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PART1-  GENERAL

1-A ABBREVIATIONS

Wherever the following abbreviations are used in the specifications or in the plans,
they are to be constructed the same as the respective expressions represented :

AC Asbestos Cement

AASHTO American Association of State Highway and Transportation Officials
AAMA Architectural Aluminum Manufacturer’s Association
ACI American Concrete Institute

AFNOR Assaciation Frangaise de Normalisation

ANSI American National Standards Institute

ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
AISC American Institute of Steel Construction

AlS American Iron and Steel Institute

AWWA American Water Works Association

AWS American Welding Society

BS British Standard

CDR Council for Development and Reconstruction
Cp Code of Practice

DIN Deutscher Normausschuss

DTU Documents Techniques Unifiés

EDL Electricity of Lebanon

FSS Federal Specifications and Standards (United States)
gpm gallons per minute

GRP Glass Reinforced Plastic

[EC International Electrotechnical Commission
ISO International Standards Organization

ITS Institute of Technical Studies

m meters

mm millimeters

m? square meter

m3 cubic meter

NEMA National Electrical Manufacturers Association
NF Normes Frangaises

UTE Union Technique de I'Electricité

VDE Verband Deutscher Electrotechniker
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1-B GENERAL
1-B-1 STANDARDS

1- All references to codes, specifications and standards referred to in the Contract
Documents shall mean, and are intended to be, the latest edition, amendment or
revision of such reference standards in effect.

2- Whenever the Contract Documents require that a product complies with certain
Standards or Specifications, the Contractor shall present a certificate from the
manufacturer ensuring that the product complies therewith. Where requested or
specified, the Contractor shall submit supporting test data to substantiate compliance.

Each and every part of the works shall be designed, constructed, manufactured, tested and
installed in accordance with an internationally recognized Standard, Code of Practice, or
Regulation applicable to that part of the works. The Technical Specifications could refer to
one or more standards, but it is still accepted that any international recognized standard,
code of practice or regulation could be applicable with the prior consent of the Engineer.

If any clarification or additional information regarding technical aspects, the Contractor must
submit a request for information.

1-B-2 EQUIVALENCY OF STANDARDS AND CODES

Wherever reference is made in the Contract including the Specifications, Drawings and Bill of
Quantities to specific standards and codes to be met by the goods and materials to be
furnished, and work performed or tested, the provisions of the latest current edition or
revision of the relevant standards and codes in effect shall apply, unless otherwise expressly
stated in the Contract.

Where such standards and codes are national or relate to a particular country or region,
other authoritative standards that ensure a substantially equal or higher quality than the
standards and codes specified will be accepted subject to the Engineer’s prior review and
written consent. Differences between the standards specified and the proposed alternative
standards shall be fully described in writing by the Contractor and submitted to the Engineer
at least 28 days prior to the date when the Contractor desires the Engineer’s consent.

In the event the Engineer determines that such proposed deviations do not ensure
substantially equal or higher quality, the Contractor shall comply with the standards
specified in the Contract.

1-B-3 SILENCE OF SPECIFICATIONS

The apparent silence of the specifications, plans or other Contract Documents as to any
detail or the apparent omission from them of a detailed description concerning any point,
shall be regarded as meaning that only the best general practice is to be used. All
interpretations of the specifications will be made by the Engineer on this basis.
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1-B-4 LANGUAGE OF CORRESPONDENCE AND RECORDS

All communications from the Contractor to the Engineer shall be in the Arabic or English
language. All books, time sheets, records, notes, drawings, documents, specifications and
manufacturers' literature etc. shall be in the Arabic or English language.

1-B-5 UNITS

The International System of (metric) Units shall be used throughout the Contract except

where otherwise provided.

1-B-6 INTENTION OF TERMS

Where “as shown”, “as indicated”, “as detailed” or words of similar import are used, it shall
be understood that reference to the drawings accompanying the Specifications is made
unless otherwise stated. Where “as approved”, “as directed”, “as required”, “as accepted”,
or words of similar import are used, it shall be understood that the approval, direction,
requirement, permission, authorization, review, or acceptance of the Engineer is intended,
unless otherwise stated. “Provide” shall be understood to mean “complete in place”, that is,
“furnish and install”.

Whenever anything is, or is to be done, if, as, or, when, or where “contemplated, required,
determined, directed, specified, authorized, ordered, given, designated, indicated,
considered, considered necessary, deemed necessary, permitted reserved, suspended,
established, approval, approved, disapproved, acceptable, unacceptable, suitable, accepted,
satisfactory, unsatisfactory, sufficient, insufficient, rejected or condemned”, it shall be
understood as if the expression were followed by the words “by the Engineer” or “to the
Engineer”.

The phrases “or equal” and “or equivalent” shall be construed to mean that material or
equipment will be acceptable only when composed of parts of equal quality, or equal
workmanship and finish, designed and constructed to perform or accomplish the desired
result as efficiently as the named brand, pattern, grade, class, make or model.

1-B-7 INTENT OF CONTRACT

The intent of the Contract is to provide for the construction and completion in every detail
of the works described. The Contractor shall furnish all labor, materials, equipment, tools,
transportation and supplies required to complete the work in accordance with the plans,
specifications and terms of the Contract Documents.

Unless otherwise specified, the Contractor shall allow a minimum of 21 days for approval of
drawings and documents by the Engineer.

1-B-8 BILLS OF QUANTITIES

Detailed Bills of Quantities shall be prepared by the Contractor in accordance with the
measurement rules described in the preamble and as approved by the Engineer.
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1-B-9 OPERATION AND MAINTENANCE MANUALS

The Contractor shall submit to the Engineer for approval draft copies of the Operation and
Maintenance Manuals. A separate set of instructions shall be provided for each installation.
The Contractor shall incorporate any amendments or additions required by the Engineer in
the production of the final Manuals.

The draft O & M Manuals shall be available on site at all times during Tests on Completion
for the instructions to be verified. Any modifications found necessary shall be incorporated
in the final version.

The Contractor shall supply the final version of the Operation and Maintenance Manuals
prior to the issue of the Taking Over Certificate for either the whole of the works or the
respective section or part of the works.

The Contractor shall, as necessary, carry out survey work, take measurements, collect
details, produce drawings and undertake all other work required to enable him to prepare
the manuals.

Operation and Maintenance Manuals shall be supplied written in the English and Arabic
languages, and all parts and equipment listings shall be in English.

1-B-10 WORK THROUGH PRIVATE PROPERTY

In order that the necessary easements may be obtained and /or the owners of private
property may be served with the requisite notices it shall be an obligation of the Contractor
to supply the Engineer from time to time with full information of his program sufficiently in
advance of the dates upon which the Contractor will wish to enter upon each parcel of
private land.

The Contractor shall consult with Owners and Tenants (if any) and have written approval
before entering on their land or cutting through any ditch, bank, hedge, wall, fence or any
other form of boundary marking and he shall ascertain and carry out their reasonable
requirements as approved by the Engineer in the matter of reinstatement.

1-B-11  PUBLIC UTILITY MAINS AND SERVICES, LOCATING, ETC

It shall be the responsibility of the Contractor to obtain all information available from the
Public Utility Authorities regarding the position of mains and services and he shall make this
information available to the Engineer as soon as he obtains it.

The absence of such information shall not relieve the Contractor of his liability for the cost of
any repair work necessitated by damage caused by him to any mains or services in the
course of his work and for the cost of all losses arising from the disruption.

All locating work shall be carried out in advance of further excavation work. The Contractor
shall obtain all information and assistance available from the Public Utility Authorities for the
locating of the mains and services and shall agree with the Engineer any trial excavation
which may be necessary to confirm or establish these locations.

Any temporary or permanent diversion of mains and services will only be permitted after
agreement with the appropriate Public Utility Authority.
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1-B-12  PROJECT CONTROL

1-

The Contractor shall provide within his site organization a project management section
to advise and be directly responsible to the Contractor's Engineer. The duties of the
section shall include the following:

i. Planning and program preparation particularly in relation to the requirements of
public authorities and the requirements to maintain water supply disposal services
where careful detailed arrangements have to be made and adhered to.

ii. Planning the execution of the works in a manner which minimizes disruption to the
water supply and wastewater systems and will permit the efficient and effective
commissioning of the water supply and wastewater systems and its respective
components.

iii. Ensuring adequate water supplies are maintained to all consumers. Also, ensuring all
existing wastewater systems are functionning during execution.

iv. Continuous surveillance of progress and anticipation of factors likely to affect the
timely performance of the Contract.

v. Making proposal for modification to forward planning and to the program at an
early stage in the light of factors resulting from (iv).

vi. Continuous appraisal of the Contractor's methods and routines particularly as to
their effectiveness relating to speed of execution and to their effect on the
community and property.

vii. Forward planning for resource requirements taking due account of possible
shortages and delays in the arrival on site of materials, plant, personnel, etc. and
their mobilization for effective usage.

viii. Acquisition and process of up-to-date information for progress meetings with the
Engineer. The preparation of monthly progress reports including an update of the
detailed program and cash flow forecast.

The project management section shall be in the charge of a professionally qualified
engineer specializing in project management having had at least 10 years experience on
similar projects and being versed in modern management techniques. Supporting staff
for this section shall be in adequate numbers to carry out their duties and shall be of
adequate ability and experience to the Engineer’s approval.

Programs shall be based upon C.P.M. networks in precedence format and shall be
prepared using a suitable P.C. - based project management software package approved
by the Engineer.

Reporting shall be in a manner compatible with the Employer’'s or Engineer’s
requirements.

1-B-13  QUALITY CONTROL

The Contractor shall be responsible for his own quality control and shall provide sufficient
competent personnel for supervising the Works, taking and preparing samples and for
carrying out all necessary tests.
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1-B-14  MONTHLY CERTIFICATES

Monthly certificates shall be submitted in an approved manner and format. The certificate
shall detail the measured value of the work completed on each item of the Works. An item
shall constitute a single structure or a component of a system such as a single pipeline or
valve complex.

1-B-15 PROGRESS MEETINGS

The Contractor shall arrange progress review meetings, to be chaired by the Engineer, at
monthly intervals to coincide with submission of monthly progress submissions.

1-B-16  PROPRIETARY MATERIALS

Material shall be supplied in suitable containers and in appropriate batch sizes for the work
to be undertaken.

The following information shall be marked:
i. Storage instructions;
ii. The manufacturer's name;
iii. Shelf life and dates of manufacture:
iv. Material identification;
v. Batch reference number;
vi. Netweight;
vii. Mixing instructions;

viii. Any warnings or precautions concerning the contents and their safe use.

The Contractor shall supply with each consignment of proprietary material delivered to the
Site, certificates furnished by the manufacturer or his agent stating:

i. The manufacturer's name and address:
ii. The agent's name and address where applicable;
iii. Material identification:

iv. Batch reference numbers, size of each batch and the number of containers in the
consignment;

v. Date of manufacture.

1-B-17 REJECTED MATERIALS

Should any materials or manufactured articles be in the judgment of the Engineer, unsound
or of inferior quality or in any way unsuited for the purpose in which it is proposed to
employ them, such materials or manufactured articles shall not be used upon the Works but
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shall be branded, if in the opinion of the Engineer this is necessary, and shall forthwith be
removed from the Site.

1-B-18  QUALITY

The materials and workmanship shall be the best of their respective kinds and to the
approval of the Engineer. The words “to the approval of the Engineer” shall be deemed to be
included in the description of all materials and workmanship for the due execution of the
Works.

1-B-19  OFFICES, TRANSPORT, EQUIPMENT AND SERVICES FOR ENGINEER AND
EMPLOYER’S REPRESENTATIVE (PMU)

The Contractor shall provide and properly maintain, for the duration of the Work, the offices
for the use of the Engineer, his staff, the Employer and the Employer’s Representative. This
office shall be constructed, equipped and furnished as directed by the Engineer. These
facilities shall be completed and ready for occupancy within sixty (60) days from the date of
signing the Contract.

The Contractor shall submit to the Engineer, for approval, details of the offices space to be
constructed, equipped and furnished before construction is commenced.

The Contractor shall, at the completion of the Work, supply electricity, water and sanitary
facilities for the Engineer’s offices. The Contractor shall be fully responsible for the
maintenance and operation, including labor and materials, for the offices.

The Contractor shall supply the Engineer with mobile telephones as necessary to enable
efficient communication between the contractor and the Engineer’s supervision staff.

The Contractor shall also supply the Engineer, for the duration of the work, with 4x4 wheel
drive vehicles as necessary to access all different site locations. These vehicles should be
powerful enough to withstand all kind of driving conditions, rough roads, natural terrains
and tough weathering conditions.

The Contractor shall additionaly provide and properly maintain, for the duration of the
Work, a second quarter of offices for the use of the Employer Representative the Project
Management Unit (PMU), his staff, and the Employer. This office shall be located in a
suitable office center, then equipped and furnished as directed by the PMU. These facilities
shall be completed and ready for occupancy within sixty (60) days from the date of signing
the Contract.

The Contractor shall submit to the PMU for approval, details of the offices space to be
equipped and furnished.

The Contractor shall, supply and pay all related charges such as electricity, water, telephone
and parking lots as required and shall be fully responsible for the maintenance and
operation, including labor and materials, for the PMU offices.

The Contractor shall supply the PMU team with mobile telephones as necessary to enable
efficient communication between the contractor and the PMU staff.
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1-B-20  FACILITIES FOR SURVEY AND INSPECTION BY THE ENGINEER

The Contractor shall make available technicians and such labor, materials and safety
equipment as the Engineer may require for inspections and survey work in connection with
the Works. The Contractor shall provide all necessary tackle, test equipment, access, labor,
staff and any other thing the Engineer may reasonably require in order that he may safely,
conveniently and quickly carry out such inspections as he deems necessary at any time
during the execution of the Works including the Tests on completion.

1-B-21  INSPECTIONS BY THE ENGINEER DURING DEFECTS LIABILITY PERIOD

The Engineer will give the Contractor due notice of his intention to carry out any inspections
during the Defects Liability Period and the Contractor shall thereupon arrange for a
responsible representative to be present at the times and dates named by the Engineer. This
representative shall render all necessary, assistance and record all matters and things to
which his attention is directed by the Engineer.

1-B-22  APPROVAL

As soon as possible after commencement of the Contract, the Contractor shall submit to the
Engineer for his approval a list of his proposed suppliers, sources of materials, construction
requirements and proposed standards. No materials, plant or equipment shall be procured
for the Contract without first obtaining the Engineer’s approval. Samples of materials shall
be submitted to the Engineer for approval as required by the Engineer. Materials
subsequently supplied shall conform to the quality of the samples which have been
approved by the Engineer. No standard, method of manufacture or specification shall be
changed without the approval of the Engineer. Where possible plant shall be supplied to the
same standards or to compatible standards.

1-B-23  PROTECTIVE CLOTHING

The Contractor shall provide for the Engineer, his Representative and assistants the
protective clothing necessary for the proper discharge of their duties on Site.

The Contractor shall provide any necessary protective clothing and safety equipment for the
use of authorized visitors to the site including the Employer and his staff and representatives
and those of any relevant authority and who have reason to visit the Site.

1-B-24  SOURCE OF SUPPLY AND QUALITY REQUIREMENTS

All materials, manufactured articles and machinery incorporated in the permanent works
shall be new, recently manufactured and shall meet the quality requirements of the
Contract. They must, in all cases, be approved by the Engineer prior to their inclusion into
the work.

All shipment of materials must be accompanied by a Manufacturer's Certificate of
Guarantee or test certificate from an approved independent laboratory when delivered to
the site. The independent laboratory shall be approved by the Engineer before any materials
are submitted for tests. However, all materials delivered to the Site are subject to additional
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laboratory testing when requested by the Engineer even though the materials are
accompanied by a certificate of guarantee or laboratory test certificate. All costs in
connection with certificates of guarantee or laboratory tests and certificates shall be borne
by the Contractor. Falsification of such documents shall be just cause for rejection of the
materials and all cost of transportation and handling of the rejected materials shall be the
sole responsibility of the Contractor.

In order to expedite the work, the Contractor shall, before placing any purchase order for
materials, manufactured articles and machinery to be part of the permanent works, submit
for the approval of the Engineer, a complete description of such items, the names of the
firms from whom he proposes to obtain such items, together with a list of the items he
proposes each firm would supply. No materials, manufactured articles or machinery shall be
ordered from any firm without the written approval of the Engineer. When directed by the
Engineer or otherwise specified in the Contract, the Contractor shall submit samples for
approval.

If it is found after trial that sources of supply for previously approved materials,
manufactured articles, or machinery do not produce specified products, the Contractor shall
furnish the items from other sources approved by the Engineer.

1-B-25 PRECAUTIONS AGAINST CONTAMINATION OF THE WORKS

The Contractor shall at all times take every possible precaution against contamination of the
works.

The Site and all permanent and temporary works shall be kept in a clean, tidy and sanitary
condition.

The Contractor shall at all times take measures to avoid contamination of existing water
courses and drains by petrol, oil or other harmful materials.

The works shall be kept clean and free from rubbish and remedial works shall be carried out
as the work is progressively completed. Before requesting inspection for preliminary or final
take-over of the works or any section thereof the Contractor shall inspect the works and
assure himself that they are clean and in a satisfactory condition for such inspection, normal
usage expected.

1-B-26 ENVIRONMENTAL ASPECTS

The Contractor shall take all reasonable steps to minimize the adverse affects of both the
temporary and permanent works on the environment. Before any work commences, the
Contractor shall submit an environmental protection plan describing how potential adverse
impacts will be mitigated. These adverse environmental impacts could be:

a. Pollution of soil and water due to improper dumping of excavated and construction
material, oils used, chemicals/solvents, human wastes.

b. Erosion of soil, sedimentation and drainage due to excavation and bedding.
¢. Noise and air (dust, odor) pollution due to operation of machinery and excavation.

d. Traffic increase due to trucks (sand, machinery, equipment) movement and traffic
disturbance.

e. Disturbance to recreational, archaeological, touristic sites.
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f.  Public health and safety due to the operation of the machinery and accidents.

g. Damage to forests, agricultural land, vegetated area and its wildlife habitat.

1-B-27  ACCESS TO PROPERTIES

The Contractor shall not disrupt any private or public access way without first providing
alternative arrangements.

Access to properties affected by the Works shall be maintained. Adequate road plates shall
be provided for trench crossings.

1-B-28 CONTROL OF DUST

The Contractor shall, throughout the execution and completion of the Works take all
reasonable steps to avoid damage or nuisance to persons or property resulting from dust
and shall carry out preventative measures, such as spraying the ground with water, and /or
soil covering, as instructed by the Engineer.

1-B-29  SAFETY

The Contractor must cover all aspects of site safety during the Works.

1-B-30 PROJECT SAFETY PLAN

Before any work commences on the Site the Contractor shall submit a Project Safety Plan
(PSP) which shall be specific to the Contract. The plan shall detail the Contractor's site safety
organization, his safety rules and procedures and methods of monitoring and enforcing his
procedures.

The Project Safety Plan shall cover all aspects of site safety and shall typically include the
following:

a. Health and Safety Policy and Primary Objectives:

The plan shall demonstrate that management of health and safety is an integral part
of the management and co-ordination of the project.

b. Organization and Responsibilities:

A designated competent person shall be specified as the Contractor's Safety Officer
with overall responsibility for the establishment, implementation and enforcement
of safety procedures and methods of working.

The Contractor's organization structure and responsibilities with respect to safety
shall be detailed.

¢. Hazard Identification and Risk Assessment:

The Contractor shall assess the risks to workers and any others that require access
to the site or the works or may be affected by the operations.

A systematic general examination of each activity and assessment is to include:
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— Identification of the hazards present and those hazards their operations will
introduce to the site.

— ldentification of the people exposed.

— The extent of the risk evaluated after considering the existing control
measures.

— Further assessments to be made for new activities.

— Plant and equipment to be identified and those responsible for its provision
and maintenance to be defined and designated.

— Review and revision if assessments man no longer be valid or where there
has been a significant change.

— Planned review of assessments at regular intervals.

— Inform employees on the nature of the hazard and the risks identified by the
assessments, the preventative and protective measures, emergency
procedures and the competent personnel.

— Significant findings of assessments to be recorded.
d. Emergency Procedures:

Effective procedures for contingency in event of serious and immediate danger. All
employees shall be able to stop work and immediately proceed to a place of safety if
exposed to imminent and unavoidable danger.

e. Cooperation and Coordination:

All competent persons to liaise and assist in assessing the shared risks and
coordinating any necessary measures, primarily by providing information. The
Contractor to take full responsibility in coordination arrangements.

f. Capabilities and Training:

Provision of health and safety training for all employees upon recruitment and on
exposure to new or increased risks.

g. Monitoring:

Scheduled hierarchical audit system conducted by the Contractor. Safety
performance to be monitored and measured against the PSP; project procedures for
safe systems of work; and specified safety performance standards.

h. Health and Safety Performance Standards to be specified, i.e.:
— Relevant statutory legislation
— Standard specifications (BSI/ISO)
— Approved codes of practice
— Specific Project Safety Plan Information:

— Nature of the Project

o Name of Employer
0 Location

o Nature of construction work to be carried out
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o Time scale for completion of the construction work

— The existing environment

o Surrounding land uses and related restrictions - e.g.
premises (schools) adjacent to the proposed
construction site.

0 Existing services - e.g. underground and overhead lines.
0 Existing traffic systems and restrictions.

0 Existing structures - e.g. special health problems from
materials in existing structures which are being
demolished or refurbished, any fragile materials which
require special safety precautions, instability problems
etc.

o0 Ground conditions - e.g. contamination, instability,
possible

0 subsidence, underground obstructions etc.

— Existing drawings

o0 Available drawings of structure(s) to be demolished or
incorporated in the proposed structure(s)

— The design
o Significant hazards of work sequences.

o The principals of the design and any precautions that
might be needed or sequences of assembly that need to
be followed during construction.

0 Detailed reference to specific problems with proposals
for managing these problems.

— Construction materials

0 Health hazards where either because of their nature or
the manner of their use, particular precautions are
required.

— Site wide elements

o Outline emergency arrangements including access and
egress.

Positioning of site access and egress points.

Location of temporary site accommodation.

O O O

Location of unloading, layout and storage areas
o Traffic/pedestrian routes.

— Qverlap with other undertaking

0 Consideration of the health and safety issues which
arise when the project is to be located in premises
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1-B-31

occupied or partially occupied by the Employer or other
authority.

Site Rules

o Specific sites rules which the client or the planning
supervisor may wish to lay down as a result of points
above or for other reasons - e.g. specific permit to work
rules, emergency procedures.

Continuing liaison

o0 Procedures for considering the health and safety
implications of work elements

o0 Procedures for dealing with unforeseen eventualities
during project execution.

HAZARDS

Potential hazards associated with the Sites may include, but will not be limited to the

following:

Any chamber, pipeline, borehole, excavation or other structure
(whether above or below ground) not effectively ventilated.

Compressed air vessels may burst explosively.

Toxic Fumes and Gases: (generated by combustion engines, chlorine,
ammonia, treatment processes).

Asphyxiating Gases.
Dangerous Fumes and Gases.

Chemicals: Chemicals are stored and used in many processes. Most of
them are strongly alkaline, acidic, toxic or otherwise aggressive.

Electricity Cables:
Buried and overhead cables of all voltage ratings may be encountered.

Overhead cables of all voltage ratings may be encountered. On operational
sites the clearance may be lower than in highways or public areas. Hazards
are as for buried cables, with the additional risk of arcing. Arcing may occur
from the cables to metal objects or spray.

Buried services:

Buried water pipes may be encountered on any operational site. The water
may be under very high pressure.

Moving Machinery:

Any operational plant may contain moving machinery. Much of this is
automatically controlled and may start without warning.

There is electrical plant associated with such machinery, carrying the same
hazards as electricity cables.

Noise (high frequency noise)
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Machinery such as engines, turbines, generators, pumps or compressors
operating inside buildings may produce very loud noise. High speed
machinery may produce high frequency noise. The hazards are possible
short and long term hearing damage if ear defenders are not worn.

— Moving Vehicles:

Any road on an operational site may carry vehicles which are relatively
heavy for the class of road. Such vehicles may carry any of the chemicals or
sludge’s noted above.

Tractors and other machinery may operate on unpaved areas.
— Contact Lenses:

In areas where an arc flash can occur (chambers or where welding processes
are carried out) wearers of contact lenses can sustain irreparable damage to
their eyes. This can occur whether or not safety spectacles arc worn over the
contact lenses.

— Confined Spaces

a. Provide, when work is in progress, radio or telephone communication,
or safe visual and oral communication where this is appropriate and
background noise levels permit.

b. Ensure that all electrical tools and equipment are of the appropriate
type.

c. Provide appropriate protective clothing.
d. Provide hygiene facilities if appropriate.

e. Ensure that all persons entering or working in a confined space are
trained and authorized to enter.

1-B-32  WATER AND ELECTRICITY SUPPLY

The Contractor shall make his own arrangements for procuring water and electricity
supplies, at his own expense. Public water and electricity cuts shall, in no way, justify delays
in the progress of the work. He shall be solely responsible for ensuring the continuity of the
water and electricity supply. For this purpose he shall install the needed number of
generators and water tanks that would meet his needs.

1-B-33  SAFEGUARDS TO EXISTING PIPES, CABLES, STRUCTURES

It shall be the Contractor's responsibilities to safeguard by means of temporary or
permanent supports or otherwise all existing pipes, cables, structures or other things which
would be liable to suffer damage if such precautionary measures were not taken.

Temporary safeguards shall be to the approval of the Engineer and of the Undertaker or
Owner concerned.

Permanent safeguards shall be to the approval of the Undertaker or Owner concerned and
the Engineer.
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1-B-34  CONNECTIONS TO EXISTING PIPES, CABLES ETC.

The Contractor will be responsible for connections between pipes, cables etc. laid by him
and existing pipes, cables etc. The Contractor shall submit to the Engineer a drawing
showing the details of the connection, and shall state the date on which the particular
connection could be made. The work shall not proceed until the Engineer's approval has
been given.

The Contractor shall be responsible for joining up to and ensuring complete compatibility
with existing pipework, cables, tubing, equipment etc.

1-B-35 CONTRACTOR’S RESPONSIBILITY FOR UTILITY PROPERTIES

At points where the Contractor’s operations are adjacent to properties of telegraph,
telephone and power agencies or companies, or adjacent to other property, damage to
which might result in considerable expense, loss or inconvenience, the work shall not be
commenced until all arrangement for the protection thereof have been made. The
Contractor shall cooperate with the owners of any underground or overhead utility lines in
their removal and rearrangements operations in order that these operations may progress in
a reasonable manner and that duplication of rearrangement work may be reduced to a
minimum and that services rendered by those parties will not be unnecessarily interrupted.

In the event of interruption to water or utility services as a result of accidental breakage, or
as a result of being exposed or unsupported, the Contractor shall promptly notify the proper
authority in the restoration of service. If essential public utility service is interrupted, repair
work shall be continuous until the service is restored.

1-B-36  SITE ACCESS ROUTES

The Contractor shall satisfy himself as to the suitability of the access routes he chooses for
use during the Contract period. The Employer does not guarantee either the suitability or
availability of any particular access route and will not entertain any claim in respect of the
non-suitability or non-availability of any such route for continuous use during the Contract
period. When needed for the execution of the work, the Contractor shall be responsible for
constructing and maintaining temporary access routes at his own expense. The Contractor
shall submit for the approval of the Engineer his proposal for the access routes he intends to
use and build. He shall be responsible for getting approvals from concerned authorities
and/or landowners on the right-of way needed for the construction and use of these access
routes.

1-B-37  EXPLOSIVES

When the use of explosives is necessary for the prosecution of the work, the Contractor shall
exercise the utmost care not to endanger life or property, including new work. The
Contractor shall be responsible for all damages resulting from the use of explosives. The
Contractor shall store all explosives in a secure manner marked clearly in Arabic and English
“Danger Explosives”. Storage shall be in compliance with all local laws and ordinances. It is
the Contractor’s responsibility to contact the authorities and secure their approval of his
proposed method of storage.
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Where no local laws or ordinances apply, storage shall be to the satisfaction of the Engineer
and, in general, not closer than three hundred (300) meters from the road or from any
building or camping area. In no case shall the Contractor store explosives on the Site
without prior approval of the local authorities or the Engineer.

Prior to starting any blasting operations, the Contractor shall submit a written
comprehensive system of working to be approved by the Engineer. The system shall be
approved by the Engineer prior to blasting. Approval of blasting plans shall not relieve the
Contractor of his responsibility or liability for the safety of persons and property.

1-B-38  SETTING OUT OF THE WORKS

The Contractor shall prepare detailed setting out drawings and data sheets as necessary and
submit them to the Engineer for approval. Any modifications to the setting out drawings or
data sheets required by the Engineer shall be made by the Contractor and resubmitted for
final approval.

The Engineer will agree with the Contractor the basic information supplementary to that
shown on the Contractor’s Drawings such as the position of center-lines and base-lines etc.
sufficient for the Contractor to locate the Works. Such supplementary information may be
provided on drawings, sketches or in writing.

Should it be necessary during setting out or during construction agreed setting out details to
be amended, the Contractor shall amend the drawings or data sheets or make new ones for
approval as required by the Engineer.

Copies of setting out drawings and data sheets shall be preserved for use by the Contractor
in preparing final records and drawings in accordance with the requirements set out
elsewhere.

1-B-39 BOUNDARIES OF WORKS

The Employer shall provide the Site upon which the Permanent Works included in the
Contract are to be constructed. The existing boundary fences and walls shall not be
disturbed without the prior approval of the Engineer’s representative and the carriage way
shall be left available to traffic.

The Contractor shall not enter upon or occupy with men, tools, equipment or materials and
land other than or rights of way provided by the Employer without the written consent of
the owner of such land.

The Contractor shall provide temporary fencing, or immediately install permanent fencing
where such is required. Where the Permanent Works do not include fencing the Contractor
shall submit his proposals to the Engineer as to how he intends to fulfill his obligations under
the Contract which shall be to the approval of the Engineer.

1-B-40 SHOP DRAWINGS / EXECUTION DRAWINGS

The execution drawings shall be prepared in the same manner stated thereafter in the
preparation of the shop drawings.
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Where the Contract Documents require the Contractor to prepare Shop Drawings, or where
required by the Engineer during the course of the work, the Contractor shall submit to the
Engineer Shop Drawings that shall satisfactorily establish actual details of manufactured or
fabricated item and of work to be executed. They shall clearly identify materials,
dimensions, thicknesses, components, attachments, relation with adjoining work and
spaces, and all other pertinent information. Shop Drawings shall clarify and amplify the
design drawings and other design requirements and shall, subject to the Engineer’s
approval, incorporate minor changes in design or construction as may be necessary to suit
the requirements of the work. By submitting Shop Drawings the Contractor thereby
represents that he has determined and verified all dimensions, relations to existing work,
coordination with work to be installed later, coordination with information in previously
submitted Shop Drawings and has verified their compliance with all the requirements of the
Contract Documents.

The accuracy of all such information is the responsibility of the Contractor and in reviewing
Shop Drawings the Engineer shall be entitled to rely upon the Contractor’s representation
that such information is correct and accurate.

The Contractor shall be responsible for and shall make any alterations in the work due to
discrepancies, errors or omissions in the Shop Drawings supplied by him whether or not such
Shop Drawings have been approved by the Engineer.

1-B-41  AS-BUILT DRAWINGS

The Contractor shall submit final as-built record drawings to the Engineer for his review by
the specified date. After review and approval by the Engineer of the final as-built drawings,
the Contractor shall within 10 days thereof, produce a final set of “as-built drawings” and
submit to the Engineer the following :

a. One (1) computerized copy of each as-built drawing on CD.

b. 3 prints of each as-built drawing.

1-B-42  LEVEL DATUM

Where possible, construction drawings and all levels used for construction shall be referred
to the National Height Datum. The Contractor shall be responsible for obtaining the location
of the permanent bench marks. In cases where such bench marks do not exist, the site
datum shall be agreed with the Engineer.

Levels of reservoirs, pumping stations, boreholes, pipes, treatment plant and the like shall
be referred to the National Height Datum.

Before the commencement of construction works, the Contractor shall establish at each site
in a position, to the approval of the Engineer, a steel datum peg which shall be securely
concerted in. The level of this pet shall be established and agreed with the Engineer and all
levels used in the construction of the Works shall be referred to this established datum. The
correctness of this established datum shall be checked at regular intervals during the
construction period as agreed with the Engineer.
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1-B-43  LEVELS AND DIMENSIONS

Wherever dimensions or levels are not shown on the Drawings, instructions shall be
obtained from the Engineer.

1-B-44 BENCHMARKS
Benchmarks in the area of the work shown on the drawings shall be established by the
Contractor.

The Contractor shall be responsible for preserving these benchmarks and re-establishing
them in case they are destroyed.

The Contractor shall establish at his own expense temporary benchmarks he might need for
the execution of the work.

1-B-45  SIGN BOARDS AND SAFETY BARRIERS

The Contractor shall provide two site sign boards in a form and to the specification specified
and erect and mount on suitable temporary supports, in positions and at heights as required
by the Engineer.

The Contractor shall maintain, alter, move and adapt the sign boards from time to time as
instructed by the Engineer. The display of any named Subcontractors or any other
information associated with the Works shall be to the approval of the Engineer.

The Contractor shall provide safety barriers to protect the public, in a form and to the
specification specified. The safety barriers shall be erected each side of all open trench and
other excavations and at such other locations as required by the Engineer.

Sign boards and safety barriers will not be paid for directly but shall be deemed to be
included in the rates of other items of the project.

1-B-46  FLAGGING, LIGHTING, WATCHING AND TRAFFIC CONTROL

Where necessary for the safety of the public or where required by the Engineer or his
Representative the whole of the Works shall be properly fenced, signed and lighted from
half an hour before sunset until half-an-hour after sunrise and at other times when visibility
is poor. On all occasions the Works shall be properly flagged. The lamps shall be approved
by the appropriate Authority and shall be kept in a clean and proper condition. The position
and number of the lamps shall be such that the extent and position of the works is clearly
defined and the arrangement shall comply with the requirements of the appropriate
Authority. Each site of the Works shall be provided with night and week-end watchmen as
may be required.

1-B-47 TEMPORARY WORKS

The Contractor shall be responsible for designing and constructing any temporary works he
requires to undertake the construction of the project. These works shall be to the approval
of the Engineer. At Contract completion, the Contractor shall be responsible for removing all
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temporary works and reinstating the site unless the Employer wishes to purchase some of
those works at a mutually agreed price and thereby give them the status of permanent
works.

1-B-48  CLEANING THE SITE

During the execution of the work, the Contractor shall keep the site clean by removing and
carting away to approved dumping sites all rubbish, debris, wastes, etc.

Upon completion of the work and before acceptance and final payment will be made, the
Contractor shall clean the Site and property defaced or occupied by him. He shall clear in
connection with the Work all rubbish, excess materials, debris, false work, temporary
structure and equipment.

All parts of all types of the Work shall be left in a neat and presentable condition and as
approved by the Engineer.

1-B-49 CONTRACTOR'S YARDS, STORES AND ACCOMMODATION FOR WORKMEN

The Contractor shall make his own arrangements for all land, yards, stores, workshops,
offices etc. and for all services in connection therewith.

The location of all yards, stores, workshops, offices, etc. shall be agreed beforehand with the
Engineer and shall be such as to avoid obstruction and nuisance to the public.

The Contractor shall construct on the Site, or at suitable locations, secure storage
compounds and storage buildings where he shall store at his own risk all equipment and
plant delivered to Site and awaiting erection. The compound shall be of sufficient size to
accept all such plant delivered and awaiting erection.

Storage buildings shall be weatherproof and shall be of sufficient size to accommodate all
items requiring covered storage.

The storage compounds and buildings shall be completed prior to delivery of any items of
plant and equipment.

The Contractor shall provide and maintain suitable and sufficient shelters and mess rooms
for his workmen and supervisory staff as are customary and necessary.

The Contractor shall provide sufficient closets or latrines to the satisfaction of the relevant
authority. They shall be properly screened and maintained in a clean and sanitary state at all
times.

The mess rooms, closets and latrines shall be located in positions to be approved by the
Engineer. The Contractor shall be responsible for making all arrangements for the proper
disposal of waste from mess rooms, closets and latrines

Materials shall be so stored as to assure the preservation of their quality and fitness for the
work. Stored materials, even though approved before storage, may again be inspected prior
to their use in the work. Stored materials shall be located so as to facilitate their prompt
inspection. Any costs for the use of privately-owned land for storage and/or for the placing
of the contractors plant and equipment shall be borne by the contractor. Private property
shall not be used for storage purposes without written permission and release of the owner
or lessee, and a copy of such written permission and release shall be furnished to the
Engineer prior to any use of the land by the contractor.
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1-B-50 DUMPING SITES

The Contractor shall remove and cart away all rubbish, excess materials, debris, etc. to
dumping sites approved by the Engineer. It shall be the Contractor’s sole responsibility to
establish the locations of these sites and get the necessary approvals from concerned
authorities for using them.

Dumped material shall be spread over the whole area of the dumping site in layers not
exceeding 80 cms. In case a dumping site is abandoned, the Contractor shall grade the area
in an acceptable manner and to the satisfaction of the Engineer.

1-B-51 DISMANTLED ITEMS

All items dismantled by the Contractor shall be considered the property of the Employer,
and they shall be disposed of as instructed by the Engineer.
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PART 2-  PIPELINES

2-A  GENERAL REQUIREMENTS

2-A-1 INSTALLATION OF PIPES

2-A-1-1  General
Excavation of any part of the project is not allowed until a full supply of pipes and fittings
are available on site.

Before using pipes, special parts and apparatuses should be installed on site and thoroughly
cleaned and cleared out from any undesirable element.

During pipe laying, all precautions shall be taken to avoid ingress inside the pipe of any
foreign material, dirt or soil.

Pipes are lowered down in the trench with adequate equipment and shall be placed in the
right position for the jointing purposes.

Pipes and special pieces and apparatus shall be brought down in the trench carefully
avoiding any sudden shocks or falls, etc.

Placing and installing the pipes shall be performed by experienced laborers.

During the course of the work(s) executed within the water table it is necessary to keep the
trench bottom dry during the placing of gravel or sand pipe bedding.

Temporary wedges shall be placed to get the proper alignment and at the change of
direction. These wedges shall be made of compacted earth heaps or wood pieces. Using
stone wedges will not be allowed. However, concrete pipes shall be laid on a temporary
basis made from solid materials (exicalibrated stones).

Pipe ends shall be temporarily closed with wooden, plastic flanges or with special pieces
during the stopping of the works.

2-A-1-2  Excavation For Pipe Trench

See PART Ill-1- EARTHWORK.

2-A-1-3  Pipe Installation In Trench

— All pipes and fittings are to be present on site and ready for installation by
well trained and professional crew.

— Examine and clean all pipes and fittings before installation. Damaged items
are to be removed immediately from site for repair or disposal.

— In case of pipe cutting, use slitting disc type cutter or an air operated saw
for larger pipes. After cutting and before assembly, it is essential to fillet or
chamfer the edge of the cut with file. Finally restore the protective coating
on the pipe areas affected by the cutting operations if applicable.
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— Install pipes to the invert / crown level indicated on the longitudinal profile
using proper survey tools.

— Pipes shall not be dragged along the trench bottom.
— Ensure inner and outer coatings are not damaged and pipe is clean.

— Examine the pipe visually against any break of hair cracks, bends, bumps or
deflection along pipe length.

— Use proper ropes and protected hooks when handling pipes.

— Use pieces of soft wood when leveling the pipes in the trench. Do not use
stones, bricks, etc... this may damage the coating.

— Install joints as specified on the drawings and where needed and as directed
by the Engineer.

— Do not leave ends of pipes opened if installations stopped. Use tight lids
supplied by manufacture.

— Whenever part or section of pipes, not exceeding 500 meters, is installed in
the trench. Submit a written request for pressure testing before backfilling
and compacting the pipe trenches.

— Each portion of pipeline shall be a full pipe span, as much as possible in
order to reduce to the minimum pipe joints.

— Pipes and fittings laid in trench shall have at least the minimum cover stated
on the Drawings.

— Long radius curves in buried pipelines shall be negotiated by deflections
taken up in one or more pipes. The deflection in pipeline shall not exceed
the specified limits.

— Pipes shall be laid with a minimum gradient of 1 in 500.

2-A-1-4  Backfilling Pipe Trenches

See PART Ill-1- EARTHWORK

2-A-2  CUTTING PIPES

2-A-2-1  General

Before cutting the pipe, it is essential to measure the external diameter at the cutting point
with a circumference tape or compass calipers, to check that it is compatible with the
intended coupling joint dimensions.

Use hacksaws, manually operated wheel cutter or pipe cutting machine as per
manufacturer’s instructions. Prepare ends according to the type of joint used and follow
manufacturer’s recommendations. Take care not to damage lining of other type pipes
associated with main pipes. Repair on site, minor damage, if permitted.
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After making the cut, and before assembly, it is essential to fettle / chamfer the edges of the
cut with a file.

2-A-2-2  Ductile Iron Pipes

Ductile iron pipes shall only be cut with an approved mechanical pipe cutter in conformity
with the pipe manufacturer's recommendations. The use of an oxyacetylene flame cutter
will not be permitted. The edges of the cut together with those parts of the pipes from
which the coating has been removed shall be given two coats of bituminous paint and the
internal lining repaired. When the cut pipe is to be inserted in a “Tyton” type joint it shall be
beveled for 10mm at 30° to pipe the axis.

2-A-2-3  Polyethylene

Pipes shall be cut with an approved mechanical pipe cutter and in conformity with pipe
manufacturer's recommendations. Where the cut end of the pipe is to be incorporated in a
joint the pipe shall be turned down to the correct diameter required for forming the joint by
an approved mechanical turning machine. The length of turning shall be sufficient to enable
the joint to be properly made the ends of the pipe shall be accurately beveled by
mechanical means to the dimensions specified in the manufacturers recommendations.

2-A-3  CONCRETE SURROUNDING PIPES

2-A-3-1  General
All  concrete works shall comply with the appropriate requirements of
PART 11I-2- CONCRETE AND MASONRY.

Concrete surround shall be broken at all pipe joints to retain flexibility in the pipeline in case
of shallow pipes, except for pipes crossing under watercourse, the concrete surrounding
shall be continuous and rigid.

When pipes intersect with other utilities, the pipe shall be surrounded with concrete, the
joints at such crossing shall be ridged.

All concrete encasements shall not be executed without the prior approval of the Engineer.

2-A-3-2  Materials

Concrete bedding: cast in situ CLASS “C”.

Concrete encasement with reinforcement: cast in situ CLASS “B”.
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2-A-3-3  Placing Concrete

After placing pipe, place concrete in trench and thoroughly work under the pipe to provide
solid and uniform bedding.

Place the balance of concrete on both sides of the pipe simultaneously.

Introduce vertical construction joints in concrete beds, surroundings etc. at the face of pipe
joint with compressible board and finish to profile of concrete and pipe. Fill any gap left in
concrete with approved resilient material.

2-A-4 RESTORATION OF SURFACE

1- General: Proceed with surface restoration as soon as other practicable works is
completed, but in no case more than 10 days after backfilling of the trench and other
excavated areas and complete within a further 20 days.

2- Restoration of asphalt, concrete and/or gravel pavements are to be brought back to its
original thickness and materials to match the existing pavement. Material and
workmanship are to be in according to the local municipality requirements or as directed
by the Engineer.

3- Restoration of pavement: Repave to match existing pavements in quality, shape, size and
level to a uniform surface finish with existing surface.

4- Restoration of grassed areas: After backfilling is compacted and brought to the bottom of
the previous top soil level, spread approved fertilized soil over affected area and seed,
Continue fertilizing and watering until grass is restored to its former condition.

5- Restoration of unsurfaced area: Bring backfill to natural ground level, well compacted
and distributed evenly.
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2-BDUCTILE IRON PIPES & FITTINGS

All ductile iron pipes and fittings to be supplied under this Specification shall be obtained
from an approved manufacturer having an 1S09001-2000 TOTAL QUALITY ASSURANCE
system.

Nominal sizes, pressure classes, thicknesses, lengths and coating should comply with the
latest version of the ISO9001 / EN545 standards.

The maximum allowable pressures values of PFA, PMA and PEA for components, as defined
in EN545 /1SO2531 standards, PMA = 1,2 x PFA , PEA = PMA + 5 bar.

Ductile iron pipeline systems, including pipes, fittings, accessories and joints,. When used for
conveying drinking water, the materials in contact with the water shall meet the relevant
requirements of the European standards or regulations with respect to effect on water
quality or other equivalent international standards or regulations.

2-B-1 Socket And Spigot Pipes

Ductile iron socket and spigot pipes shall be centrifugally cast in accordance with the
Standards EN 545/ 1502531

Works Hydrostatic Test:

Pipes and fittings shall be tested in compliance with requested standards. The test shall be
carried out on all pipes and fittings before the application of their external and internal
coatings, except for the metallic zinc coating of pipes which may be applied before the test.

The internal hydrostatic pressure for the Centrifugally cast pipes shall be raised steadily until
it reaches the works hydrostatic test pressure equal to the pressure class up to Class 50 and
limited to 50 bar for classes above Class 50, which is maintained for a sufficient time to
allow visual inspection of the pipe barrel.

Allowable Pressures:

The maximum values of PFA, PMA and PEA for components, as defined in EN545 /ISO2531
standards

PMA=1,2 x PFA, PEA=PMA + 5 bar.
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Preferred Pressure Classes and dimensions for socket spigot pipes as per following Table:

DN DE® Pressure class Nominal iron wall
thickness

mm mm €nom
mm
40 56 C40 4,4
50 66 C40 4,4
60 77 C40 4,4
65 82 C40 4,4
80 98 C40 4,4
100 118 C40 4,4
125 144 C40 45
150 170 C40 4,5
200 222 C40 4,7
250 274 C40 5,5
300 326 C40 6,2
350 378 C30 6,3°
400 429 C30 6,5°
450 480 C30 6,9
500 532 C30 7,5
600 635 C30 8,7
700 738 C25 8,8°
800 842 C25 9,6
900 945 C25 10,6
1000 1048 C25 11,6
1100 1152 C25 12,6
1200 1255 C25 13,6
1400 1462 C25 15,7
1500 1565 C25 16,7
1600 1668 C25 17,7
1800 1875 C25 19,7
2000 2082 C25 21,8
2200 2288 C25 23,8
2400 2495 C25 25,8
2600 2702 C25 27,9

a-

b-

A tolerance of +1 mm applies.

Thicknesses are greater than calculated for “smoothing” between C40 and C30 and
also between C30 and C25.
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2-B-2 Flanged Pipes

Ductile iron flanged pipes shall be manufactured in accordance with the European Standard
EN 545/ 1S02531. Drilling of flanged joint ISO PN10/ PN 16 / PN 25 /PN40 shall comply with
International Standard 1SO 7005-2.

The pressure class of the barrel of flanged pipes shall be equal to or greater than a value in
bar equal to the PN of the flanges, allowable pressures are shown in Fittings Clause

2-B-3 Fittings
The ductile iron fittings shall be sand cast in accordance with the latest version European
Standard EN 545 / 1S02531
Type of Joints and interconnections:

- Flexible Joint ,STANDARD push in joint where fittings are used with Socket and Spigot
pipes. Elastomeric gasket materials shall comply with the requirements of EN 681-1,
type WA

- The maximum values of allowable pressure PFA, PMA and PEA, for fittings with
thicknesses as specified in EN 545 / ISO 2531

- SELF-ANCHORED push in joint where fittings are used with Socket and Spigot pipes and
where there is a need to take up the axial forces. Restrained joints for ductile iron
pipelines shall be designed in accordance with I1SO 10804

- FLANGED joint where fittings are used with flanged pipes. dimensions and tolerances
should comply with EN 1092-2

At the manufacturer’s option, fittings shall be submitted to a hydrostatic pressure test or to
an air test.

Min water test pressure for fittings should comply with EN545 / 1SO2531 requirements.

The maximum allowable pressure values for PFA, PMA and PEA are given for flanged fittings
and pipes in the following Table:

DN PN 10 PN 16 PN 25 PN 40
PFA | PMA | PEA | PFA | PMA | PEA | PFA | PMA | PEA | PFA | PMA | PEA
40 to 50 See PN 40 See PN 40 See PN 40 40 48 53
60 to 80 See PN 16 16 20 25 See PN 40 40 48 53
100 to 150 See PN 16 16 20 25 25 30 35 40 48 53
200 to 600 10 12 17 16 20 25 25 30 35 40 48 53
700 to 1200 10 12 17 16 20 25 25 30 35 - - -
1400 to 2000 10 12 17 16 20 25 25 30 35 - - -
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All accessories shall be legibly and durably marked and shall bear at least the following
information:

- manufacturer’s name or mark;
- identification of the year of manufacture;
- DN; PN rating of flanges for flange components;

- reference to this European Standard, i.e. EN 545;

2-B-4 Laying And Jointing

2-B-4-1  Laying

Before Ductile Iron is laid, all dirt and foreign matter shall be removed from inside and all
lumps blisters, excess coal tar, oil, grease and moisture shall be eliminated from the surfaces
the joints. After the pipe is laid and mounted, care shall be taken to avoid entrance of dirt,
water and foreign matter from the trench or from elsewhere by use of tight bulkheads.

2-B-4-2  Jointing

Joints of Ductile Iron Pipes and Fittings shall be of the Push in automatic standard type and
where there is a need to take up the axial forces, necessary Self Anchored push in joint shall
be used which allows concrete anchor blocks to be dispensed with. Flanged jointing shall be
used for pipes inside reservoirs and valve chambers

2-B-4-3  Lubricant Paste

The lubricant paste shall be a mixing of Vaseline, non toxic , non soluble in accordance with
French standard AFNOR T90 M DOC8 or similar . The quantities used in the assembly joints
shall be as per manufacturer recommendation. It shall be supplied by the Pipes and fittings
manufacturer.

2-B-5 Connecting Pieces

All connecting pieces i.e. flexible coupling, flange adaptors, dismantling joint shall be made
of ductile iron.

2-B-6 Linings And Coatings

Except for specific lining or coating dictated by aggressive water or particular environment,
lining and coating of pipes & fittings should meet the following requirements.
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2-B-6-1  Pipes Internal Protection (Including Welded Flanged Pipes)

Pipes shall be internally lined with sulphate resisting blast furnace slag cement applied by a
centrifugal process. The cement mortar lining shall be in accordance with the International
Standard ISO 4179, the compressive strength of the cement mortar after 28 days of curing
shall be not less than 50 MPa.

The thickness is given in following table:

Thickness of mortar
Nominal mean
Value Tolerance
Mm Mm
80-300 4 -15
350 -600 5 -2
700 -1200 6 -25
1400 - 2000 9 -3

2-B-6-2  Pipes External Protection (Including Welded Flanged Pipes)

Pipes shall be externally coated with:

A layer of metallic zinc coating in accordance with the International Standard 1SO 8179. The
mean mass of zinc per unit area shall be not less than 200g/m2. The purity of the zinc used
shall be at least 99,99 %.

The zinc is normally applied on oxide-surfaced pipes after heat treatment; a layer of
bituminous varnish or synthetic resin to be applied over the zinc coating in accordance with
the International Standard 1SO 8179 Part 1, the mean thickness of the finishing layer shall be
not less than 70 um and the local minimum thickness not less than 50 um.

2-B-6-3  Fittings Internal And External Protection

The fittings shall be internally and externally protected with a paint coating blue epoxy
cataphoresis in conformity with EN 14901 with mean thickness not less than 70 um.

2-B-6-4  Connecting Pieces Internal And External Protection

The connecting pieces (Flexible couplings, Flange adaptors, Dismantling joint) shall be
internally and externally protected with a powder Epoxy coating having a minimum
thickness of 150 microns or with a rilsan nylon coating having a minimum thickness of 200
microns. The type of the coating depends of the diameter and the type of the connecting
pieces.
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2-B-6-5  Transport Loading Unloading

Handling and stacking as per manufacturer recommendation so as not to damage concrete
lining or develop additional ovality, the ovality of the spigot end of pipes and fittings shall
remain within the tolerances of DE for DN 40 to 200, and not exceed 1 % of DE for DN 250
to DN 600 or 2 % for DN > DN 600.

The manufacturer’s recommendations should be followed with respect to the necessity and
means of ovality correction

2-B-6-6  Tests On Received Consignments

In addition to the standard pre-shipment compliance certificate, Tensile test shall be carried
out according to EN 1SO 6892-1 on samples cut from the spigot of the pipe, Tests should be
witnessed by the Employer representative (if required by the Employer) and by a Bureau of
Control or similar third party approved by consultant in country of manufacturing.

Results should meet with EN545 / ISO2531 requirements in terms of minimum tensile
strength and minimum elongation at rupture:

Type of casting Minimum tensile Minimum elongation after fracture, A
strength, Rm %

MPa

DN 40 to DN 2000 DN 40 to DN 1000 DN 1100 to DN 2000

Pipes centrifugally cast 420 10 7

Pipes not centrifugally cast, 420 5 5
fittings and accessories

The 0.2 % proof stress (Rp0.2) may be measured. It shall be not less than:
- 270 MPawhen A > 12 % for DN 40 to DN 1000 or A = 10 % for DN > 1000;
- 300 MPa in other cases.

For centrifugally cast pipes of DN 40 to DN 1000 and having a design minimum wall thickness of 10
mm or greater, the minimum elongation after fracture shall be 7 %.

2-B-7 Hydrostatic Pressure Testing

Pressure pipelines shall undergo a hydrostatic pressure test. They shall be tested in sections
not larger than 500 m, or as may be directed by the Engineer, and tests shall be made only
on sections which are completed, except for backfilling over joints and fittings which are to
be left exposed for inspection. Weights and thrust blocks intended to prevent lateral and
vertical displacement of the pipes or specials must be completed and must have attained
their design strength before tests are commenced.

Test sections shall be preferably carried out between shut-off or sectioning valves. Where
this is not practicable, test sections shall be sealed off by suitable bulkheads, properly
braced.
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Prior to testing, air shall be evacuated from the line by filling it with water with all valves
and taps open. After the first filling and the closing of all valves and taps, the water shall
remain in the line for at least 24 hours to allow for absorption, and water being added as
required to make up for losses. During this period the Contractor shall inspect the line and
all fittings and valves installed on it for leaks. Any leaks found shall be promptly repaired by
the Contractor, who shall then proceed with the test, unless otherwise noted on the
drawings, in the particular specifications, or by the Engineer, the “Test presssure” measured
at the lowest point of the section shall be equal to one of the following values:

For pressure gravity driven pipelines:

1) Test pressure shall be equal to (1.5 x Rated Working Pressure) for rated working
pressure equal to or less than 10 kg/cm?,

2) Test pressure shall be equal to (Rated Working Pressure + 5 kg/cm?.) for rated working
pressures exceeding 10 kg/cm?.

For lift pipelines:

Test pressure shall be equal to Rated working pressure plus calculated water hammer surge
plus 2 kg/cm?,

The water hammer surge will be calculated as follows : AH=a AV
g

where:

AH = Water hammer surge

AV = design velocity as indicated on the drawings expressed as meter per second.
a =surge velocity expressed as meter per second (a=1100m/s).

g = acceleration due to gravity in meters per second per second = 9.81 m/s2.

The pressure shall be slowly raised by pumping to the required “Test Pressure”. Pumping
shall then be discontinued, the pump disconnected, and the line kept under pressure for at
least 30 minutes. For the line to be accepted, the pressure shall not drop by more than 0.2
kg/cm? during the said 30 minutes period and there shall be no visible leaks at joints,
fittings, valves, etc. Should the drop of pressure exceed this value, the Contractor shall
search for the defects causing such pressure drop, shall make all necessary repairs and
repeat the test until the section under test meets the requirements. Provided always that
all visible leaks must be repaired whatever the loss of pressure. The Contractor shall at his
own cost provide all necessary test pumps, pressure gauges, cocks and other accessories
and shall make such temporary connections as may be required for filling and testing the
line in the manner herein specified.

The water used for pressure testing shall be provided by the Contractor and shall be free
from inpurities and of such a quality which will not pollute or injure the pipeline. The
Contractor shall be responsible for obtaining the water, transporting it and for its safe
disposal on completion.
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2-C POLYETHYLENE PIPES

2-C-1 GENERAL TERMS AND CONDITIONS

2-C-1-1  Scope
This specification covers requirements for polyethylene piping system (pipe and fittings) for

the supply of water under pressure intended for human consumption both above ground
and in buried pipe applications.

2-C-1-2  Engineered And Approved Plans

Construction shall be performed in accordance with engineered construction plans for the
work prepared under the direction of a Professional Engineer.

2-C-1-3  Referenced Standards

The most recent ISO standards or European Norms EN12201 / EN12202 or DIN 8074 / 8075
shall apply.

2-C-1-4  Inspections

All work shall be inspected by an Authorized Representative of the Owner who shall have
the authority to halt construction if, in his opinion, these specifications or standard
construction practices are not being followed. Whenever any portion of these specifications
is violated, the Project Engineer or his Authorized Representative shall, by written notice,
order further construction to cease until all deficiencies are corrected. A copy of the order
shall be filed with the Contractor’s license application for future review. If the deficiencies
are not corrected, performance shall be required of the Contractor’s surety.

2-C-1-5  Warranty And Acceptances

The Contractor shall warrant all work to be free from defects in workmanship and materials
for a period of [one year] from the date of completion of all construction. If work meets
these specifications, a letter of acceptance, subject to the [one year] warranty period, shall
be given at the time of Completion. A final acceptance letter shall be given upon final
inspection at the end of the [one year] warranty period, provided the work still complies
with these specifications. In the event deficiencies are discovered during the warranty
period, they shall be corrected b the Contractor without additional charge to the owner
before final acceptance. During the warranty period, the Project Engineer shall determine if
warranty repairs or replacement work shall be performed by the Contractor. The decision of
the Project Engineer shall be binding upon the Contractor.
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2-C-1-6  Qualification Of Manufacturers

The Manufacturer shall have manufacturing and quality control facilities capable of
producing and assuring the quality of the pipe and fittings required by these specifications.
The manufacturer’s production facilities shall be open for inspection by the Owner or his
Authorized representative. Qualified Manufacturers shall be approved by the Project
Engineer.

2-C-1-7  Approved Manufacturers

Manufacturers must be pre-qualified and pre-approved by the Project Engineer. Products
from unapproved manufacturers are prohibited.

2-C-2  POLYETHYLENE PIPES / FITTINGS

2-C-2-1  Raw Materials

The polyethylene compounds used in the manufacture of products furnished under this
specification shall be made from compounded pellets obtained by the addition of the
correct type and amount of carbon black and necessary antioxidants and other additives to
protect the pipe during extrusion and assure the life expectancy of the pipe. Pipe produced
by the addition of black masterbatch to polyethylene is strictly forbidden. The compound
material shall comply with the requirements as specified in EN 12201-Part 1.

Typical material properties as described by the Raw Material Supplier brochure shall be
submitted to the project engineer for analysis and verification of compliance. These
properties are not to be misconstrued as specification minimums.

All Raw Material used shall be approved and certified Pipe Grade Material for the
transportation of potable water.

2-C-2-2  Polyethylene Pipe

2-C-2-2-1 Pipe Call

Pipes with OD up to 110 mm shall be supplied in coils where the inside diameter of the coil
is 30 times OD. Pressure pipes with OD of 140mm and above shall be supplied in straight
lengths. When needed special pipe length can be supplied with the approval between
purchaser and manufacturer.

2-C-2-2-2  Marking of Pipe

All pipes shall bear permanent identification markings that will remain legible during normal
handling, storage, installation, and service life and that have been applied in a manner that
will not reduce the strength nor otherwise damage the products. The marking shall not
initiate any defects in the surface and will not provide leakage channels when elastomeric
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gasket compression fittings are used to make joints. Both hot tape marking and Ink Jet
printing are acceptable.

Marking on pipe shall include the following and shall be applied at intervals of not more
than 1.5 meters:

1) Normal size (i.e. 90mm)

2) Standard PE designation (i.e. PE-HD PE 100)

3) The Standard Dimension Ratio (i.e. SDR 11)

4) Marking the product with the applicable standards designation (EN 12201).
5) Production date

6) Nominal pressure rating of pipe (i.e. PN10)

7) Manufacturer’'s Name

8) Country of production

2-C-2-2-3  Service Identification Stripes

PE Pipes shall be permanently color-coded with stripes for instant identification as potable
water service pipes. Stripes shall be provided by co-extruding four (or more) equally spaced
blue color stripes into the pipe outside surface. The striping material shall be the same
material as the pipe material except for color. Stripes printed on the pipe outside surface
shall not be acceptable.

2-C-3  MANUFACTURER’S QUALITY CONTROL

The pipe manufacturer shall have an established quality control program responsible for
inspecting incoming and outgoing materials. Incoming PE materials shall be inspected for
density, melt flow rate, and contamination. The cell classification properties of the material
shall be certified by the supplier, and verified by Manufacturer’s Quality Control. Incoming
materials shall be approved by Quality Control before processing into finished goods.
Outgoing materials shall be checked for:

a) Outside diameter and wall thickness as per EN 12201-Part 2 at a frequency of at last
once/hour or once/coil, whichever is less frequent.

b) Out of Roundness at a frequency of at least once/hour or once/coil whichever is less
frequent.

C) Quality Control shall verify production checks and test for:
d) Melting Index as per ISO 1133 at a frequency of at least once per extrusion lot.

e) Hydrostatic Strength testing (up to @110mm) as per EN 921 at a frequency of at least
once per day per line.

f) All fabricated fittings shall be inspected for joint quality and alignment.
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2-C-3-1  Permanent Records

The Manufacturer shall maintain permanent QC and QA records.

2-C-3-2  Compliance Tests

Manufacturer’s inspection and testing of the materials. In case of conflict with
Manufacturer’s certifications, the Contractor, Project Engineer, or Owner may request
retesting be the Manufacturer or have retests performed by an outside testing service. All
retesting shall be at the Contractor’s expense, and shall be performed in accordance with
the Specifications.

2-C-4 CHARACTERISTICS

2-C-4-1  External Aspect Of Pipes

Pipe surface shall be smooth, free from scoring, pinholes, and other surface defects. Pipe
ends must be cut clean and perpendicular to the axis of the pipe. End caps at pipe
extremities are required in order to prevent unwanted matter entering the pipe during
storage.

2-C-4-2  Engineering Characteristics

The limitation on the outside diameter and ovality shall confirm to PR-EN 12202-2 as
follows:

Ovality OD Max OD Min oD
1.2 16.3 16.0 16
1.2 20.3 20.0 20
1.2 25.3 25.0 25
1.3 32.3 32.0 32
14 40.4 40.0 40
14 50.4 50.0 50
1.5 63.4 63.0 63
1.6 75.5 75.0 75
1.8 90.6 90.0 90
2.2 110.6 110.0 110
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The pipes thickness shall depends to the properties used in manufacturing and shall
conform to PR-EN 12202-2 and nominal pressures of PN10, PN12.5 and PN16bars for PES0
material and PN10, PN12.5, PN16 bars and PN20 for PE100 material.

STANDARD: PR-EN 12201 - 2/TC 155

PE 80 MATERIAL

PN 10 PN 12.5 PN 16

SDR 13.6 SDR 11 SDR9

S-6.3 S5 S-4
oD Emin. [Emax. |ID(¥) emin. |[emax. |ID(¥) emin. [emax. |[ID(¥)
Mm Mm mm mm mm mm mm mm mm mm
16 - - - - - - 2.0 2.3 11.7
20 - - - 2.0 2.3 15.7 2.3 2.7 15.0
25 2.0 2.3 20.7 2.3 2.7 20.0 3.0 34 18.6
32 2.4 2.8 26.8 3.0 3.4 25.6 3.6 4.1 243
40 3.0 3.5 335 3.7 4.2 32.1 4.5 51 30.4
50 3.7 4.2 42.1 4.6 5.2 40.2 5.6 6.3 38.1
63 4.7 5.3 53.0 58 6.5 50.7 7.1 8.0 47.9
75 55 6.2 63.3 6.8 7.6 60.6 8.4 94 57.2
90 6.6 7.4 76.0 8.2 9.2 72.6 10.1 11.3 68.6
110 8.1 9.1 92.8 10.0 111 88.9 12.3 13.7 84.0
125 9.2 10.3 105.5 114 12.7 100.9 14.0 15.6 95.4
140 10.3 11.5 118.2 12.7 14.1 113.2 15.7 17.4 106.9
160 11.8 13.1 135.1 14.6 16.2 129.2 17.9 19.8 122.3
180 13.3 14.8 151.9 16.4 18.2 145.4 20.1 22.3 137.6
200 14.7 16.3 169.0 18.2 20.2 161.6 224 24.8 152.8
225 16.6 18.4 190.0 20.5 22.7 181.8 25.1 27.8 172.1
250 18.4 20.4 211.2 22.7 25.1 202.2 27.9 30.8 191.3

OD = Outside Diameter

ID (*) = Average Inside Diameter

e = Wall Thickness

PN = Nominal Pressure Ratings in Bar
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STANDARD: PR - EN 12201 - 2/TC 155

PE 100 MATERIAL

PN 10 PN 12.5 PN 16 PN 20

SDR 17 SDR 13.5 SDR 11 SDR 9

S-8 S-6.3 S-5 S-4
OD |[emin. |e ID(*) |emin. [emax. [ID(*) |emin. | emax. | ID(*) | emin. | emax. | ID(*)

max.
mm | Mm Mm mm mm mm mm mm mm mm mm mm mm
16 2.0 2.3 11.7
20 2.0 2.3 157 | 2.3 2.7 15.0
25 2.0 2.3 15.7 2.3 2.7 20.0 | 3.0 34 18.6
32 2.0 2.3 27.7 |24 2.8 20.0 3.0 34 256 | 3.6 41 24.3
40 24 2.8 349 |30 3.5 25.6 3.7 4.3 321 (45 51 30.4
50 3.0 3.4 43.8 | 3.7 4.2 32.1 4.6 5.2 40.2 |56 6.3 38.1
63 3.8 4.3 553 |47 5.3 40.2 5.8 6.5 50.7 7.1 8.0 47.9
75 4.5 5.1 65.7 | 5.6 6.3 50.7 6.8 7.6 60.6 | 8.4 94 57.2
90 5.4 6.1 788 | 6.7 7.5 60.6 8.2 9.2 726 |10.1 11.3 68.6
110 | 6.6 7.4 9.4 |81 9.1 72.6 | 10.0 111 88.8 |123 |13.7 |84.0
125 |74 8.3 108.6 | 9.2 103 |89 |[114 |127 1009 | 140 |[156 |[95.4
140 | 8.3 9.3 122.8 | 10.3 11.5 100.9 | 12.7 14.1 113.2 | 15.7 17.4 106.9
160 | 9.5 10.6 1404 | 11.8 13.1 113.2 | 14.6 16.2 129.2 1 17.9 19.8 122.3
180 | 10.7 11.9 157.4 | 13.3 14.8 129.2 | 164 18.2 145.4 | 20.1 22.3 137.6
200 | 11.9 13.2 174.9 | 14.7 16.3 145.4 | 18.2 20.2 161.6 | 22.4 24.8 152.8
225 | 134 14.9 196.7 | 16.6 184 161.6 | 20.5 22.7 181.8 | 25.2 27.9 171.9
250 | 1438 16.4 218.8 | 184 20.4 181.8 | 22.7 25.1 202.2 | 27.9 30.8 191.3
OD = Outside Diameter
ID (*) = Average Inside Diameter
e = Wall Thickness
PN = Nominal Pressure Ratings in Bar
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2-C-4-3 Mechanical Characteristics

All manufactured pipes shall pass the stress test conforming to the requirements of PR-EN
12202-2 using test method of EN 921/ISO 1167. Stress test shall be the deciding factor in
accepting or refusing the pipe.

Produced pipes shall pass the internal pressure test (acceptance test) using test method per
EN 921.

PE class Reqts Stress Temp.
PE 100 >100hrs 12.4MPa 20°C
PE 80 >100hrs 10.0MPa 20°C

Note: The Contractor must give the Engineer a report specifying that the pipes he will install
fits with the specifications described.

2-C-4-4  Effect of temperature on working pressure of PE Pipe

Nominal pressure of PE pipes is the service pressure at 20°C with a service life of 50 years.
For the use of Polyethylene pipes at higher temperature (up to a maximum of 60°C) the
maximum working pressure according to the following table, should be reduced as shown
on the following chart. These values are based on a pipe life time of 50 years.
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Permissible Working Pressures For Pipes Transporting Water

Temperature | Years |1 | 2 | 3 | 4 |5 | 6
in°C of Pressure rating
service |[PN25 |[PN32 [PN1 |[PN6 |[PN10 |[PN16
Permissible working pressure
1 3.4 4.3 5.4 8 13.4 21.4
5 3.2 4.1 5.1 7.7 12.8 20.5
10 10 3.2 4 5 7.6 12.6 20.2
25 3.1 3.9 4.9 7.3 12.2 195
50 3 3.8 4.8 7.2 12 19.2
1 2.9 3.8 4.8 6.8 11.4 18.2
5 2.7 3.5 4.3 6.6 10.8 17.3
20 10 2.7 3.4 4.2 6.4 10.8 17
25 2.6 3.3 4.2 6.2 10.4 16.6
50 2.5 3.2 4 6 10 16
1 2.5 3.1 3.9 5.9 9.8 15.7
5 24 3 3.8 5.6 9.4 15
30 10 2.3 2.9 3.7 55 9.2 14.7
25 2 2.5 3.1 4.7 7.8 12.5
50 1.7 2.2 2.7 4.1 6.8 10.9
1 2.1 2.7 3.4 5 8 13.4
5 1.8 2.3 2.9 4.3 7.2 115
40 10 1.8 2 2.5 3.7 6.2 9.9
25 18 1.7 2.1 3.1 5.2 8.3
50 12 15 1.8 2.8 4.6 7.4
1 17 2.2 2.7 4.1 6.8 10.9
5 1.2 15 1.9 2.9 4.8 7.7
50 10 11 13 1.7 2.5 4.2 6.7
15 1 1.3 1.8 2.4 4 6.4
60 1 12 15 1.0 2.9 4.8 7.7
5 - 11 14 2 3.4 5.4

Note: These working pressures do not apply for pipes exposed to UV radiation. The effect
of such radiation can be eliminated or considerably reduced for up to ten years of service by
the inclusion of suitable additives in the molding material.
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2-C-5 PIPE CONNECTIONS

There are seven acceptable methods of joining polyethylene pipe with each other and with
other pieces such as valves, flanges, etc.

1- Plastic Compression connection

2- Metal (ductile Iron) Compression connection
3- Electrofusion Fittings

4- Flange connection

5- Fabricated Fittings

6- Butt Fusion Welding

7- Special tapping fittings

2-C-5-1  Plastic Compression Fittings for PE Pipes

This type uses mechanical anchoring that holds the pipe in place (clamp ring usually made of
Acetalic resin or C-PVC)and a sealing gasket (EPDM or Rubber/food approved) to create a
tight grip and prevent water from leaking. Pipes must be pushed inside the fitting without
the necessity to disassemble the fittings. The following pipe OD to PN must apply:

— Pipes up to OD = 63mm with pressure rating maximum PN16

— Pipes OD = 75mm up to 110mm maximum PN10. For PN16 applications
metal compression fittings or electrofusion fittings should be used.

— Pipes OD >110mm plastic compression fittings are not used. Metal
compression fittings or electrofusion fittings should be used.

All fittings must pass the testing requirements of ISO 3458/3459/3501/3503.

2-C-5-2  Metal (ductile iron) Compression Fittings for PE Pipes

When joining polyethylene pipe or for joining polyethylene pipe to another material with
metal couplings, those couplings shall be fully pressure rated and fully thrust restrained such
that when installed in accordance with manufacturer’s recommendations, a longitudinal
load applied to the mechanical coupling will cause the pipe to yield before the mechanical
coupling disjoins. External joint restraints shall not be used in lieu of fully restrained
mechanical couplings. Nominal pressure rating of fittings shall be 16 bar.

Materials used in the manufacturing of steel compression fittings shall conform to the
following:

— Body: GGG 400 - DIN 1693 (epoxy coated, see below for detailed reqts)
— Lip Seal : EPDM

— Grip Ring : Ms 58 (dezincification resistant brass)

— Bolts : A2 (stainless Steel)

— All steel compression fittings must be epoxy coated.
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2-C-5-3  Electrofusion Fittings for PE Pipes

Electrofusion can be used for all polyethylene pipes irrespective of size and pressure rating
as long as pipe and fitting are manufactured from polyethylene resin of the same class and
series . Itis possible to use fittings with higher pressure rating than pipe, but the opposite is
strictly forbidden. Nominal pressure rating of fittings shall be 16 bar.

This type of fittings incorporates electrical heating coil that fuses pipe and fitting by sending
an electrical current that heats up the polyethylene material of pipe and fitting at a specific
voltage for a specified temperature and duration of time after which pipe and fitting fuse
together and become integrated on the molecular level. Manufacturer recommendations
for the electrofusion operation must be strictly followed.

Electrofusion machines used in the electrofusion process must be supplied by the same
manufacturer of fittings. It strictly forbidden to fuse one manufacturer fitting with another
manufacturer machine. Installers of Electrofusion fittings must strictly adhere to both
fittings and equipment manufacturer’s recommended procedures.

2-C-5-4  Flanged Connections

Flange connections shall be installed in accordance with the Manufacturer’s recommended
procedure. Flange faces shall be centered and aligned to each other before assembling and
tightening bolts. In no case shall the flange bolts be used to draw the flanges into
alignment. Bolt threads shall be lubricated, and flat washers shall be fitted under the flange
nuts. Bolts shall be evenly tightened according to the tightening pattern and torque step
recommendations of the Manufacturer at least 1 hour after initial assemble, flange
connections shall be re-tightened following the tightening pattern and torque step
recommendations of the Manufacturer. Nominal pressure rating of fittings shall be 16 bar.

Flanged connections shall consist of the following parts/fittings :
o Coupler (Electrofusion)
0 Flanged Adaptor

The coupler for jointing plain-end polyethylene (PE) pipe to PE flanged items shall be of the
electrofusion type that heats up the PE material of the pipe to the PE material of flanged
fitting. Pressure rating of the coupler shall be no less than 16 bar and made of the same PE
resin, class and series as the pipe.

The flanged adaptors for jointing plain-end pipe to flanged items shall be of the socket
fusion type and made of polyethylene (PE) material of the same class and series as the pipe.
Pressure rating of the flanged adaptor shall be no less than 16 bar.

2-C-5-5  Fabricated Fittings

Fabricated fittings shall be made by heat fusion joining specially machined shapes cut from
pipe, polyethylene sheet stock, or molded fittings. Fabricated fittings shall be rated for
internal pressure service equivalent to the full service pressure rating of the mating pipe.
Directional fittings such as elbows, tees, crosses, etc., shall have a plain end inlet for butt
fusion and flanged directional outlets. Part drawings shall be submitted for the approval of
the Project Engineer.
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2-C-5-6  Butt Fusion Welding

For pipes with diameters larger than 75mm, joints between end of the pipes and fittings
may be made by butt fusion, and joints between the main and saddle branch fittings shall be
made using saddle fusion using only procedures that are recommended by the pipe and
fitting Manufacturer. The Contractor shall ensure that persons making heat fusion joints
have received training according to the Manufacture’s recommended procedure. The
Contractor shall maintain records of trained personnel, and shall certify that training was
received not more than 12 months before commencing construction.

Heat Fusion Training Services - Upon request, the Manufacturer must provide training in the
Manufacturer’s recommended butt fusion and saddle fusion procedures to the Contractor’s
installation personnel, and to inspectors representing the Owner.

2-C-5-7  Tapping Fittings

Branch connections to the main pipeline i.e. (branch OD 63mm) can be made using either
tees or special tapping fittings (saddle fittings). These fittings can be either mechanical type,
electrofusion type or metal type (ductile) and should be designed for the connection to
polyethylene (PE) pipes

Tapping fittings according to DIN 3543 are provided for welding to PE-HD pipes. They are
welded to the main pipe according to the indications of international standards.

Tapping fitting for polyethylene main lines of PVC or PE-HD must have large contact surfaces
and particularly for PE-HD special sealing elements in order to limit to a minimum the
surface pressure.

When tapping the main pipeline, it is important to adhere to the respective guidelines for
the pipe material. Only appropriate drills for the specific purpose, e.g. crown drills with
sufficiently dimensioned flutes may be used. The construction of the drill must prevent the
milled-out piece from falling into the pipe.

The material of the main pipeline determines the saddle width of the tapping fitting. The
minimum width should be 100 mm for mechanically fastened fittings with rubber seals on
PE-HD main lines.

2-C-6 INSTALLATION OF POLYETHYLENE PIPE SYSTEM

2-C-6-1  Foundation & Bedding

Pipe shall be laid on grade and on a stable foundation. Unstable or mucky trench bottom
soils shall be removed, and a minimum of 200mm foundation or bedding of compacted fine
gravel or sand shall be installed to pipe bottom grade. Excess groundwater shall be
removed from the trench before laying the foundation or bedding and the pipe. A trench
cut in rock or stony soil shall be excavated to 100mm below pipe bottom grade, and
brought back to grade with compacted fine gravel or sand bedding. All ledge rock, boulders
and large stones shall be removed.
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2-C-6-2  Pipe Laying

a. In case of outdoor temperatures lower than 0°C, it is recommended to lay
polyethylene pipes only under application of particular measures. Pipe ends and
pipeline elements must be cleared prior to installation, damaged parts must be
removed. Cuts are to be executed vertically to the pipe axle with the aid of suitable
equipment, e.g. a fine-toothed saw. Cutting of the pipes can be made, too, using a
casing cutter for plastic pipes. Burrs and uneven areas are smoothed down using
suitable tools, e.g. a shaver or a scraper. The cut ends are then prepared for the
jointing method to be used.

b. When lifting pipes with slings, only wide fabric choker slings shall be sued to lift,
move, or lower pipe and fittings. Wire rope or chains shall not be used. Slings shall
be of sufficient capacity for the load, and shall be inspected before use. Worn or
defective equipment shall not be used.

C. Exercise care to keep foreign material and dirt from entering pipe during storage,
handling, and placing in trench. Close ends of in-place pipe at the end of any work
period to preclude the entry of animals and foreign material.

d. Do not lay pipe when trench bottom is muddy or frozen or has standing water.

e. Use only those tools specifically intended for cutting the size and material and type
pipe involved. Make cut to prevent damage to pipe and to leave a smooth end at
right angles to the axis of the pipe.

f.  Unwinding of pipe coils can be carried out by various methods. Pipes with an
outside diameter up to 63 mm can be unwound from the coil in a vertical position
whilst securing the pipe end. For larger diameters it is recommended to use an
unwinding mechanism. The coils can, for instance, be placed flat onto a rotating
wooden or steel cross and be unwound manually or with the aid of a slow-moving
vehicle.

The pipes must be unwound in a straight manner without any buckling. Spiral unwinding
must be avoided.

When unwinding pipes from drums or coils it is essential to pay attention that the pipe end
cannot spring outwards when loosing the fastening. As considerable forces are released,
particularly from the large diameter pipes, take the necessary measures of precaution
(danger of accident !). Drums should unwound from the top.

When unwinding the pipes, note that the flexibility of the polyethylene pipes is subject to
the ambient temperature. At temperatures near the freezing point, pipes exceeding 75 mm
of outside diameter are to be warmed, if possible. This can be carried out by pumping warm
water through the coil or by using non-pressurized steam or hot air (max. 100° C).

Temperature changes cause alterations of length. This must be taken into consideration
when cutting and installing the pipeline. 1 m of polyethylene pipe will elongate by 0.2 mm
per °C in case of an increase in temperature and will shorten by 0.2 mm per °C in case of a
decrease in temperature.

Temperature of Pipe laying Smallest Admissible Bending Radius
20°C 25xd
10°C 35xd
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0°C 50xd

Note: Directional changes of the pipeline profile are achieved by installing pipe bends. To a
limited degree the elasticity of the pipe material can be used to bend the pipe even without
pre-warming. The smallest admissible bending radius must, however, not fall below the
values given in the table above.

Pipes passing through a wall must be lead through a protective pipe sleeve which, as far as
drinking water pipelines are concerned, must be in accordance with the requirements of
DIN 1988.

2-C-6-3  Backfilling

Refer to Part 11I-1- EARTHWORK subsection “Backfilling Pipe Trenches — Initial Backfill”.

2-C-6-4  Final Backfilling

Refer to Part lll-1- EARTHWORK subsection “Backfilling Pipe Trenches — Main Backfill”.

Note: Consulting the Manufacturer during installation phases is recommended to obtain
detailed information on the methods and techniques used for proper execution.

2-C-7  HYDROSTATIC PRESSURE TESTING

2-C-7-1  General

During pressure tests on polyethylene pipes, the properties of the material cause elongation
of the pipes to take place. The test results can be further influenced by changes in the
temperature of the pipe wall while the test is in progress. This is due to the relatively high
coefficient of thermal expansion of polyethylene pipes. The temperature rise in the pipe
wall causes a drop in pressure. When carrying out the pressure test, it is, therefore,
desirable to keep the temperature of the pipe wall as constant as possible to ensure that
the temperatures at the start and finish of the pressure test are at the same level. For this
reason, particular importance attaches to the temperature measurement.

It is also important to ensure that each pipeline is carefully vented, since air trapped in the
line can influence the variation of the pressure drop with time. Due to an effect similar to
that of a compressed-air chamber, the rate of pressure drop diminishes, which in turn could
conceal an increase in the rate possibly caused by a leak. Any air still in the line - at joints
and fittings - should be dissolved in water during the preliminary test. A pressure drop also
results from temperature fluctuations and expansion of the polyethylene pipes.

In order that the often appreciable temperature influences can be largely eliminated, the
tests should where possible be carried out at times of day when temperature fluctuations
are small. The temperature level should be approximately the same at the start and finish of
the test. Preliminary tests are essential in order that the material related elongation of the
line can take place. The increase in the volume of a line at a testing temperature of 20°C and
at nominal pressure amounts in the case of polyethylene pipes to 1.5 - 2%. This elongation
takes place over a period of time, but is almost completed after 12 hours.
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With the air vents open, it is expedient to fill the line slowly from its deep point, so that the
air can escape. As regards the filling of the line, the following empirical values can be
recommended:

OD (mm) Inflowinl/s
63 0.1
90 0.2
110 0.3
140 0.5
180 0.7
225 15

2-C-7-2  Execution of Test

The length of the pipeline section to be testing shall be reasonable (less tham 500 m).
Ensure all fixed point are surely anchored. Pipes shall be backfilled, joints shall be left
exposed for inspection. The test section shall be blanked off with steel blank flanges of
adequate thickness supported to resist the end thrust forces and shall be filled from the
lowest point with all air valves open.

The correct pre-conditioning of the pipeline is absolutely vital for the acceptance of the
main test. This preliminary conditioning serves to bring the pressure time and temperature
dependent changes in volume to a steady state, thus ensuring that the results obtained
during the main test are reliable.

The preliminary conditioning must be carried out using one and a half times nominal
pressure of the pipes, to be checked and corrected if necessary at two hourly intervals.
Duration of the preliminary testis 12 hours.

During the main test, it must be taken into consideration that the polyethylene pipeline
material may not have completed the expansion process; Therefore, the main test shall be
started no sooner than 2 hours after the last pressure increase in the preliminary tests.

Test pressure during the main test is at 1.3 of pipeline section the nominal pressure and the
test duration is 3 hours.

For the main test, the results are deemed to be satisfactory when the pressure loss
observed from the pressure of the polyethylene pipeline is less than 0.3 bar after the
completion of the main test (after 3 hours).
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2-D  STEEL PIPES AND FITTINGS

2-D-1 PREAMBLE
The scope of this document is to define the technical terms of reference for steel pipes
coated internally and externally.

These terms of reference are based on the internationally established standards dealing
with bare pipes, external coatings and internal linings.

The quality system of the supplier conforms with ISO 9001 and APIQ1.

2-D-2  STEEL PIPE

2-D-2-1  Product Standard For Steel Pipes

Pipes are spiral seam pipe or butt-welded straight-seam pipes and made in accordance with
EN 10224, EN 10217-1, NFA 49 150, DIN 1626 and DIN 2460, BS 534 and BS 3601, or AWWA
C200 and with the requirements given hereafter. In case of contradiction between
standards and the present terms of reference, the requirements of these terms of reference
prevail.

The welding process may be either Submerged Arc Welding (SAW) or Electrical Resistance
Welding (ERW).

2-D-2-2  Specification Of The Steel Material

Steel material shall meet the requirements of one of the steel grades listed here below:

EN 10224 | BS3601 | NFA 49150 | DIN 1626 | API5L
DIN 2460
1 L 235 360 TSE 235 St37.0 B
2 L 275 430 St44.0 X42
3 X 46
4 L 355 St52.0 X52

2-D-2-3

Mechanical Testing

The mechanical tests are performed on one sample pipe per heat for a maximum of 200
pipes (1:200/heat).

The following tests should be made during manufacturing of the pipes. One sample pipe per
heat for a maximum of 200 pipes (1:200/heat):

Tensile test: one test piece from the parent metal for outside diameter < 500 mm, plus one
test piece transverse to the weld for outside diameter > 500 mm

Weld Bend test (root = / or Face): two test pieces shall be taken from the end of the pipe
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Required values are given in the relevant standard for steel material listed in § 2-D-2.2.

Each test is recorded and should be made available to any authorized representative.

2-D-2-4  Hydrostatic Test

All pipes are tested, during manufacturing, for leak tightness. Tests are performed at 90% of
the Specified Minimum Yield Strength for a duration of at least 6 seconds. Each test is
recorded and should be made available to any authorized representative.

For hydrostatic tests on site, and for under pressure use of pipes, refer to the requirements
of the hydrostatic pressure testing of the Ductile Iron pipes.

2-D-2-5  Non Destructive Testing On Welds

All pipe welds are 100% ultrasonically tested prior to the hydrostatic tests during
manufacturing and on site.

2-D-2-6  Visual Inspection

All pipes should be inspected outside, and inside for OD>711mm only.

2-D-2-7  Dimensional Inspection

All pipes should be dimensionally inspected with reference to the required tolerances.

2-D-2-8  Tolerances

— Outside diameter (OD):
OD <406.4mm: + 1%
OD > 406.4mm: =+ 0.75%
— Thickness of the parent material (T):
OD <406.4mm: £ 10%
OD > 406.4mm:T < 14.2 mm: +12% / -8%
T>14.2mm: +10%/ - 8%
— Ovalisation: £+ 1% of the diameter
—  Weight of bare pipes:
+ 10% per pipe
+ 7.5% per 10 tons’
— Length:
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—  Minimum length: 6.0 m
— Maximum length: 14.0 m

— Straightness: 0.2% of the length

2-D-2-9  Ends preparation

Outside diameter at the pipe ends shall comply with the following:
OD <1600 mm: -0,8 mm +2,4 mm

OD <1800 mm: - 0,8 mm + 3,0 mm

OD <2000 mm: - 0,8 mm + 3,6 mm

OD > 2000 mm: - 0,8 mm + 4,2 mm

Pipes are either:

— Beveled with an angle of 30° (-0° / +5°) and a root face of 1.6 mm (+ 0.8
mm),

— Equipped with lap joints OD < 1600 mm: minimum overlapping is 80 mm.

2-D-2-10 Marking

Pipe markings will indicate, as a minimum:
— The pipe producer,
— Reference product standard,

— Manufacturing reference.

2-D-3 THREE-LAYERS POLYPROPYLENE EXTERNAL COATING

2-D-3-1  Product Standard For Three-Layers Polypropylene Coating

Three-layers polypropylene external coating should be applied on steel pipes conforms to
NF A 49711 or DIN 30678 and the requirements given hereafter. In case of contradiction
between standards and the present terms of reference, the requirements of these terms of
reference prevail.

2-D-3-2  Composition Of The Coating

The three-layers polypropylene external coating consists of:

— One first layer made of Epoxy powder resin film applied to optimize anti-
corrosion protection. Its minimum thickness is 50 microns at any points,
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— A second layer made of a copolymer to ensure adhesion between layer 1
and 3,

— Athird layer made of an extruded polypropylene coating.

2-D-3-3  Thickness of the three-layers polypropylene

Minimum thickness of the three-layers extruded polypropylene coating conforms with:
273 mm<0OD <508 mm: 1.8 mm
508 mm <OD <762 mm: 2.0 mm
762 mm < OD: 25mm

(OD: outside diameter)

2-D-3-4  Preparation Of The Metal Surface

Prior to the surface preparation and coating, the metal surface shall be examined free of
impurities, i.e. rust, oil, dirt etc. which could be detrimental to the coating adhesion to the

pipe.

The pipes are dried and preheated in order to obtain a temperature at least 3°C above the
critical dew point just before the coating application.

The degree of surface cleanliness is SA 2.5, defined by Standard 1SO 8501-1.

The roughness level is from 40 to 80 microns Rz.

2-D-3-5  Routine Testing And Inspection

— Visual inspection: All pipes should be visually inspected.

— Non-porosity test: All pipes should be submitted to the non-porosity test
(Holiday’s detection tests).

— Cut-back inspection: All pipes are visually inspected at each end.

— Thickness test: Coating thicknesses should be checked on three pipes per
production shift, i.e. 3 pipes / 8 hours.

2-D-3-6 Required Properties

The three-layers polypropylene external coating should have the following properties:
—  Pull-off strength test:
Adhesion to supportat23°C: > 750N/5cm
Adhesion to support at 80°C: > 200 N/5cm
— Impact strength at 20° C:

Punch diameter 25 mm: >10 Nm/mm
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Penetration resistance under punch load:
Punch diameter 1,8 mm and Pressure 10 MPa :
at20°C <0,1 mm

at80°C <0,4 mm

Bendability:

Radius>20D

Resistance to peeling under negative polarization:

Average radius of peeling < 10 mm after 7 days at 40° C.

Electrical non-porosity:

No defect at 10 000 V/mm.

Insulation resistance:

R (100 days) > 108 Q m?

o <0,2/30 Rgr (55 days)

Elongation at break (PP):

>400 %

Resistance to ultraviolet rays (PP):

0,75 MFlo < MFI < 1,25 MFlo

(MFI: melt flow index)

Heat resistance (PP):

MFI < 1,50 MFlo

(MFI: melt flow index)

Cracking resistance in a surface wetting medium:
No cracked test pieces after 1 000 h at 50° C.
First layer Epoxy:

Thickness: e >0,05mm

Degree of polymerization: ATg=+3°C

Tests should be performed according to NFA 49711.

2-D-3-7  Ends Preparation

Cut-backs are:

For bevelled pipes:

150 mm from both ends

For pipes equipped with lap-joints:
150 mm from the spigot end
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120 mm from the bell end

External coating is bevelled at the ends.

2-D-4 BITUMEN OR COAL TAR EXTERNAL COATING

Where required or approved by the Engineer and for pipes and fittings of nominal diameters
greater than 100mm, the above described polypropylene external coating could be replaced
by reinforced bitumen enamel wrapping, or coal tar enamel wrapping or polyethylene
wrapped (buried pipes only).

In addition to the suitable above requirements concerning the pipes ends preparation and
the preparation of the metal surfaces, surfaces to be protected shall be thoroughly cleaned
to remove all scale, rust, grease or other extraneous matter, by acid pickling, abrasive,
mechanical or flame descaling.

Reinforced bitumen or coal tar enamel wrapping shall comprise hot applied, mineral filled,
bitumen, or coal tar, giving a minimum finished thickness of 3mm. Reinforcement shall
comprise an inner layer of 40 grams/square metre glass tissue, spirally wound with overlap,
separated from the pipe surface by at least 1mm thickness of enamel, and an outer
sheathing of bitumen or coal tar impregnated, longitudinally reinforced, glass fabric spirally
wound onto the pipe with overlap, and separated by at least 1mm of enamel from the inner
glass reinforcement.

2-D-5 LIQUID EPOXY INTERNAL LINING

2-D-5-1  Product Standard For Liquid Epoxy Internal Lining

Liquid epoxy internal lining applied on steel pipes should conform to NFA 49709 or AWWA
C210 and to the requirements given hereafter. In case of contradiction between standards
and the present terms of reference, the requirements of these terms of reference of the
present specification prevail.

2-D-5-2  Composition Of The Liquid Epoxy Internal Lining

The internal liquid epoxy is a two-compound product - resin and hardener - which
polymerizes at high temperature and the application, is carried-out at high temperature. It
shall resist to osmotic blistering and it shell have current potable water certification from an
internationally recognized certifying Authority. This certificate shall be enclosed by the Pipe
Manufacturer in his offer.

2-D-5-3  Thickness Of The Liquid Epoxy Internal Lining

Thickness of liquid epoxy internal lining measured on a dry film is greater than 300 microns
at any point of the surface.
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2-D-5-4  Preparation Of The Metal Surface

Prior to coating, the metal surface is free of impurities which could be detrimental to the
surface preparation or to the coating adhesion on the pipe.

The pipes are dried and preheated in order to obtain a temperature at least 3°C above the
critical dew point just before the coating application.

The degree of surface cleanliness is SA 2.5, defined by Standard 1SO 8501-1.

Roughness level is from 40 to 80 microns Rz.

2-D-5-5  Curing The Internal Coating

To obtain a good polymerization of the liquid epoxy, the coated pipes, after being painted,
should pass through a post cure oven where the steel temperature is raised and maintained
at a temperature by the paint manufacturer.

2-D-5-6  Routine Testing And Inspection

- Surface conditions inspection: The surface conditions of pipes should be checked after
blasting.

- Visual inspection of aspect: All pipes should be visually inspected.
- Cut-back inspection: All pipes should be visually inspected at each end.

- Wet film thickness test: Four measurements of thickness on a wet film should be
performed for all the pipes.

- Non-porosity test: An electrical non porosity test should be performed on three plates
per production shift.

- Adhesion test: Adhesion of the liquid epoxy lining on plates should be checked on one
pipe per production shift.

- Dry film thickness test: The thickness of dry films on plates should be checked on one
pipe per production shift.

2-D-5-7  Properties Of The Liquid Epoxy Internal Lining

The liquid epoxy internal lining shall have the following properties:
— Electrical non-porosity:
Wet sponge: 67,5V
— Cross adhesion test:
Level 2 NFA 49709 - Appendix C
— Pull-off adhesion test:
10 MPa NFA 49709 - Appendix C
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— Hardness Shore D:
>50
— Bending flexibility:
1% at 23°C
— Immersion test in demineralised water:
Class 1in accordance with 1SO 24009.
Tests are performed according to NFA 49709.

2-D-5-8  Ends Preparation

Cut-backs are:
— For bevelled pipes:
50 mm from both ends
— For pipes equipped with lap-joints:
150 mm from the spigot end

20 mm from the bell end

2-D-6  CEMENT MORTAR INTERNAL LINING

2-D-6-1  Product Standard And Lining Process For Cement Mortar Lining

Cement mortar should be applied using centrifugal spraying process and according to NFA
49701 or DIN 2614 and to the requirements given hereafter. In case of contradiction
between standards and the present terms of reference, the requirements of these terms of
reference of the present specification prevail.

Fresh mortar is applied using a centrifugal applicator head. The lining is then smoothed and
the exceeding water in mortar is expelled by rotating the pipe.

2-D-6-2  Composition Of The Cement Mortar Lining

Cement mortar lining should be made of a mixture of cement, sand and water. It shall be
suitable for transportation of potable water.

Cement shall be of the CHF type according to NF P 15-301 or equivalent.
Cement mortar shall be composed so that:

- The S/C ratio (mass of sand in terms of mass of cement) is 2.1 (-0 / +0.3).
When CHF cement is used, S/C can be reduced to 1.6.

The E/C ratio (mass of water in terms of mass of cement) shall not exceed 0.42.
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In case of pipes used for sewage application, the cement used for internal lining should be
sulphate resistant high alumina (similar to the cement lining for Ductile Iron pipes according
to EN 598).

2-D-6-3  Thickness Of The Mortar Lining

For high furnace cement, such as the CHF type according to French Standard NF P 15301,
the minimum thickness is:

273 mm < OD <406 mm : 5mm
406 mm <OD <610 mm : 6 mm
610 mm<OD <711 mm: 8 mm
713 mm<0D <914 mm : 10 mm

(OD : outside diameter)

2-D-6-4  Routine Inspection Of The Lined Pipes

- Visual inspection: All pipes should be visually inspected.

- Thickness inspection: Thickness should be checked on four pipes per
production shift.

- S/C and E/C ratio: two determinations per week of production.
- Mechanical resistance: one test per month of production.
- Granulometric curve of the sand: one check per batch.

Tests should be performed according to procedures specified in NFA 49701.

2-D-6-5  Routine testing and inspection

After a 28-day storage, the minimum mechanical characteristics of the cement mortar are:
- Resistance to compression: 35 MPa.

- Resistance to flexural tension: 5 MPa.

2-D-6-6  Ends preparation

Cut-backs are:
— For bevelled pipes:
— 10 mm from both ends
— For pipes equipped with lap-joints:
— No cut-back for the spigot end.

In the bell, cement mortar ends with a rubber ring placed in such a way that the minimum
overlapping is achieved.
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2-E UPVCPIPES

2-E-1 GENERAL

UPVC pipes and fittings shall comply in all respects with the following standards:
— B.S. 3506 Unplasticized UPVC pipes for industrial uses.

— B.S. 3867 Outside Diameters and Pressure Ratings of Pipe of Plastics
Materials.

— B.S. 4514 Unplasticized UPVC Underground Drain Pipe and Fittings.
— B.S. 5481 Unplasticized UPVC Pipe and Fittings for Gravity Sewers.

Approved manufacturers shall supply all pipes and fittings. The nominal length of
pipes shall be not less than 6.0 m and not greater than 9.0 m.

UPVC pipes shall be factory tested and shall be subjected to Hydraulic and to Impact
(Falling Weight) Tests. The number and selection of samples for testing, the test
procedure and the requirements shall all be as specified in the relevant B.S. if so
directed by the Engineer. The selection of samples and the Tests shall be witnessed
by a representative of the Engineer who shall be informed at least 48 hours in
advance of any sampling or testing.

The cost of samples, their transportation to the laboratory, and their testing shall be
deemed to be included in the unit rates and shall not be paid for separately.

The diameters measured in mm and indicated on the drawings.

2-E-2  GENERAL PHYSICAL PROPERTIES

Density 1650 kg/m3 - 1950/m?3
ELASTIC MODULES

Circumferential flexural 13000 Mpa - 15000 Mpa
Circumferential tensile

(for pressure pipes) 10000 Mpa — 12000 Mpa
Longitudinal tensile and flexural 6000 Mpa - 7000 Mpa

MINIMUM ULTIMATE STRAINS
Circumferential tensile

Initial 1.4
Long term (50 years) 0.9
Circumferential flexural

Initial 1.4
Long term (50 years) 0.9
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Longitudinal tensile 0.4

Initial (pressure pipes) 0.3

Initial (non-pressure pipes)

Poison's ratio 0.3

THERMAL EXPANSION

Longitudinal direction 20 x 10-6 per deg. K
Circumferential direction

Non-pressure pipe 20 x 10-6 per deg. K
Pressure pipe 15 x 10-6 per deg. K
STIFFNESS

The stiffness of a pipe indicates the ability of the pipe to resist external soil,
hydrostatic and traffic loads, and negative internal pressures.

According to British Standard and ISO draft, stiffness is expressed as follows :
S=El/Dm?
Where S = Pipe stiffness N/M2
E = Modulus of elasticity, Pascal
| = Second moment of area per unit length of the pipe wall
Section
InM4 /M

Dm = Mean diameter in M.

2-E-3  HAULING, HANDLING AND STORAGE

Rough handling of pipes shall at all times be avoided, especially at low
temperatures. During storage and transport, rigid UPVC pipes shall have as near
continuous support as possible at all times, and care shall be taken to avoid damage
to pipe by sharp edged angle irons, exposed nail heads, etc.

For long term storage in average ambient temperature, attention shall be paid to
stack heights to avoid the possible deformation of the pipe diameters. A maximum
height of 1 meter is recommended. For temporary storage on site, care shall be
taken to ensure that the ground is level and free front bricks, stones and sharp
edges. At high temperatures, rigid UPVC pipes shall be kept in the shade during long
term storage. UPVC pipes with spigot and socket shall be stacked with the sockets
protruding in alternate layers. Pipes bent, deformed in any way or changed in color
shall be rejected and the payment whatsoever shall be made for such pipes.

While transporting, the pipes shall not overhang the vehicle by more than 0.6m.
Pipe loads shall not be stacked higher than 2.0 m.

Where pipes are transported one inside another, care shall be taken that :
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a. Tile pipes are clean and free from grit.

b. Suitable covering be provided over the exposed ends of the pipes to prevent
tile entry of grit during transport.

c. The pipes in the lower layers are not excessively loaded to such a degree as
would cause damage or undue distortion.

2-E-4  CUTTING PIPES

Pipes shall be cut with an approved mechanical pipe cutter and in conformity with
pipe manufacturer's recommendations. Where the cut end of the pipe is to be
incorporated in a joint the pipe shall be turned down to the correct diameter
required for forming the joint by an approved mechanical turning machine. The
length of turning shall be sufficient to enable the joint to be properly made. The
ends of the pipe shall be accurately beveled by mechanical means to the dimensions
specified in the manufacturers recommendations.

The cut end shall be beveled as required to suit the form of joint used.

2-E-5 LAYING AND JOINTING

After the excavation and preparation of a section of pipe trench has been
completed, it shall be inspected by the Engineer. Just before pipe-laying the trench
shall be cleaned of all stones, soil and other debris flat might have fallen therein.

All pipe-laying shall be carried out by experienced pipe-layers, well skilled in this
work.

Immediately before being laid, each pipe and fittings shall be carefully examined
both inside and outside for any damage, and all dust, dirt and foreign matter shall
be removed. Care shall be taken to ensure that they remain clean during laying.
The use of a badger will be ordered by the Engineer, if in his opinion, dirt is not
being satisfactorily excluded. The badger, on a sound rope, is to remain within the
bore of the pipe previously laid and jointed and it is to be drawn forward as the
work proceeds throughout the whole length of the sewer. The badger is to be of
soft material which will not damage the internal surface of the pipes.

In order to prevent stones and soil from entering the pipe, a suitable cap or plug
shall be provided with which the last pipe laid shall be closed when pipe laying is not
actually in progress. The plug will be of the screw-up expanding type or of tapered
wood.

Where beads are required, performed bends of the desired radii shall be used. Hot
bending on site is not permitted.

All joints shall be flexible, with approved rubber rings. Rubber rings shall comply
with B.S. 2494 (Elastomeric Joint Rings for Pipework and Pipelines) and shall be of
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the type designated on the Drawings, or in the Particular Specification, or as
directed by the Engineer.

Pipe length and fittings shall be supplied with a chamfer on the spigot end. Where
pipes have to be cut to length, the pipe shall be cut square and a chamfer formed on
the spigot end using a medium file. Any saw pushing shall be scraped off with a
knife. The spigot and socket shall be free from mud or grit, and the ring correctly
located in its groove. A lubricant approved by the Engineer shall be applied to the
chamfered portion of the spigot before its insertion in the socket.

Pipes shall be laid true to line by means of a line stretched along the sides of the
pipes and true to level by means of a straight edge of suitable length kept inside the
pipes and pulled forward to pegs boned in at suitable intervals between sight rails
set to the proper levels.

2-E-6  MECHANICAL TEST:

Samples of pipes taken from different lots shall be tested in the manufacturer's
testing laboratory or any other testing laboratory selected by the engineer/owner
and in the presence of representatives of the engineer/owner.

a. The following mechanical tests shall be applied:

1. Resistance to internal hydrostatic pressure. The method for acceptance
and quality tests shall be in accordance with 1SO 1167.

2. And at least one of the following tests shall be applied:

— Resistance to external blows of UPVC pipes shall be tested in
accordance with DIN 3127.

— Tensile characteristics of the pipes shall be tested in accordance with
DIN 3504 and DIN 3502.

b.  The following physical tests shall be applied:

— Vicar softening temperature shall be tested in accordance with
ISO 2507.

— Longitudinal reversion test shall be in accordance with ISO 2505 or
DIN 4449.
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2-F  GRPPIPES

2-F-1  GENERAL

GRP (Glass Reinforced Plastic) pipes shall meet the requirements of the most recent
edition of ASTM D 3262 together with the requirements specified herein, GRP pipes
and fittings shall be purchased locally provided they conform to these
Specifications.

The Contractor shall supply to the Engineer, manufacturer's signed certificates
stating that the pipes comply in all respects with the provisions of these
Specifications and giving the results of all specified tests.

Other methods for manufacturing of GRP pipes may be proposed but such methods
will be subject to the approval of the Engineer. Acceptable alternatives to the
filament-wound type of pipe described above include the centrifugally cast type
complying with BS 5480 subject to independent evidence of a long record of
satisfactory use and subject to the Engineer’s approval of the detailed specification.

2-F-2 MATERIALS

2-F-2-1 Appearance

The internal surface of all pipes and fittings shall be smooth, hard, durable and free
from all tack, protruding fibers, voids, pits, bubbles, cracks, blisters and foreign
matter. The external surface of all pipes and fittings shall be a fiberglass surface mat
impregnated with polyester resin and shall be commercially free of resin runs, dry
areas, dirt and black marks.

The resin reinforcement and aggregates, when combined as a composite structure,
shall produce pipes and fittings that satisfy the performance requirements of these
Specifications.

2-F-2-2 Design Requirements

All pipes and joints shall be designed for a minimum working life of 50 years.

Pipelines may run beneath roads and be subjected to maximum loading conditions,
therefore, design shall be for the worst surcharge conditions and loading applicable
in Lebanon.

The pipe shall be designed to withstand the internal environmental conditions
specified below:

pH value 1to 13

BOD up to 1000 mg/1
Suspended solids up to 1000 mg./1
Chloride 500 mg/1
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2-F-2-3

Free NHs
Sulphate

Temperature

Prevailing temperature throughout sewage medium is:

Sewage dissolved H,S

H.S gas concentrations

are aggressive.

Resins

150 mg/1
1000 mg/1
5to 50 °C

30°C

Up to 20 mg/1
Up to 2000 mg/1

The ground and groundwater in which the pipes shall be laid are high in salts and

Resins shall comply with the relevant requirements of BS 5480. Details of all resins
to be used in the manufacture shall be provided and shall include all the properties
listed in the table herein. The resin system adopted shall be that most suitable to
the internal and external environmental conditions and resin properties shall be
tested in accordance with the following table.

RESIN PROPERTIES

Property Test Method Units

Liquid Resin
- Acid Value BS 2782, BS 3532 mg KOH/g
- Viscosity at 25 deg C BS 188 &BS 3532 m Pas
- Specific Gravity BS 3532
- Volatiles content BS 3532 & BS 2782
- Refractive Index ASTM D 1045
Cured Resin
- Heat distortion temperature | BS 3532 Appendix A degC
- Glass transition temperature | Differential thermal analysis degC
- Tensile strength BS 2782 MN/m?2
- Flexural strength BS 2782 & BS 3532 MN/m?2
- Ultimate elongation BS 2782

a.Basic resin %

b.If flexibilised %
- Barcol hardness BS 4549 Appendix A
- Water absorption BS 2782 & BS 3532 mg

Information supplied on cured resin shall include details of the cure system employed,
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which shall be the same as that proposed for manufacture of pipes and fittings.

2-F-2-4 Fiber Reinforcement

With the exception of a veil on the inside face of the pipe, all fiber reinforcements
used shall be of ECRZADVANTEX type glass and shall comply with the appropriate
standard listed below and shall have a surface treatment compatible with the resin.

BS 3691 Glass fiber roving for the reinforcement of polyester and of epoxy
resin system.

BS 3496E Glass fiber chopped strand mat for the polyester resin systems
BS 3396 Woven glass fiber fabrics for plastic reinforcement

BS 3749 Woven roving fabrics of glass fiber for the reinforcement of polyester
resin systems. If a veil is used on the inside face of the pipe, this shall
be "C" glass fiber.

2-F-2-5  Aggregates and Fillers

Aggregates and fillers shall comply with the relevant requirements of BS 5480. Silica
sand, if used in the manufacture, shall be a minimum of 95% pure silica. The
maximum percentage by weight of all aggregates and fillers in the laminate(s) shall
not exceed 30%.

No pigment shall be added to any resin used

2-F-2-6 Liner

All pipes and fittings shall have a suitably reinforced resin rich liner to give high
corrosion, impact and abrasion resistance. The thickness of this liner shall be
determined by the pipe manufacturer, but shall not be less than 1%2 mm. No
aggregate or fillers shall be included in the liner.

The liner shall consist of two layers, a surface layer and a barrier layer. The surface
layer shall be a minimum of 1 mm thick with a minimum of 90% Venylester resin.
Any reinforcement in this layer shall be of C type glass or approved suitable
synthetic material. The barrier layer shall have 70% to 80% Vinylester resin with
ECR/Advantex glass reinforcement.

2-F-2-7  Structural Design

Details of loading and pressures shall be as shown on the drawings. Pipes and
fittings shall be designed to these standards for the ground conditions to be
encountered. All pipes and fittings shall have a minimum stiffness of 5000 N/m?2 to
accommodate handling and transportation stresses unless specified otherwise.

For buried pipes stiffness shall depend upon depth of cover above the crown of the
buried pipe in accordance with the following:
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For depths of cover over the pipe more than 6.0 meters or less than 1.5 meters,
pipe stiffness shall be minimum 10000 N/mz2. For depth of cover more than 1.5 m
and less than 6.0 meters, pipe stiffness shall be minimum 5000 N/mz.

Note: Stiffness factor 'F' shall be calculated as follows:

EI
F=?
where, E = Flexural modulus of elasticity of pipe material in circumferential
direction.
3
=3
12
S= Wall thickness (m)
d= Mean pipe diameter (m)

Pipe shall have an initial ultimate resistance to longitudinal tensile force per unit of
circumference of not less than the following :

DIAMETERS RESISTANCE
Up to and including DN 600 150 N/mm?2
Greater than DN 600 up to and including DN 1200 200 N/mmz2
Greater than DN 1200 up to and including DN 2400 250 N/mmz2

2-F-2-8  Sizes and Tolerances

2-F-2-8-1 Diameter

The diameter of the pipe shall be designated by the nominal internal diameter. The
manufacturing tolerance of the internal diameter shall be in accordance with BS
5480.

All deviations from roundness, with the exception of pipe deformation due to its
own weight, shall be contained within the tolerances. Deviations in diameter of
spigot and sockets shall be kept to the absolute minimum and shall be such that the
seal at the joints is not affected.

2-F-2-8-2 Length
Effective length of pipes and tolerance on effective length shall be as specified in BS
5480.

Where it is found necessary to cut or turn down a pipe in order to form a joint, the
exposed surfaces shall be fully sealed with a continuous coating of fully cured resin.

Mseilha WTP and Main Pumping Stations Page 11-42



Ministry of Energy and Water Volume 3 Technical Specifications
PART II: PIPELINES

2-F-2-8-3  Wall Thickness

Wall thickness shall be as recommended by the pipe manufacturer and to the
approval of the Engineer.

2-F-2-9 Fittings

All fittings and collars such as bends, tees, junctions and reducers shall be equal to
or superior in performance to pipes of the same classification and shall comply with
BS 5480.

The use of metals for any part of these fittings will not be permitted. However, the
Engineer may allow the use of fittings of other materials which are commonly used
in the construction of sanitary sewers, provided that the design of fittings and pipes
are mutually compatible.

2-F-2-10 Joints and Gaskets

Joints shall be of the collar type incorporating rubber rings. All joints shall be
capable of withstanding the various tests specified for the appropriate class of pipe
and shall withstand a deflection of not less than 1% degrees in any direction while
maintaining the specified test pressures.

Minimum requirements for the rubber rings shall be as specified in BS 2494. Gaskets
shall be of a thickness and design to provide watertight joints. The joints shall be
qualified before installation with full testing according to ASTM D 4161. At least one
test shall be carried out for each diameter. The Contractor shall ensure that the
joint gaskets and joint ring are suitable for use in the prevailing climatic soil, ground
water and sewage conditions.

All rubber rings shall be of the type that can pass an acid aging test as directed by
the Engineer without any noticeable deterioration in the mechanical or chemical
properties of the material used.

Flanged pipes shall incorporate an annular gasket at the joints. The gaskets shall
cover the full face of the flanging and shall have holes cut in them corresponding to
the bolt holes in the flanges. Alternative forms of gasket may be used, subject to the
approval of the Engineer. Flanges shall be drilled to BS 4504, metric units, Type
PN16.

2-F-2-11 Testing

2-F-2-11-1 Raw Materials

a. Resins

All deliveries of resin shall be checked for consistency by viscosity and reactivity and
refractive indices. Resins deviating from these Specifications shall not be used.
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b. Glass

All deliveries of glass shall be checked for consistency by dry strength and chemical
resistance to 1.0 N sulphuric acid. Pipes shall only be manufactured from batches of
glass exhibiting similar strength and chemical resistant properties. Should these
properties change due to variations in suppliers, the pipes produced from this glass
shall be tested in accordance with the strain corrosion test as if they were different
diameter or class. The Engineer may accept test reports of ECR glass as supplied by
the manufacturer and testing of pipe factor glass may be dispensed with.

c. Sand or Aggregate

All deliveries of sand or aggregate shall be checked for consistency of grading,
moisture content and purity.

2-F-2-11-2 Manufactured Pipe

a. Strain corrosion Test

Control testing shall be carried out during the manufacture of pipes in accordance
with Section 6.3 of ASTM D 3262 using the specified test solution. Control tests shall
be carried out for each diameter and class of pipe.

In the event regression curves are not available or any changes to the pipe wall and
laminate build-up and/or the properties of the raw materials at any time during the
manufacture of the pipes, two complete sets of corrosion tests (including a
regression curve) shall be carried out in accordance with ASTM D 3681. One set shall
use a 10% W/W solution of sulphuric acid maintained at a temperature of 25°C + 1
C. The other set shall use a 5% W/W solution of sulphuric acid maintained at a
temperature of 23 °C.

Strain corrosion tests shall be run on a minimum of 6 samples from each lot of pipe
diameter to ensure that they fall above the regression curve values defined by the
manufacturer.

b. Hydraulic Tests in Factory

All pipes shall be subjected to an internal hydraulic pressure test at the
manufacturer's plant prior to delivery. The test shall be applied to a pressure equal
to two times the working pressure or 6 bars of water head whichever is higher. The
test pressure shall be applied for a minimum period of 5 minutes without signs of
leakage.

All fittings shall be subject to an internal low pressure test at the manufacturer's
plant prior to delivery. The pressure test shall be carried out at 0.1 bar and shall be
applied for a minimum period of 5 minutes without signs of leakage or distress.
Fittings of metric construction shall be manufactured from pipe which has
successfully passed the tests defined above.
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c. Stiffness

A minimum of one pipe in every 30 pipes, one per shift, or one per production run,
whichever is less, shall be tested for stiffness in accordance with ASTM D 2412 "Test
for External Loading Properties of Plastic Pipe by Parallel Plate Loading". A minimum
of one pipe for each size shall be tested.

d. Longitudinal Tensile Strength

For pipes with internal diameters of 600 mm and less, a minimum of one pipe in
every 1000 pipes manufactured shall undergo a beam test in accordance with ASTM
D 3262, Section 8. A minimum of one pipe for each size shall be tested.

e. Curing/Hardness Test

All manufactured pipes shall be subjected to both a Barcol Hardness Test in
accordance with BS 4549, Part 1, Appendix A and a commercial acetone test. Both
tests shall be carried out on internal and external pipe surfaces.

f. Losson Ignition

A minimum of one pipe for every 30 pipes, one per shift, or one per production run,
whichever is less, shall be tested in accordance with ASTM D 2584. From each test
pipe, two samples shall be taken for test.

One sample shall comprise the complete laminate including the liner. The second
sample shall comprise the laminate without the liner and shall be split off at the
interface between the liner and the structural wall.

g. Other Test and Compilation of Data

Quality control testing shall include thorough checks of all materials to ensure that
they comply with the relevant standards and requirements of the Specifications. All
pipes and fittings shall also be subject to a complete visual inspection before
shipment. Records of all tests and inspections shall be maintained by the
manufacturer and two copies of all test certificates shall be forwarded to the
Engineer.

In addition, the Contractor shall submit all necessary data and manufacturer's
specifications of the GRP pipes and joints, including details of raw materials, pipe
design, manufacturing process, laying instructions and all other relevant information
required by the Engineer.

h. Test Failure

In the event of a pipe failing the strain corrosion test, two more tests shall be
performed: one on a pipe from the previous five pipes and one on a pipe from
following five pipes, if any of these two pipes fails, all pipes of that diameter and
class which have been manufactured shall be rejected and shall be replaced entirely
at the Contractor's expense.
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Pipe failing any other test shall be rejected and an additional ten pipes shall then be
tested. Five of these pipes shall have been sequentially produced immediately prior
to the failed pipe and five immediately following. If anyone of these ten pipes fails,
then every pipe shall be tested. Only pipes passing the tests will be accepted.

All pipes and fittings will be subjected to a visual inspection by the Engineer after
offloading at Site. All pipes and fittings that have been damaged during delivery shall
be repaired and/or replaced by the Contractor and the pipe shall be subject to a
further hydraulic test to be carried out by the Contractor as specified herein. Such
making good and hydraulic testing at site shall be entirely at the Contractor's
expense.

i.  Marking and Identification

All pipes, including cut lengths and fittings shall be indelibly marked prior to delivery
in the order given below with:

i) The manufacturer's name, initials, or identification mark
i) The nominal internal diameter in mm

iii) The classification, i.e. pressure rating stiffness (to avoid confusion, pipe
rated at 2.5 or 12.5 bars shall be marked 2% or 12% and not 2.5 or 12.5).

iv) The date of manufacture.

v) A suitable stamp to indicate that the pipe has satisfactorily passed the
required inspection and hydraulic tests at the manufacturer's plant.

These markings may be arranged either in one line or in several lines provided that
the order is preserved.

j. Third Party Inspection

All tests shall be supervised and certified by a third party inspection agency
approved by the Engineer. All costs for the inspection agency shall be borne by the
Contractor and shall be included in the cost of the pipe.

All pipes shall be visually inspected on site prior to installation. The pipes shall be
free of defects such as delaminating, air bubbles, protruding or exposed fibers,
cracks, air holes, surfaces non-impregnated with resin which can affect, due to their
extent, the rigidity and usefulness of the pipe. Defects extent shall be defined by
Manufacturer and approved by the Engineer.

The surface of the pipe joints shall be free of all defects and surface irregularities
that can affect their integrity. All repairs effected on site shall be agreed to by the
Engineer and conducted by qualified personnel from the pipe manufacturer.

2-F-2-12 Loading, Unloading and Transportation of Pipes

GRP pipes are made of delicate elastic materials and, therefore, require special care in
loading, unloading and other handling. Nylon lifting strings shall be used for loading and
unloading of pipes. Pipes shall not overhang trucks or trailers while being transported and
shall be securely tied. Avoid sudden drops or motion while loading and unloading.
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2-F-2-13 Storing Pipes, Fittings and Accessories

Pipes shall be stored on flat ground having no stones or debris to prevent any damage to
the pipe barrel. It is advantageous to store pipes on timber pieces to facilitate placement
and removal of lifting strings. Storage of pipes in heights over 2m shall be avoided. All pipes
shall be properly secured to prevent rolling in high winds.

Rubber ring gaskets shall be stored in the shade in the original packing. The store shall be
air-conditioned during summer. Gaskets shall be protected from exposure to greases, oils,
solvents, or any other petroleum derivatives or chemicals.

Gasket lubricant shall be carefully stored to avoid damage to the container. Partially used
buckets shall be properly resealed to prevent contamination of the lubricant. If the lubricant
is contaminated by any foreign substance it shall be abandoned.
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2-G  TEST OF DISINFECTION OF POTABLE WATER PIPES AND RESERVOIRS

Provide equipment, gauges, temporary connections, chlorine and water needed for flushing
and disinfection after all work has been completed.

Before commencing disinfection, flush main until effluent is clean and then clean as directed
by the Engineer. 1 to 2 times volume of pipe is usually required for such flushing.

After closing all pipeline’s exit, the Contractor shall fill pipelines with clean water mixed with
chlorine dose of 20 mg per liter. Wait for 24 hours, then measure residual chlorine by
taking a sample to the lab and perform a bacteriological test in the presence of the
Engineer. If any harmful signs appear, disinfection process must be redone and another test
must be taken until the test gives a results acceptable to the Engineer.

After the completion of the work, the Contractor must fill the reservoirs with clear water
mixed with chlorine dose of 20 mg per liter and,

1- Wait for 24 hours, then measure residual chlorine by taking a sample to the lab and
perform a bacteriological test in the presence of the Engineer. If any harmful signs
appear, disinfection process must be redone and another sample must be taken until
the test gives a results acceptable to the Engineer.

2- Wait for an additional 48 hours and check if the water level stays as it was. If not, the
Contractor has to fix the reservoirs on his own expense and restart the test

The cost of these tests are considerd to be included in the unit rates of the materials and
works related to the pipes and reservoirs mentioned in the Bill of Quantities.

2-H  EINAL CLEANING AND INSPECTION

Before the works are accepted by the Engineer, the entire pipe system, including all
structures, shall be thoroughly cleaned by flushing or by passing a brush, sphere or other
suitable tool through it, or by any other approved method, to ensure that it is clean, and
free of obstructions and that pipe runs are perfectly straight. Before taking over, the
pipeline will be finally inspected by the Engineer.

2-1  ACCESSORIES

Refer to Part IV- MECHANICAL WORKS.
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PART 3.1 - CIVIL & ARCHITECTURALWORKS: EARTHWORK

3-1-A EARTHWORK (GENERAL)

3-1-A-1 DESCRIPTION

This work shall consist of clearing and grubbing, stripping, removal of unsuitable soil,
excavation, fill and backfill, and other specified works related to the earthwork.

3-1-A-2 GENERAL REQUIREMENTS

Prior to any excavation in the streets, a license request together with all detailed drawings
showing the locations of the excavations and a written commitment to restore the street to
its initial condition shall be submitted to the Engineer.

Excavation in streets and roads shall not commence without written approval from the
Engineer.

Before the commencement of any earthworks or demolition the sites shall be surveyed as
necessary in conjunction with the Engineer’s representative to establish existing ground
levels.

The Contractor shall not start any earthwork before getting the Engineer’s approval on the
cross sections.

The Contractor shall correct all disapproved cross sections and resubmit them for approval.

The Contractor shall excavate, refill and restore in advance of his program such trial holes as
he may require for determining the nature of the subsoil and the location of existing
underground services and obstructions.

The Contractor shall ensure that there are no pipes, cables, mains or other services or
property which may be disturbed or damaged by its use. He will take all precautions not to
damage these services and restore these services if damaged on his own expense.

3-1-A-2-1 Explosives

The Contractor shall at all times take every possible precaution and comply with the
Explosives Laws of Lebanon and regulations relating to the handling, transporting, storing
and use of explosives and shall at all times when engaged in blasting operations post
sufficient warning flagmen to the full satisfaction of the Engineer's Representative. The
Contractor shall also provide a special proper store for explosives in accordance with local
regulations and shall provide experienced men with valid blasting licenses for handling
explosives to the satisfaction of the Engineer and the authorities concerned.

The Contractor shall at all times make full liaison with and inform well in advance and obtain
such supervision and permission as is required from the Police and all Government
Authorities, public bodies and private parties whosoever concerned or affected by blasting
operations.
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Blasting shall only be carried out on those sections of the Works for which permission in
writing shall have been given by the Engineer and the relevant authorities and shall be
restricted to such hours and conditions as may be prescribed. Blasting within 10 meters of
existing water mains will not be permitted.

Blasting shall be carried out so as not to weaken an existing structures or the foundations or
ground adjacent to the existing and proposed works. The Contractor shall take all necessary
precautions to prevent loss injury or accident to persons or property and shall be entirely
liable for any accident or damage that may result from the use of explosives.

The Contractor shall submit to the Engineer for his approval a method statement including
details of the intended drilling patterns, depths of holes, the amounts of explosives at each
location, and the method or sequence of setting off what he proposes to use.

3-1-A-2-2 Clearing & Grubbing

3-1-A-2-2-1 Description

This work shall consist of clearing, grubbing, removing and disposing of all vegetation and
debris within the limits specified. This work shall also include the preservation from injury
or defacement of all vegetation and objects designated to remain.

3-1-A-2-2-2 General Requirements

The areas to be cleared and grubbed shall be as shown on the Plans, as designated in the
Specifications or as directed by the Engineer. The Engineer will designate all trees, shrubs,
plants and other things to remain. The Contractor shall preserve all things designated to
remain.

Before carrying out work, the Site shall be inspected by the Contractor in conjunction with
the Engineer to establish its general condition which shall be agreed and recorded in writing,
and where in the opinion of the Engineer it is deemed necessary, by means of photography.

Details recorded shall include the location of all boundary and survey beacons, the condition
of buildings, surfaces terracing (if any), ditches, watercourses roads, tracks, fences, and
other information relating to the Site and elsewhere which may be affected by the works.

In the case of wayleaves for pipelines, the boundaries of the wayleave will be defined by the
Employer and the Contractor shall provide, erect, and maintain in position from
commencement to final completion of the Works, in every section substantial timber stakes
or similar approved markers not less than 1.5m high indicating the position of the boundary
at 50m or other such intervals as the Engineer may direct. In the event of any boundary or
survey mark established for the purpose of land title being disturbed or displaced, the
Contractor shall forthwith replace the beacon. Where necessary the Contractor shall employ
the services of an approved licensed surveyor for the purpose of setting out boundaries.

Before beginning clearance in any area the Contractor shall give seven days written notice
of his intention to the Engineer who will determine the extent and limits of such clearance.

All surface objects and all trees, stumps, roots, sod and vegetable matter, other protruding
obstructions, not designated to remain shall be cleared and grubbed.
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Within the limits of clearing and grubbing, all stumps, roots 4 cm in diameter or larger,
buried logs, and all other objectionable material shall be removed 90 cm below the existing
ground surface or subgrade, whichever is deeper.

Except in areas to be excavated, stump holes and other holes from which obstructions are
removed shall be backfilled with suitable material and compacted to 90% of Maximum Dry
Density.

Topsoil shall mean the surface layer of soil which by its humus content supports vegetation
and is unsuitable, as a formation to roads and concrete structures or as a backfill or bedding
material. The extent and depth of topsoil that needs removal shall be agreed with the
Engineer.

Topsoil shall be set aside for re-use or disposal off site as directed by the Engineer.
Trees to be removed shall be uprooted or cut down as near to the ground level as possible.

Bushes, undergrowth, small trees, stumps and tree roots shall, where directed by the
Engineer, be grubbed out. All holes left by the stumps or roots shall to backfilled with
suitable material in a manner approved by the Engineer.

Materials arising out of site clearance shall be disposed by the Contractor off the Site, or
where approved by the Engineer on the Site in a manner and place approved by the
Engineer.

The Engineer may require that individual trees, shrubs and hedges are preserved and the
Contractor shall take all necessary precautions to prevent their damage.

In the case of wayleaves for pipelines and the like, the Contractor shall preserve as far as
practicable all grass and other vegetation outside the limits of trenches and permanent
works and shall not unnecessarily destroy crops or any vegetation whose removal would not
be essential to his operations.

The Contractor shall take care at all times to prevent erosion on every site and elsewhere on
land which may be affected by his operations and the Engineer may impose such reasonable
limitations and restrictions upon the method of clearance and upon the timing and season
of the year when clearance is carried out as the circumstances warrant.
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3-1-B EXCAVATION

3-1-B-1 EXCAVATION IN GENERAL

3-1-B-1-1 Description

This work shall consist of all excavation for structures, chutes, canals, pipelines, trenches,
culverts, headwalls, basins, gravel traps, manholes, inlets, retaining walls, roadways and
other specified works.

3-1-B-1-2 Classification

All excavation will be classified as one of the following :

Common Excavation Common excavation consists of the excavation and
disposal of all materials of whatever character encountered in the work
except rock.

Rock Excavation Rock is defined as a sound and solid mass, layer, or ledge
of mineral matter in place and of such hardness and texture that it cannot
be effectively loosened or broken down by ripping in a single pass with a
late model tractor-mounted hydraulic ripper equipped with one digging
point of standard manufacturer’s design adequately sized for use with and
propelled by a crawler-type tractor rated between 385 and 410 net flywheel
horsepower operating in low gear.

In areas where the use of the ripper described above is impracticable, rock
is defined as sound material of such hardness and texture that it cannot be
loosened or broken down by a manual drifting pick.

Boulders and detached stones having a volume of 0.75 cubic meters or
more shall be classified as rock.

Unclassified Excavation “Unclassified Excavation” shall be that volume of
excavation consisting of the removal of all materials regardless of their
physical properties.

3-1-B-1-3 General Requirements

Excavation in public streets is subject to the following:

Decree-law No. 68 dated 9/9/1989
Decree-law No. 98 dated 9/9/1989
Circular issued by the Prime Minister’s Office No. 6/95 dated 13/3/1995

Excavation shall be made in open cutting unless tunneling or heading is specified or
approved by the Engineer and shall be taken out as nearly as possible to exact dimensions
and levels so that the minimum of infilling will afterwards be necessary.
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The Contractor shall ensure the stability and safety of excavations and shall take all
measures necessary to ensure that no collapse or subsidence occurs.

Except where described in the Contract or permitted under the Contract excavation shall
not be battered. The sides of all excavations shall be kept true and shall where necessary be
adequately supported by means of timber, steel or other type struts, walings, poling boards,
sheeting, bracing, and the like. Supporting excavation cost shall be deemed included in the
excavation unit rate.

Excavations shall be kept free from water and it shall be the Contractor's responsibility to
construct and maintain temporary diversion and drainage works and to carry out pumping
and to take all measures necessary to comply with this requirement.

3-1-B-1-3-1 Excavation in Excess

In the event of unsuitable ground being encountered at formation level or if the formation is
damaged or allowed to deteriorate, the Contractor shall forthwith inform the Engineer. The
Contractor shall excavate to such extra depth and refill with compacted granular or other
approved fill or Class D concrete as the Engineer may require. With respect to the side face
of any excavation against which concrete or other work will be in contact the Engineer may
require that the net dimensions of the work be increased.

If any part of any excavation is in error excavated deeper and/ or wider than what is
required, the extra depth and/or width shall be filled with Class D concrete or compacted
granular or other approved fill to the original formation level and/or dimensions as the
Engineer directs on the contractor’s expense.

In pipe trenches where the pipe is not bedded on or surrounded with concrete, excess
excavation shall be filled with compacted granular material. Excess excavation in rock
trenches shall be filled with Class D concrete up to 100 mm below the pipe invert.

3-1-B-1-3-2 Excavated Materials Suitable for Re-use

No excavated material suitable for re-use shall be removed without the approval of the
Engineer.

During excavation, the Contractor shall ensure that all material suitable for re-use are kept
separate and set aside and protected as necessary to prevent loss or deterioration.

The materials forming the surface and foundations of roads, road verges, tracks and
footways shall when excavated, and if required for further use, be carefully separated. All
hard materials shall be kept free from soil or other excavated materials.

During excavation, the Contractor shall ensure that all granular or other approved material
suitable for filling around and over pipes shall be kept separate and re-used for this purpose.

Paving slabs, bricks and similar surfaces shall be carefully removed and stacked. Prior to the
commencement of excavation the number of badly broken and unsuitable paving slabs,
bricks etc. on the line of the excavation shall be agreed with the Engineer.

In verges and other grass surfaces the grass and top soil shall be stripped and separately
stacked.
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3-1-B-1-3-3 Damages Caused to the Surface of Roads

Where the surface of the road damaged either by the concentration of traffic caused by an
open excavation, by subsidence or other causes arising from the operations of the
Contractor. The Contractor shall permanently reinstate the whole of the surface to its
original condition.

3-1-B-1-3-4 Safety of Excavations

The Contractor shall ensure that excavation and reinstatement are maintained in a safe
condition and shall take immediate action to remedy any deterioration which renders the
works unsafe. If in the opinion of the Engineer any excavation or reinstatement is in a
dangerous condition the Contractor shall immediately remedy the defect. Should the
contractor fail to carry at the reinstatement promptly, the work may be carried out by
others at the Contractor's expense.

3-1-B-1-3-5 Mechanical Excavation

Mechanical excavation shall be employed only if the subsoil is suitable and only in such
manner which will allow adequate support of the equipments.

3-1-B-2 EXCAVATION FOR STRUCTURES

3-1-B-2-1 Description

This work shall consist of all excavation for structures, gravel traps, chutes, basins, culverts,
headwalls, manholes, inlets, retaining walls or other structures, and other excavation for
structures.

3-1-B-2-2 General Requirements

The Contractor shall notify the Engineer a sufficient time in advance of the beginning of any
excavation for structures which so that the Engineer may observe the cross-sectional
elevations and measurements taken of the existing ground and structure. Any materials
removed or excavated before these measurements have been taken and approved by the
Engineer will not be paid for.

The foundation shall be excavated to the outlines of the footings as shown on the Plans or
as required by the Engineer and shall be of sufficient size to permit the placing of the full
width and lengths of the footings shown with full horizontal beds. Rounded or undercut
corners and edges of footing will not be permitted.

The excavation shall be carried out to the elevation shown on the plans or as established by
the Engineer. No concrete shall be poured prior to the approval of the excavation by the
Engineer. Overdepth excavation below the footing elevation approved by the Engineer and
overwidth excavation beyond the lateral limits for footings shown on the Plans or directed
by the Engineer, shall be backfilled with the same class of concrete designated for the
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footing and shall be poured monolithically with the footing. No payments will be made for
unauthorized overdepth and overwidth excavation and the concrete backfill shall be at the
Contractor’s expense.

Where rock bottom is secured the excavation shall be done in such manner as to allow the
solid rock to be exposed and prepared in horizontal beds or properly serrated for receiving
the concrete. All loose and disintegrated rock and thin strata shall be removed.

Where unstable material or other unsuitable material is encountered below foundation
elevation of reinforced concrete structures, the Contractor, at the direction of the Engineer,
shall excavate such unstable material and replace with suitable and stable backfill material
or blinding concrete as shown on the Plans or directed by the Engineer. The foundation
stabilization, necessary depth of excavation and suitability of the proposed backfill material
shall be approved by the Engineer prior to the Work.

Suitable and practically watertight cofferdams, or other watertight equipment and materials
to maintain a waterfree excavation shall be used whenever water-bearing strata are
encountered above the elevation of the bottom of the excavation. They shall be sufficiently
large to give easy access to all parts of the foundation form and shall be of dimensions not
less than those for which payment for excavation is made and shall be deemed included in
the excavation price.

If cofferdams have to be used, then cofferdams shall be constructed so as to keep the
excavations free from earth, water, ice, or snow and to permit the excavations to be carried
to depths up to 1m below the foundation elevations shown on the plans. They shall be
substantially braced in all directions, and of such construction as will permit them to be
pumped free of water, and kept free until the concrete has been placed. They shall be such
that leakage can be kept out of the concrete or masonry. Unless otherwise shown on the
plans or agreed upon with the Engineer, cofferdams and all sheeting or bracing shall be
removed after the completion of the concrete or masonry. When the bottom is of sandy or
porous material which will not, in the opinion of the Engineer, permit the footing to be
poured in the dry, it shall be sealed with concrete so that it may be pumped dry. The
cement content water / cement ratio and the maximum coarse aggregate size will be
submitted to the Engineer prior to the work. A seal course shall not be used unless shown
on the Plans or authorized in writing by the Engineer. If in the opinion of the Engineer, the
necessity for a seal course is due to inadequate or improper cofferdam construction, he may
order the removal and/or reconstruction of the cofferdam, or permit the placing of a seal
course at the Contractor’s expense. Other satisfactory methods of sealing out the water
may be approved.

After the seal course has set, the cofferdam shall be cleared of water and the work
completed in the dry. When weighted cribs are employed and the weight utilized to
overcome partially the hydrostatic pressure acting against the bottom of the foundation
seal, special anchorage such as dowels or keys shall be provided to transfer the entire
weight of the crib into the foundation seal. Cofferdams shall be constructed so as to protect
green concrete against the damage from a sudden rising of the stream and to prevent
damage to the foundation by erosion.

The provision of dewatering equipment and all operations required to maintain a water free
excavation shall be carried out and considered subsidiary to the items of structural
excavation.
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Maintenance of natural waterways and allowance for the passage of surface water during
construction is the Contractor’s responsibility and any damage occurring in this respect shall
be corrected at the Contractor’s expense.

3-1-B-2-2-1 Excavation for Foundations of Structures

The Contractor shall give sufficient notice and sufficient time in advance to the Engineer to
enable him to inspect and approve foundations in advance of placement of the permanent
work. The Engineer may withdraw his approval if work is not commenced within 48 hours or
the formation is subsequently allowed to deteriorate.

If the Engineer directs it, a bottom layer of excavation of not less than 75mm thickness shall
be left undisturbed and subsequently taken out by hand immediately before concrete or
other work is placed. Where concrete or other materials is to be placed in contact with the
side face of an excavation the Contractor shall, where Engineer directs, excavate the last
75mm thickness of the face immediately before the concrete is placed.

Formations which are to receive concrete blinding or a drainage layer shall be covered with
such blinding or layer immediately the excavation has been completed, inspected and
approved by the Engineer.

Surfaces against which permanent works are to be placed shall be kept free of oil, water,
mud or any material.

No concrete or other materials shall be placed until formations have been approved.
Adequate notice shall be given to the Engineer to enable him to examine the formation.

3-1-B-2-2-2 Rock Surfaces Under Concrete Structures

3-1-B-2-2-2-1 Concrete Placed Directly on Rock

Rock under concrete structures shall be prepared by picking, barring, and wedging or other
methods which will lease the rock in as sound a condition as may reasonably be expected
according to the rock quality.

Rock surfaces shall be thoroughly cleaned by compressed air and water jet or such means as
the Engineer may direct before concrete is placed.

3-1-B-2-2-2-2 Concrete Placed on Capping Layer

Where instructed the excavation shall be taken down to a depth of 1.0 m below the
underside of the structure and the excavation backfilled with capping materials to the
required formation level.

Capping material shall be an approved granular material.

The material shall be compacted in 150mm layers to achieve a density of not less than 95%
maximum dry density determined by the Moisture - Density curve of the material.
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3-1-B-3 EXCAVATION FOR PIPE TRENCHES

3-1-B-3-1 Description
This work shall consist of excavation for pipes laying to the required line and grade.

3-1-B-3-2 General Requirements

Pipe trenches shall be excavated to the typical cross-sections shown on the Drawings, and in
no case shall the trench width up to the level specified exceed that shown on the Drawings.
The Contractor shall ensure that at any point the width of the pipe trench is sufficient to
permit the pipeline to be laid, jointed, bedded/surrounded and backfilling to be placed and
compacted around the pipeline to the Engineer’s satisfaction. The minimum trench width
for each trench type shall be computed according to the data given on drawings.

In order to ensure a rapid execution, a mechanical crane or shovel is necessary to avoid a
major disturbance in the road traffic.

The trench invert level and the trench width shall, at any location, be at the proper level and
trench width of the proper dimensions to allow for sand and/or concrete bedding or
surrounds as shown on the Drawings and directed by the Engineer.

If required by the Engineer, the extraction of backfill materials by means of mechanical
engines shall be stopped at a level higher than that of the determined excavation bottom.
As for internal walls, the mechanical digging shall stop before reaching the limits of the
outline, so as to prevent the engine claws from breaking up the bottom and the walls. The
excavation shall then be completed by manual means. The bottom of the trench shall be
well levelled and have its longitudinal profile parallel to the pipe.

Where welding or jointing of pipes and/or accessories is required to be done in the trench,
the same shall be widened and/or deepened to form bell-holes of sufficient size as directed
by the Engineer’s Representative so as to easily permit the proper execution of all welding,
connecting and fixing works in all their stages, all necessary repairs to the pipe and coating,
and for the thorough inspection of all these operations.

The length of trench to be kept open at one time shall be determined by the Engineer and
shall in no case be exceeded. The maximum length of open trench shall be 150 meters or
the distance necessary to accommodate the amount of pipe installed in a single day,
whichever is the greater. Should there by any danger that trenches may erode, then
sections shall be left unexcavated for as long as possible and the laying and backfilling of
pipelines shall follow excavation as soon as possible.

The excavated material shall be placed alongside the trench (at least 500 mm away from the
trench edge) in such a manner as not to interfere with the work and to prevent its falling
into same.

Should any part of a trench be excavated, in error, deeper than required, the extra depth
shall be filled up with concrete, solely at the Contractor’s expense.

Trench formations shall be in undisturbed ground. Where in the opinion of the Engineer,
the formation is unsuitable for bearing, extra excavation shall be carried out under the
direction of the Engineer and the level made up again with sound soil material carefully
compacted or with concrete. This work shall be paid for by the Employer provided that the
unsuitability of the formation is not due to the method of working of the Contractor, in
which case the Contractor shall carry out the work at his own expense.
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In confined areas, where the passage of excavating equipment is impossible, or where the
Engineer’s Representative deems the use of such equipment impracticable or undesirable
for any reason whatsoever, trench excavation shall be done by hand. All requirements
specified above shall apply to trench excavation by hand. No extra payment shall be made
for works in confined areas. All excavation, whether in confined or unconfined areas, shall
be paid for at uniform rates as specified hereafter.

If, in the opinion of the Engineer, there is undue delay in testing the pipelines; removing
surplus material; general tidying up of areas where pipes have been laid; partial restoration
of maintenance of surfaces; or similar operations, then the Engineer may order that no
further trenches shall be opened until the outstanding work has been carried out to his
satisfaction and the Contractor shall have no ground for a claim against the Employer on this
account.

No work will be started on the laying of pipes or bedding in any section of trench, until the
trench formation of that particular section has been approved by the Engineer.

Once the pipeline section has been tested and the bedding and surround approved by the
Engineer, the trenches shall be backfilled by layers as specified hereafter. Each layer shall
be separately compacted and any subsidence resulting from insufficient compaction shall be
the Contractor’s liability and he shall forthwith add the necessary extra material which shall
then be thoroughly compacted.

Unless otherwise specified, items for trench excavation shall apply to all kinds of soil,
including rock, and the excavation will be measured for payment in linear metres measured
along the centreline of the pipeline. The cost of trench excavation shall be deemed to
include for excavation, drilling and blasting, to the required width and depth to underside of
pipe barrel, finishing the trench bottom as specified by removing unstable materials (rock,
boulders and hard spots), digging boreholes where required, removing excavated material
and storing it alongside the trench for backfilling whenever permitted, removal of material
that may result from land slides, removal of loosened earth or rock, removal and disposal of
all excess spoil to any distance, supporting and stabilizing trench walls either by timbering or
shoring, dewatering as and where required if no specific items have been provided in the Bill
of Quantities.

3-1-B-3-3 Dumping of backfill materials

Backfill materials shall be directly transported by trucks outside the site and discharged at
locations approved by the Engineer. The road shall be thoroughly cleared from any backfill
material.

As for roads maintained by the municipality, having favorable width and condition, backfill
materials could be placed, upon the prior approval of the Engineer, on both sides of the
trench; the blocks and stones close to the sidewalk, the sand and the earth free from stones
next to the road center line, so as not to impede the traffic.

3-1-B-3-4 Precautions relating to other utilities

The contractor shall take all necessary precautions to protect the installations in the trench.

Mseilha WTP and Main Pumping Stations Page IlI-1-10



Ministry of Energy and Water Volume 3 - Technical Specifications
PART 11l -1: CIVIL & ARCHITECTURAL WORKS: EARTHWORK

In order to choose a good location for the installations, the contractor shall use a device to
detect the cables before digging trenches, or dig by hand, probing holes at his own
expenses.

During excavation works, if the contractor notices a slight water leak from existing pipes he
shall immediately notify the Engineer and the competent authorities.

If he encounters electrical or telephone cables or other pipe works, he shall take necessary
measures to protect them. The contractor remains entirely responsible before competent
authorities for eventual damages.

The contractor shall not demolish, remove or repair any other utility (rainwater pipes,
telephone cables,...) existing in the trench, but in the presence of the Engineer and the
competent authority or upon their approval.

In case these damages occur (breaking of a water pipe, telephone cable, electrical cable,
drain pipe, etc...), the contractor is bound to repair them immediately at his own expense
(providing materials and labor).

3-1-B-3-5 Water drainage

The contractor shall effectively have at his disposal from the beginning of works all
necessary equipment to avoid any water flow and ensure a good drainage.

The excavations shall be kept dry during the works period and eventually during the period
the Engineer deems necessary.

Water encountered in the excavations, whether resulting from aquifers or any kind of
infiltration, shall be drained towards sumps and then discharged by the contractor.

When pumping water from the excavation, the contractor shall take all necessary measures
to prevent soil erosion and undermining, as well as necessary measures to maintain the
structures' stability.

The contractor shall be responsible for any damage caused by water to foundations or
works.

He shall afford any eventual repair.
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3-1-C NATURE AND ORIGIN OF THE MATERIALS

3-1-C-1 GENERAL REQUIREMENTS

The materials intended for the construction of the various work, will be supplied by the
Contractor and will come from extraction sites that will have to be accepted by the Engineer
and must comply with the Technical Specifications.

The approval of the Engineer does not relieve the Contractor from his responsibility as to
the quality of materials furnished to the site.

Any change as to the source of the material will have to be approved by the Engineer.
Furthermore, the Engineer has the right during the works, to ask for a change of source in
the event the quality is not in compliance with the present specifications.

All material must satisfy the French Standard AFNOR and DTU documents, American
Standards ASTM or British Standards BS.

3-1-C-2 GENERAL POINTS ON THE QUARRIES

The limestone quarries must be homogeneous, joint free with convenient stratification and
little bedding to obtain material of the required quality.

The Engineer will accept or refuse the quarries in a period of 15 days following the
Contractor’s request. The Contractor must, at his own expense carry out several drillings
and trenches that will enable the Engineer to appreciate the quality of the proposed
materials.

The cost of searching for a quarry deposits and testing it shall be on the expenses of the
Contractor.

If during the works, the excavated material no longer conforms to the required quality, or if
the volume of the usable proportion is insufficient, the Contractor must, at his own
expense, search for other sites conforming to the specifications.

3-1-C-3 QUALITY AND PREPARATION OF BORROWED MATERIALS

3-1-C-3-1 Norms

All materials shall satisfy with AFNOR, DIN, ASTM or BS norms.

3-1-C-3-2 Material Gradation

— Material of sand and limestone quarries :

The filter material shall be obtained by sieving natural sand in provenance from the sand
quarries. The drain material shall be obtained by crushing rocks in provenance from the
quarries. These materials shall have a continuous gradation.
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— In case of filter and drain materials acting as protection against washing of another
material, they shall respect the following conditions:

disF <
dssM

1- 5 F for the filter or the drain

M for the material to protect

Note: in case of fine granular soil, this criteria is not valid for filter material. The gradation of
filter materials shall be between 0 and 5 mm.

- 2< doo <8
dio
— Less than 5% of elements < 80 microns and dis (sand) > 0.1 mm.

— In case of a draining material, the gradation should range between from 1 to 4 cm and
less than 5% of elements < 80 microns.

3-1-C-3-3 Rockfill paving, Rockfill, Drain and Filter Materials

Rockfill, drains and filter materials must have sufficient hardness to be discharged in bulk
and manipulated by power machines without being broken or disintegrated. They must be
homogeneous, freeze resistant, unaffected by water or air and shouldn't contain neither
earthly nor organic components, nor soluble components. They must be of a minimum
specific weight of 2.6 t/m3.

3-1-C-4 CRITERIAS FOR THE CHOICE OF LIMESTONE QUARRIES

3-1-C-4-1 Studies and Testing Before Choosing the Limestone Quarries

The Contractor must carry out the following works.

3-1-C-4-1-1 Geological study on the limestone quarries

The Contractor must present a geological report giving the following estimations :
a. The geological formation of the quarry including covering and homogeneity.
b. The apparent quality of the rock.
C. The rate of fractures and their maximum width.
d. The method of preparation of the quarry (removal of altered materials).

e. The method of extraction and exploitation to obtain the best possible blocometric
breakage (blasting plans, drilling equipment, explosives, loading and transportation).
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3-1-C-4-1-2 Laboratory Test

The Contractor must take 6 rocky samples coming from the materials extracted from the
guarry to be the object of laboratory tests. These tests must lead to the following
results :

— Micro-Deval attrition test(> 20)- AFNOR P18-572
— Los Angeles Abrasion Test (< 30)- ASTM C131

— Porosity (< 10%)

— Unconfined compression strength (350 kg/cm?)
— Chemical nature of the material

— Volume weight (>2.6 T/m3)

These tests much show that the material components are at least 50% from limestone
origin.

3-1-C-4-2 Choosing the Limestone Quarries

In the light of the geological report and the laboratory results, the Engineer shall give his
approval for the use of the Quarry proposed by the Contractor. His approval does not affect
the responsibility of the Contractor.
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3-1-D EILL AND BACKFILL

3-1-D-1 FILL AND BACKFILL IN GENERAL

3-1-D-1-1 Description

This work shall consist of all fill and backfill for structures, chutes, canals, pipelines, culverts,
headwalls, basins, manholes, inlets, retaining walls, roadways and other specified works.

3-1-D-1-2 General Requirements

Backfilling whether in foundations or in pipe trenches shall be thoroughly compacted by
ramming and any subsidence due to consolidation shall be made up with extra compacted
material.

Should subsidence occur after any surface reinstatement has been completed the surface
reinstatement shall first be removed, the hollows made up and then the surface
reinstatement relaid.

Any subsidence that occurs adjacent to the Site of the works which is attributable to the
Contractor's activities shall be reinstated to the full satisfaction of the Engineer.

All surfaces whether public or private which are affected by the works shall be reinstated
temporarily in the first instance and when the ground has consolidated fully the Contractor
shall reinstate the surfaces permanently.

Temporary reinstatement and permanent reinstatement of all surfaces affected by the
operations of the Contractor shall be carried out and maintained to the satisfaction of the
Engineer and the responsible authority or owner.

Temporary reinstatement shall be carried out immediately after the trenches are backfilled.

Permanent reinstatement shall not be carried out until the ground has consolidated
completely. The Contractor shall inform the Engineer before carrying out this work. In the
event of further settlement occurring after the completion of the permanent reinstatement,
the Contractor shall make the reinstatement good to the approval of the Engineer or
responsible authority.

Unless otherwise specified in the drawings or by the Engineer, for the purposes of
temporary and permanent reinstatement in bitumen and surfaced roads the surface width
of trenches shall be increased by 150 mm on each side of the trench for a depth of 75 mm
to provide a solid abutment for the surfacing material. Reinstatement of surfaced roads
shall be carried out to the approval of the relevant authority.

The responsible authority shall have the right to carry out permanent reinstatement at the
Contractor’s expense.

Excavation in open ground shall be reinstated to the condition in which the ground before
excavation was commenced. The final surface of the trench shall be flush with the
surrounding ground.

In verges and other grass surfaces and after the backfilling has been thoroughly
consolidated, the topsoil shall be relaid rolled and planted with grass or other vegetation as-
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directed by the Engineer as may be necessary, and watered until the grass has become well
established. Should the planting fail it shall be replanted as required until a satisfactory
growth is obtained.

If at any time any reinstatement deteriorates, the Contractor shall restore it to a proper
condition immediately.

Should the Contractor not remedy the defect to the Engineer's satisfaction, any remedial
work considered necessary may be undertaken by the Employer and/or the responsible
authority at the Contractor's expense.

All trees, shrubs and plants shall be carefully transplanted and shall be returned to their
original location after the refilling of the excavations. Return of old or mature trees may be
waived in cases where the age of the tree makes return impracticable.

Top soil shall be carefully set aside and replaced at the surface of the backfilling.

The trenches shall be refilled and rammed solid as specified in the Contract and shall not be
topped up above the original surface level to allow for settlement.

If any trench becomes dangerous the Engineer may call upon the Contractor for its
reinstatement at three hours' notice and failing this to have the work done by others at the
Contractor's expense.

3-1-D-2 COMPACTION OF EARTHWORK

3-1-D-2-1 Description
This work shall consist of the compaction of earthwork by rolling or tamping or any

combination of these methods in accordance with the requirements for the Moisture Range
and Type designated or ordered by the Engineer.

3-1-D-2-2 General Requirements

Each layer shall be compacted to a density between 90 and 95 % of the maximum density.
This maximum density shall be determined by the AASHTO T 180-93, method D test or
equivalent Standard Test for cohesive soils, by the ASTM D 2049 test or equivalent Standard
Test for cohesionless soils.

In case where borderline materials are encountered, both the above mentioned tests will be
utilized and the test which results in the higher laboratory maximum density shall be used as
a standard to which the field density is compared.

Each layer of earth fill shall be compacted by approved tamping or sheepsfoot rollers,
pneumatic tired rollers, or other mechanical means as requested by the Engineer and
depending on the soil nature.

At locations where it would be impractical because of inaccessibility to use such compacting
equipment, fill layers shall be compacted to the specified requirements by hand directed
compaction equipment.

Whenever fill is placed adjacent to structures or at locations where it is not practicable to
use a roller, the fill material shall be well tamped by the use of mechanical rammers or
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tampers. Each layer shall be compacted to a density equal to or greater than obtained
under the above rolling procedure for the type of compaction designated. Each layer must
be approved by the Engineer before the next layer is placed. When the quantity of work is
small, a hand tamper may be used with the permission of the Engineer.

At the time of compaction, the moisture content of the soil shall be within the moisture
range as defined in the Test Methods. When the moisture content of the soil does not fall
within the required moisture range, water shall be added and thoroughly mixed with the
soil, by approved methods or the material shall be aerated, whichever is needed to adjust
the soil to the specified moisture content before compaction.

3-1-D-3 BACKFILL FOR STRUCTURES

3-1-D-3-1 Description

This work shall consist of backfilling with suitable excavated or borrowed material (Selected
Fill and Backfill), uniformly distributed and thoroughly compacted, around structures,
chutes, culverts, manholes, retaining walls, or other structures.

3-1-D-3-2 General Requirements

Structure backfill shall not be placed until the structure has been inspected by the Engineer
and approved for backfilling. In general, no structure shall be subjected to the pressures of
backfilling or to live loads until three(3) days after the expiration of the period designated
for the removal of forms. At the direction of the Engineer, this period may be extended if
subnormal curing conditions exist. Backfill, placed around culverts, abutments and piers, or
a particular structure as designed by the Engineer, shall be deposited on both sides to
approximately reach the same elevation at the same time. Special care shall be taken to
prevent any wedging action against the structure. The slopes bounding the excavation shall
be stepped when necessary, to prevent such wedge action. Whenever backfill is placed in
back of or over arches, culverts or rigid frames, the fill shall be first placed midway between
the ends of the structure, working equally both ways from the center of the structure
toward the ends.

The material shall be placed in layers and compacted by means of suitable equipment, or by
tamping with mechanical tampers or hand tampers. Each layer shall be compacted to a
density equal to or greater than ninety five (95) percent of the maximum density
determined by AASHTO T 180-74, Method D. Each successive layer shall contain only that
amount of material which will ensure proper compaction, but in no case shall any layer be
greater than twenty (20) centimeters (compacted measurement) in thickness. When
backfilling and compacting around retaining walls, extreme care shall be exercised to
prevent forward movement of the wall. If not specified elsewhere or indicated on the plans,
the backfill around structures shall be completed to the level of the original ground or to the
finished ground level, whichever is lower unless otherwise specified.
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3-1-D-4 BACKFILLING PIPE TRENCHES

3-1-D-4-1 Preparation of the excavation bottom

The excavation bottom shall be shaped according to the pipe's slope, and must not be
loosened. However, if it is loosened, the initial bearing capacity shall be restored by
compacting or by any other means.

3-1-D-4-2 Laying bed

Generally, the laying bed shall be executed with selected materials (as described below)
except for a sandy soil where it is possible, upon the Engineer's approval, to use the
excavation bottom that has been leveled and made compact as a laying bed. The theoretical
thicknesses of the bed under the pipe works shall be at least equal to 10 cm. Nooks shall be
performed in order to facilitate couplings connections. The laying bed shall enable the loads
to be uniformly distributed on the support surface. It shall be necessary to lay pipes in such
a way that the pressure is not concentrated in one area.

If the laying bed is located in a drain zone or in a pumping zone, it is necessary to prevent
the materials of the laying bed from being carried away towards neighboring soils or inside
the drainage equipment.

The preparation of the laying bed should not damage an eventual external protection of the
pipe works.

The laying bed thickness under the pipe shall be at least equal to 10 cm + 1/10 of nominal
diameter in cm, for the pipe works.

3-1-D-4-3 Sand fill protecting layer (initial backfill)

Use only selected fill, sand or other approved material complying with following:

Standard Sieve

No. # % Passing
Ya 100

# 4 25-100

# 16 10-75

# 40 5-30

#100 3-10

# 200 0-5

Initial backfill shall be used as bedding material underneath the pipe, and for filling around
the pipe and above the top of the pipe (to the dimensions indicated on Drawings)
compacted to 95 % of proctor maximum dry density by a compacting machines suitable for
trench width. Material around the pipes shall be compacted with proper tools as
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recommended by the manufacture, and as directed by the Engineer.

In general, the initial backfill should be sand fill. However where required by the Engineer,
the initial backfill could be granular material (or granular with high sand content) according
to the recommendations of the concerned pipe supplier.

3-1-D-4-4 Concrete Encasement

In some particular cases (narrow trench not allowing a normal compacting, repartition of
loads to be improved, pipes located near foundations, etc...), pipes may be encased partially
or totally with concrete. The casing operation shall be performed according to the details
indicated on the drawings and to the indications of the Engineer.

The concrete coating shall consist of plain or reinforced concrete, depending on the cases
and according to the instructions given by the administration.

The minimal thickness of the encasement shall be equal to 1/4 the nominal diameter with a
minimum of 10 cm.

3-1-D-4-5 Main Backfill

Material excavated from the trenches are suitable for compaction and can be used as main
backfill over sand protecting layer around the pipes, otherwise use material with a
maximum size of 50 mms, well graded and suitable for compaction and approved by the
Engineer.

- Backfill shall be laid and well compacted in layers not exceeding 200 mm
thick. compacted to 95 % of proctor maximum dry density by a compacting
machines suitable for trench width.

- Do not use heavy compactors over pipe trench until there is 600 mm (or as
required by the pipe supplier) cover over the pipe.

- If the cover over the top of the pipe is less than 600 mm (or as required by
the pipe supplier), use concrete encasement as specified on the drawings
and directed by the Engineer.

- When backfilling to pipes with concrete beds and surrounds, do not start
backfilling before 24 hours or allow heavy compactors and traffic over the
pipes before 72 hours of placing concrete.

- Use temporary crossing over the trench to prevent damaging the pipes.

3-1-D-5 SPECIAL BACKFILLS

3-1-D-5-1 Execution Of Rocks Paving

The rocks in accordance with the required specifications for this particular zone shall be
placed to the maximum possible position in its final locations. The finishing of the rock
paving demands individual arrangement of each block by means of a heavy mechanical
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equipment for the big blocks and by hand equipment for the smaller blocks, in a manner
that a linear and plain surface is obtained free of any knobs.

If necessary, in some locations that the contractor should proceed with filling the voids
between the big blocks by hand width a smaller size in order to obtain a consistent and
compact volume.

The contractor must take all necessary measures to ensure safety and security of the site
while paving with big chunks of rocks.

3-1-D-5-1-1 Rockfill

These backfills are discharged and leveled by bulldozer in slightly horizontal layers of 100cm
after compaction. The biggest blocks, not bigger than 70 cm, are evenly distributed in the
mass.

The equipment used and the number of operations must provide a good compaction with
results being at least equal to those obtained with an 8 tons per linear meter of width
vibrating roll, of a vibration frequency of 1500 to 1800 cycles per minutes with 6 operations
ata 1.8 km/h speed.

The faces should present a certain aspect of unity. For that, the Contractor proceeds to a
classification of block facings of same size. The blocks are sorted out at the quarry and
prepared for the fill layer.

3-1-D-5-1-2 Filters and Drains

These backfills are unloaded avoiding any segregation and are leveled by a bulldozer in
slightly horizontal layers of 15 cm after compaction. The equipment used and the number
of operations must provide a good compaction with results being at least equal to those
obtained with an 8 tons vibrating roll per linear meter of width, of a vibration frequency of
1500 to 1800 cycles per minute at a 1.8 km/h speed (6 to 7 passes). Alternatives leading to
the same degree of compaction could be proposed by the Contractor and submitted to the
Engineer for approval.

3-1-D-6 RIPRAP

3-1-D-6-1 DESCRIPTION
This work shall consist of furnishing and placing one (1) or more layers of riprap on a

prepared surface in conformity with the lines, grades, thicknesses and typical cross sections
shown on the plans or established by the Engineer.

3-1-D-6-2 MATERIALS

Riprap shall consist of aggregate, from hard, durable, quarried or natural stone having an
apparent specific gravity of not less than 2.4, and the absorption shall not exceed 5 percent.
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The stone shall be free of weak laminations and cleavages, and shall not disintegrate on
exposure to water or weathering. The aggregate shall be round or angular.

3-1-D-6-3 GRADATION REQUIREMENTS

Small size riprap gradation shall be as follows :

SIEVE OPENING SIZE PERCENT PASSING
IN CENTIMETERS (By weight)
20 100
15 50
10 0

Medium size riprap gradation shall be as follows :

SIEVE OPENING SIZE PERCENT PASSING
IN CENTIMETERS (By weight)
40 100
30 50
20 0

3-1-D-6-4 CONSTRUCTION REQUIREMENTS

3-1-D-6-4-1 Subgrade Preparation

The Contractor shall, as a part of this work and prior to the delivery of the material for the
riprap, prepare the bed surface by sprinkling, blading, rolling, and lightly scarifying where
necessary, until the proper slope is obtained for pipe riprap placing. However, in the process
of shaping the bed, the originally compacted crust or top portion of the bed shall be
disturbed as little as possible. When completed and ready for riprap construction, the bed
shall be well compacted, smooth, hard and uniform, all irregularities having been bladed out
and rolled down.

3-1-D-6-4-2 Placing

The material shall be so handled as to avoid segregation. If an aggregate spreader causes
segregation in the material or leaves ridges or other objectionable marks on the surface
which cannot be eliminated easily or prevented by adjustment of the spreader operation,
the use of such spreader shall be discontinued and replaced.. All segregated material shall
be removed and replaced with well-graded material. No “skin” patching shall be permitted.

Riprap shall be placed to grade in a manner to insure that the larger rock fragments are
uniformly distributed and the smaller rock fragments serve to fill the spaces between the
larger rock fragments in such a manner as will result in well-keyed, densely placed, uniform
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layers of riprap of the specified thickness. Hand placing will be required only to the extent
necessary to secure the results specified above.

All humps and depressions and thickness deficiencies exceeding the specified tolerance of
five (5) centimeters shall be corrected by removing the defective work or by adding new
material as directed by the Engineer.

3-1-D-6-5 SMALL SIZE RIPRAP WITH BITUMINOUS MASTIC

3-1-D-6-5-1 Description

This work shall consist of furnishing and placing one (1) or more layers of riprap, on a
prepared surface, and to fill the joints between the stones with sand-asphalt mastic in
conformity with the lines, grades, thicknesses and typical cross sections shown on the plans
or established by the Engineer.

3-1-D-6-5-2 Materials

3-1-D-6-5-2-1 Gradation Requirements

Riprap shall consist of aggregate, from hard, durable, quarried or natural stone having an
apparent specific gravity of not less than 2.4, and the absorption shall not exceed 5 percent.
The stone shall be free of weak laminations and cleavages, and shall not disintegrate on
exposure to water or weathering. The aggregate shall be round or angular.

Small size riprap gradation shall be as follows.

SIEVE OPENING SIZE PERCENT PASSING
IN CENTIMETERS (By weight)

20 100

15 50

10 0

Sand-asphalt shall consist of a hot-laid mixture of asphalt and mineral aggregates
conforming to the requirements below:

AASHTO SIEVE PERCENT PASSING

1/2 inch 100

3/8 inch 80 to 100

No. 4 55t0 75

No. 10 32to 47

No. 40 16 to 26

No. 80 10to 18

No. 200 41010

Asphaltic binder 16 % by weight of the aggregates
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3-1-D-6-5-2-2 Physical Requirements for Sand-Asphalt

Mineral Aggregates

Mineral aggregates for “sand-asphalt” shall consist of fine aggregates, and filler material if
required. When the grading of the available aggregates is deficient in material passing the
AASHTO No. 200 sieve, mineral filler shall be added as approved by the Engineer. Mineral
filler shall consist of finely divided mineral matter such as rock dust, including limestone
dust, slag dust, hydrated lime, hydraulic cement, or other suitable mineral matter.

The combined mineral aggregate shall meet the following physical requirements :

- Loss of Sodium Sulfate Soundness Test (AASHTO T 104) 10 percent maximum
- Loss of Magnesium Sulfate Soundness Test (AASHTO T 104) 12 percent maximum
- Loss by Abrasion Test (AASHTO T 96) 40 percent maximum

- Thin and elongated pieces, by weight (larger than 1 inch, thickness 5 percent
less than 1/5 length)

- Friable Particles (AASHTO T 112) 0.25 percent maximum

- Sand Equivalent (AASHTO T 176) determined after all processing 45 minimum
except for addition of asphalt binder

- Plasticity index (AASHTO T 90) 3 maximum

Asphalts

Asphalts for “sand-asphalt” shall be petroleum asphalt cement, grade 60-70 penetration,
conforming to the following requirements:

Designation Test Method Requirement
Penetration, 25 degrees C, 100 grams, 5 seconds AASHTO T 49 60-70
Viscosity at 135 degrees C ASTM E 102 100
Flash point (Cleveland) open cup, degrees C AASHTO T 48 232.2
Ductility at 25 degrees C AASHTO T 51 100
Solubility in organic solvents, percent AASHTO T 44 99.5

The asphalt shall be prepared by the refining of petroleum. It shall be uniform in character
and shall not foam when heated to 176.7 degrees Celsius.

Job-Mix Approval

At least thirty (30) days prior to the date he intends to begin production of plant-mix “sand-
asphalt” mixtures, and after receiving approval of the aggregates from the Engineer, and
after receiving the approval of the source of asphalt, the contractor shall make written
request for the approved job-mix formula from the Engineer.
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The job-mix formula shall combine the mineral aggregates and asphalt in such proportion as
to produce a mixture conforming to the following composition limits by weight:

PERCENT
Total Mineral Aggregates 88 -84
Asphaltic Binder 12-16

When tested according to the Marshall method, the bituminous mixture shall conform to
the following requirements:

Stability (kilograms) 700 minimum
Flow (millimeters) 24-40
Voids in total mix (percent) 3.0-50
Voids filled with asphalt (percent) 70-80

All trial mixes shall be prepared and tested by the Contractor. Results will be submitted to
the Engineer and, if necessary, direct the Contractor to readjust the Plant to maintain
conformity to the job-mix formula. If, during production, the grading of the aggregates
alters, the mix shall be redesigned and the plant readjusted as outlined above.

The assistance of the Engineer in the preparation of the job-mix formula in no way relieves
the Contractor of the responsibility of producing a bituminous mixture meeting the
requirements of the specifications.

Preparation of Sand-Asphalt Mixture

Dried aggregate as specified for bituminous construction shall be combined in the plant in
the proportionate amounts as approved. Asphalt shall be introduced into the mixture
according to the job-mix formula.

The initial mixing time will be designated by the Contractor. Mixing time may be increased
by the Engineer if additional time is necessary to obtain a homogeneous mixture and
satisfactory coating.

The temperature of the asphalt, except for temporary fluctuations, shall not be lower than
fourteen (14) degrees C below the temperature of the aggregate at the time the two (2)
materials enter the mixer or plug mill.

3-1-D-6-5-3 Construction Requirements

3-1-D-6-5-3-1 Subgrade Preparation

The Contractor shall, as a part of the work and prior to the delivery of the material for riprap
and sand-asphalt mixture, prepare the bed surface by sprinkling, blading, rolling, and lightly
scarifying where necessary, until the proper slope is obtained. However, in the process of
shaping the bed, the originally compacted crust or top portion of the bed shall be disturbed
as little as possible. When completed and ready for riprap and sand-asphalt construction,
the bed shall be well compacted, smooth, hard and uniform, all irregularities having been
bladed out and rolled down.
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3-1-D-6-5-3-2 Placing

The material shall be so handled as to avoid segregation. If an aggregate spreader causes
segregation in the material or leaves ridges or other objectionable marks on the surface
which cannot be eliminated easily or prevented by adjustment of the spreader operation,
the use of such spreader shall be discontinued and replaced.. All segregated material shall
be removed and replaced with well-graded material. No “skin” patching shall be permitted.

Riprap shall be placed to grade in a manner to insure that the larger rock fragments are
uniformly distributed and the smaller rock fragments serve to fill the spaces between the
larger rock fragments in such a manner as will result in well-keyed, densely placed, uniform
layers of riprap of the specified thickness. Hand placing will be required only to the extent
necessary to secure the results specified above.

All humps and depressions and thickness deficiencies exceeding the specified tolerance of
five (5) centimeters shall be corrected by removing the defective work or by adding new
material as directed by the Engineer.

After placing the stones for riprap as described above, in surfaces and thicknesses approved
by the Engineer, the Contractor shall fill all the joints between the stones with the approved
sand-asphalt mastic.

At least thirty (30) days prior to the date to begin placing of plant-mixed “sand-asphalt”
mixtures, and after receiving approval of the sand-asphalt job-mix from the Engineer, the
Contractor shall make written request for the approved method of transport and placement
of the sand-asphalt from the Engineer. No mixture shall be placed prior to the Engineer’s
approval of the Contractor’s methods and procedures for placing the mixture.

All mixed material shall be delivered to their final location in time to permit the mixture to
be placed during daylight hours.

All bituminous mixtures shall be delivered to their final location at a temperature between
139 degrees C - 163 degrees C. Mixtures delivered at lower temperatures shall be discarded.

3-1-D-6-5-3-3 Weather Limitations

Sand-asphalt mixtures shall be placed only when the air temperature is four (4) degrees C or
above, and when the weather is not foggy or rainy and when the existing surfaces free are
free from moisture.
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3-1-E TESTS ON MATERIALS

3-1-E-1 TEST METHODS

3-1-E-1-1 Moisture - Density Curve Test

A Moisture - Density Curve (AASHTO T 180-93, Method D or equivalent standard) will be
determined for each type of soil to be used in the construction of the work to determine the
Maximum Density, the Optimum Moisture content and the Moisture Range required of the
soil for satisfactory compaction. The field density and actual Moisture Content of the
compacted embankment shall be determined by field curves according to AASHTO T 191 or
equivalent standard.

3-1-E-1-1-1 Maximum Density
The Maximum Dry Density as determined by the Moisture-Density curve shall be the density

to which the Field Density is referred for comparison or percentage for each type of soil
used in the work.

3-1-E-1-1-2 Optimum Moisture

The Optimum shall be the moisture content corresponding to the Maximum Density on the
Moisture - Density curve.

3-1-E-1-1-3 Moisture Range

The Moisture Range shall be the limits of moisture content of each type of soil with the
Optimum moisture as a reference.

3-1-E-1-1-4 Field Density

The Field Density shall be the density of the compacted fill determined by the Field Density
Test.

3-1-E-1-1-5 Moisture Content

It is the percentage of moisture in the specimen based on oven dry mass of soil. The
Moisture Content shall be the actual moisture content of the soil in the compacted
embankment at the time of compaction.
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3-1-E-1-2 Relative Density Test

For cohesionless free draining soils for which impact compaction will not produce a well-
defined Moisture-Density relationship curve, the test for the Relative Density of
Cohesionless Soils (ASTM D2049 or equivalent Standard) shall be used to determine the
relative density.

Relative density is defined as the state of compactness of a soil with respect to the loosest
and densest states at which it can be placed by the laboratory procedures described in
ASTM D2049 or equivalent Standard. The Field Density and actual Moisture Content of the
compacted embankment shall be determined by field tests according to AASHTO T 191-93
or T 238-86 or equivalent Standards.

3-1-E-1-2-1 Relative Density
The Relative Density as determined by the Relative Density Test shall be the standard to

which the Field Density is referred for comparison for each type of cohesionless soil used in
the Work.

3-1-E-1-2-2 Field Density

The Field Density shall be the density of the compacted fill determined by the Field Density
Test.

3-1-E-1-2-3 Moisture Content
It is the percentage of moisture in the specimen based on oven dry mass of soil. The

Moisture Content shall be the actual moisture content of the soil in the compacted fill at the
time of compaction.

3-1-E-2 GENERAL PRESCRIPTION

The Contractor shall keep a constant control on the works by mean of tests, under the
control of the Engineer. These tests shall be done in a laboratory site fit with equipment
and staff personnel in order to accomplish the necessary tests specified below and before
without delay. The list of equipment and staff will be submitted to the approval of the
Engineer.

The Contractor can eventually subcontract a part of the test to specialized laboratories.

The Contractor has to submit to the approval of the Engineer, the laboratories as well as the
list of test to subcontract.

The approval of the Engineer to undertake the tests in these laboratories does not relieve
Contractor from his responsibility.

If the Engineer refuses to give his approval to accomplish certain tests outside the working
field, the Contractor will have to undertake them in the field laboratory and equip it in
consequence.
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If during the works, the Engineer is not satisfied by the progress of the tests, as planned by
the Contractor, he can ask the Contractor to modify his arrangements.

The necessary tests and samplings should be undertaken according to the recommendations
of the French, American and British specifications or others agreed by the Engineer.

The Contractor must take into consideration all the necessary expenses for:

1. The samplings (undertaken by the field staff or by a specialized laboratory).
2. The transportation of the samplings from the field to the laboratory.

3. The conservation and treatment of the samples before the tests.

4. The tests and the result reports.

The number and types of tests listed below and above are provided for the control and good
execution of the Contract. The Engineer could require other tests or increase the frequency
of the tests and their number, if doubting their conformity with the specifications. The
Contractor will have to undertake these supplementary tests on his expenses, without any
claim or price revision.

3-1-E-3 TESTS ON BORROWED MATERIALS

All borrow material for the construction will be tested before use. The Contractor must
submit to the Engineer as soon as possible and at the latest 15 days after the date of the
notification of the contract, a detailed program and the time program of the tests.

3-1-E-3-1 TESTS AND SAMPLING RELATIVE TO THE FILTERS, DRAINS AND ROCKFILL
MATERIALS

a. On quarry refer to related paragraph above.

b. During execution:
The necessary tests for the approval of the filters and drains materials are:
— Sieve analysis
— Specific gravity
— Proctor (When necessary)
— Compression tests on original rocky materials.

It is necessary to undertake a series of tests per 200 m? of filter, drain and rockfill and when
requested by the Engineer.
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3-1-E-3-2 TESTS AND SAMPLING RELATIVE TO THE INITIAL BACKFILL, MAIN BACKFILL AND
SELECTED FILL AND BACKFILL

a. On quarry refer to related paragraph above.
b. During execution:
The necessary tests for the approval of these materials are:
— Sieve analysis
— Specific gravity
— Proctor.
— Plasticity Index (When necessary)

It is necessary to undertake a series of tests per 100 m® of initial backfill, Main backfill and
Selected Fill and Backfill and when the request by the Engineer.
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3-1-F WIRE ENCLOSED RIPRAP (GABIONS)

3-1-F-1 DESCRIPTION

This work shall consist of the installation of wire-enclosed riprap (gabions) in the locations
designated on the plans.

3-1-F-2 MATERIALS

3-1-F-2-1 Adggregate

Aggregate for riprap shall be hard, durable, quarried or natural stone having an apparent
specific gravity of not less than 2.4, and the absorption shall not exceed 5 percent. The
stone shall be free of weak laminations and cleavages, and shall not disintegrate on
exposure to water or weathering. The aggregate shall be round or angular and not less than
95 percent of the stone shall be retained on a screen having 3 inch square openings.

3-1-F-2-2 Wire-enclosed Riprap (Gabions)

Gabions shall be constructed of wire mesh. The wire mesh shall be made of galvanized steel
wire having a minimum size of 0.120-inch diameter (U.S. Wire Gage No.11). The tensile
strength of the wire shall be in the range of 60,000 to 85,000 psi, determined in accordance
with ASTM A392. The minimum zinc coating of the wire shall be 0.80 0z./sg.ft. of uncoated
wire surface as determined in accordance with ASTM A90.

Selvedge, tie, and connection wire shall meet the same strength and coating requirements
specified above for wire used in the wire mesh.

3-1-F-2-3 Fabrication

The wire mesh shall be twisted to form hexagonal openings of uniform size. The maximum
linear dimension of the mesh opening shall not exceed 4-1/2 inches and the area of the
mesh opening shall not exceed 8 square inches. The mesh shall be fabricated in such a
manner as to be non-raveling. Non-raveling is defined as the ability to resist pulling apart at
any of the twists or connections forming the mesh when a single wire strand in a section is
cut.

Gabions shall be fabricated so the sides, ends, lid, and diaphragms can be assembled at the
construction site into rectangular baskets of the specified size. Gabions shall be of single
unit construction-base, lid, ends, and sides shall be, either woven into a single unit or one
edge of these members connected to the base section of the gabion in a manner that
strength and flexibility at the point of connection is at least equal to that of the mesh.

Where the length of the gabion exceeds its horizontal width, the gabion shall be equally
divided by diaphragms of the same mesh and gauge as the body of the gabions, into cells
the length of which does not exceed the horizontal width. The gabion shall be furnished
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with the necessary diaphragms secured in proper position on the base in a manner that no
additional tying at this junction will be necessary.

All perimeter edges of the mesh forming the gabion shall be securely clip bound or
selvedges so that the joints formed by tying the selvedges have at least the same strength
as the body of the mesh.

Selvedge wire used through all the edges (perimeter wire) shall not be less than 0. 148-inch
diameter (US. Wire Gage No. 9) and shall meet the same strength and coating specifications
as the wire mesh.

Tie and connection wire shall be supplied in sufficient quantity to securely fasten all edges
of the gabion and diaphragms and to provide for at least four cross connecting wires in each
cell whose height is equal to the width and at least two cross connecting wires in each cell
whose height is one-half the width of the gabion. Cross connecting wires will not be
required when the height of the cell is one-third the width of the gabion. Tie and
connection wire shall meet the same strength and coating specifications as the wire used in
the mesh, except that it may be as much as two gages smaller.

In lieu of tie wire, two gauge galvanized hog rings may be used to connect adjacent baskets
and to secure basket lids. Spacing of the hog rings shall not exceed 6 inches.

Vertical joints in the completed work shall be staggered at approximately 1/3 or 1/2 the
length of the full baskets.

3-1-F-2-4 Installation

The gabions shall be placed on a smooth foundation. Final line and grade shall be approved
by the Engineer.

Each gabion unit shall be assembled by binding together all vertical edges with wire ties on
approximately 6 inch spacing or by a continuous piece of connecting wire stitched around
the vertical edges with a coil about every 4 inches. Empty gabion units shall be set to line
and grade as shown on the plans or as directed by the Engineer. Wire ties, hog rings, or
connecting wire shall be used to join the units together in the same manner as described
above for assembling. Internal tie wires shall be uniformly spaced and securely fastened in
each cell of the structure.

A standard fence stretcher, chain fall, or iron rod may be used to stretch the wire baskets
and hold alignment.

The gabions shall be filled with stone carefully placed by hand or machine to assure
alignment and avoid bulges with a minimum of voids. Alternate placing of rock and
connection wires shall be performed until the gabion is filled. After a gabion has been filled,
the lid shall be bent over until it meets the sides and edges. The lid shall then be secured to
the sides, ends and diaphragms with the wire ties or connecting wire in the manner
described above for assembling.

Mseilha WTP and Main Pumping Stations Page IlI-1-32



Part IlI: Civil and Architectural Works
Part I11-2: CONCRETE & MASONRY






Ministry of Energy and Water Volume 3 Technical Specifications
PART IlI-2: CIVIL & ARCHITECTURAL WORKS: CONCRETE & MASONRY

Table of Contents
Page
3-2-A CONCRETE. ...ttt ettt ettt ettt et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aa e 1
3-2-A-1 DESCRIPTION .....eiiitieitie ettt et 1
3-2-A-2 CONCRETE MATERIALS......eiiitie ettt 1
3-2-A-2-1  CEMEBNT ...t 1
3-2-A-2-1-1  MiXing Of CEMENTS ....ocvvivieiiie et 1
3-2-A-2-1-2  TestS and ACCEPLANCE. ......ccevveieieiie ettt st ene 1
R S (] =10 [T PP 2
3-2-A-2-2  AQOIEOALES ......oeiiiieiiieeie ettt 2
3-2-A-2-2-1  FINE AQQIEJALES ......oueieiieieirieiietisie sttt sttt 2
3-2-A-2-2-2  COAIrSE AQOIEUALES. .....uectiereirieetie sttt ettt ettt e e 2
3-2-A-2-2-3  COMDINEd AQGIEJALES .......eveieiiieieiie ettt 2
3-2-A-2-3  WALRT ...t 3
3-2-A-2-4  AUMIXEUIE ...ttt ettt et se e enee e 3
3-2-A-3 ASSEMBLY AND HANDLING OF MATERIALS ......oooiiiiiieie e 3
3-2-A-3-1  Assembly Of AQQregates......cccovveiiieiiiiiiiiiiee e 3
3-2-A-3-2  Stockpiling of AQQregates.......cciiiiieiie e 3
3-2-A-3-3  SEQregAtION ....ccviciiiiiie ettt e 4
3-2-A-3-4  Transporting of AQQregates ........cccovveiieiiieiiei i 4
3-2-A-3-5 Cement Storing And Stockpiling ..........ccovveeiiiviiiecce e, 4
3-2-A-4 COMPOSITION OF CONCRETE ......ooiiiiieiiiie e 4
3-2-A-4-1  REQUITEMENTS ...ccvveieieiiee ettt et s se e saesreesn e e e s 4
3-2-A-4-1-1  SrENGEN ..o e 5
3-2-A-4-2  Mix Proportions & Measurement for Proportioning Materials ......... 5
3-2-A-4-2-1  Changes iN PrOPOITION.......cc.oieiriiiiieieeiise st 6
3-2-A-4-2-2  Measurement for Proportioning Materials ............cccovvvriieneinicninenens 6
3-2-A-4-2-2-1  CEIMENT ..ottt et sttt s et st st see s e e e e ne s 6
B-2-A-4-2-2-2 WALET ..ot 7
3-2-A-4-2-2-3  AQOIEUATES ... ceutiie ettt sttt ettt et bttt r et et e st e e e ae s 7
3-2-A-4-3  CONCIELE ...ttt e e se e e 7
3-2-A-4-3-1  POIOUS CONCIELE........eiiitiiieirieerie et 7
3-2-A-4-3-2  Cyclopean CONCIELE .......cceviiieiiieieiie ettt 7
3-2-B SPECIAL TYPES OF CONCRETE .....cvtiiiiiiiiiiiieiee ettt 8
3-2-B-1 AIRENTRAINED CONCRETE ......ooiiiiiiiie e 8
3-2-B-2 CONCRETE INBENCHING.......ccciiiiiiiiiiie et 8
3-2-B-3 READY MIX CONCRETE AND CENTRAL MIXED CONCRETE..........ccceeiverennne 8
K S et I 1= YT ) (oo RSP 8
3-2-B-3-2  MALETIAIS .....oocviiiciiieee e 9
3-2-B-3-3  EQUIPIMENT ..ottt 9
3-2-B-3-3-1  GENEIAL ....eveieiiiictise sttt 9
3-2-B-3-3-2  ChECK TESTS ..oouviiiciie ittt ettt sttt ena e e nneenen 9
3-2-B-3-3-3  INSPECTION ..ottt et e e 10
3-2-B-3-3-4  COmMPOSItioN OF CONCIELE ......c.ccviieieiieeeeire e 10
3-2-C REINFORCING STEEL .....coiiiiieeee e 11

Mseilha WTP and Main Pumping Stations Page Ill-2-i



Ministry of Energy and Water Volume 3 Technical Specifications
PART IlI-2: CIVIL & ARCHITECTURAL WORKS: CONCRETE & MASONRY

3-2-C-1 DESCRIPTION ... .cettetiiitieiiisieese st stee et sttt st e snee e 11
3-2-C-2 MATERIALS ...ttt sr e nn e ens 11
3-2-C-2-1  ReinfOrcinNg Bars .........ccocveiiiiiiiiiie ettt 11
B-2:C-2-1-1  TYPC cuoeeeeeeeeeee et eeeeeeee et s et eeee e ee ettt 11
3-2-C-2-1-2  QUANILY .eeeeceieece et et re 11
3-2-C-2-2  Certification and Identification ..............ccccevvveiecie e 11
3-2-C-2-2-1  CertifiCatiON .........cvieiiiieieeieeetis et e e 11
3-2-C-2-2-2  1deNTIfICATION ....ovviviieceie e e 11
3-2-C-2-2-3  Inspection and SAmPliNg .......cccocovveieiiiiecie e 12
3-2-C-2-2-4  Welded Wire FabIiC ... 12
3-2-C-2-2-5  DIMENSIONS ....ecveiitieitie et ctiestee sttt steesteestae st st bbb ebbeebbeebbeenbesrbeerbe s 12
3-2-C-2-2-6  PIrOPEITIES .....vevveeeeisie sttt ettt et e 12
3-2-C-3 CONSTRUCTION REQUIREMENTS ......ooiiiiiiiieie e siie s 12
3-2-C-3-1  Protection and STOTaQE.........ccouervrieriirieniirie st 12
3-2-C-3-2  Cutting @nd BendiNg........cccooueurrieieriie i 13
3-2-C-3-3  Placing, Supporting and Fastening..........c.ccocvvvemnieinneeesce e 13
3-2-C-3-4  SPHCING «eevveevie ettt 13
3-2-C-3-5  COUPIEIS ...ttt ettt e s 13
3-2-C-3-6  Reinforcing Bar TIUSSES ......ccivviiivie e cie e cee st eie e srae e 14
3-2-C-3-7  Mesh Reinforcement for StruCtUres ..........cocvevveiiecii e 14
3-2-D CONCRETE STRUCTURE CONSTRUCTION .......cuiiiiiieiiiiiiiieieee e 15
3-2-D-1 DESCRIPTION .....cittiuiiitieiisieesie sttt sttt st 15
3-2-D-2 CONSTRUCTION REQUIREMENTS .....ooiiiiiiiiiiie et 15
3-2-D-2-1  FAISEWOIK......ccvieieiieie ettt ettt 15
3-2-D-2-2  FOIMWOIK ...vvevieeeceee ettt et erae s 16
3-2-D-2-2-1  SAWN FOIMWOTK ....coviiviieiieiiiieiie et 18
3-2-D-2-2-2  Wrought FOMMWOTK........cccoiiiiiireiiiieieeie et 18
3-2-D-2-3  TOIEIANCES ....oveeeeieeie ettt sttt eneenree s 19
3-2-D-2-4 Removal Of Forms And FalSework............cccoovviveieiieniincnece e 19
3-2-D-2-5 Mixing and TranSPOrting ........cooeouereererreresieneseneesie e 20
3-2-D-2-5-1  IMIXING .. ettt ettt ettt sttt st e r e e ene et ere 20
3-2-D-2-5-2  Central-MiXiNG ........cceiririieiieise et 21
3-2-D-2-5-2-1  CEIMENT ...ttt e et b e st se e se e e e 21
3-2-D-2-5-2-2  AQOIEUALE. ... ittt ettt ettt ea bbb sr e et en e eree s 21
3-2-D-2-5-2-3  CONSISLENCY ....veveiviriiiectieieeseesis et st es e st es e sttt et ne et 21
3-2-D-2-52-4  HAUNNG. ..ottt 22
3-2-D-2-5-2-5  TIME OF HAUL. ...c.ecviiii i 22
3-2-D-2-5-2-6  DEIIVEIY ...ttt et 22
3-2-D-2-5-3  TranSPOITING ....ccveiviiecieitiie e sttt e et e ettt se e aeerea s 22
3-2-D-2-6  Handling, Placing, Concrete and Compacting..........ccccoevvevvvevenrenne. 23
3-2-D-2-7 Hot Weather Concreting (for temperatures above 20°C) ................ 25
3-2-D-2-8  Wet Weather CONCreting .......cccccuevveveeieeie e e 25
3-2-D-2-9  Cold Weather and Night ConCreting ..........cccoevveieseevesieese e 25
K L 0 TN 0 [ SRS 26
3-2-D-2-10-1  ConStruCtioN JOINTS.......cccoviieiiiie et 26
3-2-D-2-10-2  EXPANSION JOINTS .....eoviieieieieietisie st 26
3-2-D-2-10-3  CoNLraction JOINTS ........ccooveiueiiiriie st ee et enee 27
3-2-D-2-10-4  COIA JOINTS ....cvveieieciie ettt st sttt st a e e rae s raesneesraeenne s 27

Mseilha WTP and Main Pumping Stations Page Ill-2-ii



Ministry of Energy and Water Volume 3 Technical Specifications
PART IlI-2