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Section # 04 Sewerage
1. General
11  Scope
Sewerage

System Pipelines.

This Section Includes Specifications for the Construction and In@

1.2 Refer ence Standards and Documents

BS EN 752-4:1998, Sewerage
BS EN 14161:2003, Pipelines
BS 410-2:2000, Test sieves

BS EN 12620:2002, Aggregates from natural@p r concrete
in

BS 1924, Stabilized materials for civil NG i urposes
BS 6031, Code of practice for earthiorks
fopgeotextile

BS EN ISO 12958:1999, M ethods of

BS EN 1452:2000, Joints and fitt}

BS EN 13598-1:2003, Unpl
fittings

BS 6076, Tubular
and fittings.

3- 6, The use of structural steel in building

or with unplasticised PV C pressure pipe
polyvinyl chloride (PVC-U) pipes and plastics

BS 4592:2006, Mndustrial type metal flooring, walkways and stair treads.

steel structures against Corrosion.
BS 3532, Method for specifying unsaturated polyester resin systems
BS 3749, E glass fibre woven roving fabrics for the reinforcement of polyester and epoxy

resin systems.
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;2006 Glass reinforced plastic (GRP) pipes and fittings
age

BS EN 1796:2006, BS 1

for use for water supply O

BS EN 1401-1:19 Icised PV C pipe and fittings for gravity sewers
ethyl

ene film for use as a protective sleeving for buried iron pipes

-1to8, BS EN 14713 Code of practice for protective coating of iron and
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1.3 Material Inspection

Pipes and flttlngs mcludmg inside I|n|ngs and outS|de coatlngs shall be mspected by the

Contractor and shall be used in accordance with the Manufacturer’ 56 ‘

Without relieving the Contractor of any of his obligationgkthe Engifheer may inspect
and test the pipe and fittings by any appropriate means.

The Contractor shall remove from Site any pipe g@ittings which in the opinion of the
Engineer is not complying with the required stand

The Contractor may replace damaged Qi es@ings to the approval of the
Engineer.

The Contractor shall submit to the

notice of work requiring inspection

PRJ -SS 02 -04 12/01/2008 01

Through the approved form no

works or otherwise in accor

The Employer may em
may require in any
materials and wor.

24 hours before requiring inspection of those

e the project Quality Plan.

vices of a specialist firm to assist the Engineer as he

nected with pipes, and fitting including the inspection of
and the witnessing of tests at any stage during the execution

and mainten t orks.

labor, plant, tools and materials (but not special testing equipment) for direct assistance to
the specialist firm in their inspection and independent testing and for any further work,
investigations, and repairs which the Engineer considers necessary as a result of such
inspection or testing.

The provision of labor, plant and materials as aforesaid shall be an obligation of the
Contractor where in the Engineer's opinion the inspection test or further investigation
shows that materials and workmanship provided by the Contractor do not comply with
the designated requirements.
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2 Concrete Pipes and Fittings

21 M aterial

Concrete pipes and fittings shall conform to the requirements of BS 59 t and
BS 5911 Part 103 and BS EN 1917:2002.

The strength requirement and other features of particular apphicati
in the contract specific documentation.

Cement used for manufacturing pipes and fittings shall b
conforming to BS 12. Aggregate shall conform t@ BS 88
shall conformto BS 4449 or BS 4483 as appropriat

2.2 Protection
Where designated concrete pipes Ngh polyvinyl chloride plastic PVC liner
sheets. The PVC liner sheets shall y fixed to the formwork before pouring

concrete.

specified by the manuf

Welding of the PVC liner ﬁgbe carried out by skilled labor using the methods
rer

welding of join be caried out in srict compliance with all applicable
specifications/ NS ns and recommendations of the plastic liner sheets manufacturer.
0 % plate shall be carried out by properly trained and approved workmen.

The ingtallation 0‘@ sheets in concrete pipes or structures, and the sealing and
al

ast intg the pipe, the liner shall be permanently and physically attached to the
the locking mechanism and shall not rely on an adhesive bond unless
otherwise approved by the Engineer..

Damaged liner plate shall be repaired in accordance with the manufacturer’s
recommendation and to the approval of the Engineer.

All exterior surfaces of concrete pipes shall be coated in accordance with the pipe
Manufacturer’ s recommendations.
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2.3  Ingpection and Testing

Inspection procedures and tests shall be carried out at the place of manufacture. Pipes and
joints shall be hydrostatically tested in accordance with BS 5911 Part 100 BS EN
1917:2002.

The performance of pipes shall be verified by the testing of random sampil
accordance with the type of ingpection and batch size mentioned. Thggi
subject to rgiection on account of non-compliance with the foblowi

Failure to pass hydrostatic test

Failure of the longitudinal concrete surfaces jointg/ to meet dimensional
tolerances

Fractures or cracks

Defects that indicate defective mixing

Surface defects indicating honeycom ture
Insufficient cover to the reinfo

3 Glass Reinforced Plasti ) Pipes and Fittings

3.1  Product manufact eding and installation shall comply with the following
references, unl%a ise stated in the specifications or unless otherwise
approved by n .

pfication for glass reinforced plastics (GRP) pipes joints and fittings
at@r supply or sewerage.

ion 2.5 Pipe lines on land: design, construction and installation.
BS 2494 Materias for Elastomeric seals for Joints in pipe work and pipelines
396 Woven glass fibre fabrics for plastics reinforcement

BS 3496 ‘E’ glass fibre chopped strand mat for the reinforcement of polyester and
other liquid laminating system.

BS 2782 Method of specifying unsaturated polyester resin systems.
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BS 3532 Method of specifying unsaturated polyester resin systems.
BS 3691 ‘E’ glass fibre rovings for the reinforcement of polyester
and epoxy resin systems.

BS 3749 ‘E’ glass fibre woven roving fabrics for the reinforcement
of polyester and epoxy resins systems.

ASTM C581 Standard practice for determining chemical resist

of thermosetting resins used in glass fibre reinforced

structures intended for liquid service. Q
ASTM D2584 Test for ignition loss of cured reififorced resins.

ASTM D2924  Standard test method for
resistance of reinforced thermosetting resi

ASTM D2992 Standard method for

terna re

pressure design basis for reinf t ting resin pipe and
fittings.

ASTM D3262 Standard spegific for fiberglass (glass fiber
reinforced thermosettigg & sewer pipe.

ASTM D3681 ], hod for chemical resistance of reinforce
thermosettin | In adeflection condition.

ASTM D ice of classifying visual defects in glass-reinforced

lasti parts.
A 3 Test method for indentation hardness of rigid plastics
by means of a Barcol impresser.
M

D4024 Specification for machine made “fiberglass’ flanges.
ASTM D4161 Specification for “fiberglass’ pipe joints using flexible
elastomeric seals.
ASTM D570 Test methods for water absorption of plastics.
ASTM D2290 Test method for apparent tensile strength of ring or
tubular plastics and reinforced plastics by split disk method.
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ASTM D2343 Standard test method for tensile properties of glass
fiber strands, yards and roving, used in reinforced plastics.
ASTM D3567 Standard practice for determining dimensions of
fiber glass (Glass fibre reinforced thermosetting resin) pipe and fittings.
ASTM D3839 Under ground installation of fiber glass (glass fiber
reinforced thermosetting resin)
ASTM D2412 Standard test method for external loading pr lastic
pipe by parallel plate loading. @S
ASTM D3517 Standard specification for fiber glags (glass fjber
reinforced thermosetting resin) pressure pi
ASTM D3754 Standard specification for fi (glass fiber

reinforced thermosetting resin) sewer i 1al pressure pipe.
ASTM D3840 Standard specifiGation§or “Biber glass’ pipe fittings

for non pressure applicatio
ASTM D2471 Standard t
temperature of reactingyt

ASTM D1599
pressure of plasticiRe,

@S ints and fittings shall comply with the following requirements,

or get time and peak exothermic

setting resins.
test method for short time hydraulic failure

ubing and fitting.

otherwise approved by the Engineer.
a All GRP components shall be designed and fabricated by one

manufacturer.

b. Pipe size shall be as shown on the drawings, unless noted otherwise. Sizes
indicated refer to nominal interior diameters.

C. For pressure pipes, minimum pressure rating shall be 10 bar, unless noted
otherwise.

d. Minimum pipe stiffness shall be as follows, unless noted otherwise.
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1. All pressure pipes: 10,000 N/m?

2. Pipes buried less than 5 meters: 5,000 N/m?

3. Pipes buried 5 meters and deeper: 10,000 N/m?

4. All exposed pipes and fittings: 10,000 N/m?

e All GRP pipe shall be buried in granular surround, o; otherwise.

f. Maximum pipe length in granular surroundy” 12 met

0. Any GRP pipe placed in concrete surroun@shall bejdimited to a maximum

pipe length of 3 meters.

All buried joints shall be unrestrain lexible types (spigot and socket or
external coupling) utilizing elasto gealing rings, unless otherwise

noted or unless otherwise appr jie Engineer.
All elastomeric sealing S | e obtained from the pipe

manufacturer.
All joints shall be I withstanding an external pressure of 100 Kpa
without infiltrati th the straight and misaligned positions.

Restrain cking joints may be accepted in lieu of thrust blocks with
the Engingers val.

All flanged fittings shall be designed for class 16 service.
All bolts shall be stainless steel type A316.

All bends and fittings shall be obtained from the pipe manufacturer, unless
otherwise approved by the Engineer.

All bends shall be “long-radius’, unless otherwise approved by the
Engineer.
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Additional testing for bends and fittings may be directed by the Engineer at the
Contractor’ s expense.

Each pipe or fitting shall be clearly marked at the place of manufacture with the
following information.

a0 T p

The date of manufacture.

The pressure rating (if applicable)
The nominal diameter

The manufacturing standard to whi

produced

f. For

flexible pipes— tiffn

The angle of bends or

h. Where appropri th@ of the Client and contract

number

i. Where appropri
J- Number a

app

ratings for

ligable

jeer’ s approval prior to manufacture.

The | clearly indicate the following:
Pipe manufacturer’ s name.

Proposed pipe diameters

Proposed pipe pressure rating

Proposed manufactured lengths

b
c
d. Proposed pipe stiffness
e
f

Proposed joint type

> @

Maximum depth of cover
Minimum depth of cover
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The name or distinctive mark of the manufactureQ >

O

he pgdduct has been

Ividual reference number
@ k of independent testing agency (if

Proposed sealing ring material and manufacturer’s name

Pipe and fitti%&e submitted for all proposed sizes, stiffnesses and pressure
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J- Maximum internal operating pressure (if applicable)

K. Maximum internal test pressure

l. Maximum allowable external pressure

m. Type and manufacturer of proposed resins

n. Type and manufacturer of proposed glasses

o. Type and manufacturer of proposed sand aggreg

p. Maximum proposed content of sand aggreg

Q. Calculations showing adequate desi 60

r. Shop drawings for fittings, showingall dimepsions.

S. Ingtallation drawings showings al y supports, gasket

details, bolt torque and sequelg for flanged fittings.

Samples shall be supplied
request

The GRP material supp“er%onstrae to the Engineer, that he has the

capability of manufacturipestiie régired GRP pipelines of the sizes in accordance
with the contract. The c@ W shall have an internationally recognized quality
management systemaii pla@esand shall be accredited to 1SO 9002 or equivalent.

Pipes, fittings shall be delivered, handled and stored according to the
manufacturer ggkec endations along with the following provisions:
Transpon@ﬁling and storage shall at all times be performed in a manner

to avoj damage.

diRg to the Engineers

nly dings shall be allowed for lifting pipes and fittings. Steel chains,
clamps or cables shall not be allowed for lifting purposes.

chains or cables may be allowed for securing pipes during transport or
orage provided protective padding or timber blocking is utilized.
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Any pipes damaged during delivery, storage or installation shall be marked and
Set aside.

Proposals for repair of any damaged pipes shall be submitted in writing to the
Engineer for approval.

No repairs to damaged pipes shall be attempted without the Engineer’ val.

Any damaged pipes deemed unsuitable for repair by the E shal be
removed form site and replaced at the Contractors expense.

Elastomeric sealing rings, (if they are not a fixed p.
stored in closed containers or out of direct sunlight

Resins shall comply with the relevant
otherwise approved by the Engineer.

Glass shall comply with the relevant provi
otherwise approved by the Engineer.

the following standards, unless

BS 3691 for rovings
BS 3496 for chopped stran
BS 3396 or BS3749 for falypre.

h one of the above Standards.

a clean, graded silica sand compiling with BS 5480
wise approved by the Engineer.

Surface tissues shall

Sand aggregate
requirements, u 0

The use of gddit such asfireretardant, UV inhibitors, or coloured pigments or
dyes ject to the approval of the Engineer.

pi joints shall be designed for a service life of 60 years, with up to 5%
defl their installed condition.

The yhanufacturer, shall provide sufficient “type’ test results to prove the
sed pipe design will meet the desired service life under the following
conditions:-

a Pipes shall be suitable for operating temperatures of up to 40°C.

b. Sewerage pipes shall be suitable for resisting corrosive conditions (H.S
gas and condensates) encountered in the local sewage network.

C. All pipes shall be suitable for immersion in corrosive ground water.
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All pipes shall have a resin rich vinylester internal liner with the following
requirements.

a Minimum thickness shall be 1.5mm.
b. Theresinrich liner shall be reinforced with “C” glass surface ti
C. Resins shall be cured to achieve 90% of the manufacturer’s r%nded
Barcol hardness value.
cured to

The structura wall shall be made with isophthalic resins. Resi
achieve 90% of the manufacturer’s recommended Barcol h Y

Glass in the structural wall shall be as follows:

a For sewage service use corrosion resistant
b. For storm water service “E” glass e used.

Sand Aggregate shall be suppli wit@o ing requirements.

a No sand aggregate shalgbe ulized in pressure pipes, except on exterior
surface. E@
[

, sand aggregates may be allowed provided the
sufficient type test results to prove the pipe design will
vice life.

GRP pipes and fittings utilized for exposed service inside pumping facilities or
junction chambers shall be designed to resist all bending stresses, thrust
forces surge pressures, negative pressures (vacuum) and vibratory forces.

A complete static and dynamic analysis shall be provided by an approved
Engineering firm specializing in fluid dynamics for all exposed piping systems
and shall include at least the following, unless otherwise directed by the Engineer.
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Bending stress analysis and support design.
Surge/water hammer analysis.

Thrust force analysis.

Vibration analysis.

Stress and flexibility analysis. A
Other as per Engineer’ s direction. g
Exposed pipe and fittings shall be manufactured infthe saaner d with the
io:: ;

NN N I ©

same materials as buried pipe, along with the flollowing} requirements, unless
otherwise approved by the Engineer.

Resin in the structural wall shall er.

No sand aggregate shall be ut@ osed pipe or fittings.
Minimum wall thickgess I mm.

Minimum stiffness shallsbe 18000 N/m?

2 0o T o

' eQay be required to maintain circularity on large dia
ed as directed by the Engineer.

An exterior rgsi layer 1.0 mm thick pigmented with UV inhibitor shall be
sed pipes and fittings.

Additional exterior
pipes and shall hes

Flange: ilament wound with epoxy or vinylester resins.
m-o flanges shall conform to class PN 16 Standards.
b. Flanges manufactured by hand-layup methods shall not be accepted.
Exposed pipes shall resist a negative pressure of 0.8bar.
Minimum operating temperature; 50°C.
Minimum surge pressure: 40% above working pressure.

Elastomeric sealing rings for buried pipe shall be manufactured with the
following material in compliance with the following Standards, unless
otherwise approved by the Engineer.

EPDM material conforming to BS 2494 Type “D” requirements.
Gaskets for flanged fittings shall be EPDM flat rings.
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4, HDPE Non Pressure Pipe
High density polyethylene (HDPE) pipe shall be manufactured to conformgto the
requirements of CP 312 Part 1 and 3, and BS EN 123244- 1,2,5:2002. Wh iRes are
used for renovation work, pipes shall be of short lengths conforming to the ents
of the method selected and the available working space in the manholgs jve ghiafts.
Longer lengths may be used for new installation where conventional liench methods
of construction are employed. G
The base polymer shall be polyethylene with a derived @ensity geater than 930 kg/m3
when determined in accordance with the method requir 12. The base polymer
shall be blended with additives that are necessar the manufacture, storage and use of
HDPE pipes for sewer lines, including antioxidan black and UV stabilizers.

The material in pipe form shall have a therm j[Ity of at least 15 minutes when tested
in accordance with the isothermal fomgglifferential thermal analysis. The ends of
the pipe shall be cut, cleanly and y.

The jointing system for polyet es and fittings shall be in accordance with the
pipe manufacturer's recom aieRs’subject to approval by the Engineer.

The polyethylene pipe
working stress of
rating (PN) of | '

Type 50 i.e. shall be designed to sustain a maximum
C. Thewall thickness shall be based on a nominal pressure

HDRE non-pressure pipes are used for gravity sewers having internal diameter larger than
pipes are used for gravity sewers having diameter 250 mm or less.

The list of main standards to refer to is as follows, For undated references the latest
edition of the published referred to applies.

CEN (Draft prEN 13476-1) “Thermoplastics piping systems for non-pressure
underground drainage and sewerage — Structured-wall piping systems of Polyethylene’.

DIN 16961 “Thermoplastic pipes and fittings with profiled outer and smooth inner
surfaces’.

ISO 9969 *“Determination of Ring Stiffness of Plastic pipe by parallel plate loading”.
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DVS 2209 Part 1 “Welding of polyethylene pipes by extrusion welding technique”.

RIL —77: 190 “Plastic pipes laid in ground and water. Laying instruction”.

ASTM D 2321 “Underground Installation of Flexible Thermoplastic Sewer
Pipe’.

Where reference is made to one of the above standards, the revision in eff time

standards (e.g. 1SO, DIN, BS, EN) may be acceptable provided tkh
submits certification and complete documentation (including Englisigig

manufacture of sound, durable pipe of good su
conforming to these specifications, for intended
material with unknown properties must not
the same material properties and requirgmen

e finish and mechanical strength
, including weldability. A raw
ttings are fabricated from pipes,
to fittings.

The raw material shall be pre-pigmel U¥ -stabilised and anti-oxidanted. The on line
addition of pigment and/or stabilj ring pipe extrusion is strictly prohibited.

All HDPE resins shall
compounds is not permi

p e, single compound. Mixing of different resin
ifferent batches of the same compound can be used.

The use of recycl
Engineer

The material n@ rusion welding shall be the same grade as the pipe material.

itted if the origins and grade are approved by the

Each g f raw material shall be accompanied by the manufacturer’ s/suppliers

he works shall be manufactured at plants that meet the requirements of and
are accredited to 1SO 9001 or 9002. Pipes produces in the Sultanate of Oman, subject to
their compliance shall be preferred over imported ones.

The twin wall congtruction of the pipe shall be structurally designed to withstand external
loads i.e. combination of dead load & imposed live load. The pipes are categorized in
stiffness class 2, 4 & 8 kN/MZ2.The stiffness class of the pipe shall be dependent on the
load and ingtallation condition of the pipe.

The physical properties of the raw material shall be in accordance with those listed
below.
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Physical Properties Value Unit Test method
Density: Baseresin 938 | Kgm3 |1SO1183D
Compound 948 Kgm3 |1872/2
Melt index: 2.16 kg 0.2 0/10 min | 1SO
Melt index: 5 kg 0.6 g/10 m |§M 3
Carbon black content >2 % A] D 1603
Tensile strength at yield point 18 N/ 6259

Elongation at yield point 9 SO 6259
Ultimate elongation SO 6259
E-modulus, tangent 5 N/mm2 | 1SO 6259
Hardness \4 ShoreD | 1SO 868
. 0 1SO 179
12
Charpy impact strength failure | KIfm (unnotched)
Vicat softening t ure 118 Oc SO 306 A-50
Brittlenesst K <-70 Ooc ASTM D 746
Linear Expafgion Goeff. mm/m
(Aver 0.25 oc ASTM D 696
%p. range 20-90°C)

Specifi(i , Cp 2.0 Kj/kg.K | a 20°C, DSC

ecifyC heat, Cp 2.7 Kj/kg.K | a 200°C, DSC

. DIN 52612
Thermal conductivity 0.33 W/m.K (20°C)
Al can,
Thermal stability Inductiontime | >30 min isothermal in
oxygen, 210°C

Crystalline melting range 123-127 | Oc DSC
ESCR, Fso >10,000 | h ASTM D 1693
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The HDPE material supplier shall demonstrate to the Engineer, that he has the capability
of manufacturing the required HDPE pipes of the sizes in accordance with the contract.
The company shall have an internationally recognized quality management em in
place and shall be accredited to 1SO 9002 or equivalent.

The following markings shall be printed on the pipe:

a) Name or trademark of the pipe manufacturer Q
b) Nominal pipe size, in mm

C) Pipe stiffness class in KN/M2,

d) Manufacturing standard.

e) A production code from which th place of manufacture can be
determined

Handling of pipe & fittings shall in aggordance with the manufacturer’s instruction

and as specified below:

Care shall be taken in loadin ting and unloading of pipes, to prevent any
es or rubber-protected slings/straps shall only be
of steel chains, steel wire ropes and steel hooks inserted

ed.

cuts/gauges/scratches, Nylon

used for handling the pi se

into pipe ends shall not er

Pipes shall be stor lean, dry, level ground, free of sharp protrusions. Stacking of

pipes shall be limi 0 &height that will not cause excessive deformation of the bottom
ecessary, due to ground conditions, the pipe shall be stored on

shall be*epaired as directed by the Engineer. Pipes/fittings, discovered after installation
to be damaged, shall be removed and replaced by new and undamaged pipes/fittings at
the Contractor’ s expense.
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5.

5.1.

High Density Polyethylene (HDPE) Pressure Pipe and Fittings

Product manufacture, testing and installation shall comply with the latest edition
of the following references, unless otherwise stated in the specification di unless
otherwise approved by the Engineer.

1.1S0O 161/1 Thermoplastics pipes for the transport of fluids —
diameters and nominal pressures— Part 1 : Metric Series.

2.1S0 1167 Plastic pipes for the transport of fluid — D I0QOf resistant
to internal pressure.

3.1SO 1133 Plastics Determination of the melff mass-flow rate (MFR) and the
melt volume-flow rate (MVR) of thermoplastics.

4. 150 1167 Plastic pipes for thggransport uids — Determination of
the resistance to internal pressure.

5. 1SO 2505-1 Thermoplastics pipes —
Determination methods.

6. 1SO 2505-2 Thermoplastics
Determination parameters.

7.1S0 3126 Plastic Pipes—
8.1S0 3607 PE-HD Pi @= ces.
9.1SO04065 Ther |2Shespi pes — Universal wall thickness table.
10. SO 4427 et e (PE) pipes for Water Supply.
11. 1SO 4437 48ur lyethylene (PE) pipes for the supply of
gaseous fu
12. | SRR/ "Plastics — Methods of exposureto natural ~ weathering.
. I Polyolefin pipes and fittings — Determination of carbon black
content BY calcinations and pyrolysis — Test method and basic specification.

14. 190 12162 Thermoplastics materials for pipes and fittings for pressure
cations pipes — Classification and designation — overall service (design

coefficient).

15. ISO Daa 8 Chemical Resistance of PE pipe.

16. ISO/TR 9080 Thermoplastics pipes for the transport of fluids — Standard
extrapolation method for the long term resistance to constant internal pressure.

udinal reverson — Pat 1

_dJl_ongitudinal reverson — Pat 2

ent of dimensions.
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17. ISO/TR 10837

Determination of the thermal stability of polyethylene (PE)

5.2

for use in gas pipes and fittings.

18. ISO/DIS6259-1 Thermoplastics pipes — Tensile properties — Determination
and basic specifications — Part 1: General test method.

19.1SO/DIS 6259-3 Thermoplastics pipes — Tensile properties — Dgiiermipnation
and basic specifications — Part 3: Polyolefin pipes.
20.1SO/DIS 11420 Method of test for carbon black dispersia w yetidlene
pipes and fittings.

of

21.1SO/DIS 11922  Thermoplastics pipes for ..%
Dimensions and tolerances. Metric series.

22.1SO/DIS 13761  Plastics pipes and fittings — rg/reduction factors for
polyethylene pipeline systems for use at teffygeratures above 20°C.

23.1S0O/DIS 13949 Methods for the t of the degree of pigment
dispersion in polyolefin pipes, fittings nds.

24 WRC WIS 4-32-08 Specifig@iion fof sit@ fusion jointing of PE 80
and PE 100 pipe and fitting

25.WRC WIS 4-32-14Specifi n fof PE 80 and PE 100 Electro- Fusion

fluids —

27.DVS 2207 d Thermoplastic HDPE pipe & pipeline components.

fittings.
26, WRC WIS 4-32-& ion for PE 80 and PE 100 spigot fittings.
[

The following def@vall pertain to words or phrases as utilised in this section.
Pipe Q

andard joints shall be submitted for all proposed sizes and pressure
cl  for the Engineer’ s approval.

submittal shall clearly indicate or include the following:
Pipe manufacturer’ s name.
Proposed pipe diameters.
Proposed standard dimensional ratio (SDR).
Proposed pressure class or rating.
Maximum internal operating pressure at 40°C.

- 0 Q0 T @

Proposed manufactured lengths.
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5.3.

5.4.

5.5.

5.6.

g. Proposed joint type.
h. Proposed Electro-Fusion fittings (if applicable).
l. Proposed sub-contractor for joint welding.

J- Maximum depth of cover (depending on soil)
K. Minimum depth of cover.
l. Maximum internal test pressure.

m. Maximum allowable external pressure.
n. Recent type test results according t@” the t standard of

manufacture to prove the adequacy of the gipe.
Fittings, bends and special couplings for all propo izes'and pressure

a Samples shall be supplied accordin @ Engineer’s request.

All joint welding equipment, eri procedures shall be submitted for the
Engineer’ s approval.
The HDPE material supplier I onstrate to the Engineer, that he has the

capability of manufacturipe ired HDPE pressure pipelines of the sizesin
accordance with the cd@ntradl. The company shall have an internationally
recognized quality pent system in place and shall be accredited to 1SO

9002 or equival gt
Handling of gaipe ittings shall be in accordance with the manufacturer’s
instruction and ified below:

g e {gKen in loading, transporting and unloading of pipes, to prevent any

esiscratches, Nylon Belts/ropes or rubber-protected slings/straps shall

hooksjinserted into pipe ends shall not be permitted.

pes shall be stored on clean, dry, level ground, free of sharp protrusions.
Stacking of pipes shall be limited to a height that will not cause excessive
deformation of the bottom layer of pipes. Where necessary, due to ground
conditions, the pipe shall be stored on wooden sleepers, spaced suitably, as not to
allow deformation of the pipe at the point of contact with the sleeper or between
supports.

Pipes and fittings shall be examined before installation and any damage to
pipes/fittings shall be repaired as directed by the Engineer. Pipes/fittings,
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discovered after installation to be damaged, shall be removed and replaced by
new and undamaged pipes/fittings at the Contractor’ s expense.

5.7.  PE Pipes & Fittings shall comply with the following general requirements, unless
otherwise approved by the Engineer.

a

5.8. Raw PE material shall ¢
approved by the Engi

All pressure pipe and fittings 75mm OD & larger shall be m ured
with PE-100 material and a minimum SDR of 11.
Pressure pipes & fittings 63mm OD & smaller may be 0

or PE100 material.
All pipes and fittings shall be suit or ined” operating

temperatures "of up to 40°C for a servige life of years. Contractor
must provide suitable calculations to i
for approval of the Engineer.

All PE pipes shal be man
according to relevant ISO Stan@

drawings refer to nominal int ol
All pipes shall be black ol

above performance

in standard metric sizes
he designated sizes on the

wigh the following requirements, unless otherwise

ittings shall be manufactured from virgin material.
all not be used.

’ aterial shall be pre-pigmented and stabilized. The on-line
@ oh of pigment and/or stabilizer during pipe extrusion or fitting
pUfacture is prohibited.

All PE material shall be a single compound. There shall be no mixing
of different pipe compounds, however different batches of the same
compound may be used.

The Contractor shall use PE resins that have outstanding SCG
resistance. The resins used shall exhibit no “knee” in stress rupture
curves at 80°C for up to 1 year.

PE pipes made from the very high molecular weight resinsshall  not be
used.

PE material shall conform to the following properties:
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Table4.2

Physical Properties Unit PE100 PESO
Density kg/m’ >950 >
Melt flow index /10 min. 0.4-0.7, -
(L90°C@2.16kd)
M echanical )
Properties
Tensile Strength N/mm? >20 >18
Elongation at break % 0 >500
Flexural creep >700
modulus
Shore hardness \ 58-62
Environmental stress ’ >200 >200
crack resistance
Notched impag & mJmm® 15 15

’c >124 >116

A mm/m’°C 0.15-0.2 0.15-.02
of thérmal expansion
203C — 90°C

Thermal conductivity W/m°K 0.3-0.4 0.3-0.4
Normal operating °c -30-+50 -30 - +50
temperatures
Oxidation Induction Minutes >20 >20
Time
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5.9.  Joints for PE pressure pipes shall comply with the following requirements, unless
otherwise approved by the Engineer.

5.10. All joints between PE pipes and/or fittings for sizes 75mm OD & larger shall be
welded by butt fusion or Electro Fusion methods.

5.11. Any pipesdelivered in coils shall be fusion welded with special electrggusign
fittings and fully/semi automated equipment.

5.12. Pipesdelivered in straight lengths may welded with electro-fusia
butt-welded with fully/semi automated equipment.

5.13. The Contractor must employ an approved sub-cont w ied’staff to
perform all welding operations. All sub-contractor§ and staff must be approved by
the pipe manufacturer and the Engineer.

5.14. PE pipes 63mm OD & smaller may be joingg with buttTusion welding or
approved compression fittings.

5.15. PE pipes may be jointed to other pipi% the following methods:

a Special flanged fitti
b. Special compressionfi
C. Other methods g

itable for PE pipe.
ed by the Engineer.

5.16. Bendsand Spec

@ gs shall comply with the following requirements, unless
the Engineer.

ial fittings, even if manufactured elsewhere, shall be obtained
ufacturer.

Addiyonal testing for bends and special fittings may be directed by the Engineer
e Contractor’ s expense
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5.20.

5.21.

5.22.
5.23.

Each pipe, fitting or coupling shall be clearly marked at the place of manufacture
with the following information, or as per 1SO 4427.

The name or distinctive mark of the manufacturer.
The date of manufacture.
The standard dimensional ratio (SDR).

The pressure rating (if applicable). >
The nominal diameter (O.D.). @
h

- 0 Q0 T @

The manufacturing standard to which the pr
produced.

The angle of bends or branches.

h. Where appropriate, the name of thé' @hlient and contract number.
I. Where appropriate, individual referg

J- Number and mark of indepengéfy

Elastomeric sealing rings fo@mngs shall be manufactured with the

following material in compli@ace With the following standards, unless otherwise
approved by the Engin

EPDM material co ingto BS 2494 Type “D” requirements.
Routine sampli d testing shall be according to the following schedule, (Table

4.3, 4.4, 4.@ erwise approved by the Engineer.

Table 4.3
. Once per raw 1SO 1183
1| Densty material batch
5 Melt flow index Once per raw 1SO 1133
(190°C@2.16kd) material batch
3 Oxidation Once per raw ISO
Induction Time material batch 10837
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Table4.4
1 | Outside diameter Every 1SO
hour/Pipe
2 | Wall Thickness Every SO
hour/Pipe
3 Length Every SO
hour/Pipe
4 | Ovality Every SO
hour/Pipe »

5| Marking Every I As per tender

hour/Pipe ) requirements of

6 | Visual Ingpection Every I SO 4427

hour/Pipe

7 | End Finishing Every SO 4427

hour/Pi
. 3 ples
Heat Reversion SO
L Test o505-1 | <3%
& run/batch
i SO 4427
Hydrost 1 Sample/

2 | Pressuré@iest 0 ) 1ISO 1167 | @ 12.4 MPaWall
d N project Stress
H?Qic SO 4427

3 | Prdssure Tes @ 80 1r§?‘écnf'e/ IS0 1167 | @5.0 MPaWall

. 165 hrs. proj Stress
i SO 4427
Hydrostatic 1 Sample/
4 | Pressure Test @ 80 roiect ISO 1167 | @ 5.5 MPaWall
deg. 1000 hrs. Pro) Stress
1SO
Tensle Strength at Every 6259/
S yieldr ruvbaich | ASTM See Table 1
D638
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Note 1: Hydrostatic testing shall be carried out in accordance with the
proceduresin ISO 1167 and the pipes shall not fail in brittle mode.
Note 2: Tensile samples taken from the wall of PE pipes shall exhibit only
aductile mode of failure. These tests shall be undertak °C
1 using a sample shape defined in ASTM D638 and testi
according to 1SO 6259.
Pipes shall be sampled and tested under the Engineer’s I .
5.24. For pipes with anominal wall thickness of 20mm Vi ple’of polymer
shall be taken from the pipe, using asliver of matgfial 0.5m ick. The

oxidation induction time of this material must m

Table 1. Thistest should be on al pipes with a w

5.25. JOINTING

Polyethylene pipe or fittings aréy in@m other by heat fusion or with
ne

mechanical fittings. Polyet ined to other materials by means of

compression fittings, flanges, th alified types of fittings.

a) Butt Fusion

The most widely u
and pipe to poly: fi
technique produ%
Quality butt n
fusion mm@goed condition.

he 9@0 ed in making a butt fusion joint are:

rementslisted in
ess at or above 20mm.

@or joining individual lengths of polyethylene pipe
ittings is by heat fusion of the pipe butt ends. This
anent, economical and flow-efficient connection.

ts are produced by using trained operators and quality butt

1. p and align the pipesto be joined
2. Face the pipe ends to establish clean, parallel surfaces
Align the pipe profile

Meélt the pipe interfaces

Join the two profiles together by applying the proper fusion force
Hold under pressure until the joint is cool
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b)

Electrofusion

The main difference between conventional heat fusion and electro-fusion is the
method by which the heat is applied. In conventional heat fusion joining,

heating tool is used to heat the pipe and fitting surfaces. The electro-f intis
heated internally, either by a conductor at the interface of the joint INoRe
design, by a conductive polymer. Heat is created as an electric ¢ ap,

to the conductive material.

The steps to be followed when performing electro-fusion joining are:

6.1

Prepare the pipe (scrape, clean)

Mark the pipe

Align and restrain pipe and fitting facturer’ s recommendations
Apply the electric current @

Cool and remove thegl

Document the fusion p u

o g s~ 0w DN PE

uPVC Pipe and FiQQ
General &

uPVvC pi uged for gravity sewers having diameter 250 mm or less.
. au

ct manufacture, testing and installation shall comply with the
following references, unless otherwise stated in the specification or
unless otherwise approved by the Engineer.

a SO 161/1Thermoplastics pipes for the transport of fluids
Nominal outside diameters and nominal pressures — Part 1:
Metric Series.

b. 1SO 1167 Plastic pipes for the transport of fluid —
Determination of resistant to internal pressure.

C. SO 2045 Single sockets for unplasticised polyvinyl chloride
(uPV C) pressure pipes with elastic sealing ring type joints —
Minimum depths of engagement.
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d. SO 2048 Double sockets for unplasticised polyvinyl chloride
(uPVC) pressure pipes with elastic sealing ring type joints —
Minimum depths of engagement.

e SO 2505 Unplasticised polyvinyl choride (uPVC) pipes —
Longitudinal reversion — Test methods and  Specification.

Method B — Oven test.

f. SO 2507 Unplasticised polyvinyl chloride (uPVC) pi ngs
— Vicat softening temperature — Test methods and '

0. SO 3126 Plastic Pipes — Measurement '

h. SO 3127 Unplasticised polyvinyl chigride (u pipes for the

transport of fluids — Determination and

external blows.
!!

I. 1SO 3472 Unplasticised polyvi
J- SO 3473Unplasticised golyvihy chloride (uPVC) pipes— Effect of
sulphuric acid — R im method.
I

specifigation of resistance to

loride (uPVC) pipes—
e of acetone.

Specification and determination of

K. | SO 3606Unplastici | chloride (UPVC) pipes— tolerances on
outside diameters gag thicknesses.

l. BS EN 1401-1; % PV C gravity sewer pipes

e drawings, unless otherwise approved by the
izes on the drawings refer to nominal internal diameters.

0ows, unless otherwise noted or unless otherwise approved by the
Engin

re pipes. Class 16
b. Non-pressure pipes:

The pipe shall have the nominal dimensions shown on the Drawings. Non Pressure Pipes
shall have aring stiffness of 4,000 N/m? between manholes where the depth of cover over
the crown of the pipe is less than 3.5 m in any part of that section between manholes.
Non-Pressure Pipes shall have the ring stiffness of 8,000 N/m? between manholes where
the depth of the cover over the crown of the pipe is equal to or greater than 3.5m in any
part of that section between manholes.
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Where pressure pipe is designated for non-pressure applications, manufacturing shall
conform to the designated pressure class, unless otherwise approved by the Engineer.

Pipes shall be suitable for sustained operating temperatures of up to 45°C.
Pipe lengths shall be as follows, unless otherwise approved by the Engineer.

a For 225mm outside Dia. and above, standard pipe lengt

metres.
b. For 200mm outside Dia. and below, standar, |

metres.

Maximum buried depth for uPV C pipes shall be 6 meters,@aless gpproved otherwise by
the Engineer.

All joints shall be spigot and socket type with flexj
approved otherwise by the Engineer.

a Double sockets or dslip c@y be used adjacent structures or
special fittings.
be

b. Solvent welded join%r sed for buried fittings if assembled in the
manufacturer’ s wafkSep Bder the Engineer’ s supervision. Solvent shall
be as per the pipe % acturer’ s recommendations.

ittings may be used for exposed piping, if approved by

%c omeric sealing rings, unless

C. Solvent

the Engi
All elastomeric joi ubber gaskets) shall be obtained from the pipe manufacturer.

All joints shd of withstanding an external pressure of 100 Kpa without
infiltrati@p in e’straight and misaligned positions.

All @ends and 1al fittings, even if manufactured elsewhere, shall be obtained from the
rer, unless approved otherwise by the Engineer.

all be “long-radius’ unless otherwise approved by the Engineer.

Additional testing for bends and special fittings may be directed by the Engineer at the
Contractor’s expense.

Each pipe, special or fitting shall be clearly marked at the place of manufacture with the
following information.
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a The name or distinctive mark of the manufacturer.
b. The date of manufacture.
C. The pressure rating (if applicable)
d. The nominal diameter
e. The manufacturing standard to which the product has been
produced
f. The angle of bends or branches
g. Where appropriate, the name of the Client nt@
number
h. Where appropriate, individual reference nugaber
I. Number and mark of independent t8ling agency (if
applicable)
Pipe and standard joints shall be submitted fo sizes and pressure classes for
the Engineer’s approval.
The submittal shall clearly indicat &@)Ilowing:
a Pipe manufacturer’
b. Proposed pipe did @
C. Proposeq pi ressre class or rating for pressure pipes and ring stiffness
for non reppes
d. Pro SEﬁfactured lengths
e Prop joint type
@ psed sealing ring material and manufacturer’s name
g. Viaximum depth of cover
Minimum depth of cover
I. Maximum internal operating pressure
J- Maximum internal test pressure
K. Maximum allowable external pressure

Recent type test results according to the relevant standard of manufacture
to prove the adequacy of the products.
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Fittings, bends and specials for all proposed sizes and pressure classes shall also be
submitted for the Engineer’s approval. Samples shall be supplied according to the
Engineer’ s request.

The uPVC material supplier shall demonstrate to the Engineer, that he has the capgbility
of manufacturing the required uPV C pipelines of the sizes in accordance with the
contract. The company shall have an internationally recognized quality man

handling and storage shall at all times be performed in a
damage. Only nylon slings shall be alowed for lifting pi
clamps or cables shall not be allowed for lifting purposes.

and fitfings. Steel chains,

Steel chains or cables may be allowed for securingipes during transport or storage
provided protective padding or timber blocking is

Any pipes damaged during delivery, storage Ofg n shall be marked and set aside.
Proposals for repair of any damaged pi s‘@submitted in writing to the Engineer
for approval.

No repairs to damaged pipes shall be pted without the Engineer’ s approval.
r

Any damaged pipes deemed ung @ far repair by the Engineer shall be removed form
site and replaced at the CongéCtofgeXpense.

Elastomeric sealing ring&{ru askets) shall be stored in closed containers or out of
direct sunlight until

uPV C pipes shall ured in metric sizes according to SO standards, unless

otherwise app bygthe Engineer.

ubPv manufactured from new materials. Recycled PV C shall not be used.
El

co

meric ing rings shall be manufactured with the following material in
mpEkiance With the following standards, unless otherwise approved by the Engineer:

EPDM material conforming to BS 2494 Type “D requirements for irrigation service.

Pipe specials shall be manufactured according to the manufacturer’ s recommendations or
as approved by the Engineer.

Pipe surround shall conform to the requirements in Section 3 of CESWI 6™ Edition and
the same section of this document.

Solvent cement shall be as recommended by the pipe manufacturer.
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Pipe layers
a) No piece of pipe shal be laid unlessiit is straight. The centerline of the pipe shall
not deviate from a straight line drawn between the centres of the openings at the
ends of the pipe by more than 5Smn/metre of length. If a piece of ils to
meet this requirement check for straightness, it shall be reject oved
from the ste. Laying instructions of the manufacturer explicitly

followed.

b) If any defective pipe is discovered after it has all be removed
and replaced with a sound pipe in a satisfactory fnanner ay no additional cost to
the Employer. All pipe and fittings shall
installation, shall be kept clean until theygare u e work and when laid,
shal conform to the lines and grades requified. PV C pipe and fittings shall be
installed in accordance with requirementg manufacturer, or as otherwise

provided herein.

€c) Assoon asthe excavationis co Iet@mal grade of the bottom of the trench,
bedding shall be placed, camp graded to provide firm, uniform and
continuous support for the : holes shall be excavated so that only the
barrel of the pipe bears upag.the Ing.

The pipe shal be | ely to the lines and grades indicated on the
Drawings. Blogkj nder the pipe will not be permitted. Bedding shall be
placed evenly o hSide of the pipe to mid-diameter and hand tools shall be
used to forcestg

evenlyjon each side of the pipe and compaction equipment shall not be operated

ir over the pipe until sufficient backfill has been placed to ensure that such
mpaction equipment will not have a damaging effect on the pipe. Equipment
used in compacting the initial 90 cm of backfill shall be approved by the pipe
manufacturer’s representative prior to use.

d) All pipes shall be sound and clean before installation. When instalation is not in
progress, including lunchtime, the open ends of the pipe shall be closed by
watertight plug or other approved means. Good alignment shall be preserved
during installation. The deflection at joints shall not exceed that recommended by
manufacturer.
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Fittings, in addition to those shown on the Drawings, shall be provided, if required, in
crossing utilities which may be encountered upon opening the trench.

e) When cutting pipe is required, the cutting shall be done by machine, leaving a
smooth cut at right angles to the axis of the pipe. Cut ends of pipe to be with
abell shall be beveled to conform to the manufactured spigot end.

f) The Engineer may examine each bell and spigot end to determi

preformed joint has been damaged prior to installation.
defective joint surfaces shall be reected, marked as

Cl
removed from the job site.
g) Each length of the pipe shall have the assemblyy mark aligned with the pipe
previously laid and held securely until enoygh bac placed to hold the

pipe in place. Joints shall not be “pulled” ‘OM&cramped”.

h) Before any joint is made, the pipe sh ed to assure that a close joint
with the next adjoining pipe h ntained and that the inverts are matched

and conform to the required iPe shall not be driven down to grade by
striking it.

I) Precautions shall betake«gv t flotation of the pipe in the trench.
])  When moveable tr bra€ng such as trench boxes, moveable sheeting, shoring

rt the sides of the trench, care shall be taken in placing

provide uniform side support for the pipe.
k) crete thrust blocks shall be ingtalled at al fittings and other locations as
directed by the Engineer. Minimum bearing area shall be as shown on the
Drawings. Concrete shal be placed against undisturbed material and shall not
cover joints, bolts or nuts, or interfere with the removal of any joint. Wooden side
forms shall be provided for thrust blocks.
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Jointing

a) Joints shall be made in strict accordance with the manufacturer’s instructions.

b) All manhole connections shall be as show

Pipe shall be laid with bell ends looking ahead. A rubber gasket shall be jnserted

in the groove of the bell end of the pipe and the joint surfaces ¢ and
lubricated. The plain end of the pipe to be entered shal then in
alignment with the bell of the pipe to which it is to be joined ed home
with a come-along or by other means. Check that the refer k the

spigot end is flush with the end of the bell. Pipe and fittip jointed in
g uctighs of the

manufacturer. The pipe manufacturer shall furni
installation of at least the first five joints. anufacturer shall be
available on site for 3 days to supervise and inspe i

and mortared connections shall be equipped h an integra O-ring or other
sealant such that a positive wat tigh\%

Concrete Encasement

Where concrete bedding or surr@r uired, the backfill shall not be placed before

the compressive strength of

crete has reached the specified strength.

Where concreting to pi;&rl ecified, a blinding layer of Grade as specified in the
Contract shall be pl 0 e full width of the trench.

o @ )n‘or cradled with concrete shall be supported on precast concrete
blocks,¥e-top face of each block being covered with a separation layer.

the pipeline shall be either bed or bed and surround as shown on the

DrawingSand shall be of Grade as specified in the Contract drawings along such lengths
as are shown on the Drawings or ordered by the Engineer.

The pipe shall be prevented from moving or floating during concreting.

Where concrete bed and surround is used with GRP and PV C-U pipes the maximum
spacing between pipe joints shall be 3 m. For other pipe materials the maximum spacing
shall be as directed by the Engineer.
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In the case of concrete surround for pipes with flexible joints, the joints shall be
interrupted in avertical plane at the edge of the socket by a strip of fiberboard or any
other approved joint filler.

In accordance with the following thicknesses:

Up to 300 mm nominal bore - 13 mm

Over 300 mm and up to 600 mm nominal bore - 25 mm
Over 600 mm and up to 1200 mm nominal bore - 38 mm
Over 1200 mm and up to 2000 mm nominal bore - 50 mm

Where concrete slab protection to GRP and PV C-U pipelifiesis req such protection
shall extend a minimum of 200 mm either side of the pipdiirench. The slab shall be of
reinforced concrete as shown on the Contract Drawyings.

e%shall be carried out as expeditiously as

8. Wadi Crossings

Work at any crossing of a wadi or
possible to the satisfaction of the En
other authority, with minimum intggterel
temporary works which may affe
Engineer at least 14 days b&
Where pipelines p Sﬁ

eath awadi, ditch, open surface water channel, or other

y responsible Government agency or
0 the free flow of water. Details of any
of the wadi shall be submitted to the

waterway, the p|p | be encased in concrete. The minimum thickness of
encasement mm. Unless otherwise designated, the depth of cover shall not
bel : from the bed of the water course to the top of the concrete.

ontractgr shall fill the trench in both banks with rock fill or concrete up to the
els. The extent of thiswork may be varied to suit each individual crossing.

Unless otherwise ordered, the concrete encasement of the pipe shall extend at least to a

section vertically below the tops of the banks. Protection against erosion to the banks
shall be provided by means of stone pitching or riprap.
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9. Pipe Supports

All weight of piping and contained fluids shall be transferred to a structures or
foundation system through stools, brackets, pipe saddle supports, or overhead hanger
systems

Supports shall be provided for each pipe at or near the point where it is cogmg
machinery or valves. Supports shall be provided for each valve and spegi w@ g.

flexible joints shall be required at either ends of the support syste ne@essary
expansion joints shall also be provided

Pipe hangers and supports shall generally be fabricated in\galvani Mild Stedl and if
required by the Engineer to be coated with coal taggpoxy.

For pipelinesto be fixed in culverts, the Contractak shallygrepare proposals for thrust and
anchor support and submit them to the Engin oval. Such approval shall not
relieve the Contractor from his respongiiilitygfar the adequacy of his proposal. Additional

ports may be shown on the Drawings or
s to suit the actual conditions encountered.

requirements for both location and d

directed by the Engineer asthev@

10. Built-In Pipes ures

Pipes built in a conglet or structure shall be protected with a concrete surround
integral with th ace of the structure as shown on the Drawings.

All ineérn nal protection membranes to the concrete shall be sealed around the

pipgiopeningsgas recommended by the membrane manufacturer. When the pipeis later
fixe@the rergaining hole shall filled with non-shrinkage grout.

Any over-excavation adjacent to a structure or beneath the formation level of a pipeline,
either to be constructed under the Contract or in a future contract, shall be backfilled with
mass concrete as specified in the Contract Drawings..

Pipes and pipe specials through concrete walls and floors shall as far as possible be
positioned and built in during construction. They shall be located exactly in the positions
shown in the Contract Drawings and shall be true to line and level. The Contractor shall
take particular care to ensure that fully compacted concrete is in contact with the pipe at
al points.
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Where it is impracticable to cast pipes and specials in the concrete, box outs shall be
provided in the formwork. The box size shall be appropriate to the pipe diameter to give
adeguate clearance for the positioning and grouting of the pipe.

Unless otherwise shown on the Contract Drawings, where pipes pass through a copcrete
wall or structure they shall be protected with a surround of concrete with gradeas
specified in the Contract drawings integral with the external face of the structure:

For pipes of lessthan 500 mm diameter, the surround shall extend fro or
structure by 300 mm and the width and depth of the surround beyon@ 0 face of
the pipe at its horizontal and vertical diameters shall be amj %) mror as
otherwise indicated on the Drawings.

For pipes of 500 mm diameter or greater the surroynd shal from the wall or
structure by 500 mm and the width and depth of t rround beyond the outside face of
the pipe at its horizontal and vertical diameters sh 00 mm or as otherwise indicated
on the Drawings.

On socket and spigot pipelines except
end of the pipe passing through th
concrete surround. On socket of spigot
socket end of the pipe passing t %

surround. A protective syntheticu
provided around the pipe lin
Contract Drawings.

On all other flexibly ed pipes the plain end of the pipe shall protrude from the
concrete surr(@ A maximum of 300 mm or that distance required to properly make

or other plastic materials the socket
| be flush with the outside face of the
jpel ines of GRP or other plastic materials the
al shall protrude 300 mm from the concrete
strip 6 mm thick and 150 mm wide shall be
of the concrete surround in accordance with the

ection and pipe material. The effective length of this pipe shall be 1.5 times
the nominal bore or 600 mm whichever is the greater.

For mechanically jointed pipes the plain end shall protrude from the surround by a
maximum of 300 mm or that distance required properly to make the joint.
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11. Fibre Optic Cable Protection Duct

1 The duct shall be atwin wall consgtruction with a smooth internal finish and a
corrugated outer wall. The duct shall be 110mm diameter. The duct shall be
flexible, capable of diversion around a 1.2m dia manhole. The dual wall
construction shall be such that the inner and outer walls will not separ, ose
their specified load bearing properties in any respect under such fl

2. The duct shall be capable of resisting a static load of 450 N and
application within atemperature range of -40°C to + 75°C w Ing ant
deformation to the pipe.

3. The fibre optic cable duct shall be laid along the r@ute of thg sewer
of 700mm cover depth. All ducts shall be stored irga shadegl area away from
direct. sunlight.

4, The pipe shall be certified to British or Eur, Standard

12. Cleanliness of Pipelines @

Pipelines and manholes shall at al ti be Kept free of all silt, mortar, debris and other
obstructions. When work isnot i ressthe open ends of the pipeline shall be securely
plugged with an approved water@g or stopper firmly fixed.

The Contractor shall cl
jointing and shall swab
matter that may cl
pipeline.

gs and pipe lengths to remove all dirt, sand or other
ipefine or contaminate the fluid to be transported in the

3 side of each fitting and pipe length immediately before

ing @ terior of the pipes shall be freed from any dirt, stones or other matter
that g/nay have, éftered them. For this purpose, a rubber disc, brush, or other suitable

i ent that will not harm the internal lining of the pipe shall be pulled through the
jafnting.

Pressure pipelines and treated sewage effluent pipelines shall be flushed and a swab

passed through. Large diameter pipelines shall be visually inspected internally to the
approval of Engineer.
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13. Pressure Pipeline Marker Posts

Pressure pipeline marker posts shall be installed at al locations where the pipeline
crosses boundaries or changes direction, but in no case shall the spacing exceed 200 m.
Each marker post shall be set over the centerline of the pipelines with concrete
accordance with the Contract Drawings. Marker posts shall incorporate ad
the pipeline and its service in Arabic and English to the approval of the E
marker posts may also be used in areas where the post could not be
installed over the centerline of the pipelines

14.  Valve Chamber Marker Posts Q

Valve chamber marker posts shall be installed at al cham ingfcating the type of
chamber, its reference number and distance from figmarker post in Arabic and English
to the approval of the Engineer.

Where the pipelineisin afootpath or verge,
wall or property boundary and facing h

post shall be installed against the
er g£over, with concrete base surround.

15. Abandonment of Pipelines

Pipelines and service connec abandoned shall first be emptied completely.

Pipelines and service c to be abandoned shall be filled completely with a
cement slurry or ¢ method approved by the Engineer such that the discharge
dlurry or concrete ced into the pipeline under pressure.

The Co act A ehsure that all existing connections to the sewer to be abandoned

hav -- or disconnected before beginning filling.
The r shall inform the Engineer of his intention to begin this operation and shall
obtain ngineer’s approval in writing for the abandonment of each particular length

before beginning filling.

Upon completion of the above procedure, the Contractor shall undertake abandonment of
Manholes, inspection chambers and other structures. Where a pipeline or service
connection to be abandoned connects into a manhole or chamber to be retained, the
connection shall be plugged at the chamber wall and the associated channel in the
benching of the manhole or chamber shall be cleaned and filled with concrete as specified
in the Contract documents.
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Unless otherwise designated, existing pressure pipelines to be abandoned shall be
emptied and sealed at each end of the pipeline with a removable expanding stopper to the
Engineer’ s approval. The stopper shall include a valve for the purpose of venting and for
the equalizing internal and external pressures removal. Any chambers located along the
pipeline to be abandoned shall be demolished and the pipeline ends sealed as spegified.

16. M anholes

16.1 General Q

Manholes shall be constructed asindicated in the Contr awings. The blinding
concrete shall be as specified in the Contract drawjggs and e protected with
membrane tanking systems.

The cover slabs shall be surmounted by ductil

frames of the quality specified and in agcord
covers in roads and paved areas sh E&

equivalent manhole covers and
ith OWSC standard details. The

cast concrete brickwork to the level
and slopes of the roads or pavements!

In the case of shallow manhol
reinforced concrete cover sl o

vel and frame may be cast directly with the
on the standard details drawings.

The internal surface of Bles and access shafts shall be protected with an
approved Liner sh ch'@’GRP or PVC Liner.

Benching shal r ed with concrete and to protected with the same lining
materi
16. Manhole Coversand Frames

Circular, corrosion resistant, heavy-duty, hinged, lockable, leak proof cover & frame
shall be used on sewer manholes in accordance with the Standard Details drawings. For
covers in private residences the manholes shall be the same as described but shall be
medium duty. The locking mechanism shall be operated by a specialised tool to be
supplied with the cover frame and units. The locking mechanism must not be operable by
use of readily available tools.

Manholes Covers and frames shall be of class D 400 and in accordance with BS EN 124
with respect to design requirements, type of testing, marking, quality control etc...
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The Covers Material shall be Ductile Iron, Composite Products or any other equivalent
material and shall be fully complying with BS EN 124 and /or equivalent standard

The Covers shall be also manufactured to OWSC'’ s requirements and in accordance with

OWSC' s Standard Drawings.
16.3 Marker Tapeand Marker Posts s

Marker tape for buried wastewater pipes, pressure pipes apd v shall be
yellow, heavy gauge polyethylene at least 150mm wide r|nt with the
words ‘CAUTION GRAVITY SEWER BELOW’, ‘CAUTION PRESSURE SEWER
BELOW' or ‘CAUTION VACUUM SEWER BELO i Id capital letters at
intervals of no greater than 700mm througho d shall incorporate a
corrosion resistant tracing system for non metallic pige

Each Manhole shall have its own uni ori@siogresistant marker plate on the manhole
cover. This marker plate shall iqUE number and co-ordinate reference as
approved by the Engineer. These er prates shall be installed on non corrodible

manhole marker posts located etres of the manhole, when the manhole is
located in wadi’s and open grqu

164 Mortar

All marker tape and signage shall be able to be res abic and English.

channelgin a ructure such as chambers, pump station wet-well, etc, they shall
be f to Raved minimum of 10mm thickness of an approved epoxy-resin mortar
systém appliegl to the manufacturers instructions.

Where indic awings or specified to use epoxy mortar for benching and

The rtar system shall be trowellable, two component epoxy resin system
consisting of a prefilled base and unfilled reactor which when mixed shall produce a high
strength, impermcable and chemically resistant mortar.

The epoxy mortar system shall have excellent chemical resistance to sodium chloride and
sulphuric acid (shall pass the relevant chemical resistance test), and shall have a high
impact of resistance. Typical properties are given in the following table:

Page 40 of 65




STANDARD SPECIFICATION Page 41 of 65

OMAN WASTEWATER —
SERVICES COMPANY S.A.O.C

PRJ -SS 02 -04 12/01/2008

Properties of Two Component Epoxy Mortar

Property Test Method Limit
Sag at 10mm thickness - None
Working Time ASTM C308 >90 min at 25°C
Full Cureat 25°C - 3to 7 days
Setting Time at 25°C - 30to 45 mi
Water Absorption ASTM C413 <0.0
Comprehensive BS 6319:Part 2 r
Strength
Flexural Strength BS 6319:Part 3
Tenslle Strength BS 6319:
Bond Strength BS 6319:Part >30 N/mm *
Density BS 6319:Part 1750kg/m >

N

When placed on a concrete substyaiethie epoxy mortar system shall have an adhesive

To achieve the necessary adn@sion to the substrate an epoxy primer compatible for use
with the mortar and the S8lastral® shall be applied.

The epoxy mortar, imer where required, shall be suitable for application onto a
substrate with ntent of 4% or less as measured by the “wet-check” Moisture
Meter ok the @s ment approved by the Engineer.

The gotlife of ixed mortar shall not be less than one hour at the temperature to the
of appligation at the time of mixing. The Engineer may restrict application to such
bient temperature is sufficiently low for the specified pot-life to be

There shall be a strict control of surface cleanliness between primer and epoxy mortar
and between coats of the same. Vacuum removal of dust and sand shall be employed and
water soluble contamination shall be removed as specified above. Where dirt or dust has
become trapped in the rimed surface it shall be removed with suitable abrasive paper.
The surface being primed shall be free of visible moisture throughout there operations.
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The mortar manufacturer shall stipulate primer and epoxy re-coat intervals for all curing
temperatures likely to be encountered and these shall be adopted with a maximum
tolerance of +4hours. Where this is exceeded the surfaces to be re-coated shall be
suitably abraded to remove gloss.

Mixing of the components shall be strictly in accordance with the Manufactur
recommendations and care shall be taken to avoid the entrainment of air int

Wet thickness gauge shall be used by the mortar applications continuall
sufficient mortar is being applied to achieve the required thickness.

17. Precast Concrete Manholes and Soakaways

Precast manhole and soakaway units of circular cr
relevant provisions of BSEN 1917 and BS 5911.
shall be manufactured so that imposed vertical lo
wall thickness of the unit. For joints between ugl
profiles shall be capable of withstanding app
ended sections shall only be used where

The wall thickness shall not belessth
sections, and 150 mm for 1500 NC

0 sshall have tongue and groove joints.
& , high sulfate resistant. All sections shall be cured by an

ot be shipped nor subjected to loading until the concrete

secti comply with the

4. Units which bed onto bases
smitted directly viathe full
e underside of slabs, joint
Ings from such slabs and spl got-

Top section shall be concentric cone where cover over pipe exceeds 1.2 m; top section
shall be flat slab where cover over top of pipeis1.2 mor less.

The date of manufacture and the name and trademark of the manufacturer shall be clearly
marked in alocation on each precast section which will be visible upon delivery to site.
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18. Precast Concrete Segmentsfor Tunnels and Shafts

All concrete used in the manufacture of segments shall be at least compressive strength
class C32/40 as defined in BS 8500:Part 1:2000. Concrete shall be sampled and tested
for compliance with the specified strength class in accordance with the provisigns af BS

EN 206-1:2000, Clause 8.2.1. The concrete shall be subject to identity che less
than one sample per 20m?® of fresh concrete. All the segments shall have @ eof
ciufe.
2 provisions

manufacture clearly marked in an appropriate position at the time of mantig
Segments shall be subjected to test for water absorption in acgorda @ hi
of BS EN 1916:2002 Annex F.

19. Prestressed Concrete Pipes and Fittings

Prestressed concrete pressure pipes and fittings sh
of BS 4625 and BS EN 639. Prestressed con ; € and fittings for drainage and
@vant grovisions of BS 5911: Part 1.

sewerage purposes shall comply with thgrel@vs
Unless steam cured, no pipes or fitHRgs leave the place of manufacture until they
have been allowed to cure and mature Wigder titable conditions for atotal period of not

assessed in accordance with, and comply

lessthan 28 days. The surface fipf8
with, the provisions of BSE @ D2 section 4.3.2 and BS 5911:Part 1.
t

ply with the relevant provisions

20. HDPE PreF al anholes and Chambers

20.1 Thelist of stambards to refer to are as follows. For undated references the
latest ed f ¥e published referred to applies:

( N 13476-1) “Thermoplastics piping systems for non-pressure
undergreund drainage and sewerage — Structured-wall piping systems of

Drait CEN/TC155 WG 13 : Structured Wall Piping and Polyethylene
DIN 16961 — “Thermoplastic pipes and fittings with profiled outer and smooth

inner surfaces’.
SO 9969 — “Determination of Ring Stiffness of Plastic pipe by parallel plate
loading”.

EN 1446 — Determination of Ring Stability of Plastic Pipe
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DV'S 2209 Part 1 —“Welding of polyethylene pipes by extrusion welding
technique’.

RIL —77: 190 — “Plastic pipes laid in ground and water. Laying instruction”.

Subsurface Applications’.

ASTM D 2321 —“Underground Ingtallation of Flexible Thermoplastic Sewef Pipe’.
ASTM F 1759 — 97 “Design of High Polyethylene (HDPE) Manholes f

ASTM F 714 —* Specification for Polyethylene (PE) Plastic pip outside
diameter

ASTM F 477 —“Specification for Elastomeric SealsfGaskets ining plastic
pipe’.

SO 4427:1996 (E) —“Polyethylene (PE) pipgs for ply”.

DIN 8061 —“Unplastizied polyvinyl chloride

EN 1979 — Tensile Strength of a Seam

Where reference is made to one of ahe
time of bid opening shall apply.
comparable standards (e.g. 1SO,DI
Contactor submits certification 3
versions of such other stan
other standards meet or

OR

e@ards, the latest revision in effect at the

ce with other equivalent, pertinent or
, EN) shall be acceptable, provided the
ete documentation (including English-language

o the satisfaction of the Engineer, proving that such

Trupk Manhole Shallow Manhole Chamber
er Shaft Lower Shaft Shaft

Upper Reduction cone | Reduction cone Benching

Lower Reduction cone | Benching Inlet / Outlet

Upper shaft Socket

Benching Adjustment shaft

Inlet / Outlet Inlet / Outlet

Lifting lugs Lifting lugs

Anti-flotation fins
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Note: Anti-flotation fins shall be provided to prevent uplift due to the presence of
ground water.
Lower Shaft
The main shaft also known as the carcass of the manhole shall be cylindrical ual to
the diameter of the manhole. The carcass shall be of twin wall constructioggg and
Shallow manholes and single wall in case of chambers. The stiffness o ; all
be designed to withstand the radial pressure and effect of down-dr e, settlement of
the soil.
All the manholes shall have headroom for easy acc ng and flushing

operation. For manholes with internal diameter equal
transition shaft of 1000 mm ID shall be used. In such ¢
shall have the minimum clearance of 2000 mm een the
cone for easy access during cleaning.

Upper Reduction Cone
The Upper Reduction cone shal w to the upper shaft or the lower shaft

depending on the type of manhole.

greaterjthan 1500 mm ID a
ight of the main shaft
nching and the reduction

The cone shall be fabricated or type to suit the diameter of the Upper / lower
shaft on one and the socket di the upper shaft diameter on the other end.

N\

Lower Reduction C
The Lower Reducti@g cohe shall be used to connect the upper shaft and lower shaft in

case of ypper, oVinternal diameter above 2000 mm. The standard internal diameter
of th iti t is 1000 mm.
Upp

A cylindrical shaft of a similar construction as the Lower shaft, stiffness to withstand the
affect of radial pressure and drag due to settlement of soil. The minimum internal
diameter of the transition shaft shall be 1000 mm.
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Benching

The benching shall be a HDPE fabricated type in case of large diameter manholes and
molded type in case of the shallow manholes and the chambers. The radius of the
fabricated and molded type benching shall not be less than 100mm. Altergatively
concrete benching could be constructed, with prior approval of the Engineer in charge. In
case of concrete benching being used all inlet and outlet branches shall be with
a puddle flange.

Inlet / Outlet Q

The inlet and outlet shall be duly welded to the benching @f the manhole. In case of
manholes with branch connections for pipes up-to & beloW250 mp OD, inlets shall be
socket and the outlet shall be spigot. Jointing shallgoe done fit method. For
branch size 300 mm and above, jointing of both inl d outlet shall be formed by
extrusion welding.

External drop connections shall be by push-

fi r pipes up to 400mm and formed
by extrusion welding for 450mm and &

Lifting Lugs
All the manholes (Trunk & @ provided with lifting lugs for easy handling and
placement. Lifting and hanglihg o manholes shall be done in accordance with the
manufacturers instructi

Anti-flotation finsQ’

es are located intidal zone or high ground water table anti-flotation fins
shallf be welded externally to the manhole to prevent uplift. The contractor at the time of
appi@val shaly submit calculations to demonstrate that adequate provision has been taken

agains

Jointing together of all the HDPE components of the manhole shall be performed using
the same grade of material.

The manholes shall be subject to gravity flow only.

Page 46 of 65




STANDARD SPECIFICATION Page 47 of 65

OMAN WASTEWATER Document Number Date of issue Rev
SERVICES COMPANY saoc

PRJ -SS 02 -04 12/01/2008 01

20.3. All the manhole components listed above shall be made from HDPE plastic
compound having a cell classification of 334433C or higher, in accordance with
specification ASTM D3350. The High Density Polyethylene (HDPE) material
shall contain all those antioxidants, U.V. stabilizers and pigments n for
conforming to this specification for its end use, including its weldabili

20.4. The HDPE material supplier shall demonstrate to the Engineer, t

capability of manufacturing the required HDPE manholes ofAf&gsi z¢
accordance with the contract. The company shall h [ % onalJy
recognized quality management system in place shall be'@&efedited to 1SO

9002 or equivalent.

20.5. For resin evaluation, the results of the followiig
manufacturer’ s permanent quality control

Melt Flow Index — ASTM D 1238

Density — ASTM D 1505/ | 83@) 1872/2

Carbon Black Content — A D16Q3

Tensile Strength — 1SO 6259

Hardness— 1SO 868

Stress Crack Resist ASTM 1693 Condition B

Thermal Stabilit r&n Time—EN 728

All manholesgRall ee from all defects including indentations, delamination,

Binholes, inclusions or occlusions which, due to their nature,
detrimentally affect the strength and serviceability of the

tests shall be part of the

Any njanhole with defects, which, in the judgment of the Engineer, will affect the
th and serviceability, shall be repaired free of charge by the supplier.

Laboratory tests for stiffness shall be carried out in accordance with

SO 9969 or any other equivalent specifications.

The Engineer or any other representative of the owner may inspect the manhole at
site after delivery. The manhole shall be subject to rejection at any time on
account of failure to meet any of the specified requirements, even though
manholes may have been accepted as satisfactory at the place of manufacture.

Manholes rejected after delivery shall be marked for identification and shall
immediately be removed from the site.
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20.6. The following markings shall be printed on the Manhole:
a) Name or trademark of the manufacturer
b) Nominal size, in mm

¢) A production code from which the date and place of manufacture can
determined

d) Unigue number for each manhole

20.7. Handling of the manholes shall be in accordance with the man
instruction and as specified herein.

Care shall be taken in loading, transporting and offlogding, to nt any
cuts/gauges/scratches or damage to the inlet / outlet@ranches/Nylon Belts / ropes
shall only be used during offloading, handling and loWigsi e manhole in the
trench.

Use of sted chains, steel wire ropes and ste

All the Manholes shall be stored uprig
protrusions.
installation for any damage to the

All the manholes shall be ex b

components. In case any d e ified the same shall be repaired as directed by

the Engineer. @

High Density Po|yeth>€(
21. uPVvC Pr@nnection Chambers

Propgfty Con manholes shall be uPV C with a cover and frame suitable for light
i The manhole shall be constructed by a build up of uPV C shaft units

shall not be permitted.
, dry, level ground, free of sharp

E) Pressure Pipe and Fittings

shafts er. The benching shall be preformed to suit site conditions. The Manhole
cover shall be medium duty, lockable, corrosion resistant and sealed.

22. Thrust Blocks
The Contractor shall construct thrust blocks at every bend and junction on pressure

pipelines and where otherwise shown on the Contract Drawings or instructed by the
Engineer.
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Each thrust block shall to have a sufficient bearing area and shall be placed to

safely transmit thrust to the surrounding original ground. If soft, spongy, unstable or
similar material is encountered upon which the thrust block is to bear this unsuitable
material shall be removed and replaced with mass concrete as specified in the Contract
documents and as directed by the Engineer.

Thrust blocks shall be in-situ concrete, cast on undisturbed soil, with Grade jed
in the Contract documents.
Thrust blocks shall be placed between fitting and trench wall or trench t

case may be. All concrete shall be kept behind the sockets of fitti n¢
C eteto the

Formwork shall be constructed wherever necessary to confine the
prescribed dimensions for the block. All formwork shall 3& removed before testing.

No pressure shall be applied to thrust blocks until oncrete has reached it’s
characteristic strength.

The depth of cover to concrete blocks I r@ﬂthan 600mm.
A ground check isto be carried ou n that design ground conditions are similar
to those found on Site and if not then t n isto be revised accordingly.

For pressure mains where the grgd §s deeper than 1 in 6 a self-restraining joining
system or anchor blocks shouy® Bgyused. Where anchor blocks are proposed these should

be designed to suit the | rom the main and the local ground conditions. All Thrust
Blocks to be approved e Ineer.

23. Propert: '@i(ons Survey

The @ontract
pr

carry out a survey of existing facilities and prepare individual and
e shop dirawings for each property for which a sewerage connection is required.

The rawing shall show existing plot boundaries, location of property and location
of all affecting services including septic tanks. These shall be marked up to show the
details of the proposed service connection and shall be submitted to the Engineer for
approval.

No service connection work shall begin before approval to the proposed layout has been
received in writing from the Engineer.

Page 49 of 65




STANDARD SPECIFICATION Page 50 of 65

Rev

OMAN WASTEWATER —
SERVICES COMPANY S.A.O.C

PRJ -SS 02 -04 12/01/2008

01

In special cases only, an ingpection chamber may serve more than one service
connection.

Locations of inspection chambers and the layout of service connections shall be as
approved by the Engineer.

Service connections shall be laid at sufficient depths to alow for adequate gradient{being
continued throughout the properly drainage system without the pipelines bec 0

shallow for adequate cover to be provided over the pipe. Q
24.  Testing Of Pipelines Q

241 General

The Contractor shall submit for the Engineer's ap
and Programme for testing (including details of t
test to be witnessed by the Engineer or other p

details of his proposed methods
jpment) and shall arrange for all
nted by the Engineer.

Test equipment shall be approved by t d calibration certificates when
requested by the Engineer shall be itt8eh The Contractor shall provide all equipment
necessary for carrying out testing and ing including pumps, gauges, piped
connections, stop ends, and all o rary works.

All water required for testi d ing the pipelines shall be from a source approved
by the Engineer. K

Pipelines shall be restrained before being put under test. No testing will be
after thrust blocks and other holding down works have been

permitted until se

completed. T % 5 may not be left open at joints before testing pipelines except as
permy g E0ineer who may lay down certain restricting conditions.

ition tg/any tests of individual joints or other interim tests which may be designated
elsewhere®the Contractor shall submit all parts of the pipelinesto afinal test.

<

All pipelines shall be tested between manholes or valve chambers not exceeding 400 m.
On completion of testing the section of pipeline shall be properly sealed to prevent the

intrusion of any extraneous matter, until connected to the pipeline network. The seal
should be fitted with a valued vent to allow equalization of pressure before removal.
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24.2

Testing Of Gravity Sewer Pipelines

Pipeline 600 mm or less in diameter may be tested by air test. Should any pipe fail

the an test, the Engineer may order awater test to be carried out. Acceptance of the
pipeline will then be based on the results of the water test. All pipelines up to an
including 1200 mm shall be tested by air test in accordance with the requirements af BS
8005 : Part 1, Section 5.

The Contractor shall, at his own expense, furnish all equipment and m. ing
the tests. Each pipeline shall be tested before backfilling. All pipelipeSSha bjected
to pass infiltration tests. All pipes are to be clean and empt e g t g. Tests

shall be performed in the presence of the Engineer.

24.3

24.4

Air Tes

The Contractor shall plug all pipe outlets itable plugs, and brace each

plug securely where needed.
N til a pressure of 100 mm water.
nnected to the system. After the interna

Gauge is indicated on a manom
pressure of 100 mm wat e i§ obtained, 5 min shall be allowed for the air
temperature to stabilizeWw e pipe.

Air shall be pumped in slow

Air may be adde@jto resiore the pressure to 100 mm water gauge. During a

further perio 5 Mimt, the pressure shall not fall below 75 mm water gauge

without fu plpAping.

WateQ
|| te joints of the pipeline shall be able to withstand a pressure of a minimum
m head of water, above the crown of pipe at the highest point of pipeline

without leakage. A layer of embedding soil equal to the diameter of pipe shall

be laid over the pipe to prevent the lifting of pipe while applying test pressure.

However, al the joints shall be left open for the purpose of inspection for

leakage if any. All branches and open ends shall be closed with stoppers,
secured with longitudinal braces/thrust block, before testing begins

water shall be filled from the lowest point and air allowed to escape through an
air vent fixed for the purpose a the high points of the pipeline section under test.
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The diameter of air vent shall be about one and half times the diameter of water
inlet pipe to allow easy escape of air. No entrapped air shall remain in the pipeline
while testing

exceed 0.1 I/ m2 of wetted inner pipe surface and if there are no leakape
through joints, the pipeline shall be treated as passed.

245 Infiltration Test
The upper ends of the sewer and service cgunectio closed sufficiently
to prevent the entry of water and pumping oRgroundwater shall be discontinued
until the groundwater surface reaches its n el before beginning the

infiltration test.
The dewatering system shall op@ not be removed until the infiltration
test has been successfully compl therwise permitted by the Engineer
The infiltration shall not excesgl6 |i per millimeter diameter per kilometer per
day of the portion of sewer bein , including the length of service
connection entering that

Thetotal length test

is dependent up
Contractor if fle

e pl

tion shall not exceed 400 min length. This length
pe of deflection measuring equipment proposed by the

are used.

No gravity pieiine WH | be accepted if the total infiltration exceeds the above
mentioned Agit joints will not be accepted if during an internal inspection,
any inbo )s visible.

258 Pr re Pipelines Testing

The pipeline shall be tested between valve chambers or into sections not exceeding 400
in length or otherwise approved by the Engineer. The tests shall be performed as
follows:

25.1 The pipeline shall be filled with water and all air removed as far as

possible.

25.2 The pressure shall then be raised by pumping in water until the test

pressure is reached and shall be maintained at this level by further
pumping until it is steady.
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25.3 Pumping shall then be stopped and the time taken for the observed
pressure to fall by1.0 m shall be recorded.

25.4 Pumping shall then be resumed and the quantity of water pumped in order
to restore the test pressure shall be recorded.

255 If after three hours the test pressure has not fallen by 1.0 m, pumpigg shall
be resumed at that stage, the time being recorded as three hour

25.6 The rates of loss shall then be calculated as the recorded quanti ed
by the recorded time.

25.7 The test pump and gauge shall be connected to the pipeli 8)a

25.8 Thetest pressure shall be such that the entifee pipeling@
tested is subjected to 1.5 times the workin
maximum surge pressure or 800 kPa, whic .
259 The loss shall not exceed 0.02 literSTgr mm diameter per kilometer per 24

25.10 If the pipelinefeilsto pass the teg
and the pipeline retested until ft j2
fittings, valves and jqi alNg

alllts shall be located and repaired
e pressure test. All exposed pipe,
ally inspected during the tests.

When all sections have been joined tog&ker &iter completion of section testing, unless
otherwise directed by the Engl n re pipeline shall than be subjected to final test
asfollows:

AII jomts betwe&&ual test sections shall be left uncovered during this final
The fina tQ@ carried out using the same procedure as the section test
:

f Water tests, where the measured leakage rate exceeds the allowable,
the Consgetor shall, at his own expense, make all necessary repairs and carryout
additignal testing until a satisfactory result is obtained
efgpe pressure testing is started the Contractor shall recheck pipes and valves for
liness and shall recheck the operation of all valves. The "open" ends of the
pipeline or sections thereof) shall normally be stopped off by blank flanges or cap
ends additionally secured where necessary by temporary struts and wedges. All
anchor and thrust blocks shall have been completed and all pipe straps and other
devices intended to prevent the movement of pipes shall have been securely
fastened.
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26. Cleaning Of Sewer Pipelines

The Contractor should note that pipelines, manholes, may have structural defects cracks
etc., and may have been completely filled with sand, grit, sediment and other debys and
the requirement to accurately measure the vertical inside diameter of the sewer,
necessitates that the invert of the sewer to be free of all sediment.

The Contractor shall allow for the removal of all such material and di
disposal site approved by the Engineer. Cleaning of sewers shall pr

Sewer cleaning shall be thorough and shall only be carrieg out by ds approved by
the Engineer to remove all deposits, foreign matter, solid @ semi-sglid and hard intruding
material and all other debris including sand, silt, slime, slu Iment, grease, roots,

loose flaky or soft pipe wall materials, loose con from walls and underside of cover
slabs and benching of manholes from within sew anholes.

The Contractor shall take all necessary prec tO ensure that during the sewer
cleaning operations there is no spill d debris onto the streets and other
areas. When spillage occurs, the C (o) | immediately remove all spillage and
clean all surfacesto their original con n

Pump station wells shall be cl e necessary to permit pipeline cleaning.

27. CCTV Survey

iften instruction of the Engineer undertake a CCTV survey on
ines laid during the execution of the Works, including pipeline
y and submission of a Survey Report, as part of the final

rvey shall be carried out only after satisfactory cleaning of the

The Contractor shallfo

inspegtiortC
pipsline.
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The CCTV survey shall include but not be limited to:

(a) Production of color video tape recording on compact disc (CD) and coding.
(b) Accurate profiling of the cross-section of sewers and measurement of deflectigns.
(c) Recording the complete survey on a computer database.

The Certificate of Completion for the Works or part thereof shall not be | ntil the
CCTV Survey, including provision of the Survey Report, and any sub:
remedial works have been completed to the satisfaction of the Engi

Should any length of the surveyed sewer between adjac
indicate failure to comply with the requirements of the Calitract, thg whole cost of any
sewer cleaning, the CCTV Survey, Survey Report and any

carried out to the satisfaction of the Engineer shal rne by the Contractor.

The CCTV Survey shall be carried our by an appr ecialist subcontractor. The
subcontractor shall provide suitable dogume tO Verify previous experiencein
undertaking CCTV Surveysto the sati i0 Engineer.

28. Sewer Rehabilitation O
28.1 General

This Part includes th lons for all work necessary to rehabilitate sewers,

ed to this part shall include but not limited to:
Wer's and manholes

Ing 0

(e) Deformed pipe lining

(f) Cured-in-place pipe (inversion method)
(9) Spiral wound profile liner

(h) Pipe cracking or bursting.
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The Contractor shall allow in his Programme of work for the requirement that he shall
work a many locations at any one time. However, at least one team shall be fully
engaged on each length of sewer, and shall finish all rehabilitation works required on that
length of sewer including manholes and chambers before beginning work on an

length of sewer.

28.2 M ethodology

The Contractor shall provide methods statements for each of ther I ethods
and systems he proposes to use.

As cleaning and ingpection work proceeds, the Contractoigshall submit weekly sewer and

manhole condition reportsto the Engineer. In the rgports, t ractor shall include his
confirmation that his proposed method of rehabili n meets the required performance
criteria. Should the originally proposed method n he performance requirements

performance requirements for such lengths o r manholes to the Engineer for

for lengths of sewer, or manholes, the Contr mit his proposals to meet the
approval. %

The Engineer and the Contractor shall ag
rehabilitation if necessary, and if
programme of work and submi

ee PN the locations and systems to be used for
y'the Contractor shall review and revise his

Sewer cleaning, inspect er pumping work shall be satisfactorily completed
before undertaking er itation.

sewers the Contractor shall ensure that the sewers are
ed to ensure that they can accommodate the liners.

The Contractor shall over pump the sewage flow around the section or sections of

the pipeline that are to be lined. The over pumping shall be carried at in accordance with
the Engineer’sinstruction. Leaks in the pipes due to groundwater infiltration shall be
stopped by grouting or other appropriate methods approved by the Engineer. The
Contractor shall clear the pipeline of obstructions, solids, dropped joints, or tree roots or
collapsed pipe that will prevent the insertion of the liner. Where inspection or gauging
reveals an obstruction that is not at the location of the entry shaft, the Contractor shall
remove the obstruction by means of a cutting machine inserted into the sewer line.
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Where this is not possible, the Contractor shall make an excavation to expose and remove
or repair the obstruction as directed by the Engineer.

28.3  Joint Sealing of Pipes

Joints shall be sealed using the internal joint sealing method. Where bell crackg or ghips
are evident from pipe section offset, sealing shall be undertaken where the of all
enough to allow proper seating of the sealing packer on both sides of thej be
sedled.

diameters. Joint shall be sealed by injecting chemical seal{i
faulty joints using a system of pumps, hoses, and [
from the surface that could damage the pipelines
not be permitted. Uncovering the pipe by excavati
allowed.

28.4  Sealing of Manholes @

During cleaning and inspection WOM ition of manholes shall be observed and
their structural soundness shall by the Contractor and reported in the

cleaning and inspection reporig. work shall only be carried out on manholes
which the Engineer code ructtirally sound and which experience extraneous water

pair their structural integrity will
ement and soil will not be

leakage.

2 sealed shall be marked out in detail on the concrete elements
d with the Engineer before proceeding with sealing

Cracks and openings to &
by the Contractgeanthac

operatiogs. .

28.31 Slip Lining of Sewers

The f work consists of rehabilitating sewers by the insertion of liner pipe into
existing sewers. The finished liner shall extend the full distance detailed in the project
specific documentation, which may be for localized repair, or extend the full sewer
length. In either case the lining shall be completely sealed and watertight.

Slip lining shall be carried out using polyethylene liners. Where excavations for insertion
of liner are made, the Contractor shall locate the excavations on the basis of the location
of the sewersto be dlip lined, pulling distances, and traffic conditions subject to
Engineer’ s approval.
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Excavation locations shall be such asto minimize traffic disruption, and the number of
excavations reduced by inserting the pipe in both directions from a single opening.
Insertion shafts shall be designed to avoid imposing a bending radius of less than 35
times the outside diameter of the liner. Insertion shafts shall be sloped gradually from the
ground surface to the soffit of the sewer. The Contractor shall provide sufficient Sigeeting
and bracing to the excavation as required. The soffit of the existing sewer shall.be
exposed and the crown of the pipe shall be removed as necessary for insertio

liner. Care shall be taken not to disturb the bottom portion of the existin

Jointing shall be by thermal butt-fusion welding in accordance with18 acturer’s
recommendations. All fusion jointing shall be carried out b ' n ith
equipment designed for butt-fusion welding of thermopl .

be jointed above ground either at the Site or a aremote |

IC pipe. Se8#ons of liner shall

29 Handrails, Flooring platformsand Stai

@082 to BS 1474, fully heat treated

shall be used for the upper and lower

29.1 Material

All aluminium alloy must b
T.6. condition, except that

tubular horizontal handrail drail tube T.4. condition is more ductile
and allows bendsto be f

Material certificatesafer to be issued to the Employers representative to
demonstrate co

29.2

oxide film which forms on the metal surface spontaneously on exposure to air.
The pfotective film isrelatively inert and forms naturdly. After fairly rapid initial
ation of the oxide film, very little further action occurs. Such behaviour is
consistent for practically all external freely exposed conditions and for all internal
or shielded conditions, except where extremes of acidity or alkalinity can develop.
Aluminium is in general considered maintenance free. However, in damp or wet
conditions aluminium can be adversely affected by being allowed to come into
direct contact with dissimilar metals and some building materials including
concrete.

Page 58 of 65




OMAN WASTEWATER
NERVICES COMPANY saoc

STANDARD SPECIFICATION

Page 59 of 65

Document Number

Date of issue

Rev

PRJ -SS 02 -04

12/01/2008

01

Protection, in general, can be provided by painting the contact surface of the
aluminium with 2 coats of bituminous paint. Bolts used for fastening in adverse
conditions should be provided with plastic ferrules and washers for the bolt shank
and under the bolt head and nut.

Unprotected ‘mill finish’ aluminium is highly weather resistant and last many
years even inan exposed environment. Where it isdesirable to prov
protection, then anodising the metals to BS1615 grade AA25 can nsi

29.3 Handrails

29.3.1 Handrails for walkways, platforms and stairs withj
BSEN 1SO 14122-2001. will generally come undefithe
category of ‘General Duty’ with a loading gequir
0.36kN/m or Heavy duty with a loading r ment of
0.74kN/m.

29.3.2 Handrail for General Duty (&@
Handrails and standards shall be ofM alloy grade 6082 (T.6. condition for
handrail standards and T.4. condj r flandrails), to be type EPS A510 complying with
the requirements of BSEN | 001 (BS5395:Pt 3:1985), having top and

tr

intermediate rails at 550m n

Handrails shall be con t 38.1mm o/d tube (minimum 3.25mm wall thickness),
complete with all be witernal joints. Handralil joints to be of the internal ferrule
type.

Handrails shgl ted by tubular type handrail standards spaced at not greater than

constructed from 50.8mm o/d tube (minimum 6.35mm wall thickness)
ith a die cast top tee and a high duty die cast aluminium (LM25) base,
ank with 2 no. M8 stainless steel grub screws.

Bases shall be purpose made (minimum 170mm x 90mm x 15mm thick) twice drilled for
2 no. M12 resin anchor bolts, having stainless steel studs grade 316.

Handrail standards to be fitted with stainless steel grub screwsto secure handrailsin
position.

Handrails to platforms, walkways and landings to be 1100mm high and between 900mm
and 1000mm above the pitch line
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29.3.3 Handrail for Heavy Duty (0.74kN/m)

Handrails and standards shall be of aluminium alloy grade 6082 (T.6. condition for
handrail standards and T.4. condition for handrails), to be type EPS A510 complying with
the requirements of BSEN 1SO 14122-2001 (BS5395:Pt 3:1985), having top and
intermediate rails at 550mm centres. Handrails shall be constructed from 38.

tube (minimum 3.25mm wall thickness), complete with all bends and int joints.
Handrail joints to be of the internal ferrule type.

Handrails shall be supported by tubular type handrail standards sp er than
1500mm centres.

Standards shall be constructed fro 50.8mm o/d tube (mini
and be fitted with a die cast top tee and a high duty die
secured to shank with 2 no. M8 stainless steel grulgyscrews.

Bases shall be purpose made minimum 170mm x 9@Mgn x 15mm thick) twice drilled for

um 6.35mm wall thickness)
uminuum (LM25) base,

2 no. M12 resin anchor bolts, having stainless st
Har_ld_rail standards to be fitted with stainless };
position.
Handrails to platforms, walkways andiggs to be 1100mm high and between 900mm
and 1000mm above the pitch lineon t ars.

Finish: Natura untreated mill fi wéer coated or anodised AA25.

29.3.4 Toe Plates 6

Toe plates shall to all platforms and walkways and shall be of extruded
section type EESA, um height 160mm. Toe plates shall be secured to handrail
standards wit ate and strap, to avoid any distortion along its length. All jointsin
toe pléies sh ade secure with 3mm thick joint plate.

All ers ghall be complete with cleat connections, again of bolted construction using

grade dainless steel fixings.
Finish: Natural untreated mill finish, powder coated or anodised AA25.
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29.3.5 Ladders (Fixed Vertical or Near Vertical)

All access ladders shall be fabricated from aluminium alloy grade 6082 T6 astype EPS
A530, complying with the requirements of BSEN 1SO 14122-2001 (BS5395:Pt 3:1985).

Ladders shall be constructed from minimum 65mm x 10mm stringers, spaced 380rgm
apart, fitted with 20mm diameter solid or tubular rungs at 250mm centres of

welded/riveted construction.

Fixing stays shall be provided at centres not greater than 1.8m.

Ladders rising more than 2.3m should be fitted with a safety Gage. I | be
provided to all ladders.

fitted with
k through access, the

Ladders rising above the floor level to which they give
handholds type ‘B’ where access isto one side or type ‘D
latter shall be fitted with safety chains.

Where ladders terminate below floor level to which

Safety cages shall be constructed from 50m 3 at hoops, complete with 3 vertical
straps.

Hoops shall be provided at centres nOlygr an 900mm and shall be of bolted
constructions, bolts to be M 10 stain ountersunk type or have dome heads on the
inside of safety cages.

Finish: Natural untreated mill wder coated or anodised AA25.

29.3.6 Step Ladder &

Step ladder shg inium alloy grade 6082 T6 and shall comply with the design

requirepaentsiof BSEN 1SO 14122-2001 (BS5395:Pt 3:1985), constructed from 130mm X

flat stringess 550mm apart, cleated top and bottom for fixing and fitted with type

type aluminium alloy treads, (or solid treads type EPS A520),complete

welded on and twice drilled at each end for fixing to the stringers with
M10 stamless steel bolts.

A single line handrail shall be provided on each side of the step ladder, having 50.8mm
o/d x 6.35mm tubular shanks and purpose made high duty cast aluminium side palm
bases, secured to the step ladder with 2 nos. M 12 stainless steel bolts.

Handrails shall be opened out at the top to a minimum of 610mm and shall be turned to

form continuity with the platform handrail type EPS A510.

Finish: Natural untreated mill finish, powder coated or anodised AA25.
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29.3.7 Safety Chains

Safety chains shall be of 8mm diameter long link made from grade 316 stainless stedl,
bright finish complete with grade 316 stainless steel fixings.

Alternatively , polypropylene rope may be used as a substitute for chain, fitt it
reinforced loops and stainless steel fittings.
29.3.8 Open Type Flooring Q ;,

(i) Open type flooring shall be of aluminium alloy grade @832 T6 as Euro Deck type EPS

A521 having 24% open area, complying with the rgquirem SEN 1SO 14122-2001
(BS5395:Pt 3:1985).
Suitable for a super-imposed loading of 5kN/m.sq rdance with the requirements

of BS 4592.
The flooring shall be of areinforced da@n with integral inverted ‘T’ section
z or ease of handling and complete with

stiffening webs, made up into suit S
welded on nosing bars.
The mass of any individual pane nopexceed 40kg. Where floor panels are
supported on structural mem able type fixing clips shall be provided with a
minimum of 4 clips per p. g each corner.

tal

Where floor panels are i ith angle curbing fixing clips are not required. Where
angle curbing is proyeed, Mg shall be type EPS A520 L or EPS A520 Y and shall be
complete with pur lugs.

Curbing shall Q equate seating for the flooring and should also match the depth

a depth to ensure that deflection does not exceed span/200 or 100mm
, when fully loaded.

intermediate support beams shall be provided, including all necessary
cleats and fixing bolts to facilitate easy removal where necessary.

Fixing clips shall be type EPS A521 FCP, aluminium alloy with M8 nickhead stainless
steel fixing screw, spring washer and nut.

Finish: Natural untreated mill finish, powder coated or anodised AA25
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29.3.9. Solid Floor Plates

Solid floor plates shall be aluminium alloy grade 6082 T6 as type EPS A520 and shall
comply with the requirements of BSEN 1SO 14122-2001 (BS5395:Pt 3:1985). Suitable
for a super imposed loading of SkN/m.sq.

Floor plates shall be of areinforced extruded section with integral inverted *

stiffening webs.

The floor plates shall be supplied in suitable size panels for ease of han

complete with welded on nosing bars.

The mass of any individual panel shall not exceed 40kg.
on structural members, adjustable type fixing clips shall
4 clips per panel securing each corner.

Fixing clips shall be type EPS A520 FCS aumini

steel fixing screws.

Where floor panels are contained within angle cur

Where angle curbing is provided this shall bg
be complete with purpose made lug

Curbing shall provide adequate

floor plate for which it is provided. Fl

deflection does not exceed span/
All necessary intermediate

fixing bolts to facilitate

Where cut outs arer
continuous nosing
clearance around

29.3410 Stair cases

ere Io

g supported

provideg with a minimum of

8 nick head stainless

for looring and should match the depth of the

es shall be of a depth to ensure that

10Mmm whichever is the lesser, when fully loaded.

s shall be provided, including all cleats and

oval where necessary.

oring around pipework or other obstruction, a
| Be welded to all load bearing bars around the cut out. The
ction shall not exceed 30mm.

mill finish, powder coated or anodised AA25.

Staircases shall be of aluminium alloy grade 6082 T6, complying with the requirements
of BSEN 1SO 14122 - 2001 (BS5395: Pt 3:1985).

Staircases shall have arake not exceeding 38 degrees and shall have awidth of 800mm or
1 metre as shown on drawings.

Handrails shall be provided on both sides as type EPS A510 and shall be continuous with
toe plate type EPS A to horizontal areas (not stringers).
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Stairs shall be fitted with open type aluminium alloy treads type EPS A521 (or solid
treads type EPS A520), treads shall be complete with end plates welded on and each
twice drilled for M12 stainless steel fixing bolts for attaching to the stair stringers.

The going of each tread shall be 250mm and the maximum rise shall be 190mm.

The stair stringers shall be of minimum 180 x 10mm flat section aluminium alloy and
shall be cleared top and bottom for fixing, stringers at the bottom of the stair | not

extend more than 50mm beyond the lowest tread.
Stairs shall have no more than 16 rises or nor lessthan 3.
Where stairs have a rise exceeding 3040mm, intermediate landing k@e duced.
Staircases shall be designed for a uniform distributed loadi 5 .

Finish: Natura untreated mill finish, powder coated or an@dised AA25.

29.3.11 Stainless Steel bolts, nuts and fit S

All fittings provided in stainless steel shall be 1 and are to be supplied with
full material certificates to demonstrat nf it

29.3.12 Heat Treatment ofN alloys specified
Material grade 6082 to BSE S@part 2 (BS1474).
Heat treated to T4 (HSCKd T6 (H30TF) condition to BSEN SO 515.

30 Cable Ducts

30.11In Ia ctsin Trenches

Rigi@l ducts sall consist of:

Unpl PV C pipework, complying with BS 4660. Rigid ducting shall have
proprietary, self-aligning, water tight joints and a smooth internal bore.

All joints in the duct system shall be achieved by the use of proprietary accessories made
of the same material asthe duct. All changes in direction in the duct system shall be
achieved by the use of draw pits.

The maximum length of a straight duct run (between draw pits) shall be 100 m.

Ducts shall be installed at 90° to roadways carrying vehicular traffic and shall be hunched
in concrete to prevent damage.
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There shall be a minimum of 750 mm of cover above the crown of the duct and the duct
shall be extended beyond kerbs by a minimum of 750 mm.

Ducts shall be laid on and surrounded by a backfill material that will not cause damage to
the duct.

30.2 Drawpits >
30.2.1 General Q
The minimum size of drawpits shall be 750 mm square;

If possible, drawpits shall be provided with suit ainage. The sizing of drawpits shall
facilitate cable installation and maintain the requir segregations without
contravening the minimum bending radii of the ¢

30.2.2 Installation of Cablesinto &\

If draw cords are used to pull ca @ ough ducts, a replacement draw cord shall be
drawn through with the cablgs.

Proprietary pulling soc al sed to attach adraw line to larger cables and care shall

be taken to ensure t ab sions are maintained below cable manufacturer’s
specifications.

If practicablci®Sl | be pulled directly off the drum into the duct system. They
shall n

Where any cable exits aduct, it shall be supported between the duct exit and the start of
the wiryng support system or entry into another duct.

s or kinks resulting from manual handling.
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