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AMENDMENT NO. 1 OCTOBER 1995
TO

IS 12709: 1994 GLASS FIBRE REINFORCED PlASTICS
( GRP) PIPES, JOINTS AND FmINGS FOR USE FOR

POTABLE WATER SUPPLY - SPECIFICATION
( FirstRevision)

( Page3, Table 2 ) - Add the foUowing It theend:

N..uaa. DIam...., DN 0 .............on Tolenace

2200 2248 +7.0

2400 2452 +7.5

2600 2656 +8.0 -2.0

2800 2860 +8.5

3000 3064 +9.0

( Page t 1, Ann6 E, clause ~.1 ) - Substitute tbe foJJowing (or the
existing:

"&.6.1 Foreach test piece, calculate the apparent hOQP tensile strength at failure
a Ii ( in tN/m) from tbe following equation: .

F
a gi:l

2 WSinzO

where

F == failure load, kN;

W== widtb of test piece,m; and

9 II: planeangle between hooporiented reinforcement and Iongitudillll
axis of tbe pipe (helix Ingle).

(CEDSO)
Repropapla, Uaia, DIS, NewDel", IIMIia

 



AMENDMENT NO.2 NOVEMBER 1996
TO

IS 12709: 1994 GLASS FIBRE REINFORCED
PLASTICS (GRP) PIPES, JOINTS AND FITTINGS

FOR USE FOR POTABLE WATER SUPPLY-- SPECIFICATION

( First Revision)

(Page I, clause 1.2) - Substitute the following for the-existing:

'1.2 Provisions relating to fittings fabricated from ORP pipes or by moulding process and joints covered in this
standard are for guidance ollly. '

( Page 2, Table 1 ) - For 'Max Inside Diameter Range, ID" put '}' against the entries 714, 816 and CJI H.

(Page 3, clause 7.2, line 1) - Substitute 'effective' for ·nominal'.

(Page 3, clause 7.2.1, line 1) - Substitute "effective' for 'nonunal'.

(Page 3, clause 9 ) - Substitute the following for the existing:

'9 WORKMANSHIP

Workmanship shall bein accordance with good practicesas listed in Table 1()and shall meet the acceptance criteria
specified.

Table lU Allowable Defects

Nam~

Chip

Crack

Crack, surface

Crazing

Delamination"
edge

Delamination
internal

Dry-spot

Foreign inclusion
(metallic)

Foreign inclusion
(non-metallic)

Fracture

Air bubble
(void)

Blister

Price Groop I

Definition

A small piece broken off an edge or surface

An actual separation of the laminate, visible on
opposite surfaces, and extending through the thickness

Crack existing only on the surface of the laminate

Fine cracks at or under the surface of u laminate

Separation of the layers of material at the edge of It

laminate

Separation of the layers of material in tJ laminate

Aree of incomplete surface film where the reinforce
mcnt has not been wetted with resin

Metallic particles included. in ~ laminate which are
foreign to its composition

Non-mettslhc particles of substance included in a
laminate which seem foreign to its composition

Rupture of laminate surface without complete penetra
tion

Air entrapment within and between the plies of rein
forcement, usually spherical in shape

Rounded elevation of the surface of a laminate, with
boundaries that may be more or less sharply defined.
somewhat resembling in shape at blister on the human
skin

Visual Acceptance Levels

Maximum dimension of break 6.5 mm

None

Maximum length, 6.S mm

Maximum dimension of crazing, 2.5 mm

Maximum dimension, 6.5 mm

None

Maximum diameter, 14 mm

Maximum dimension, 1.5 mm

Maximum dimension, 1.5 mm

Maximum dimension, 29 mm

Maxitnum diauneter, 3.0 rom

Maximum diameter, 6.S mm;
height from surface not to be outside drawing
tolerance

 



AMENDMENT NO.3 APRIL 2004
TO

IS 12709: 1994 GLASS FIBRE REINFORCED PLASTICS
(GRP) PIPES, JOINTS AND FITTINGS FOR USE FOR

POTABLE WATER SUPPLY - SPECIFICATION
( Fint Re,ilio" )

( Page I, clause4.1.2, line 3) - Substitute '248' for '240' .

(' CEO 50)
Reprography Unit,DIS,NewDelhi,India

 



AMENDMENT NO. 4  JUNE  2011 
TO 

IS 12709 : 1994 GLASS FIBRE REINFORCED PLASTICS (GRP) PIPES, JOINTS 
AND FITTINGS FOR USE FOR POTABLE WATER SUPPLY — 

SPECIFICATION 
( First Revision ) 

 (Page 2, Table 1) — Insert the following at appropriate places in ascending order in the table: 
 

 Nominal Inside Diameter Range, ID Tolerances on 
 Diameter, DN  Declared ID 

   Min   Max 
 1 300 1 295  1 320 ±5 
 1 500 1 495 1 520  ±5 
 

[Page 3, Table 2 (see also Amendment No. 1)] — Insert the following at appropriate places in 
ascending order in the table: 
 
 Nominal Outside Diameter, OD Tolerance 
 Diameter, DN 
 1 300 1 330 ±5 
 1 500 1 534 ±5 
 

(Page 6, Table 5) — Insert the following at appropriate places in ascending order in the table: 
 
 Nominal Beam Load Minimum Longitudinal Tensile Strength in 
 Diameter  kN/m of Circumference, for Pressure Class  
 
 DN P PN 3 PN 6  PN 9 PN 12 PN 15 
 
 1 300 — 152 226 345 393 468 
 1 500 — 175 265 397 454 540 
 

(Page 6, Table 6) — Insert the following at appropriate places in ascending order in the table: 
 Nominal  Minimum Hoop Tensile Strength of Pipe Wall in 
 Diameter  kN/m Width of Circumference for Pressure Class 
  

 mm PN 3 PN 6  PN 9 PN 12 PN 15 

 1 300 790 1 580 2 369 3 159 3 949 
 1 500 911 1 823 2 734 3 645 4 556 
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Amend No. 1 to IS 12709 : 1994 
 

(Page 11, clause E-5.3) — Substitute the following for the existing: 
 
‘Load the test piece by separating the mounts at a rate not exceeding 2.5 mm/min and record the 
maximum force resisted by the test piece.’ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(CED 50) 
 

   Reprography Unit, BIS, New Delhi, In 
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,. ,.. ','.
Plastlc Plpesand Fittings Sectional Committee, CED 50

, .--:-. ,',.. .

FOREWORD

This Indian Standard ( First Revision) was adopted by the Bureau of Indian Standards, after the draft
finalized by the Plastic Pipes and Fittings Sectional Committee had been approved by the Civil Engi
neering Division Council.

Fibre glass reinforced plastic (GRP) pipes is a matrix of composite of glass fibre, thermosetting
polyester resin and fillers. The pipes so manufactured are light in weight and have smooth interior
surface.

This standard has been prepared with a view to providing guidance for the manufacturing, the selection
and purchase of glass fibre reinforced thermosetting resin pipes for use as pressure pipes in a potable
water supply for both above and underground installations.

This standard was first published in 1989. In this first revision the committee, in view of the experience
gained, effected the following major modifications:

i) Pipes meant for potable water applications only have been covered.

ii) Irrespective of the method of manufacture, pipes continue to be designated by the nominal
diameter. However depending upon the method of manufacture two series, namely one based on
inside diameter and the other based on outside diameters have been covered in this specifica
tion.

iii) Provisions for fittings meant to be used with these pipes have been included.

iv) System of jointing of GRP pipes has been elaborated permitting various methods of jointing.

v) For establishing the suitability of pipes for potable water, necessary tests for the same have
been included.

Pipes of higher sizes, pressure ratings and stiffness classes would be covered subsequently provided
demand of such pipes is there and necessary data are generated for their inclusion.

In the preparation of this standard, assistance was derived from the following:

a) ISO 7370-1983 Glass fibre reinforced thermosetting plastics ( GRP ) pipes and
fittings - Nominal diameters, specified diameters and standard
lengths, published by International Organisation for Standardi
zation

b) ASTM D 2992-1987 Standard practice for obtaining hydrostatic or pressure design
basis for "Fibreglass" (Glass-fibre-reinforced thermosetting
resin) pipes and fittings pu bJished by American Society for
Testing and Materials

c) ASTM D 3517-1986 Specification for fibreglass (Glass-fibre-reinforced thermosetting
resin) pressure pipe, published by American Society for Testing
and Materials

d) ANSI/AWWA C 950.1981 Glass-fibre-reinforced thermosetting-resin pressure pipe, publi
shed by American Water Works Association

e) BS 5480·1990 Specification for glass fibre resin forced plastic ( GRP') pipes,
joints and fittings for usc for water supply and sewerage, issued
by British Standards Institution

The composition of the Technical Committee responsible for the formulation of this standard is given at
Annex H.

For the purpose of deciding whether a particular requirement of this standard is complied with, the final
value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance
with IS 2 : 1960 'Rules for rounding off numerical values ( revised )'. The number of significant places
retained in the rounded off value shall be the same as that of the specified value in this standard.

 



Indian Standard

GLASS FIBRE REINFORCED PLASTICS (GRP)
PIPES, JOINTS AND FITTINGS FOR USE FOR
POTABLE WATER SUPPLY- SPECIFICATION

( First Revision)

Size designation of the pipe is based on the nominal
diameter, DN. Nominal diameter shall be chosen from
tbose given helow:

200,250,300,350,400. 450, 500,600, 700, 800, lJOO,
1 000, 1 100, t 200, t 400, 1 600, 1 800, 2 000, 2 200,
2 400, 2 600, 2 ROO and 3 000 nun.
6MATERlAL~

6.1 Resins

Appropriate type of unsaturatcd polyester resin systems
conforming to IS 6746 : 1994 shall be used.

3.3l..1iner

A resin layer, with or without filler, or reinforcement,
or both, forming the interior surface of the pipe.
3.4 Tests
3.4.1 Type Test

Tests carried out whenever a significa nt change is made
in thc design, composition or process of manufacturing
and/or-at a specified frequency in order to establish the
suitability and performance capability of the pipes.

3.4.2 Acceptuncc Test

Tests carried out on samples taken from a lot for the
purpose of acceptance of the lot.

4 (:I.ASSI}~I(~ATI()N

4.1 The pipes have been classified on the basis of
pressure rating and stiffness class as given in 4.1.1
and 4.1.2.

4.1.1 Pressure Classes (PN)

Five pressure classes of pipes namely, PN 3, PN 6,
PN 9, PN 12 and PN 15 correspond to the working
'pressure ratings of 300,600,900, 1 200 and 1 500 kPa
respectively.

xorns
1 '111e working pressure ratings mentioned above may
have to be changed [or usc at tluid temperature greater
than 43.5°(~, in accordance witht the manufacturer's
recornmenda tions.
2 The above pressure classes correspond to the long term
hydrostatic design pressure categories ( see IS ).

4.1.2 Stiffness Classes (SN)

Four stiffness classes of pipes namely A, B, C and D
correspond 10 minimum pipe stiffness values of 62,
124, 240 and 496 kPa respectively at 5% deflection.

S SIZJ4~ DESI(;NATI()N ANI) N()MIMAIJ
DIAMETER

Title

Rubber sealing rings for gas mains,
water mains and sewers ifirs: revision)

Unsaturated polyester resin systems
for low pressure fibre reinforced
plastic.

Method of analysis for the dctermina
t ion ofand/or overa II migration of con
stituents of plastic materials and
articles intended to come into contact
with foodstuffs

9845 : 1986

6746: 1994

2 REFERENCES

2.1 The folllowingIndian Standards are necessary ad
juncts to this standard:

IS No.
5382: 1985

1 S(:OJ)I~

1.1 this specification covers requiremeuts for
materials, dimensions, classification, testing and type
of joints of machine-made pipes with glass fibre rein
forced thermosetting resin with or without aggregate
filler having nomina I dia meter from 200 nun to 3 000
I1Ull for use at pressure up to 1 500 kPa for conveyance
of potable water.

1.2' Provisions relating to fittings fabricated from
GRP pipes or by moulding process have also been

· covered.

11273 : 1992 Woven roving fabrics of 'E' glass
fibre

11320 : 1985-~ Glass fibre rovings for the reinforce
meut of polyester and cpoxide resin
systems (first revision)

11551 : 1986 Glass fibre chopped strand mat for
the reinforcement of polyester resin
system

3 TERMIN()LO(iY
3.1 Glass Fibre Pipe

A tubular product containing glass fibre reinforcements
embedded ill or surrounded by cured thermosetting
resin. The composite structure may contain aggregate
(silicious), fillers, thixotroic agents. Thermoplasticor

• tbenuosetting liner and/or surface layer may be in
cluded.
3.2 Surface Layer

A resin layer, with or without filler, or reinforcements,
or hoth, applied to the exterior surface of the pipe
structural wall. -,:
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6.1.1 The resin and additives used shall be such that
they contain no ingredients, that is, in an 81110Ull1 tbat
bas been demonstrated to migrate into water in quan
tities that. arc considered to be toxic; satisfying the
potability of water as determined by tests specified
in 16.
6.2 Glass Fibre Reinforcement
Glass fibre reinforcement shall be of conunercial
grade E type and shall conform to IS 11273 : 1992,
IS 11320 : t985 or IS 11551 : t986, as appropriate.

6.3 Other Materials
6.3.1 Aggregates
Siliceous sand ofa size range between 0.05 mm and 0.8
nun may be incorporated in the composite structure.

').3.2 Filler

Jnert fillers (with particle size below 0.05 nun) may be
incorporated either 011 their own or with aggregates.

6.3.3 Additives

Additives may be incorporated for modifying the
properties of the resin.

7 DIMENSI()NS

7.1 Specified Diameter of Pipes

7.1.1 Inside diameters of pipes for each of the size
designation shall be as specified in the IU3 nufacturer 's
data sheet, current at' the time of purchase. The inside
diameter so specified shall be within the range given in
Table 1 and shall meet the tolerances, as specified.

7.1.1.1 The inside diameter shall be measured in
accordance with A-l.1.
7.1.Z Alternatively, the outside diameter of pipes for

. each of the size designation shall be as given in Table
2; subject to the tolerances, as specified.

7.1.Z.1 The outside diameter shall be measured in
accordance with A-l.Z.

Table 1 Specified Inside Diameters and Tolerances
(Clauses 7.1.1 and 7.4 )

All dimensions in rnillimetres.

Nomlnal Dlameter, DN . Inside Diameter Range, ID Tolerances on Declared ID

Min Max

200 196 204
250 246 255
300 296 30h
350 346 35n
aoo 396 4(~~

45(l 446 4SQ
500 496 510

600 SQ6 612

700 6<)5 71.t
800 7Q5 Rill
QOO 8Q5 QIN

1000 995 I02(t

1 100 1 OQ5 1120
1 200 1 lQ5 1 220

1400 1 395 1420
1600 lSQ5 1 fl20
1800 17Q5 1 X:!(}

2000 1 Ql)5 2020

2200 21Q5 2220
2400 2395 2420
2600 25Q5 2620
2800 27Q5 2 H2O
3000 29Q5 3020

2

% 1.5
~ 1.5
± 1.8
± 2.0
± 2.4
"J; 2.7

± 3.0
:t 3.6

± 4.2

~6.0
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Table Z Specified Outside Diameters and Tolerances

( Clauses 7.1.2 and 7.4 )

All dimensionsin millimetres.

Nomlnul Diameter, DN
200
250
300
350
400
450
500
600
700
800
(JOO

1000
I 100
1200
1400
1600
1800
2000

Outside Diameter, 00
208
25Q
310
361
412
463
514
614

718
820
Q22

J 024
1126
1 228
1432
1636

1840
2044

Tolerance
+ 2.0

+ 2.1
+ 2.3
+ 2.4
+ 2.5
+ 2.7
+ 2.R
+ 3.0
+ 3.3
+ 3.5
+ 3.R
+ 4.0

+ 4.3
+ 4.5
+ 5.0
+ 5.5
+ 6.0
+ 6.5

- 2.0

7.2 Lengths

Pipes sbalJ be supplied in nominal lcugths of 6 Ill, 9 In

and 12 Ill. A maximum of 10 percent of the pipe section
may be supplied in random lengths. The length of the
pipe shall he measured in accordance with A-2.1.

N01~ - Lengths other than those specified above 111ay
be supplied as agreed between the purchaser and the
manufacturer.

7.2.1 The tolerance 011 nominaI lengths shall he within
± 25 llIIH.

7.3 Out of Squareness of Pipe

All points around each end of a pipe unit shall fall
within ::t6.5 nun or ::to.5 percent of the nominal diameter
of the pipe whichever is greater, to a plane perpen
dicular 10 the longitudinal axis of the pipe when
measured in accordance with A-3.t.

7.4 Wall'11lickness

The minimum wall thickness at any point shall not be
less than the wall thickness specified in the
manufacturer's data sheets current at the time of pur
chase, The manufacturer shall ensure that the wall
thickness specified in his data sheet shall be such as to
satisfy the inside or outside diameters specified in
Tahie 1 or Table 2 as the case may be and the tests
specified in this standard.
7.4.1 Wall thickness shall be measured to an accuracy
of 0.1 nun in accordance with A-4.1.
8 J()INTS
The pipe shall have a joining system tbat shall provide
for fluid tightness for tbe intended service condition.

S.1 Unresn alned

Pipe joints capable of withstanding internal pressure

3

hut not longitudinal forces.
8.1.1 Coupling or Socket and Spigot Gasket Joints

Provided with groove(s) either on the spigot or in the
socket to retain an elastomeric gasket(s) that shall he
the sole element of the joint to provide watertightness.
For typical joint detail (see Fig. 1).

8.1.2 Mechanical Couplings

8.2 Restrained

Pipe joints capable of withstanding internal pressure
and longitudinal forces,

8.2.1 Joints similar to those in 8.1.1 with supplemental
rostra ining elements, .
8.2.2 Butt Joint - with laminated overlay
8.2.3 Socket-and-Spigot -with laminated overlay.
8.2.4 Soocket-and-Spigot - adhesive bonded.

8.2.5Flanged
8.2.6 Mechanical

8.3 Gaskets

Elastomeric gaskets when used with this pipe shai:
conform to the requirements of IS 5382 : 1985.

9 W(lRKMANSHII)

9.1 Pipes shall be free fro III all defects including
indentations, de lamiuatiou, bubbles, pinholes,
cracks, pits, blisters, foreign i nclusions and resin
starved areas that due to their nature, degree, or
extent detrimentally affect tbe strength and service
ability of the pipe. The pipe shall be as uniform (I'

conuucrcially practicable in colour opacity, dens it ,
and other physical properties.
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FIG. I TYPICAL JOI~TS

Table 3 Pipe Stiffness at 5 Percent Deflection

10.1.1 Pipesshall becapable ofbeingdeOected to level
'X' with no visible damage in tbe test specimen
evidenced by surface cracks and to level 'V' with no

where
F = load per unit length in kN per metre length, and

6v =vertical pipe deflection, in metres.

9.2 The inside surface of each pipe shall be free of
bulges, dents, ridges and other defects that result in a
variation of inside diameter of more than3.2 nun from
tbat obtained on adjacent unaffected portions of the
surface. No glass fibre reinforcement shall penetrate the
interior surface of the pipe wall.
9.3 Joint sealing surfaces shall be free of dents, gouges,
and other surface irregularities that will affect the in
tegrity of the joints.
10 PIPE STIFFNESS ~

10.1 Each length of pipe shall have sufficient strength
to exhibit tbe minimum pipe stiffness (F/ d y) specified
in Table 3 wben tested in accordance with Annex B

A 'B C 0
Level, X 18 15 12 9

Level, Y 30 25 20 15
NOTE - This is a visual observation (made with the
unaidedeye) for quality control purposes only and should
not be considered a simulated service test. In actual usc
this product is not recommended for deflections above
5%. Since the pipestitIness values (F/ L\y)shown inTable
3 vary, the percent deflection of the pipe under given set
of installationconditions will not he constaot for all pipes.
Tosavoid possible misapplicatiou, carv should be taken
to analyse all conditions which might affect performance
of the installed pipe.

11 FITrlNGS

11.1 General

All GRP fittings, such as bends, tees, junctions and
reducers, shall be' equal or superior in performance to
pipe of the same classification and shall be smoothly
finished internally.
GRP fittings are not subject to tests for strength and it
is essential that external restraint be considered for
installalion.

indication of structural damage as evidenced by inter
laminar separation, separation of the liner or surface
layer (if incorporated) froItt structural wall, tensile
failure of the glass fibre reinforcement and fracture or
buckling of the pipe wall, when tested in accordance
with Annex B.

Ring Deflection' Witllout
Deflection Level Damageor Structural Failure, in

Percentfor pipe ofStiffness C11Iss

124

248

496

248
496

Mlnlmunl Stiffness of Pipe of DN,
at 5 Percent Denec:tlon,__k~a

200 mrn 250 mm 300 mmnnd above

62

124

248
496

A

B

C

[>

StilTness
(~Iass (SN)

4
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13 LONGITUDINAL STRENG]""

For sizes up to DN 600 tbe pipe shall withstand,
witbout failure, the beam loads specified in Table 5,
wben tested in accordance with D-l. For pipe sizes
larger than ON 600 and alternatively for smaller sizes
adequate beam strength shall be demonstrated by ten
sile tests conducted in accordance with D-1 for pipe
wall specimens oriented in the longitudinal direction.
The minimum tensile strength specified in Table 5 shall
be complied with.

NOTE - The values listed in 'fable 5 are the minimum
criteria for pipes made to this standard, The values may
not be indicative of the axial strength or of the axial
strength required by some installation conditions and
joint configurations.

14HOOPTENS~ESTRENGTH

All pipes manufactured as per this specification shall

meet or exceed the hooptensile strength shown foreach
size and class in Table 6, when tested in accordance
witb Annex E.

Hydrostatic Test Pressure
kPa

600
1200
1600
2400
3000 ."

Pressure (~18SS

PN
3
6
Q

12
15

1%.% Soundness

Each length of pipe of nominal diameter up to 1 400
nun sball withstand without leakage or cracking the
internal hydrostatic test pressures as specified in
Table 4 for the applicable class when tested in ac
cordance with Annex C. For pipes of nominal
diameter above 1400 11Ull, the frequency of hydros
tatic leak tests shall be as agreed between the
manufacturer and the purchaser.

Table 4 Hydrostatic Test Pressures

11.Z Fittings.Made froID Straight Pipe

The fitting shin.~ fabricated from complete pipes' or
portions of..slJaigbt pipe complying with tbis standard
8s8pplicabl~fortbe pipe classification. Thefittingsball
comply with the declared design requirements and be
suitably mitred. Tbe mitre shall be overwrapped ex
ternally and, .if practicable, internally with woven
roving and/orc,hopped strand mat to ensure the lon
gitudinaIand circumferential tensile strength isat least
equal by design to tbat of tbe pipe witb whicb the
atti og is to be used.
11.3 Fittings Made by Moulding

Moulded GRPfittings sball bemade byhand lay-up, contact .
moulding, ho~ or cold press moulding or tape winding.

11.4 'tolerances for GRP Fittings,

11.4.1 Except for flanged pipework, wbicb may
require closer tolerances, tbe permissible deviations
from the slated value of the angle of change of
direction of a' fitting such as a bend, tee or junction
shall not exceed:t 1°.

11.4.1 Except for flanged pipework, which may "15 LON(-; TERM HYYDROS'l~rICU.:SI(;N
require closer tolerances, the penuissible deviations PRESSlJRE TEST
on the manufacturer's declared length of a fitting,
exclusive of the socket where applicable, shall be The pressure classes given in 4.1.1 shall be based on
:t 2S Run ..ken from tbe point of intersection to the long term hydrostatic design pressure data obtained in
end of th-l·fitti~. accordance with Annex F and categorized in accord-
12' HYDRA'tJLIC TEST ance with Table 7. Pressure classes are based on
1%.1 General extrapolatedstrength at 50 years.

1%.1.1 Working pressure P w in the system shall not 16 TESTS TO ESTABUSH POTABnnY OF
exceed tbe pressure class of the pipe, that is, Pw s PN• WATER

1%.1.% When surge pressure is considered tbe max- 16.1 Pipe specimen shall be subjected to tests specified
imum pressure in the system due to working pressure. below in order to establish the suitabilityof these pipes
plus surge pressure, the same shall not exceed 1.4 for usc in carrying potable water:
times tbe pressure class of pipe: i) Smell of the extract,

Pw + PN ~ 1.4 PN ii) Cia rity of tbe colour of the extract,

NOTE - Special design considerations shall be given iii) Acidityand alkality,
to sustained pressure surge. iv) Global migration,

v) UVabsorbing material,
vi) Heavy metals,

vii) Unreacted monomers (styrens), and
viii) Biological tests.

16.1.1 Method of preparing extracts for carrying out
the tests mentioned in 16.1 is as given below: .

Extracts shall be prepared tor the chemical tests and
biological tests by dipping in separate beakers
pieces of GRP pipes (5 em X 5 em) such that sur
face in contact with the extractants, prepared as
mentioned in 16.1.1.1 and 16.1.1.2, 1 cln2/ 2 lUI.
The beakers with tbe sample and the extractants
shall be kept at 60:t toC for 2 bours and at
40 ± l 0 C for 24 hours respectively for chemical
and biological tests. The extracts thus prepared shall
be transferred in transparentbottles for carrying out
the specified tests, Blanks (extractants only) shall
also be kept in parallel under identical manner, as
controls.

5
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Table S Beam Strength lest Loads and Longitudinal Tensile Stren~th uf Pipe Wall
( Clause 13)

Nominal Diameter Beam Load Minimum tonJ:itudinullcnslic Sh"\'n~lh In kN/.n of
P Circumference for Pressure l:b,ss ..I'

I)N k.N PN 3 PN6 PN l) I'~ 12 PN 15
200 3.6 102 102 1U2 102 102

250 5.3 102 102 102 . 102 110
300 7.1 102 102 102 112 136
350 9.8 102 102 115 131 154
400 13.3 102 102 130 14Q 177
450 17.8 102 102 138 15Q 185
500 19.6 102 102 154 176 205
600 28.5 102 123 184 211 246
700 102 140 215 246 280
800 102 154 231 265 304

QOO 105 174 260 298 341
1000 122 193 290 331 379
1 100 127 212 318 363 417
1200 140 212 318 363 431
1400 164 247 371 423 504
1600 185 283 423 484 574
1800 206 318 476 545 646
2000 231 32Q 4Q2 563 678
2200 254 36] 541 619 745
2400 280 394 5Ql 676 813
2600 301 427 640 732 880
28()(l . 326 459 690 78t) Q49
3000 347 4Q2 73Q 844 1 016

Table 6 Minimum Hoop Tensile Strength of Pipe Wall
( Clause 14).

Nominal Diameter Mlnlmum Hoop Tensile Strength In kN/m Width
n1l11 of.Clrcumference Ior Pressure Class

PN 3 PN6 I'N Q I'N 12 PN 15
20(t t~~ 244 366 488 fllO
250 152 304 456 608 76()
3ft() 1~2 364 546 728 QIO
350 213 426 63Q 852 1 065
.t()O 243 486 72Q Q72 1 215
450 273 546 819 10Q2 1 365
500 304 608 Q12 ) 2]6 1520
hOlt 365 730 IOQ5 1 460 1825
700 425 R50 1275 1700 2125
gOO 486 972 1458 1 Q44 2430
900 547 1OQ4 1641 2 188 2735

I ()(K) 608 1 216 1824 2432 3040
1100 668 1336 2004 2672 3340
1200 729 1458 2 187 2916 3645
1 400 851 1 702 2553 3404 4255
I 600 972 1Q44 2 Q16 3888 4860
I BOO 1094 2188 3282 4376 5470
2000 1215 2430 3645 4860 6075
2200 1337 2674 4011 5348 6685
2400 1458 2Q16 4374 5832 72QO
26ft) 1580 3 J60 4740 6320 7 QOO
2 NCI(J 1 701 3402 5 103 6 X04 N 505
3 (K)O 1R23 3646 546Q 72Q2 Q 115

6 



16.1.1.1 Extractant for chemical tests specified
in 16.2 to 16.8 shall be:

a) Double//triple glass distilled water,
b) 3% acetic acid (m/v) prepared in double/triple

glass distilled water,
c) 8(~ ethanol (v/v)prepared in double/triple glass

distilled wa ter, and

d) O.9(~ sodium chloride (m/v) prepared in
double/triple glass distilled water.

16.1.1.% Extractant for biological tests specified
in 16.9 shall be:

a) Double/triple glass distilled water, and
b) 0.9% sodium chloride (m/v) prepared in

double/triple glass distilled water.

lahle 7 Long Tenn Hydrostatic Design Pressure
Categories

( Clause 15)

16.2 Sme]] of the Extract

The extract when examined shall be free from odour.

16.3 Ctarity of the Colour of the Extract

The extract shall be examined visually through test
tube for the presence of any colour or turbidity. The
extract shall he free froIII colouring materials and
turbidity.

16.4 Acidity and Alkalinity

The extract shall be examined for the change of jJH
(using preferably digital-jJH meter) due to migration of
chemical additives. The /JH of the extract shall be tbe
sante as that of corresponding blank (extractant without
test piece).

16.5 (;Iobal Migration

100 1111 of the extract shall be evaporated in a constant
prcwcigbtcd crucible. Total residue in 100 ml of the
extract should not exceed 5 lug (see also IS 9R45 :
1986).

16.6 lTVAbsorbil1~ Materials

Extract sha II be examined for the presence of UV
absorbing materials by scanning the samples between
220 to 400 nm using double/triple glass distilled water
as blank in spectrophotometer,

PI"CSSUrc

Class
PN
3

6

Q

12

15

Minimum Calculated Values or Long
Term Hydrostatic Deslgn Pressure,

kPa

540

1080

1620

2 160

2700

7
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16.7 Heavy Metals

Extract shall be examined for the presence of heavy
metals such as Ph, Cd, Mn, Cr, Cu, Co and Zn. Con
centrations of Ph, Mn, Cr, Cu, Co and Zn should not
exceed t ppm and concentrations of Cd should not
exceed 0.1 ppm.
16.8 Unreacted Manomer ( Styrene)

The total unreacted styrene concentrations of residual
manomers in the extract should 110t exceed 0.2% hy
mass of the polymers.
16.9 Biological Tests

The extract shall be injected into ten. healthy (nice
weighing 20 :t 2 g intravenously and intraperitoneally.
Another ten heaIthy mice shall also be exposed to the
corresponding blank (extrac..tant without test piece) and
at the end of fOUT, eight, twelve and twentyfour hours,
the mice shall be examined for the symptoms of toxicity.
There should be no mortalityor gross toxicity symptoms
in the animals exposed to the extracts in comparison to
those exposed to blank (extractant only).

17 SAMPIJING, FREQlrEN(~YAND CRI'fERIA
F()R CONFORMITY

The sampling procedure to be adopted and the criteria
forconfonnity shall be as given in Annex G.

18 MARKING

18.1 Both ends of pipe shall be marked witb bold letters
not less tban 12nun in height and in a colour and type
that remains legible under normal handling and in
stallation procedures. The markings shall include the
following:

a) The manufacturer's name or trade-mark,
b) The nominal pipe diameter,
c) Class of pipe (pressure and stiffness), and
d) Batch No. or date of manufacture.

18.1.1 In addition the pipes shall be provided with the
following mark on either ends:

18.2 DIS Certttlcation Markin~-Pipes may also be
marked with the Standard Mark.
IS.Z.I The usc of the Standard Mark is governed by
the provisions of Bureau of Indian Standards Act, 19H6
and the Rules and Regulations made thereunder. The
details ofconditions under which the licence for the use
of Standard Mark may he granted to manufacturers or
producers may he obtained from the Bureau of Indian
Standards.
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ANNEXA
(Clauses 7.1.1.1,7.1.2.1,7.2,7.3 and 7.4.1 )

MEASIJREMENT OF DIMENSIONS

A-) MEASIJREMENT OF DIAMETERS
A-I.I Inside Diameter
Inside diameter shall be measured at 150 mm away
from each end of the pipe section using a steel tape or
an inside micrometer with graduation of l mm or less.
Make two 90° opposing measurements at eacb point of
measurement and average the readings.

A-l.2 Outside Diameter

A-I.2.1 Outside diameter shall be measured at 150 nun
away from the joint seating surface at the outer edge of
the pipe.

A-l.2.2 Principle
· The circumference of the pipe is measured and by

dividing by 3.142 (n) diameter is obtained.
A-I.2.3" Measurement shall be done by ordinary
Ilcxible tape or flexible tape suitably.calibrated to read
dia1~\<;ters directly. This tape shall comply with the
following requirements:

a) it sha II be made of stainless steel or some other
suitable material.

h) it sha II permit the reading to the nearest 1 nun.
c) it shall be graduated in such a way that neither

its own thickness of the graduation bas any
influcnce on the result of the measuremcnt, and

d) it shall have sufficient flexibility to conform
exactly to the circumference of the pipe.

A-I.Z.4Procedure
Apply the tape on the whole of the circumference
perpendicular to the axis.of the pipe.
A-2 LENGTH

A-2.1 Lengthshall be measured with a steel tape having
graduationsof 1 nun or less. Lay the tape inside the pipe
and measure the overall length of tbe pipe.
A-3 SQlrARJ4:NESS OF PIPE END

A-3.1 Rotate the pipe on a mandrel or trunnions and
111CaSUre tbe runout of the ends with a dial indicator. The
total indicated reading is equal to twice tbe distance
from a plane perpendicular to the longitudinal axis of
the pipe. Alternatively when squareness of pipe ends is
rigidly fixed by tooling, the tooling maybe verified and
reinspected at frequent intervals to ensure that the
squareness of the pipe ends is maintained within the
specified tolerances,

A-4 WAlJJ THICKNJ1:SS
A-4.1 Measure with a micrometer caliper or other
suitable thickness measuring device or instrument with
graduation of 0.1 nun or less and tnke a series of four
measurements equally spaced around the circum
fcrence of the pipe aIter removing the liner where
provided. These measurements should be taken before
end joint surface machining is done and some distance
away front the pipe end. The average of all measure
ments shall meet or exceed the minimum value
specified in manufacturer's data sheet.

ANNEXB
(Clauses 10.1 and 10.1.1 )

TEST F()R PIPE s~rIFI4'NESS

11-1 I)R()<.~r~DlJRE

8-1.1 Dctcrm'ue the pipe stiffness (F/~y) at 5 percent
vertical deflection for the specimen using tbe apparatus
and procedure described in 8-1.%, B-l.3 and 8-1.4.

0-1.2 The apparatus shall consist of two parallel steel
plates between wbich the test specimen is placed, and

8

II 1l1CanS ofunifonn loading tbe pipe with a vertical load
(see Fig. 2).

B-l.3 Load the specimen to 5 percent deflection with 2
minutes. Record the load.
8-1.4 Calculate the pipe stillness using the formula
given in 10.1..
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F

I
PLATE

'I

~-~-OEFLECTIO~N .
MEASUREMENT TAk£N
AT MID-LENGTH OF
TEST SPECIMEN'

I B-l.! Loadthespecimenfunhertodeflectionlevel 'X'
as per 10.1.1 and examine the specimen for visible

, damage evidenced by 'surface cracks. Then load the
specimen to deflection level 'Y' as per 10.1.1 and
examine for evidence of structuraI damage, as
evidenced by lntsrlamlnar separation, separation of tbe
liner or surface layer (if incorporated) from the struc
tural wall, tensile failure of tbe glass fibre reinforce
mentand structure or hukling of tbe pipe wall.

FI(i. 2 SCHEMATIC DIAGRAM OF APPARA11JS FOR
DETERMINATION OF PIPE STIFFNESS

ANNEXC
( Clause 12.2)

Soundness shall be determined by a hydrostatic proof
test. Place tbe pipe in 'a hydrostatic pressure testing
machine that seals the ends and exerts no ~. nd loads. Fill
the pipe with water expelling all air and Apply internal

e-l PROCEDURE
SOlJNDNESS OF PIPE

water pressure at a uniform rate not to exceed 300 kPa/s
until the hydrostatic test pressure specified in accord
ance with 12.2 ( Table 4 ) is reached. Maintain tbis
pressure for 1 minute, The pipe shall sbow no visual
signs of weeping, leakage or fracture of the structural
wall.

ANNEXO
(Clause 13)

LONGrruDINALSTRENGTH

n-i BFAM STRENGTH

Place a 6 nun nominal length of pipe on saddles at end.
Hold the ends of the pipe round during the test. Apply
beam load for the diameter of pipe shown in Table 5
simultaneously to the pipe through two saddles located
at the third points of the pipe (see Fig. 3). The loads
shall be maintained for not less than 10 min with no
evidence of failure. The testing apparatus shall be
designed to minimize stress concentrations at the load
ing points,

0-2, LONGll'lTDINALTENSILE STRENGTH
D-2,.l General

This method describes the test procedure to determine
. the longitudinal tensile strength of a reinforced plastics

pipe by means of.a tensile strength test carried out on
strip .cut from the pipe.
D-2.2 Apparatus
D-2.2.1 A tensile machine capahie of indicating the
force applied to the lest piece with.an accuracy of ± 1
percent of the indicated value.

\

I,
\,

,, J

lS0mm WIDE )(120
0

FULL RADIUS SADDLE
WITH 6mm STIFF
RUBBER R (TYPICAL)-......... - --~

I

SADDLE

LOAD (P/2)LOAD (P/2)

ADDLE

~-- ! -~------- t--~-- t --.-t

FIG. 3 BEAM STRENGlH - TEST SElVP
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D-2.5 I)ROCEDlJRE

D-Z.S.t Measure the width wand thickness of the piece
at the centre of the gauge length and at points within
5 nun of each end of the gauge length. Record the
average width as wand the average thickness as e.

D-Z.2.2A means of measuring tbe width and thickness
of tbe test piece to an accuracy of 0.1 mm,

D-Z.3Test Pieces

D-2.J.l The test piece shall bestrips cut from a pipe in
the longitudinal direction and profiled to the dimen
sions shown in Fig. 4.
A minimum of three test pieces are required.

NOTE - If profile cutting is impractical, parallel-sided
test pieces of width between 2e and 3e (see Fig. 4) shall
be used, where e is the thickness of the test piece.

IS 12709 : 1994

n-Z.4 Test Conditions

Conduct the test at ambient temperature,

D·Z.5.ZGrip tbe test piece in tbe testing machine with
the test piece centreline along the loading axis of the
machine.
D-Z.!.3 Load the test piece by separating tbe grips at 8

rate to ensure failure occurs between 1 minute and
3 minutes. Record the maximum force as F.
D-Z.!.4 Repeat D-Z.5.1 to D-Z.!.3 until three results
have been obtained. Discard any test piece that breaks
other than across the neck and test additiona I test pieces
unitl three results are obtained.
D·Z.6 Calculation

. For each test piece, calculate the longitudinal tensile
strength of the pipe per unit circumference T (in kN/ln)
using tbe following equation:

F
T-

w

where
F is the failure force in N, and
w is tbe width of test piece in mm,

150 max.
100 min.

'R10max.
R SO min.

In A.--!
~

138 max. lis
•

max
.2emin. 3-o.min.

A-.I

~ J300

t--- -- -- --- ---- -------- ----- ---d
- .. -----, i"---"-~

~UALLY SPACED

I

CENTROID OF GAUGE -~~'1
LENGTH CROSS SECTION

38 max.
2. min.

THERMOSET RESIN BUILT UP ENOS
TRIMMED FLAT AND PARAlLEL

SECTION A-A

FlO. 4 STRIP TEST PIECES FOR DETERMlNA110N 9" U)~(ilnJD(NAJ ..TENSILE STRENOnl .

10 
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ANNEXE
(Clause 14 )

HOOP TENSILE STRENGTH

14:.1 (;ENERAL

1~-1.1 This method describes the test procedure !o
determine the hoop tensile strength of a reinforced
plastics pipe by means of a split disc test.
E-Z APPARATUS
.:-2.1 A testing machine capable of producing 8

progressive rate of separati.on of. th.e split. discs to
produce failure of the test piece within 1 minute to 3
minutes of initial loading.
E-2.2 Rigid split discs similar to those shown in Fig. 5
that make even contact with the internal diameterofthe
test piece and that illllnedi~tely prior to the test piece
being loaded are not separated by more than 1 percent
of the pipe diameter,

.•:-2.3 A force indicator capable of measuring theforce
applied with an accuracy of ± 3 percent,
E-2.4 A suitable means of measuring the width and
thickness of the test piece with an accuracy of ± 0.1
nun.

E-J TEST PIECES
E-J.l The test piece(see Fig.6) shall be a ring cut from
a pipe. The minimum width of the test piece shaIIbe8
nun: the maximum width is dependent on the method
of .;lanufacklre and the testing equipment available,
The width of the test piece shall not exceed the width

of the split disc. A minimum of three test pieces shall
be taken to obtain 8 reliable average result.
E-4 TEST CONDITIONS
Conduct tbe test at ambient temperature,
E-5 PROCEDITRE

.:-5.1 Measure tbe width thickness of the test piece at
diametrically opposed points.
E-S.2 Mount the test piece on the outside periphery of
the split disc test fixture with the points of measurement
at the split.
E-S.3 Load the test piece by separating the mounts at a
rate not exceeding 2.5 mm/min ensuring failure to
occur between 1 minute and 3 minutes and record the
maximum force F resisted by the test piece and the time
to failure.
E-6 (~ALCIJLATION

E-6.1 For each test piece, calculate the apparent hoop
tensile strength at failure 0gi (in kN/lu) from the fol-
lowing equation:

F
0 0 = 
~ 2w

where

F = failure load (in N); and
w =width of the test piece (in III111).

DIRECTION
OF LOADING

On
°A

THICKNESSJ e
. ~mm

~in

FIG. 5 SPLIT DISC

11

FIG. 6 SPLIT RING TEST PIECE
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ANNEXF
(Clause 14)

LON(; l'ERM HYDROSTATIC DESIGN PRESSIJRETEST BY STRESS/STRAINMETHODS

F·! GENERAL
F·1.1 This annex covers tbe procedure (static) for ob
taining a hydrostatic design basis for fibre glass pipe by
evaluating strength regression data derived fromtesting
of pipes of similar material and construction for the
purpose to establish its pressure rating.

For those products wbere no previous long term hydros
tatic testing bas been performed on similar producrs tbe
full type testing as described in Metbod A shall be
performed. When a hydrostatic design basis has already
been established for a nominalIy similar pipe using the
same manufacturingprocess,tbe manufacturerneedonly
conduct tbe requaliflcatiou test as described in Method B.
F·l.1 This practice can be used for the HDBdetennina
lion for fibre glass pipe wbere the ratio of outside
diameter to wa 11 thickness is 10 : 1 or more,
.'-1.3 Specimen end closures in the test methods may
eitherhe restrained or free depending on the application
of the pipe. .

F-l.3.1 Restrained Ends

Specimen are essentially stressed by internal pressure
only in the hoop direction and the HOB is applicable
for stress developed only i~ tbe hoop direction.

F-I.3.2 Free Ends

Specimen arc stressed by internal pressure in both hoop
and longitudlnal directions such tbat tbe boop streess is
twice as large as the longitudinal stress. The procedure
given in this standard are not applicable for evaluating
stress induced by loading where the longitudinal stress
exceeds SOiff) of the hydrostatic design stress.

F-2 Df4:FINITIONS
14'-2.1 14'a ilure
When tbe test specimen develops a leak, weeps or
ruptures, it shall beconsidered to have failed except that
leakage or failure within one diameter of the end closure
shall not he considered as failure of tbe specimen.

f4~-2.Z Hoop Stress/Hoop Strain

The tensile strl'ss/sln,in in tbe circumferential direction
due to internal hydrostatic pressure.
)4'·2.2.1 The hoop stress shall be calculated by the
following ISO equation:

, o II - P (D - tr)/2tr
wbere

a" =hoop stress in kPa;
D = average reinforced outside dl..uierer in tum,
P =internal pressure in kPa, and

tr =minimum reinforced wall thickness in mm,
1.'·2.2.2 HO()J) Strain

The hoop strain shall he calculated by substitutingEHT
= tlll/f. in the ISO equation, given in F-1.Z.1.

12

where
EHT = hoop tensile modulus of elasticity in kPa,

e =hoop strain in em/em, and
0/1 =hoop stress 'in kPa.

F-Z.Z.Z.l Formula for boop strain will tbus be: '
P(D - tr) 1

£ - 2 tr X EHT
F-2.%.Z.1 EHTsball be calculated from tbe equation:

E1 11 +£2
'2

+ ....
EHT - ----------

II +12 + ...
depending upon the layers of the composite
where £1 and '1 are tbe Young's modulus andthe
thickness of each of the layers of the composite 8 nd t1

+12 + is the thickness of tbe rotaI composite.
F·Z.3 Long Term Hydrostatic Strength (LTHS)

The estimated tensile stress/strain in tbe wall oftbe pipe
in the circumferential orientation due to internal
hydrostatic pressure that will cause failure of the pipe
after 100000 hoursof pressure applied continuously.
F-2.4 Hydrostatle Design Basis (HDB)
Hoop stress/stra in developed for fibre glass pipe by this
practice and multiplied by a service design factor to
obtain hydrostatic design stress or strain (HDS).
F-2.SHydrostatic Design Stress/Strain (DDS)
The estimated maximum tensile stress/strain in tbe wall
of Ihe pipe in tbe hoop orientation due to internal
hydrostatic pressure that can be applied continuously
with a high degree of certainty that failure of the pipe
will not occur.
F-2.6 Pressure Rating (When Expressed with Refer
ence to Pipe)

TItc estimated maximum pressure that tile medium
(water) in tbe pipe can exert continuously witlt a high
degree of certainty that failure of the pipe will not occur.
F-Z.7 Service Design Factor
A numberequal to t .00 or less that takes into considera
tion aU tbe variables and degree of safety involved ill
GRP piping installation so that wben it is multiplied by.
the HDB, an HDS and corresponding pressure rating
is obtained. A safe and satisfactory piping installation
results when good quality components are used and the
installation is made properly.
The service design factor should be selected by the
design engineer after evaluating fully tbe service con
ditions and engineering properties of the materials used
in tbe manufacturing of pipe. Avalue of 0.555 is recom
mended in lieu of any specific information on typical
water supply system,

F-2.8 Reinforced Wall Thickness
The thickness excluding the liner and the surface layer
tbickness.
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F-5.4 Measurement

FailurePoints
At least 4
At least 3
At least 3
At least 1
At least 18Total

F-5.5.1 Maintain the internal test pressure in each
specimen corresponding to the selected stress/strain,
witbin :t 35 kPa or within ± 1 percent of this pressure,
whichever is greater. Measure the time to failure witbin
:t 2 percent of 40 hours whichever is smaller, Ana Iyze
the test results by using for each specimen, the
logarithm of the stress/stra in in kPa/clu/Ctll and
logarithm of the time-to-failure in hours 8S

described in F-II to F-15. Calculate the long term
hydrostatic stress/strain at 100000 hours.

F-5.5.2 A specimen which leaks within one dian.erer
of an end closure may he (1) included as a failure tJoi•.
if it lies above the 97.5 percent lower confidence limit
curve, (2) repaired and testing resumed provided the
leak is more than one diameter from a test joint, or (3)
discarded and no failure point recorded.

F-S.S.3 Those test specimens that have been under test
for more than 10 000 hours and had not failed may he
included 8S failed points ill the calculation procedures,
This may reduce the long tcnu hydrostatic stress/strain.
Later, when these samples fail, a ncw long term hydros
tatic stress/strain can be established using the actual
failurc time. ·

.~-5.S.4 Determine the final line for extrapolation by
the method of least squares using the failure points
along with those non-failure points selected hy the
method described in F-5.5.3. Do not use failure points
for stress/strain or pressures that cause failure in less
than 0.3 b on the average. Determine these points by
averaging the times to failure at tests made at the same
stress or pressure level, i.e. a stress within :t 1 3XO kpa
or a pressure within e 13M kPa. Include in the report nil
failure points excluded from the calculation by this
operation and identify them as being in this category.

F-S.6 Determine suitability of the data for obtaining
LTHS of tbe pipe as follows. ,

J4'-S.6.1 Calculate the lower confidence limit of'strcss/strain
at tOO 000 hours by the methodgiven in F-IZ.

Strain: A minimum of three strain gauges shall be
mounted at the pipe test specimen's mid lengtb,
oriented in tbe clrcumferenual direction, each
gauge shall have a minimum effective measure
ment length of 6.35" nun. Tbe reported hoop
strain shall be the average of the three measured
values.

Stress: The stress or pressure values for test shaII be
selected to obtain the requisite failure points,

."-5.5 The stress/strain shall be selected to obta in failure
points as follows:

Hours
10to 1000

t 001 to 6 000

After 6000

After 10000

F-J SIGNIFICANCE AND IJSE
14".3.1 Procedure for estimating tbe long term
hydrostatic stress/strain of fibre glass is essentially an
extrapolation with respect to time of tests. Stress/stmin
at failure versus time plots are obtained.
F-3.Z'The values obtained by this method are ap
plicable only to conditions that duplicate these pro
cedures, It is not likely that long term strength of pipe
made by different processes or substa ntialIy different
materiaIs wiII be the same.

NOTE - It has been shown that the results obtained from
this method tend to be conservative'when compared to
actual service use within the scope of the test method,

F-3.3 The hydrostatic design basis is in accordance
with F-S.
F-3.4 Hydrostatic design stress/strain arc obtained hy
multiplyinghydrostatic design basis values hy II service
design factor, given in F-Z.7.
F-J.S Pressure rating for pipe of various dimensions
may be calculated fro III the hydrostatic design
stress/strain (HDS) value detenuined by testing one
size of pipe, provided that the specific process and
material are used both for test specimens and the pipe
in question.
F-4 SIJMMARY ()F METHOD A

F-4.1 Procedure consists ofexposing a minimum of 18
specimeus of pipe to constant internal hydrostatic
pressures at differing pressure levels in a controlled
environment and measuring the time to failure for each
pressure level.
F-4.1.1 The long term hydrostatic strength (stress/
strain) of pipe is obtained by an extrapolation to
438 000 hours of a log-log linear regression line for
hoop stress/strain versus time to failure, as described
in F-S and HOB in accordance with F-6.
Time is treated as the dependent variable in the least
square regression analysis.

F-5 I~()NG l"ERM HYI)ROSTATI(: Sl'RENGTH
(l/THS)

F-S.I The inside environment for the pipe test specimen
shall he water. The outside environment shall be air.
Other media may be used, but the environment shall be
given in the test report. The test liquid shall he main-
tained within ± 3°e of the telnper~ture.

1;-5.2 Test at ambicnt temperatures hetween
10°C and 43.5°C and report the temperature range ex-
pericnccd during the tests.

NOTE - Tests indicate no significant effects on the long
term hydrostatic pressure within theambient temperature
range specitied.

1;·5.3 Determine the average outside diameter and
minimum reinforced wall thickness of each pipe test
specimen in accordance with Annex A.

NcrrE - If the test specimens contain an unreinforced
liner, determine the wall thickness excluding the liner so
that the thickness recorded is the reinforced wall thick
ness.

13

 



Atleast 3
Atleast J
Atleast 6
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."'.5.6.2 If tbe lower confidence value differs from the
extrapolated value of LTHS by more than 15% or the
M calculated in ."'·1Z is zero or negative or the slope
'b', of the regression line calculated in F·11 is positive,
consider the data unsuitable.
F·' IIYDR()Sl"ATI(: DESIGN BASIS
F·6.l Calculate the LTHS in accordance with F·!•

•"'·6.2 Calculate the hydrostatic strength ']', at 50 years
(438000 h), as follows:

h =II +bl
where, 'a' and 'b' are values calculated as per ....11.3,
and" = 5.641 5.

I..··6.3 Obtain HOB from tbe applic-able hydrostatic
strength, as specified below:

i) Usc the values calculated in F-6.1, if it is less
than 125% oftbe 50-year value (F.6.%), and

ii) Usc the value calculated in ."-6.%, ifit is less tban
RO% of LTHS (F.6.1).

F·6.4 Determine the HDB category in accordance with
Table x.
F-7 SlJMMARY()F METHOD n
F-7.1 When a piping product has an existing HOB
determined in accordance to Method A, any significant
change in material, manufacturing process, construc
tion or liner thickness will necessitate a rcqualification
itS described in F-7.2 to F-7.6.

••'·7.% Obtain failure points for at least two sets of
speclmcns, each set consisting of three or more
specimens testedat thesame strc~4\/strail1 orpressure level,
that is a stress/strain within :t t 3RO kPa/± 0.000 15
em/em or H pressure % 138 kPa as follows:

Hours to Failure Failure Points
{Avcrag« ofSet)

1010200

More than 1000

Total

Include as failure those speclmens which have not
failed after 3 000 hours. Provided they exceed the
existing HOB regression line.

)4"'-7.3 Calculate and plot the 95 percent confidence
limit and 95 percent prediction Unlit of the original
regression lineillaccordance witb F-13 using only data
obta ined prior to the change.

NOTE - Prediction limit defines the upper and lower
boundsfor single observations, whereasconfidence Ii mit
defines upper and lower hounds for the main regression
line,

F-7.4 Consider any changes in material or manufactur-
. ing process permissible if the results of F:-7.Zmeet tbe

criteria in F-7.4.1, F·7.4.Z and F·7.4.3..

F-7.4.1 The average failure point for each
stress/strain or pressure level falls on or above tbe
97.5 percent lower confidence limit of the original
regression line.

F-7.4.1 The earliest individual failure point at each
stress/strain or pressure level falls on or above the 97.5
percent lower prediction limit of the original regression
line.

)"'·7.4.3 The failure point arc distributed about the
originally determined regression line. No more than
two-third of the individual failure points may fall below
the original regression line .

.'-7.5 (Alternatlve to F·7.4)

Consider any changes in material or manufacturing
process permissible if the rcsu Its of F-7.1 meet F-7.5.1
and F·7.5.1.

F·7.5.1 All data points fall above tbe 97.5 percent lower
confidence limit of the regression line.

F·7.5.2 At least two points exceed 3 000 hours without
failure.

Tahle 8 Hydrostatic Design Basis ..Categories

Hydrostattc Dt.-sIJ.tn nll.~ls CatclCory
kPa

17200

21700

27600

34500

43400
552()(}

68900

86200

110000

13R 000
172 ()(K)

217 OCK)

276000

14

Runge of Calculated Values
kPa

16500 - 20700

20 800 - 26 300

26 400 - 33 ooo
33 100 • 40 Q()O

41 000 - 52 Q(Kl

53 ()(X) • 65 900

66 ono - 82 900

83 000 - 105900

106 000 - 130 Q()()

131 000 • 16Q Q()()

170OUO - 20Q 900

210000 • 259 900

260 000 - 320 000

 



).·7.6 Data meeting the criteria of F-'.4 or F-'.! may
he assumed to be part oftbe original data set and a new
regression line and HDB detennined using a11 failure
points. '

F-'.7 If tbe data fails to satisfy tbe criteria ofF-7.4
or F-7.S tbe cbanges are considered significant and a
new regression line shall be established. Wbile the new
test progranune is being conducted as per Method A,
an interim liDB for the material or process change may
be taken 8S per the lower of F·7.7.1 and F·7.7.'1..

F-7~7.1 The 97.5 percent lower confidence limit of the
value obtained by extrapolating the failure points of
F-7.Z to 438000 hours by the procedure given in F-6.Z.

.'·7.7.Z The 97.5 percent lower confidence limit oftbe
original regression line at 438 000 hours (50 years).

F-R HYDROSTATI(~ DESIGN STRESS/STRAIN

F-8.1 Obtain the hydrostatic design stress/strain (HDS)
by multiplying the hydrostatic design basis (HOB) as
detennined by Method A or Method B, whichever is
appropriate by a service (design) factor as recoin
mended in ."-'1..7.

F-' PItESSIJRE RATING

.~-9.1 Calculate the pressure rating for each diameter
and wall thickness ofpipc (see 7.4) from the hydrostatic
design stress/strain, for the specific material in the pipe
hy means of the formula

PN= HDS X21r
(D - tr)

where notations are as defined in F-2.2.

(4'-10 RI~"()RT

The report shalll include the following:

a) Complete identifica lion of the sa mplc, includ
ing material type, source, manufacturer's name
and code number, and previous significant his
tory, if any;

b) Pipe dimensions including nominal size,
average and luinimu111 wall thickness and
average inside/outside diameter, and liner
material and liner thickness, ifpipe is lined;

l~) Test temperature;
d) Test environment inside and outside of the pipe

to be kept at ambient temperature;
e) A table of time-to-failure, in hours, and cor

responding stress/strain level in kPa/l~ln/cln of
all the specimens tested and the nature of the
failures. Specimens that are designated as
failures aIter they have been under
stress/strain for more than 10000 hours shall
be indicated;

f) The estimated long tenn hydrostatic
stress/strain (LTHS);

g) The meanstress/strain at long time 5.641 55 and
lower confidence value;
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h) The hydrostatic design basis (HDB);
i) The source of the hydrostatic design basis, that

is Mcthod A or Method B;
j) Any unusual behaviour observed in the tests;
k) Dates of tests; and
I) Name of laboratory and supervisor of tests.

F-II LFAST SQlJARES (~AL(:lJIATI()NS F()R
IJONG TERM STRESS/Sl'RAIN

F-11.1 The following symbols are used (see also Note):

N = Number of points on the tirne-to-failure versus
stress/strain plot;

f = logarithm of failure stress/strain, percent;

F= arithmetic average of all 'f values;

,,= logarithm of failure time in hours; and

H = arithmetic average of all 'II' values.
NOTE - All logarithms are to the base 10. Use 5 place
tables for calculations.

."-11.1.1 The equal ion of the straight linc is:

h = u + b.]

F-II.Z C01UpUll' the three quantities:

U="i:.f'2 -NF'J.

V- I II:? - NH2

W-r.fh -NFH

F-ll.3 Calculate 'a' and 'b' as follows:

b =WIU it lid II =JI - hF
If 'b' is poxitivc . the data arc unsuitable for evaluating
the utaterial,

."-11.3.1 Substirun: these values of '11' and 'b' into the
equation n =a + b].

F·l1.3.2 Arlutrarily SCICl~t three convenient values for
'[' and cakulntc 'h' for each. The values of 'I ·should
not be ""0.\('/1 too close 10 one another. Plot these three
pairs of "a111('.\ lor '{'and' II'. If these three points do not
lie on a straig.luline, there is a mistake in the calculations.

'F·II.3.3 A sample of calculations is given in F·lS.

...·12 CAI.,{'IJI.lATIONS FOR L()WER
CONFIDI~N(.•: I.JMIT

F·12.1 LetfJ(l()(l(H' represent the value ofthe stress/strain
corresponding to 100 nOD hours failure time. Then
1100 000 . (S - a)/I)

F-IZ.2 The lower confidence value of tbe stress/strain
at 100000 hours is given by tbe following calculations.

F-12.Z.1 Calculate D := S - H

F-12.2.2 Calculate the variance s2 =(1 I(N - 2)I
(V - (W2I U»)and itssquareroot's', thestandardvariation.

"F-IZ.2.3 Substitute the value 'I' of Student's 't' distribu
tion from Table 9 corresponding 10 N-2 degrees of
freedom at the two-sided 5 percent level of significance.

15
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Table 9 StatL4itlcal Data
( Clause F-12.2.3)

Degreeor Student's Ct' Degree of Student's 't' Degree or Student's Ct'
Freedom N-2 Freedom N-Z FreedomN-2

I 1].706 2 46 2.0129 91 1.9864

2 4.302 7 47 2.0117 92 1.986 1

3 3.1824 48 2.0106 93 1.9858
4 2.7764 49 2.(KtQ 6 94 1.985 S

5. 2.5706 50 2.0086 95. 1.9853

6 2.446 9 51 2.0076 96 l.Q850
7 2.3646 52 20066 Q7 1.984'7

8 2.306 6 S3 2.0057 98 1.Q845
Q 2.2622 54 2.004 Q 99 1.9842

10 2.228 1
,

55 2.004 0 100 I.Q84 0

11 2.2010 56 2.0032 102 1.9935

12 2.1788 57 2.0025 104 1.983 ()

13 2.1604 58 2.001 7 106 1.9826
14 2.1448 SQ 2.001 0 108 1.9822

15 2.131 5 60 2.0003 110 1.981 8

16 2.11Q9 61 l.QQQ 6 112 I.Q8t 4

17 2.IOQ 8 62 l.Q9Q0 114 1.981 0

18 2.100 9 63 1.9Q83 116 1.9806

IQ 2.0930 64 I.Q997 118 1.9803

20 2.0860 65 l.Q97 1 120 1.9799

21 2.07Q6 ,66 1.9966 J22 1.9796

2~ 2.(J73 Q 67 J.9Q60 124 LQ7Q3

23 2.0687 68 I.QQ55 126 1.9790

24 2.063 Q 69 l.QQ4 Q 128 1.9787

25 2.05Q5 70 I.QQ44 130 1.9784

26 2.0555 71 I.QQ3 Q 132 1.978.1

27 2.051 8 72 1.9Q35 134 l.Q77 R

2R 2.048 4 73 1.9930 136 1.9776

2Q 2.0452 74 l.Q925 138 1.9773

30 2.0423 7S 1.992 I 140 1.977 1

31 2.03Q5 76 l.QQl 7 142 1.9768

32 2.036 9 77 l.QQl 3 144 l.Q766

33 2.0345 78 1.9908 146 1.9763

34 2.0322 7CJ l.QQO 5 148 l.Q76 1

35 2.030 J 80 l.QQO I ISO 1.9759 .

36 2.0281 81 1.9897 2(Kt 1.971 9

37 2.026 2 82 1.9893 300 1.9679

38 2.0240 83 1.9890 400 1.9659

39 2.0227 84 I.Q886 500 1.9647

40 2.0211 85 1.9883 600 1.9639

41 2.0lQ 5 86 1.Q879 700 1.9634

42 ~.OIR I 87 1.9876 800 1.9629

43 2.016 7 NR 1.9873 900 1.9626

44 20 I", 4 8\1 1.l)87 0 1()(KJ 1.9623

45 2.&11' I QO IltR67 Infinity 1.9600

16 
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F-14.1.3 By Least Square's Theory we know that:

F-14.2 Introducing Eq 7 and 8 into Eq 6 gives:

.......(6)

........(5)

.......... (7)

....... (8)

E (z) = 0

and the variance of z V(z) is given by:

V (z) • (fa - F)2 V (b) + V (H)

V(H)- o2I N

and V (b) - 0 2/ (/ - F)2 - o21U

where

(J2 = variance of the error in tbe determination of any
single 'I,' value.

F-12.2.4 Calculate tbe quantity: M - b2 - (/2• il/U)

F-12.2.4.1 If eM' is negative or zero, the slope of log
time versus stress/strain is not significantly different
from zero. In this case, the data are unreliable for the
evaluation of the material, The calculations below
should be carried out only when the value of 'M' is
positive.
F-IZ.2.5 Calculate tbe quantity:

i · [bD - tsV(DzIU) + (MIN) 11M

F-12.2.6 The lower confidence lintitof[ 100000 is equal
toL + F.

NOTE- There is a 97.5 percent probahiIi ty thatnewmean
value for the regression line will be above the lower
confidence limi].

14~-13 (~AI."CIJIA1"IONSAND CIJRVE PLOT OF V (z). 0 2 [(fo - F)2IV + (liN»)
95 PERCENT CONFIDENCE LIMITS AND 95
PERCENT PREDICTION LIMITS F-14.3 The estimate for 0

2 is:

........ (9)

........ (1)

......... (3)

.........(4)

and tbe estimated standard deviation of "z' is:

....(10)

....(12)

....(13)

.......(14)
) ,')

(z - E (z»)- -1- V(z)

S2. [l/(N - 2») [V - (W2/ U» )

-lsi {z-E(z)} Isl~ +1

which is equivalent to: .

( {z - E (z)} 2IV (z)] s 1
2

F-14.6'The limits of the interval are given by:

-S2({(fo-F)2I U} + (l/N)) ....(11)

which ill view of Eq 5 and 11, becomes:

z2 • t~ s2 ( {Vo - F)2/ U) } + (liN») (15)

F-14~7 Introducing Eq 4, Eq 'IScan be written:

[b (1:, '- F)'- ("0 - H)]2.,2 s2 ( {fo - F)21U) }+ (liN»)
....... (16)

and is evaluated with (N-2) degrees of freedom, couse..
quently, an estimate for V (z) is given by:

V(z). [1 I(N - 2») IV - (J¥2IU)] [{(h, - F) 2I U} + (tiN»)

)4""i-14.4 The quantity (z-E(z)/s; has Student's r-dis

trihution with (N -2) degree of freedom,

F-14.5 Let t denote the critical value of Student's I, for
(N-2) degree of freedom and for chosen level of sig
nificance. Then the' following inequity bold with prob
ability equal to the applicable confidence. coefficient:

(1 - level of signiflcance):
F-14 DERIVATI(lN ()F FORMITlAS

F-!3.l At any assigned logarithmic value for
stress/strain (fo ) the 95 percent confidence limits for
the corresponding lograithmic value of time (II cJ is
obtained from:

"CL - (tl + bfa) :t Is ( (fo - F)2IV + liN ]0.5

,NOTE - Curves representing the 95 percent confident
limits mayalso becalculated and plotted by repetitionof
the calculation procedures in .~-12 by substituting various
logarithmic values for 'h' (given as 5 in F-1Z.1) and
replacing theminussign in theexpression for 'L' with a
plusor minussignsshown in Eq 18of F-14.

1"~-13.2 At any assigned logarithmic value of
stress/strain (fo) the 95 percent prediction limits for the
corresponding logarithmic value of time ( hpL ) is

obta ined Irom:

IIPL. (a + bfa)+ Is (fo - F)2IV + liN + 1 1°·5
NOTE - 97.5 percent of the expected failures at the
selected logarithmic value for stress/strain 10 will occur
after the lower JaPL. The average failure time atfo will he
longer than the lower /tCL 97.5 percent of the time.

F-14.I.Z Then the expected value of 'z' is zero
, (beceuse of Eq 3 )

F-14.1 The basic equation is :

. ,,= a + hI+ error

whicb can also be written:

" - H • b if - F) + error (2)

F-14.1.1 Consider the assigned value for 'h) (for
exa mple, h =5.0) corresponding to 8 failure time of
100 000 bourse Denote it by "0. The problem is to
evaluate the uncertainty of tbe corresponding value foe
The value of fo is evaluated by tbe equation:

b (fa - F) • Ito - H

; Letz • b (fo - F) - ("0 - If)

. 17

 



and solving Eq 16 for L, we obtain:

bD % IS v'rb2 - (t2 • s2/U»)/N + (D2/ U)
L • 2 2 2 ......(18)

b - (I . s /V)

....14.9 LetM. b2 - (12 • s2/U) .......(19)
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1"'·14.8 Writing

L - ifo - F)
D. (lin - H)

......... (17a)

.......(17b)

1;'-14.9.1 Theil, the lower lintit for L is given by :

L P I
, · bD - tsV(Dz/U) + (MIN) ( 0)

ower inut » • M ... 2

F-14.10 Consequently, inviewoftbe Eq178, tbe lower
limit forfo is given by:

[o, Power llmit = Lower limit +F
F-1! SAMPlE (:AI.lXJIA110N ACCORDING
TO F·IZ
Typical sample calculations for strain and for stress
methods arc given in F·I!.! and F·15.2 respectively.

F·I!.l Strain Method

()ata Point Tlme (hours) Strain (%) U)M Tlme (It) Log Strain if)
I 25.Q 1.151 1.41330 0.061 08
2 34.7 1.125 1.54033 0.051 15

3 260.4 1.077 2.41564 0.032 22
4 424.3 1.041 2.62767 0.017 45

5 95.3 1.028 l.Q7QOQ 0.011 Q9
6 157.1 1.027 2.196 18 0.011 57
7 46.7 0.911 1.66fJ 32 - 0.040 48

8 124.7 O.Q02 2.095 R7 - 0.044 79
Q 766.8 0.885 2.R84 68 - 0.053 06

10 1 064 0.880 3,(l26 Q4 - n.055 52

11 1 013 O.87Q 3.0U561 - 0.056 01

12 2770 0.794 3.'44248 - 0.100 18
13 12408 0.768 4.0Q370 - 0.11464

14 4 Q81 0.747 3.6Q732 - 0.126 6R
15 3780 0.706 3.5774Q - 0.15120
16 4427 0.6QQ 3.646 11 - 0.15520

17 28272 0.678 4.451 36 - 0.16877
18 16 Q43 0.657 4.228 QQ - 0.182 44

Data Point Jr2 /2 r'
1 1.9Q7 0.003730 (L086317

2 2.37262 0.002617 0.078793

3 5.83532 0.001 038 0.077 822

4 6.Q0465 0.000 305 0.045855

5 3.91680 0.000 144 0.023735

6 4.82321 0.000 134 0.025 410·

7 2.78663 0.001639 ..0.067 577

8 4.39267 0.002006 - 0.003 880
Q 8.321 38 0.002815 - 0.153 052

10 9.16237 0.003082 - 0.168 047

11 Q.03369 0.003 137 - 0.168 347

12 11.85067 0.010036 - 0.344864

13 16.75838 0.013 142 - 0.469 298

14 13.670 18 0.016048 - 0.468 373

15 12.79844 0.022860 - 0.540899

16 13.294 12 0.024 187 - 0.567 054

17 lQ.R1461 0,(128483 - 0.751 256
18 17.884 36 0.033283 - 0.771 516

I II =51.99208 If= 1.06382 H =2.888 45 F =0.05910 N= 18

(! 11)2. 2 703.175 87 (I/)2 = 1.311 72 I ,,2 == 165.61745 If2 == 0.168 69 Iflt =4.22623

18
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Step 1:

U. 0.168 69 - 1.31t 72/tR • 0.105 81
V. 165.61745 - 2703.17587/18 -= 15.441 02

W. - 4.226 23 - (- 1.063 82 III 51.99208/18)
• - 1.153 44

Step 2:
b =WIU. - 1.153 44/0.105 81 • - 10.900 79

a a H - bl- 2.88845 - (- 10.90079 *0.059 10)
=2.24420

o 2.244 20
- 0.096 91 3.300 60

- 0.221 85 4.66253

A plot of strain versus time on log-log graph paper or
of 'f versus 'h' on regular graph paper shows that the
three points lie on a straight line, Thus, the calculations
are correct.

Step 5:

Calculate strain at 100 000 hours and at 438 000 hours
(50 years) from tbe equation in Step 3.

5 -= 2.244 20 - 10.900 79 f

or - 10.90070fa 2.755 8 or f = - 0.25281

Strain at 100000 hours = 0.558 7

5.641 77 - 2.24420 - 10.900 79 f
or - 10.900 79 f =3.397 571 or fa - 0.311 68

Strain at 50 years = 0.487 9

)4"'1·15.2 Stress Method

Calculated
TillIe (hI'S)

175.50

1998
45976

hf

Step 3:

H· 2.24420 - 10.90079 *f
Step 4:
Selected
Strain (%)

1.0

0.8
0.6

(lata Point Time (hours) Stress (kPa) Loll Time (Ir) Log St~s(f)

1 Q 37415 O.Q5424 4.57304
2 13 37415 1.113 Q4 4.57304
3 17 37415 1.23045 4.57304
4 142 35374 2.1522Q 4.54868
5 209 35374 2.320 15 4.54868
6 446 34013 2.h4Q 33 4.531 64
7 58Q 32635 2.770 12 4.513Q2
8 6R4 34013 2.N3S 06 4.531 64
Q 12QQ 32635 1.111 hi 4.513Q2

10 1_,01 31 Q72 .tlll28 4.504 77
11 I .~ .~() 32635 ~.155 34 4.513 Q2
12 : IO~ 32635 3.32284 4.513 Q2
13 2 :2.,0 29 Q32 3.34R 30 4.476 13

14 4 110 31 Q72 3.h1384 4.504 77

15 5 184 29 Q32 3.71466 4.476 13

16 N QOO 31292 3.Q4Q 3Q 4.4Q543
17 IOQ20 30612 4.038 22 4.4858Q
18 12340 30612 4.()QI 32 4.48589

Data Point 1J2 /2 fla
1 0.91057 20.91269 4.36377

2 1.240 86 20.91269 5.09409

3 1.51400 20.9126Q 5.626 Q()

4 4.63235 20.69049 9.790 08

5 5.383 ()Q 20.69049 10.55362

6 7.01898 20.53576 12.005 81

7 7.67356 20.37547 12.504 10

8 8.03757 20.535 16 12.84747
Q Q.6Q457 20.37547 14.05458

10 Q.69874 20.2Q2 Q5 14.02Q 11

11 Q.Q56 17 20.37547 14.242 Q5

12 11.041 27 20.37547 14.QQQ 03

13 11.211 11 20.03574 14.98743

14 13.05984 20.2Q295 16.27Q 51

15 13.7Q870 20.03574 16.62730

16 15.59768 20.2088Q 17.75420

17 16.30722 20.12321 lR.11501

18 16.738 Q() 20.12321 18.35321
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! " - 51.487 83 ~ f - 81.364 457 I fl. • 232.009 SS
I ,,2 c Ifl3.515 167 If. 367.805 14 N =18

(I 11)2. 2650.95 (IJ)2. 6 620.173 7

H = "IN =2.860 41 F =fIN =4.520 25
Step 1:

U. If2 - NF2 • 367.805 14. 367.787 13
=0.01771

V =I, ,,2 - NH2 - 163.515 16 - 147.275 02
= 16.240 14

W - If" - NFH - 232.009 953 - 232.735 49
=- 0.726 16

Step 2:

. ". W/v - - 0.726 16/0.017 71 • - 41.00282
tI .. H - be. 2.860 41 + 185.343 01 • 188.203 42

Step 3:

H - 188.203 42 - 41.00282 *f

Step 4:

Selected f It Calculated
Stress (kPa) Time (hrs)

30 000 4.477 12 4.628 87 42 548

32000 4.505 17 3.47007 3 010
34 000 4.531 48 2.399 96 ·251

A plot of stress versus time on log-log graph paper or
of 'f' versus 'II' on regulargraphpaper shows that the
three points lie on a straight line. Thus, tbe calculations
are correct.

Step S:

Calculate stress at 100 000 hours and at 438 000 hours
.(50 years) from the equation in Step 3.

Period Stress (kPa)

100000 bours 29381
50 yeaIS 28 342

ANNEXG
(Clause 17.1 )

SAMPLIN(; AND FllliQIJENC'y'AND CRrrERIA FOR C()NFORMITY

(;-1 Af:r:EPTANCE rrESTS

(;-1.1 One pipe selected at random froIII a lot
(see (;.1.1) shall be checked for couformance to the
dimensions (7), workmanship (9), stiffness (10), lon
gitudinal strength test (13), and hoop tensile strength
(14). Additional tests establishing potability of water
mentioned in 16.2, 16.3, 16.5 and 16.8 shall be done as
acceptance tests on the sample pipe.

The lot shall be declared as conforming to the require
ments of this specification, if the sample pipe meetsthe
requirements of all the tests, otherwise not

(;-1.2. Unless otherwise agreed upon between the pur
chaser and the supplier, one Jot shall consist of 100
lengths or part thereof, of sallie pressure class, stiffness
class, a nd size of pipes produced. under relatively
uniform composition and condition of manufacture.

G-2 TYPE l"EST

G-2.1 Sampling for type test is not required unless
otherwise agreed upon between the manufacturer and
the purchaser. Test certificates shall be furnished when
requested by the purchaser, for the following:

i) Long termhydrostatic design pressure test (15), and
ii) Tests establishing potability of water, including

a) acidity and alkalinity (16.4),

b) UV absorbing 111ateria I (16.6),

c) heavy metals (16.7), and

d) biological (16.9).

(;-2.2 Type tests shaII be performed whenever a
significant change is made in the design, composition
or process of manufacture, Even if no change is en
visaged, the frequency of the type test shall he at least
once in three years.
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