclusion of unauthorized personnel is necessary for
safety and security, shall be adequately fenced, gated and guarded. A central
guardhouse shall be established at each main entrance to the Site.

ii. The Contractor shall employ adequate force of properly trained security guards
at the worksite and at the construction camps on 24 hours duty including Sundays
and holidays. Storage areas shall be fenced, lighted and regularly patrolled by
security guards. Warehouse buildings and explosive magazines shall be kept
locked and keys accounted for at all times.

iii. All employees engaged in the execution and maintenance of the Works shall
wear identification badges when at the worksite.

iv. The Contractor shall be entirely responsible for the losses occurring in his
installations and those of the Engineer, resulting from carelessness on the
Contractor's part.

v. The contractor has to make appropriate provision for LED Lights on top of the
barricading and provision of the noise enclosures over the tunnel portals.

2.3.23 SITE SIGNAGE

i. Prior to the commencement of work at the Site, the Contractor, at the direction
of the Engineer, shall supply and erect reflector site sign at all work sites for the
information of the public at all entrances to the Site, containing the following
information, clearly visible and legible (In English and Hindi language) to
passersby intended for the information of those affected by the Contract Works,
for the guidance of those making deliveries and for general public safety:

a.  Name of Project;

b.  Name of Employer;

c.  Name of Contractor;

d.  Restrictions on access and appropriate safety warnings.

ii. The Contractor shall also maintain such signs throughout the contract period with
up to date information and free from disfigurement.

iii. The Contractor shall also supply, erect and maintain appropriate reflector site
signage and safety warning signs as are appropriate for the nature of the work
being undertaken. No other signage or advertising materials shall be permitted
on the Site, except with the specific consent of the Engineer.

2.3.24
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3.1

3.1.1

3.1.2

3.1.3

3.14

3.15

3.1.6

3.2
3.21

CHAPTER -3
SURVEYING

GENERAL

The employer has already established certain benchmarks and alignment references.
These benchmarks and alignment markers are required to be validated by the
contractor. Any error found in these benchmarks and alignment markers shall be
rectified by the contractor with the approval of the Engineer. The contractor is also
required to maintain these benchmarks provided by the employer throughout the period
of construction. The survey to be done by the contractor shall be done by establishing
the control points along the proposed railway alignment through the use of DGPS. All
these control points will then be connected to the nearest GTS Benchmark using the
Total Station.

These services cover in general transfer of control points to working area, the
establishment of axis, centerlines, alignments of project structures and features, the
setting out for construction thereof; the accompanying control surveys for correct
locations, dimensions and elevations as well as the necessary surveys for measurement
to permit quantity calculations for billing.

Such surveys shall be based on and/or referred to existing basic grid of datum points,
triangulation points and benchmarks extended adjacent to the Work in the project area.
This grid shall be the sole basis of reference for all survey work and measurement.
High precision direction measurement of the alignment shall be done at every approx.
one km of excavation or as decided by the ENGINEER by use of surveying gyroscopes
I.e Gyromat or similar, at the cost of the contractor.

Contractor has to make the survey of the excavated profile and control the tunnel
sections after mucking, after installation of the primary support, prior to the installation
of the felt for the protection of the water proofing membrane and after the lining works
all along the length of the tunnels to control alignment, envelopes, excavated areas,
primary support thickness and the position of the work-forms and final lining
geometry, thickness and areas. The quality plan to be submitted by the contractor to
the engineer should give a detailed methodology duly indicating the schedule required
to cover all the aforesaid survey items that the contractor has to deliver to Engineer
and also has to include when the topographical survey of the tunnels and portals has to
be carried out.

Responsibility of carrying out the work to correct line and level shall, however,
continue to devolve on the contractor notwithstanding the fact that approval for any
benchmark and/or alignment marker may inadvertently have been accorded by the
Engineer. Consequently, any expenditure incurred by the contractor for rectification
of the permanent and/or temporary works constructed to wrong line/level shall not be
payable by the Employer.

SUBMITTAL
Within 28 days from the Letter of Acceptance, the Contractor shall submit to the
Engineer for his approval a proposal of the sequence of the survey works to be
performed, the biodata of the key personnel & in-charge of survey works, the list of
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3.2.2

3.3
3.3.1

3.3.2

3.3.3

3.34

3.35

3.3.6

3.4

survey equipment and instruments the Contractor will have available at the site, and a
brief outline on methodologies of survey works to be applied for the various types of
survey.

At least 7 days prior to the commencement of any survey work, the Contractor shall
inform the Engineer of his intention to perform the survey work. The Contractor shall
indicate the purpose of the survey, the area to be surveyed, the structure or facilities
involved, the methods to be applied and the survey period.

MATERIAL AND INSTRUMENTS

The Contractor shall provide, maintain and operate suitable and appropriate
equipment, instruments, materials and auxiliary equipment, commensurate with
various tasks and precision requirements of the survey works.

Type and accuracy of the survey equipment to be used by the Contractor shall
correspond to the nature of the construction, erection works and the construction
technique.

All equipment, instruments, materials and auxiliary equipment shall be in perfect
operating condition. Prior to the start of survey activities, equipment, instruments, etc.,
shall be checked as to their proper functioning and accuracy.

During the construction period, the survey instruments shall be checked and adjusted
/ calibrated at regular time intervals.

Instruments and equipment which have suffered from use, damage or accidents to the
extent that they are unfit for further use at the site, shall be removed from the site and
replaced immediately.

The contractor should ensure availability of sufficient quantity and quality of survey
instruments including provision of professional staff, to avoid any delay in the
construction.

EXECUTION
3.4.1 General

Vi.

For the execution of the survey work the Contractor shall employ and provide
experienced professionals and auxiliary staff. All survey and measurement work shall
be recorded and filed thoroughly.

The Contractor shall provide, maintain, adjust when necessary and operate the required
survey and auxiliary equipment for the performance of the Work.

All survey and measurement activities shall be recorded in maps and field books as
directed/approved by the engineer. Where required, the production of drawings and
maps shall be deemed to be part of the work.

. The Engineer shall have the right to check work performance, accuracy stations, etc.,

and all survey results, measurements and calculations as well as conformity with plans
and drawings.

The Contractor shall keep and maintain professional records of all field surveys and
measurements, the related computations and calculations, manuscripts, plans,
drawings and maps, and shall make them available to the Engineer whenever
requested.

If in the opinion of the Engineer, deficiencies and/or inaccuracies in field and office
work have been found, such work shall be repeated and made good to the satisfaction
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of the Engineer at the Contractor's expense. The Contractor shall be solely responsible
for accuracy of Survey maps and drawings prepared out of the surveys.

3.42  Preparatory Works

3.4.3

3.4.4

3.4.5

Prior to starting survey works, the Contractor shall inform his surveyors of the general
construction procedure, survey requirements and time limits. The surveyors shall make
adequate terrain investigations with respect to sightings, vegetation to be removed,
placement of datum points, reference monuments and benchmarks, taking into
consideration future construction work which may affect the survey. Based on these
investigations, a survey plan shall be developed comprising existing basic data, the
survey grid to be developed, the equipment required for the particular survey task.
Staff and time requirements arrangement in a way to warrant smooth progress of
construction works. The plan shall be submitted to Engineer in charge for approval.
All survey work shall be done within greatest care and precision.

Verification of Survey Grid

The contractor shall verify the basic survey grid.

ii. All coordinates and elevations as shown on the Drawings are based on the basic survey

grid. If after having executed the verification, the basic survey grid reveals
inconsistencies, which may affect the location, alignment and elevation or structures
of the works, the Engineer shall be forthwith informed of these inconsistencies by the
Contractor.

The Contractor shall record all calculations, control surveys, setting out and check
surveying in a suitable permanent form for verification, which shall be available to the
Engineer on request at all times.

Augmentation of Basic Survey Grid

Existing datum points and benchmark located very near to the permanent structures
may be endangered by construction activities. The Contractor shall therefore in due
time establish additional datum points at safe locations and elevations to augment or
extend the basic grid.

The new datum points shall be of permanent nature and shall be constructed as,
directed by the Engineer.

The Contractor shall also establish reference monuments for center lines and line
control of structures, which need frequent and extended control surveys for tunnel
alignment and connected works.

New datum points, reference monuments and benchmarks shall be protected and
maintained in the same way as the original grid points.

Survey of Ground Profiles

Original Ground Profiles.

The Contractor shall inform the Engineer in writing, at least 14 days before
commencing such work, of his intentions to perform any work which will result in a
change to the topography of the existing site for the permanent works and or for
temporary works. Thereupon, before commencing any work, the contractor shall
survey the original topography with the approval of the Engineer over the entire area
to be occupied or disturbed. Such survey may again be required after removal, of
vegetation, topsoil or other overburden. The Contractor and the Engineer shall record
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the information so obtained. The contractor shall then provide the Engineer with a
reproducible copy of each drawing to serve as a permanent record of the purpose of
determining the quantities of excavation or earth works carried out in the construction
of the permanent structures, such records will also be required to ascertainthe extent
to which Temporary works shall be removed or temporary excavations shall be refilled
upon completion of the works.

The Contractor shall also survey all excavated and final surfaces for the purpose of
recording as constructed details, and for the measurement of quantities. Such survey
shall be required at the following two stages:

a. On completions of excavation and prior to placing concrete or other work.
b. On completion of works.

3.46  Setting Out Works

The contractor shall perform all setting out and check surveying of the Works in
accordance with methods approved by the Engineer. The methods and programme of
checking shall be such as to ensure the construction of every part of the Work to the
correct line and level. The Engineer may at any time ask the contractor to submit proof
that his own setting out has been satisfactorily checked.

The number of points required for setting out as well as the spacing between these
points shall be determined by the Contractor in accordance with the type of work. The
Engineer may require that some or all of the given points and datum levels be clearly
marked during construction in such a way that the marks can be retained after
completion of construction.

3.4.7  Setting Out Checks

Contractor should carry out the Net Survey (Close traverse) regularly at least once in
two months while executing the work of underground excavation and will submit
the results to the Engineer to ensure that progress of excavation is correct as per
design alignment.

ii. The Contractor is expected to liaise with the Engineer to program the check survey to

be carried out during non-production periods or in parallel to construction activities
such that the minimum delay or inconvenience is caused to production works,
wherever and whenever possible. The Contractor shall afford the Engineer, every
cooperation and assistance in this regard including but not being limited to the
provision of survey equipment, drainage, lighting, ventilation and the removal of
Contractor's equipment and other obstructions such that they do not interfere with the
setting out checks.

3.48  Tunnel Alignment and Gradients

The Contractor shall establish and maintain at suitable distances from tunnel portal
at least three (03) reference monuments and benchmarks on the extended tunnel
axis/alignment, to warrant that control surveys during tunnel construction can always
be referred to such reference monuments. They shall be secured by auxiliary fixed
points permitting the reconstruction of the reference monuments in case these have
suffered any damage during tunnel excavation periods.

Establishment and control surveys of the tunnel alignment and the gradient shall
always be referred to such reference monuments.
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iii. Underground alignment and level survey and control thereof shall be performed by
the use of suitable precision instruments preferably of the pulsed laser type of
equivalent instruments, and auxiliary equipment. Underground survey equipment
and methodology shall be subject to the approval of the Engineer.

iv. In addition to the regular survey, carried out by the contractor, if required an
independent survey organization engaged by Engineer at his own cost, will perform
confirmatory survey of Tunnel alignments. The first confirmatory survey is likely to
be performed after the 1st 100 m of tunnel has been excavated, following
confirmatory survey will be carried out after every 200m of excavation or as decided
by Engineer. The contractor shall be notified in advance about the date of such
confirmatory surveys. The contractor shall cooperate with such surveyor and provide
any assistance as required (including stoppage of work, if required) at no extra cost
to employer. In this regard, the contractor may please note the contents of clause no.
2.4 of chapter 2 under section 5 of the tender document

v. Contractor should carry out precision gyroscopic measurements (GYROMAT
equipment or equivalent) at regular intervals at least every 1 (one) Km progress of
the main tunnel and escape tunnel, for accurate high-precision azimuth
determination, by specialized agency. A detailed report should be submitted to the
Engineer after every gyroscopic verification with the obtained results.

3.4.9  Accuracies and tolerances
i. Accuracies
Accuracy of survey works shall be within the following tolerances:

Triangulation
Allowable error of closure

e Average not to exceed 5 Seconds

e Maximum not to exceed 10 Seconds
Traversing
Allowable error of closure 10 mm per Kilometer
Allowable error of distance
Leveling
Allowable error for each 1 km
measured forward and backward 10 mm
Allowable error of closure 10 VS mm

(Where S is the total distance of leveling expressed in km)

ii. Tolerances
a. The tolerance given below shall be the maximum permissible deviations from
the specified dimensions, levels, alignments, positions etc. as shown on the
Drawings of the structures of structural elements.
b. In addition, at the interfaces with mechanical components, concrete surface be
finished flush and shall also meet any additional tolerances required by the
mechanical designs or works respectively.
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c. Where the tolerances overlap, the severer tolerance shall apply. Determination of
centerlines for alignment of tunnels, access tunnels, galleries, caverns and shafts
etc. shall meet the following criteria.

Plan positions of central +30 mm
line
Elevation +10 mm

3.4.10 Subsidiary Monuments and Benchmarks

i. The Contractor shall erect and establish all necessary additional survey
monuments, fix points, benchmarks etc. required for setting out of the work
and construction control including determination of coordinates and
elevations.

3.4.11 Handing over of Basic Survey Data

i. General Requirements

a. Prior to the commencement of the survey works, the Engineer shall hand over
to the contractor all information and data of the verified basic survey gird and
benchmarks to which the contractor’s survey work shall refer. Upon handing
over, the ontractor shall review this information and data and shall verify the
existence of the datum points and benchmarks by field checks. Furthermore,
the contractor shall take responsibility for maintenance and protection of these
basic datum points and benchmarks.

b. Should field checks reveal that points and benchmarks have been damaged,
displaced or destroyed, the contractor shall inform the Engineer of this facts,
and the Engineer shall give instructions regarding the re-establishment of such
datum points and benchmarks.

c. Should it become necessary that basic datum point and benchmarks be
removed because of foreseeable construction works, the contractor shall
inform the Engineer of the need thereof and obtain approval and instruction
for the establishment of new basic datum points and benchmarks and/or
auxiliary points.

d. If, within 2 months upon handing over, inconsistencies within the basic grid
or related datum points and benchmarks are detected by the contractor, he shall
inform the Engineer immediately thereof and produce the evidence. The
Engineer shall subsequently inform and instruct the contractor on remedial
measures to be taken. Any survey work, setting out or measurement already
taken or performed prior to the detection of such inconsistency shall be
rechecked and corrected by the contractor.

e. Additional basic datum points and benchmarks established by the contractor
for the convenience of this work shall have at least the same quality and
durability as those of the existing points and meets the accuracy requirements.

i. Data and Documentation Available

a. Existing topographical maps based on the surveys, covering the area of the
works can be made available to the Contractor upon request to the Engineer.
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b. Topo mapping of areas for temporary facilities like the Contractor's camp,
constructional buildings, construction plant, etc., shall be prepared by the
Contractor prior to the construction of such facilities. The Contractor shall also
perform surveys works for construction roads and bridgesincluding
preparation of maps.

iii. Survey Records and Documentation

a. The Contractor shall keep records of all survey activities such as sketches,
field books, calculations, etc., for the duration of the entire construction
period. The Contractor shall upon request of the Engineer put at his disposal
all records and documentation or provide copies thereofin format agreed by
Engineer. On a monthly basis, the Contractor should submit along with the
monthly progress report, a detailed report focused on the performed survey
work (excavation profiles, tunnel alignment, traversing, etc) and relevant
results. After every round, the Contractor shall submit to the Engineer the
excavation profile obtained through Tunnel profiler
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4.1
41.1

41.2

4.1.3

4.2

42.1

422

4.2.3

424

425

CHAPTER -4
DEWATERING, DRAINAGE AND PUMPING

GENERAL

The specifications described herein under relate to the work of dewatering, drainage
and pumping and installation of water proofing membrane to be carried out by the
Contractor, which shall include supply of all labour, construction plant and materials
and performance of all services required to remove service water and natural surface
flow or ground water seepage under all conditions including rain and flood water from
the working areas on the surface as well as from the underground sites for the
construction of various structures covered under the contract.

The Contractor shall design, furnish, build, install, operate, maintain and remove all
the temporary dewatering facilities as specified herein or as required by the Engineer.
Minimum buffer stock of one month is required to keep at site for all water proofing
membranes, Geo-textiles and other water proofing structures as per agreed works
program.

SUBMITTALS

Within 28 day from the commencement date, the Contractor shall submit, to the
Engineer, the detailed design of dewatering system.

This design shall be consistent with the outline description submitted by the Contractor
with his bid and shall include the following:

i. Design assumptions and calculations.

ii. Layouts of drainage facilities.

iii. Layout and capacity of pumps and pipes, sumps, drains both open and covered,
well points etc. and details of standby dewatering arrangements.

iv. Any other arrangements or installation, the contractor may propose for dewatering
of the working areas both in open and underground Construction sites.

v. The dewatering design should include standby emergency pumping arrangement
to deal with any kind of water inflow.

At least 28 days prior to the scheduled construction of the particular work, the
Contractor shall submit, to the Engineer, full details of the equipment to be installed
and all necessary construction details required for dewatering purpose.

The Engineer reserves the right to require any additional information deemed
necessary to be included in the submitted documents.

At least 56 days prior to the scheduled installation of water proofing membrane, the
contractor shall submit, to the engineer, full details of:

i. Certificates of compliance attesting that the materials meet specification
requirements.

ii. Manufacturer's instructions for installation of felt backing and water- proofing
membrane, including procedures for preparation, fixing, welding and splicing,
flashing etc.

iii. Manufacturer's and installer's qualifications to include evidence of experience of
the manufacturer and the installers, as well as resume of lining installation
supervisors.

iv. Samples as listed hereafter:
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4.3
4.3.1

4.3.2

4.3.3

4.3.4

a. Membrane: One square meter of each type membrane (3 Nos.).
Protective felt: One square meter of each type of felt (3 Nos.).
Welded splice: 1 m of welded membrane splice for each type of membrane.
(3 Nos.).

d. Fixings and fittings: 10 samples from different lots of rondels and nails, 2
samples of sealing flanges for projections passing through the membrane.

v. Shop drawings showing all necessary installation details for felt and

waterproofing membrane, including installation sequence, position of joints,
treatment of projections, connection to water stops, connection to waterproofing
of structures in open cut, local reinforcements etc.
GENERAL
Dewatering of the surface as well as the underground Construction sites shall be
undertaken by gravity, wherever possible. Where, however, dewatering by gravity is
not practical, pumping shall be resorted to after this mode has been approved by the
Engineer.
The pumped water carried in pipes or flumes shall be discharged at point sufficiently
away from the edge of foundation excavation as directed by the Engineer. Care shall
be taken to ensure that there is no seepage and flow of water back to the pit working
area.
Power for operating the dewatering system shall be arranged by the Contractor at his
own cost. The Contractor shall make his own arrangements to ensure sufficient standby
power at his cost to carry on the Works during any interruption of power.
Water proofing membrane

i.  Shall be provided to prevent leakage of groundwater into the tunnel and to protect
the final concrete lining against deleterious chemical influences. Waterproofing
shall be applied to crown and sidewalls above footing or invert arch level. The
waterproofing membrane shall always be located between primary shotcrete
lining and the final concrete lining. No membrane waterproofing will be provided
for tunnel inverts.

ii. The waterproofing system shall consist of two layers: the first shall consist of a
protective felt fastened to the shotcrete surface; the second layer shall be the
actual waterproofing membrane properly fixed by special means as
recommended by the manufacturer.

iii. While the sealing function shall be provided by the membrane, the layer of felt
is required to protect the waterproofing membrane against damage from contact
with the shotcrete surface, to prevent interlocking between concrete and shotcrete
in case of differential movements of primary shotcrete lining and final lining, and
to provide a drainage layer allowing to drain off groundwater into the
longitudinal lateral drainage pipes, thus preventing a build-up of hydrostatic
pressure on the tunnel lining.
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4.4
4.4.1

4.4.2

DEWATERING OF UNDERGROUND CONSTRUCTION SITES
General

The contractor shall perform all works necessary to collect and drain service and
infiltrating ground water and flood water entered into the underground construction
sites (if any), convey it to main HS/Conduits and lead it out from underground
works such as tunnels and shafts. Water pumped or drained out of tunnels shall
pass through oil skimmer or other oil separator, then through sedimentation basin
or by other means as approved by engineer designed for the maximum expected
flow before disposal into natural drain / river to ensure clear water discharge.
Construction fencing of 1.8m minimum height or other effective protection shall
be installed to prohibit unauthorized persons from trespassing into the area of the
sedimentation pond.

i. The work shall include, but not be limited to, the following,

a. Design and construction of pits and trenches, flood protection walls at the
entrance/exit portals of tunnels/shafts

b. Design, furnishing, operation and maintenance of dewatering equipment.

c. All auxiliary works required for the safe and continuous dewatering of the
underground sites.

The Treatment tank shall have arrangement to segregate the PP fibers from water

before disposal into natural drain / River to ensure minimum damage to

environment. All such fibers so collected shall not be used back on the project and

shall be disposed off safely according to manufacturer's recommendations and

engineer's approval.

Requirements and Design

The Contractor shall design and provide a complete dewatering system for all
underground construction sites.

ii. All excavated areas shall be drained off all service and ground water. In order to

keep the construction areas free from water, the dewatering systems shall be able
to operate at any time during the whole construction period in any part of the works
at the required design capacity.

The contractor shall provide adequate pumping capacity, including a sufficient
number of standby pumping units, to handle all water entering including sudden
gush of water / flowing ground water condition/ flood water into any portion of
Underground works. These units shall be connected to the dewatering systems in
such a way that proper and uninterrupted drainage is guaranteed throughout the
entire construction period.

. The contractor shall make arrangement for sufficient stand-by power at his own

cost to carry on the works during any interruption of power. The standby power
supply shall undergo weekly trial runs lasting at least 30 minutes. No claims shall
be entertained, and contractor shall be answerable for lack of progress on this
account.
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4.4.3

Vi.

Vii.

viii.

All components of the system shall always be maintained in ready for service
condition and all access to pumps and other equipment shall be kept in good
condition under the most adverse conditions.

The Contractor shall ensure that all drainage water is disposed off without causing
interference to his own or other Contractor's operations elsewhere on the site, and
that no drainage water runs into adjacent works.

The dewatering system shall be designed and installed in such a way that
modifications and extensions to the system are possible while they are in full
operation.

All the components of the dewatering system shall be installed and operated in
accordance with the approved method and the construction time schedule, or
approved modification thereof.

. The approval by the Engineer of the dewatering system shall not relieve the

Contractor from being fully responsible for the design, construction, operation,
maintenance, safety and removal of the facilities provided for the dewatering
system and he shall be liable for any damage or delays caused by its failure. The
contractor shall indemnify the “Employer” against claims arising out of any such
failure made by a third party.

Materials and Execution.

The Contractor shall construct the drainage trench in invert of the tunnel as required
at site and approved by the Engineer.

. After the excavated profile has been checked, the ground water which runs or drips

into the excavated space shall be diverted into the drainage trench by means of
water collectors and pipes for collecting the seepage water from rock surfaces or
laggings. Damp surfaces or seepage areas with low volume inflows can be sealed
off with a quick setting-sealing compound.

Special care shall be exercised where excavation passes through material, which is
liable to soften or swell when it comes in contact with water. In such locations,
water entering the excavated space shall be collected as soon as possible and
conveyed away / disposed off in such a way that the water does not come in contact
with such material. Should the contractor neglect to observe this requirement and
a deterioration of the excavated surface of tunnel invert results from water being
allowed to flow over or stand upon the sensitive or swelling material, the Engineer
may order the removal of the material from affected surface and its replacement
with concrete. The Engineer may order installation of additional rock supports in
connection with such remedial work at the cost of the Contractor.

. If any water from another portion of the underground works flows into a lower

section where concreting is being done, which is likely to be affected by water, all
such water shall be diverted past this area in such a way that no damage occurs to
the concrete. The length of the affected sections over which water has to be diverted
shall be ordered by the Engineer.

The contractor shall perform regular checking and cleaning of the drawing trench
and all dewatering equipment and accessories during the construction period.
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vi. The dewatering facilities shall be kept in operation according to the approved
schedule, which shall be related to the progress of the work. No pumps shall be
stopped, no pipes, ducts, trenches, etc. shall be taken out of service without the

permission of the Engineer.

vii. Any openings such as pipes, boreholes, ducts, pumps, sumps etc. used for
temporary drainage purposes. In any part of the work shall be completely sealed
by filling with grout, mortar or concrete when no longer required, unless otherwise
directed by the Engineer in writing. The Contractor shall notify the Engineer in

writing before any such openings are permanently closed.
viii. Water proofing membrane (Material)
A. Protective Felt

B.

a. The protective felt shall be a continuous filament non-woven poly-
propylene geotextile of uniform thickness and surface texture meeting the
requirements listed below.

Property Specified Standard
Value
Unit weight 500g/m? min | DIN 854
Thickness at 0.02 bar 3.9 mm min DIN
53855/3
Thickness at 2.0 bar 1.9 mm min DIN
53855/3
Tensile strength 1000 N/cm? DIN
min 53857/2
Extension at break 70 % min DIN
53857/2
Extension at 30% of Tensile 20 % min DIN
Strength 53857/2
Permeability in plane at 0.02 bar | 5x10! cm/s *
min
Permeability in plane at 2.00 bar | 5x102 cm/s *
min
Resistance against acid and Loss of DIN
alkaline solutions (pH 2-13) strength 10% | 53857/2
max
Resistance to Punching 2000 N DIN 54307

Waterproofing Membrane
a. The waterproofing membrane shall be Polyvinyl Chloride (PVC).

b. The membrane shall be supplied with a signal layer, i.e. a thin sheeting

of different color, bonded to one side, which is intended to facilitate the
detection of damages.

c. PVC Waterproofing Membrane (poly-vinyl-chloride) will satisfy
following specifications:
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d. Accessories: Fixing material, flashing, reinforcement for expansion
joints, sealing flanges and preparation of corners and intersections shall

be made as recommended by the manufacturer of the membrane.

Property Specified | Standard
Value
Thickness(mm) >2.0 EN1894-2
Tensile strength at break(N/mmz) Elongation 2170 EN12311-2
at break (%) 2300%
Resistance to tearing (N/mm) >100 EN12310-2
Puncture static test (kN) 22:5 ENIS(§)1223
Water tightness (B method— Watertight | EN1982
24hoursat0.5N/mm2)
Change of dimensioning after Stable EN1110
heatingat+70°Cfor2 hours
Cold bending(°C) >-35 EN495/5
20%maximu| DIN16726
Resistance to acidic and alkaline at 28days m
elongation.
Resistance of joints (N/mm2) =105 EN12317-2
Fire reaction classification ClassE |EN13501-1

Waterproofing Membrane (Installation)

Surface Preparation

a. All surfaces to which waterproofing is to be applied shall be sufficiently
clean, smooth and free from deleterious materials and projections.

b. The following treatment of surfaces shall be performed prior to the
installation of waterproofing:

1. For the fixing of the protective felt and the waterproofing membrane, a

minimum shotcrete cover of 50 mm to rock is required.

2. Irregularities of the shotcrete lining surface shall be eliminated by means
of additional shotcrete. The ratio of the diameter to depth of irregularities
shall be not less than 5:1. Rounding at rock bolts (where applicable), etc.
shall have a min. radius “ra” of 0.3 m. Details are given in Figure below.

. Transitions and intersections of tunnel profiles shall be rounded off with
a minimum radius of 500 mm.

. Protruding steel bars, wires, spacers, pipes etc. shall be cut off unless
treated with additional shotcrete cover.

. Exposed steel parts such as rock bolts, if not intended to remain
accessible, shall be covered with shotcrete.
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6. If required, as per the instruction of the Engineer shotcrete surface shall
finally be smoothened with fine-graded shotcrete (rounded aggregates,
grain size 0 - 4 mm), applied in a layer of 30 mm average thickness.

WIRE MESH

r, 20.30m . ,

B 253 i

—

—

Figure 1: Requirements on surface irreqularities of shotcrete

E. Application

a. General: Prior to the application of the waterproofing, all surfaces to which
it shall be applied, shall be inspected and approved by the ENGINEER. The
application shall follow the written instructions of the manufacturer. Special
preparations will be required for waterproofing at tunnel intersections and
for projections passing through the membrane. They shall be carried out
according to the manufacturer's recommendation.
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b. Fixing of Felt: The protective felt shall be attached to the shotcrete surface
using suitable fixings specified by the manufacturer. Depending on the
location 2 to 4 nos. fixing elements shall be used per square meter. The felt
shall be laid with enough slack to avoid overstress during concreting.
Adjacent sections of felt shall be overlapped by 100 mm and joined by point
welding or similar suitable method. Along the bottom of the tunnel side
walls the felt shall extend sufficiently to cover the lateral drainages as shown
on the drawings.

c. Fixing of Waterproofing Membrane: The waterproofing membrane shall be
installed to cover the felt and shall be attached to the felt fixings and to each
other and to the washers by means of thermal welding. No perforation of the
membrane shall be allowed for installation purposes. The waterproofing
membrane shall be laid with the signal layer towards the inside and with
enough slack to prevent overstressing during concreting. Adjacent sheets of
waterproofing shall be joined by a double weld. Along the bottom of the
tunnel side walls the membrane shall extend sufficiently to cover the lateral
drainages as shown on the drawings. Connections to waterstops and to the
waterproofing of structures in open cuts shall be carried out according to
drawings to be furnished by the supplier.

F. Testing of seams

a. General: All seams shall be tested, and records of these tests shall be
submitted by the CONTRACTOR to the ENGINEER.

b. Seam Test with Compressed Air: For seams between adjacent sheets of
waterproofing membrane the testing for tightness shall be carried out by
means of compressed air pumped into the test channel which is formed by
the double welded joint. Initial test pressure shall be 2 bar for a test period
of 5 minutes or 1.5 bar for a test period of 10 minutes. The joint shall be
considered waterproof if the loss of air pressure is in both cases not more
than 20%.

c. Seam Test with Vacuum Equipment: For the testing of areas of membrane
of limited size such as special con- figurations of joints or local repairs with
patches, vacuum equipment shall be employed, as instructed by the
ENGINEER. This equipment consists of a vacuum bell which, after being
fitted tightly over the area to be tested, is evacuated by pumping in order to
detect leaks in the membrane.

d. Protective Measures: Every care shall be taken not to damage the
waterproofing membrane during or after installation. Any damages occurred
shall be repaired and tested before the casting of the final concrete lining.

444 WATER STOPPER
I. Polyvinyl Chloride (PVC)/ rubber water stops shall be furnished and installed for
watertight construction at various locations of concrete structures / components

covered under these specifications. In order to ensure proper alignment and fixing
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of water stops in correct position / place, the same shall be rigidly secured to the
form work or reinforcement steel as direct/approved by the ENGINEER.

Number of joints in PVC/rubber water stops, when installed in place shall be the
barest minimum and joints, thus made, shall be suitably vulcanized/welded using
best method/Engineering practice satisfactory to the ENGINEER.

ii. All types of water stops shall be tested in a recognized laboratory prior to transport
to the site. Test specimens shall be furnished by the manufacturer and the tests shall
be carried out at the manufacturer’s place.

iii. Water stops shall be tested as to their tensile strength, elongation, duration, water
absorption, specific gravity, effect of alkali and impact resistance. The PVC Water
stops shall meet the following requirements:

iv. The CONTRACTORSs shall submit to the ENGINEER for approval the test results
from recognized institution showing that the material supplied meets the
requirements specified. The ENGINEER may carry out the additional tests, for
which the CONTRACTOR shall supply specimens from the same material to be
used in the work. Test specimens, if required shall be of the shape and dimensions
as required in the individual test methods.

Requirement Method of Test

Tensile strength using die “C” not less

than 150 kgf/cm2 ASTM D-412
Ultimate elongation using die “C” not less

than 330% ASTM D-412
Stiffness in flexure, 6 mm span: not less

than 28 kgf/cm2 ASTM D-747
Tear resistance: not less than 30 kgf/cm?2 ASTM D-624
Specific Gravity: not less than 1.20 ASTM D-792
Shore Hardness: 60A to 80A
Water Absorption: not more than 5% ina 7

days test

v. Precautions for Water stopper:

a.PVC water stops will be provided according to drawings in transversal and
longitudinal positions at all along the lining tunnel extension. These bands must
be welded (heat or vulcanization) among them at the intersection points. For the
fault areas, an Omega PVC band will be affixed to the waterproofing membrane.
The geometry and type of these water stop bands and Omega band are defined in
specific project drawings. To weld the ends of the water, stop bands in transversal
joints or in the intersections between transversal and longitudinal water stops
bands the parts that must be vulcanized have to be prepared. It is responsibility of
the contractor the preparation and the vulcanization of the water stops unions.

b.When delivered to site, the water stop products must be unloaded carefully and
inspected immediately for completeness and integrity, including form and

dimensions. Before installation the water stops must be kept in a sheltered place on
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boards or some other firm base (e.g. pallets, concrete surfaces) and protected from
contamination or damage.

c.Water stops must be protected from direct sunlight, especially in summer, e.g. by
covering. In high outside temperatures water stops must be taken to the point of
installation and laid out under no tension.

d.Water stops should be kept in covered storage if possible and then be put in heated
rooms for at least one full day prior to their installation, to make their handling and
installation easier and less prone to damage (thermoplastic material).

vi. Installation of water stopper

a.Fixing Internal Water stops: Internal water stops are anchored to the reinforcement.
The water stops are fixed to the edge anchors with the special waterstop clip or, in
the case of waterstops with steel plates (FMS, FS) to the edge perforation of the
steel plates at maximum intervals of 25 cm.

b.Spacing Between Joints in the waterstops Themselves: The spacing between two
joins in the waterstops themselves should be 0.50 m minimum. In every
configuration the length of the free waterstop ends should be1.00 m minimum so
that these connection joints can be formed easily and correctly on site.

c.Embedding of External Waterstops: Waterstops must be free from contamination
and ice when casted in. If necessary, they should be cleaned before concreting (e.g.
removal of any