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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This Technical Report is a guidance document and gives a recommended practice for the installation
of unplasticized poly(vinyl chloride) (PVC-U) and oriented unplasticized poly(vinyl chloride) (PVC-0)
piping systems conveying water under pressure for buried and above-ground drainage and sewerage
systems.

Molecular orientation of PVC-U results in the improvement of physical and mechanical properties.

Unless specifically mentioned, the recommendations are valid for both PVC-U and PVC-O and expressed
as FVC.

© IS0 2014 - All rights reserved v
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TECHNICAL REPORT

ISO/TR 4191:2014(E)

Plastics piping systems for water supply — Unplasticized
poly(vinyl chloride)(PVC-U) and oriented PVC-U (PVC-0) —
Guidance for installation
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s ISO Technical Report gives recommended practices for installation of num
y(vinyl chloride) (PVC-U) and oriented unplasticized poly(vinyl chloride) (PVC-0)-pipg
Fes, and ancillaries when used in piping systems conveying water under pressure.

recommendations are intended to give practical guidance of design and installatioy
fems incorporating pipes, fittings, valves, and ancillary equipment made_from PVC ma
d for the following purposes:

water mains and services buried in ground;
waste water under pressure;
conveyance of water above ground for both outside anddinside buildings,

the supply of water under pressure at approximately 20 °C (cold water) intended
sumption and for general purposes.

s Technical report is also applicable to comporents for the conveyance of water up to an
C. For temperatures between 25 °C and 45.2€, Figure 1 of [SO 1452-2:2009 applies.

ddition, recommendations are given fef-the connection to fittings, valves, and ancillary
le from materials other than PVC.

Normative references

following documents, dhwhole or in part, are normatively referenced in this docume
spensable for its application. For dated references, only the edition cited applies. Fd
brences, the latest €dition of the referenced document (including any amendments) applie

3, Preferred numbers — Series of preferred numbers

161-1, Thexmoplastics pipes for the conveyance of fluids — Nominal outside diameters a
ssures =JPart 1: Metric series

1452-1:20009, Plastics piping systems for water supply and for buried and above-ground dn

plasticized
s, fittings,

1 of piping
rerials and

for human

1 including

equipment

nt and are
r undated
S.

hd nominal

pinage and

Sewm

erage under pressure — Unplasticized poly(vinyl chloride) (PVC-U) — Part 1: General

ISO 1452-2:20009, Plastics piping systems for water supply and for buried and above-ground drainage and
sewerage under pressure — Unplasticized poly(vinyl chloride) (PVC-U) — Part 2: Pipes

[SO 1452-3, Plastics piping systems for water supply and for buried and above-ground drainage and sewerage
under pressure — Unplasticized poly(vinyl chloride) (PVC-U) — Part 3: Fittings

ISO 1452-4, Plastics piping systems for water supply and for buried and above-ground drainage and sewerage
under pressure — Unplasticized poly(vinyl chloride) (PVC-U) — Part 4: Valves

[SO 1452-5, Plastics piping systems for water supply and for buried and above-ground drainage and sewerage
under pressure — Unplasticized poly(vinyl chloride) (PVC-U) — Part 5: Fitness for purpose of the system

ISO

4065, Thermoplastics pipes — Universal wall thickness table
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ISO 4633, Rubber seals — Joint rings for water supply, drainage and sewerage pipelines — Specification for

materials

ISO 7387-1, Adhesives with solvents for assembly of PVC-U pipe elements — Characterization — Part 1:
Basic test methods

ISO 9080, Plastics piping and ducting systems — Determination of the long-term hydrostatic strength of
thermoplastics materials in pipe form by extrapolation

[SO 9311-1, Adhesives for thermoplastic piping systems — Part 1: Determination of film properties

IS0 9969, T

ISO/DIS 14
conveyancq

3 Term

3.1 Terms and definitions

For the pui
3.1.1

nominal dutside diameter

dn
numerical
other than|

Note 1 to erf

Note 2 to e]f

minimum njean outside diameter dem, min-

3.1.2
nominal W
€n
specified

Note 1 to er

3.1.3
nominal p
alphanumg
system an

3.14

1 1 : . n . . - o
METTTITOPIUSLIcS pipes — DCLCTITHTIULIOTE O] TITIY SUIJJTIESS

422:2013, Pipes and joints made of oriented unplasticized poly(vinyl chloride) (PVC-0), for
of water under pressure — Specifications

s and definitions, symbols, and abbreviations

poses of this document, the terms and definitions in ISO 1452-1;2009 and the following ap

designation of size which is common to all components in a thermoplastics piping sys
flanges and components designated by thread siz€

try: It is a convenient round number for reference-purposes.

try: For pipe conforming to ISO 161-1, the neminal outside diameter, expressed in millimetres, is

all thickness

Uall thickness, in millimeties

try: Itis identical to tHe Specified minimum wall thickness at any point ey min.

ressure (PN)
bric designation related to the mechanical characteristics of the components of a pif
l used fot neference purposes

hydrostat

he

Ll

fem

the

ing

icpressure

p

internal pressure applied to a piping system

3.1.5

working pressure (PFA)
maximum pressure which a piping system can sustain in continuous use under given service conditions

without pr

essure surge

Note 1 to entry: For thermoplastics piping systems, the value of the nominal pressure is equal to the working

pressure at

a temperature of 20 °C expressed in bars.
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3.1.6

hydrostatic stress

o

stress induced in the wall of a pipe when it is subjected to internal water pressure

Note 1 to entry: The stress in megapascalsisrelated to the internal pressure, p, in bars, the nominal wall thickness,
en, in millimetres, and the nominal outside diameter of the pipe, dy, in millimetres by the following formula:

20e,

Notk 2 to entry: If o and p are given in the same units, the denominator becomes 2en.

3.1{7
lonf-term hydrostatic strength at 20 °C
Olhtls

qudntity with the unit of stress, i.e. MPa, which can be considered to be a progerty of the material under
consideration and which represents the 97,5 % lower confidence limit-for the long-term hydrostatic
stréngth and equals the predicted average strength at a temperature of20°°C and a time of 50{years with
inteérnal water pressure

Note 1 to entry: ISO 9080 gives the possibility to extrapolate to 100 year lifetime.

3.1{8

lower confidence limit of the predicted hydrostatic strength
OLPL
qudntity with the dimension of stress, which repfesents the 97,5 % lower confidence limit of the
predicted hydrostatic strength for a single value at a temperature T and a time ¢

Notp 1 to entry: It is denoted as o1pL, = 0(T;t,0,975)-
NotE 2 to entry: The value of this quantity is/determined by the method given in ISO 9080.

3.19
minimum required strength
MRS
valtie of o1,p, rounded to the next lower value of the R 10 series from ISO 3 when oy,py, is belowf 10 MPa or
to the next lower value ofthe R 20 series when oy,p, is higher than 10 MPa

3.1{10

dedign coefficient
Cc
overrall coefficient with a value greater than one, which takes into consideration service corjditions, as
welll as preperties of the components of a piping system other than those represented in oy,pj

3.1j11

i Sppring €
p SCTICSD

dimensionless number for pipe designation (see ISO 4065)

3.1.12

standard dimension ratio

SDR

numerical designation of a pipe series which is a convenient round number approximately equal to the
dimension ratio of the nominal outside diameter, dy, and the nominal wall thickness, e;,

Note 1 to entry: According to ISO 4065, the standard dimension ratio, SDR, and the pipe series S are related as
follows:

[SDR] = 2[S] +1

© ISO 2014 - All rights reserved 3
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3.2 Symbols

c design coefficient

de outside diameter (at any point)

dem mean outside diameter

d; inside diameter (at any point)

dim mean inside diameter of socket

dn nominal (outside or inside) diameter

DN nominal size

E yall thickness (at any point)

em mean wall thickness

en nominal wall thickness

fa lerating (or uprating) factor for application
fr lerating factor for temperatures

A material density

) hydrostatic stress

P internal hydrostatic pressure

pT fest pressure

Os lesign stress

OLPL $tress at lower predicted confidence limit

3.3 Abbpreviations

LPL lgwer predicted confidence limit

MRS nlinimum reguired strength

MOP maximumroperating pressure

PFA allawable operating pressure
PEA allowable site test pressure
PN nominal pressure

DN nominal diameter

PVC-U unplasticized poly(vinyl chloride)

SDR standard dimension ratio

PVC-O oriented poly(vinyl chloride)

© ISO 2014 - All rights reserved
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Parameters influencing design

Allowable operating pressure

4.1.1 Where pipe material temperatures do not exceed 25 °C, and where no extra safety considerations
are applicable, nominal pressures are given in Table A.1 of ISO 1452-2:2009 and in Table 2 of
ISO/DIS 16422:2013. These nominal pressures have been calculated on the basis of well-established
data, taking into account a service life of at least 50 years of continuous operation. For common water
supply systems up to 25 °C, the allowable operating pressure PFA in bars (1 bar = 105 N/m2 = 0,1 MPa)

ise

ualtothe nominal pressure; PN

4.1
for

4.1

2 Design coefficient, C, should comply with those specified in ISO 1452, for PVC-U;.and
PVC-O.

3 Where the water service temperature is between 25 °C and 45 °C, it is requtired that the

[SO 16422,

maximum

allgwable pressure is reduced by applying a derating factor, ft, as shown in Eigure A.1 of ISO 1452-2:2009
and Annex C of ISO/DIS 16422:2013.
Figlire A.1 of ISO 1452-2:2009 shows that for temperatures up to and ineluding 25 °C, the dergting factor
to be applied is 1,0 and for temperatures above 25 °C, the derating‘factor reduces from 1,( to 0,63 at
45 $C. The same is valid for PVC-O pipes.
Whiere water service temperatures are expected to exceed 45 °C, the manufacturer’s advicg should be
obtpined.
4.2 Ring stiffness of pipes
Where a calculation of the initial pipe deflection’s applied, the initial ring stiffness of the pip¢ should be
taken from Table 1.
Table 1 Initial ring stiffness of pipes
Pipe series
S20 S$16,7 S16 S12,5 S10 S8 56,3 S5
(SDR 41J |, (SDR 34,4) | (SDR 33) | (SDR 26) | (SDR21) | (SDR 17) | (SDR 13,6)|| (SDR 11)
Nominal pressure - PN 6 PN 6 PN 8 PN 10 PN 12,5 PN 16 PN 20
RN/6 PN 7,5 PN 8 PN 10 PN 12,5 PN 16 PN 20 PN 25
for|d, <90
for|d, >90
Calculated ring 3,9 6,7 7,6 16 31,3 61 125 250
stifffness in KN m?2
(SC Ic)
Nomijnakring stiff- _ B B B
neds N 4 8 16 32
© IS0 2014 - All rights reserved 5
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The initial ring stiffness Scaic in Table 1 has been calculated using the following formula:

- ExI  E
calc — -
(de _en)3 96 [5]3 (1)

where

Scalc is the calculated initial ring stiffness in kilonewtons per square metre;

E is-the modulus of n]ncfirify in flexure hnving thevalue of 32 x 106 l(NI/m') for PVC-U and

having the value of 4 x 106 kN/m2 for PVC-O0; '\b‘
1xe, > q/Q
I i$ the moment of inertia in cubic millimetres with n_ for 1 m pipe length; ~"\.°
5
de i$ the nominal outside diameter in millimetres; «Q~
en i$ the nominal wall thickness in millimetres; O\
O

S i$ the pipe series. 6\

The initialjring stiffness of PVC-0 pipes with the different MRS valu given in the graphs of Figuije 1.

E: PVC-0: 4 x 106 kN/m2 (4 000 Mpa) E: PVC-U: 3,2 x 106 kN/mg\@.\ZOO Mpa).
<

c=2,0 |< x> c=1,8
AN

[=MRS 250 = MRS 315 = MRS ?E\MRS 400 =MRS 450 = MRS 500 |

[
>

Ring stiffness [kPa]

e . e
12 13 14 15 16 17 18 19 20 21 2
Pressure class [Bar]

r————

NOTE The following C factor has been used: MRS 250 (PVC-U): C = 2,0; PVC-0: C=1,6.

© ISO 2014 - All rights reserved
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= MRS 313 = MRS 355 = MRS 400 = MRS 450 =MRS 500 I

Ring stiffness [kPa]
o

2 3 4 5 & 7 & 9 10 11 12 13 14 15( 16 17 18 18 20 A 2 23
Pressure class{Bar]

NO7

In d
foll

For]
For]

(SN

5

5.1

'E The following C factor has been used: PVC-0>*C= 1,4.
Figure 1 — Initial ring stiffness of pipes of PVC-0

ase the actual modulus measured:drstated by the manufacturer or designer is known, t
pbwing correction formulae:

PVC-U: SN =SN1 x E/3 200
PVC-0: SN = SN1 x E/4 000

1 = taken from the'graph)

Hydraulicproperties

Lossof head

len use the

For]

head losses through fittings, the manufacturer’s advice should be obtained.

PVC pressure pipes are specified by nominal diameters, dy. Internal diameters vary according to pipe
series (see Table 2 of ISO 1452-2:2009 and ISO/DIS 16422:2013). This shall be taken into account when
calculating the flow characteristics of pipes.

©IS

02014 - All rights reserved
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The flow is characterized by the Reynolds number as follows:

Re =vxdh/u
where
Re is the Reynolds number [-];

vV is
u o is
The frictio

1

Jr

where
Dy is

Re is

And finally

Ap=f

where

Ap is

is

the flow speed [m/s];

he kinematic viscosity [mz/c]

In value fis then calculated by an iterative manner using Formula (3):

e/D, 2,51

_-210g10 [74'@]

the hydraulic diameter (for a circular pipe, full flow = interndl pipe diameter) [m];
the Reynolds number [-];

the roughness of the pipe [m].

, the pressure loss is calculated by

the pressure loss [m];

ction value;

is the length of the,pipe [m];

is the internaldiameter of the pipe [m];

the density of the fluid [kg/m3];

is theflow speed [m/s].

(2)

(3)

(4)

© ISO 2014 - All rights reserved
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Loss of water head

km pipe i r of pipe, mm ;
m/km pip Internal diameter of pip m/km pipe
- - = = 100
O o e e e e S
= R : Jasd) DY e A Ty TS A
rosm = > oo T -s Lq_ =1 -
= 4 = === E = = e a&: ==
50 1 a 181 . .ll:l i = 1l L 1 - - 50
- 2 Sz saamil 18| ] vﬁ' 5] 4 ”"
A ! St
Tt = o = ,.% = = H= S o
—— — - Ioowa - -—-n - 1 - = ~ as, - T T+ V-‘
20 7 1 ==_ .o 4 i T 39
T I AR N - Z
1 4 N 7 Q11 VAl T 771 0]
10 2 h 1T 1 1 B ey
35 =
5 a H Lo T ; » 5
: A IT 1 7L .S
! » N Y N E
i H 252748 em=ieis = - 02
A 3
2 ya llll' ” 7 1 > l.S' 2
,I L 7 ” i
1 = 1
=i = i s T =L o ==
v - Tt vas o g \0::
0.5 ] 7 7 0 L0, S & 5 0,8
: ne e yimu A, L
pal ) 7 AN / o & T
- L ” s A'
7 é.r r——
0.2 = : = . 7= A & 03
: 174 1 g I o L O
7z viu ] : li-¢ n
0.1 I W T 4 1A T LT 0.1
0,05 0,1 0,3 0,5 1 2 S 10 20 50 100 200 500 1000 2000

Rate of flow, (I/s)

Figure 2 — Example of flow chart for head losses in pipes

Figlhire 2 comprises the frictiondoss diagram for PVC-U pipes calculated by L-E Janson in accorflance with
Colgbrook. For internal diameters up to 200 mm, k = 0,02 mm and for larger diameters, k= 0,45 mm. The
tenjperature of the water.is~+10 °C.

6 [Assembly methods
6.1 General

6.1{1 APVC pressure pipes conforming to ISO 1452-2:2009 are supplied in nominal lengths arjd with one
of thefollowing three end conditions:

a) plain, for jointing by means of separate couplers;
b) integral elastomeric ring socket (one end), for push-fit jointing;

c) integral socket (one end), for solvent cement jointing.

6.1.2 Fittings of PVC for use with PVC pipes are specified in [ISO 1452-3 and can either have socket-type
joints for solvent cementing or elastomeric ring joints for push-fit jointing. Valves and ancillaries of PVC-U
are specified in ISO 1452-4.

6.1.3 The principal types of joints and their characteristics are as follows:

© ISO 2014 - All rights reserved 9
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a) Lastomeric ring seal joints (see Figure 3). An elastomeric sealing ring is compressed and forms
a pressure-tight seal when a spigot is inserted into a socket. These joints do not sustain axial thrust
(non-end-load-bearing).

&7 777777

SRS I

70000 A

'ANTRLIRRRRRRRNNNNRN

a)| Joint with integral b) Loose coupling with c) Loose coupling without
ubber ring socket central register central register (for_repair)

-

Figure 3 — Typical elastomeric ring seal joints

b) Solvent cement joints (see Figure 4). A solvent-based adhesiveistapplied to a spigot and to a
socket and| the two components are pushed together. Solvent-cemenited joints sustain axial thrust (¢nd-
load-bearing).

YL 2

'SAANANNNNNNNNNNNNNNNNNY

YA999770907,)
N\\\\\N\\\\\\\\N\N\\\N\N\\N\ NZ#-7-1-0 27/ 7 77 s 77 Fs

OOUIINNNNNNNANNNNNNNNNN 3
A,

a) Joint.with integral solvent b) Solvent cement jointed fitting
cement 'socket

Figure 4 — Typical solvent cement joints

c) Mechanical joints (see Figure 5). These joints can be either end-load-bearing or non-end-load-
bearing.

10 © ISO 2014 - All rights reserved
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Figure 5 — Typical mechanical jeint

Thdse joints, also known as compression joints, use separate/couplers made from PVC-U, [reinforced
plastics or metal, e.g. cast iron. A pressure-tight seal is achieved when an elastomeric sealing ring is
conppressed by tightening backing ring(s) of various desighs. These joints may or may not systain axial
thrpst (non-end-load-bearing). For the choice of specific mechanical couplers, advice shall bg sought at
themanufacturer of the PVC pipes.

d) Flanged joints (see Figure 6). A flange {s‘incorporated onto the end of a pipe or fitting in a
varjety of ways. A pressure-tight seal is achieved by compressing a sealing gasket between the mating
faces of flanges on adjacent pipes, fittings, or valves made from plastics or metals. These joints can be
either end-load-bearing or non-end-lead:bearing.

1[l_ ________

€18 o
\\ =
N T ]
1— (/{ =.
ZB\
a) Loose flange b) Flange adaptor

Figure 6 — Example of flanged joints

e) Union couplers and adaptors (see Figure 7). Union couplers and adaptors can be used for joint-
ing PVC pipes to PVC pipes and PVC pipes to metal pipe threads. Union couplers and adaptors sustain
axial thrust (end-load-bearing).

© ISO 2014 - All rights reserved 11
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A7 NN NN

AR

I
LT

a) Union coupler b) Union adaptor

L\

Y

dn
R
dn

c) Adaptor bush d) Adaptor nipple

Figure 7 — Union couplers and adaptors

Where pipp installations jrichide non-end-load-bearing jointing systems (above or below ground), it|is
essential tp consider the probability of joint separation due to axial thrust.

In below-ground applications, joint separation can be prevented by means of end-load-bearing jointf or
concrete ahchor blocks (see Figure 8).
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Figure 8 — Typical anchor block arrangements

t separation in above-ground applications can be prevented by properly designed anchd
hore easily by use of end-load-bearing jointing systems-(see 7.5).

en evaluating the axial thrust, the test pressure:shall be considered.
Integral rubber ring joints

1 Elastomeric sealing rings are ustally made from synthetic materials, e.g. ethylene-
he (EPDM) copolymer, styrene-butadiene rubber (SBR), or a combination of synthetic a
ber. Profiles of the ring and of the'socket depend on individual manufacturers’ designs. The
d should be those supplied by:the manufacturer for his own assembly system. If the sealing

ring should be located into the groove as directed by the manufacturer. Sealing ring mat
| the requirements a& specified in EN 681-1 or ISO 4633.

1 to the corréet-design of anchor blocks and to their location in the pipeline system (see 7.}

ring joints at strategic points within the system. Where this practice is acceptable, the p
ngs ‘manufacturer’s advice should be sought to help identify the places where end-lo

r brackets

propylene-
nd natural
rings to be
ring is not

lace at the time of delivery, the groove should be cleaned, any foreign bodies should be removed, and

erials shall

2 Integral elastomeric ring joints do not normally sustain end thrust. Particular attention should be

).

ome countries, it is common practice to provide restraint against thrust by the inclusion gf end-load-

ipe and/or
hd-bearing

join

ts<hould be annlied (see 7.5)
Pr T 725

6.2.3 Before assembling both, the elastomeric ring and spigot should be inspected and cleaned.

6.2.4 The correct assembly of an elastomeric ring seal joint requires that the spigot end of the pipe be
chamfered and correctly lubricated prior to insertion into the socket. Lubricant should also be applied to

the

elastomeric ring once this is fitted into the ring groove.

The lubricant used should not have any detrimental effect on the pipe, fittings, ancillaries, or elastomeric
sealingring and shall notbe toxic, shall notimpartany taste or odour to the water, and shall not encourage

the

growth of bacteria.
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In conformity to 4.2 of ISO 1452-1:2009, the lubricant should have no influence on water quality. Only
lubricants recommended by the pipe or fittings supplier should be used.

As soon as the pipe spigot and elastomeric ring have been lubricated, the spigot should be introduced
into the socket so as to avoid any risk of soiling or pollution.

After aligning the pipes in both horizontal and vertical planes, the spigot end should be inserted into the
socket up to the reference mark on the spigot.

Pipes may be cut on site. If this is necessary, the cut should be square and the cut end deburred and/or
chamfered to the angle and dimensions given in ISO 1452-2:2009.

6.3 Solvent cement joints

6.3.1 Geperal

6.3.1.1 The dimensions of the sockets and spigots for solvent cement joints are given-in ISO 1452.

6.3.1.2 T the

manufactu

he solvent cement adhesives identification characteristics shetld” be specified by
rer according to ISO 7387-1 and their properties shall conform te.ISO 9311-1.

The adhes
fail to conf

ve(s) should have no detrimental effects on the pipe and shall not cause the test assembl
orm to [SO 1452-5.

y to

6.3.1.3 Ih conformity to ISO 1452, the solvent cements should‘ftave no influence on water quality.

6.3.2 Jointing operations

6.3.2.1 S
smoking o
being used

can be found on the package of the Solvent cement.

6.3.2.2 1
burrs and
should not
should con

6.3.2.3 T
degreasing

6.3.2.4 T

olvent cement adhesives and cleaning fluids are flammable, therefore it is important {
I any other sources of ignition should be prohibited in the area in which these materials
Solvent cement operations should:becarried out in a well-ventilated area. Specific instructi

he pipe end to be jointed@hould be cut square to its axis and free from irregularities sucl
swarf to prevent excessive)amounts of adhesive being scraped off the socket. Chamfered pi

form to I1SO 1452-2:2009.

he surfaces €@-be jointed should be clean, dry, and free from grease. It is recommended th
agent is used for this purpose in accordance with manufacturer’s recommendations.

he,solvent cement should be applied in an even layer and in a longitudinal direction to b

pes
be used for solvent cémenting. When the chamfer is applied on site, the angle and dimensillons

hat
are

ons

1 as

at a

oth

spigot and

socket mating surfaces.

6.3.2.5 The application of the solvent cement should be performed quickly. For diameters greater than
110 mm, two persons are necessary to apply the adhesive, one to the spigot end and one to the socket
simultaneously. The size of the brush shall be in accordance with the manufacturer’s instructions. It is
recommended to take the brush size approximately 1/3 of the diameter of the pipe.

6.3.2.6 Immediately and without twisting, the spigot should be pushed into the socket to the required
depth. Excessive amounts of adhesive around the socket mouth should be removed as soon as the joint
has been made. Once the joint is made, leave to dry without disturbing for at least 5 min.
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6.3.2.7 The joint becomes resistant to pressure only after an additional period. Allow the required
minimum time given by the pipe manufacturers before applying the maximum recommended test

pressure (see Figure 11).

NOTE1 Solvent cements are slow to cure at low temperatures and cure fast at high temperatures. Solvent
cementing is not recommended at temperatures of 0 °C and below.

NOTE 2  Solvent cements for joints >250 mm is not recommended on the installation site.

6.4 Mechanical joints

6.4|1 Compression joints

Corhpression joints are normally separate fittings made from PVC-U, reinforced plastics or|metal and
can be in the form of a coupler for connecting pipes and fittings of the same material and df the same
dinjensions or as an adaptor for connecting components of different materials and/or djimensions.
Genjerally, compression fittings consist of the following four main elements:

a) |body;

b) | elastomeric sealing rings;

c) | backing (compression) rings;
d) | nuts or bolts.

Eadh element is positioned on the pipe separately and.the sealing rings compressed between the body
of the fitting and the pipe by tightening the backingxings. Nuts or bolts should be correctly tightened in
accprdance with the manufacturer’s recommendations at all stages of assembly.

6.4|2 Threaded joints

There is a range of threaded joints for. assembly to metallic pipes, including the following:
a) | PVC-U and metal union adaptor;

b) | PVC-U adaptor fittings.

PV( pipes conforming todS01452-2:2009 and ISO 16422 are not recommended for threading in pressure
application.

6.4|{3 Flangedjoints

PV( pipes, fittings, and ancillaries can be supplied with flanged ends. Although detailed flange designs
varly considerably, all are suitable for connection to pipes, fittings, and valves made from otheif materials,
e.g/metals. A pressure-tight joint is obtained by compressing a gasket or ring between the mpting faces
of ddjacent flanges.

7 Storage, handling, and transport of pipes

7.1 Handling

When pipes are to be handled individually, they should be lowered, lifted, and carried in a controlled
fashion and should never be thrown, dropped, or dragged. Single pipes up to nominal size 250 mm can
be handled by two men without difficulty. Pipes of larger nominal size can require lifting apparatus, as
with bundles.
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7.2 Transport

When transporting pipes, flatbed vehicles should be used. The bed should be free from nails and other
projections. When practicable, package of pipes should be transported in original package or scalp
timbers if possible.

The vehicles should have side supports appropriately spaced approximately 2 m apart, and the pipes
should be secured effectively during transport. All posts should be flat with no sharp edges.

When loading socketed pipes, the pipes should be stacked on the vehicle so that the sockets do not take
excessive loads.

Where pip

Unloading
should not|
spreader b

Pipes shoy
stiffness ld
arranged i

7.3 Stor
PVC pipes
Appropria
damaged.

In depots d

lower. At the construction site, bundles should be stacked no more than two units or 1 m high, whiche

is lower. If
made for s
should be s

Where pip
pipes are |

Prolonged
pipes and
Suitable pr
the total e;

In case sunplight results in very high surface temperatures, then also free-venting opaque cover shg
Whenspipes may become very hot (approximate more than 60 °C), then the integral sock

be applied
may chang

bs overhang the vehicle, the amount of overhang should not exceed 1 m.

bundled pipes require the use of appropriate mechanical equipment. The chosen techni
cause damage to the pipes, e.g. forklift truck with flat protected forks or suitable ‘crane

ld not be covered where temperatures may rise to unaccepted levels. Pipes having a 1
wer than 4 should be stacked with intermediate scaffold woodefi-battens. Pipes shoulg
h a package in such a way that the socket and spigot ends are arranged in an alternate fash

age

are light and easy to handle and consequently likely to be mistreated for that reaf
le precautions should be taken during handling and storage to ensure that pipes are

r stores, bundled pipes should be stacked n@anore than three units or 2 m high, whicheve

the bundles are timber framed, they should be stacked timber to timber. Provision shoulg
ide supports, to prevent stack collapse, when banding or framing is removed. Side supp
paced at centres not greater than'3'm (see Figure 9).

es are supplied with end caps, plugs, or wrappings, these should not be removed before
ut in place. Contact with ftels and solvents should be avoided during storage.

exposure to strong ultraviolet light (sunlight) can slightly reduce the impact strength of
rause discoloration~Nevertheless, the resistance to internal water pressure is not redu
otection by a free-yenting opaque cover (canvas or polyethylene sheeting) is recommende
kposed storagé.time is likely to exceed 12 months.

e shape slightly, causing possible assembly problems.

que
rith

ars. PVC pipes should never be lifted using wire ropes and slings or metal hooks and chajins.
Slings should be non-metallic, e.g. rope or webbing.

ing
be
jon.

on.
not

ris
ver
| be

rts
the

PVC
red.
dif

uld
ets
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a 0,7m
225
n 2.25m

Zm max.

Key

1 |non-metallic wide band webbing

2 | webbing positioned outside timber battans
3 |additional support battans

4 | strapped timber battans

a

Lifting bundlepacks by crane.

Figure 9 — Handling and storage

7.4 Cold bending on site

Colfl bending on site is permitted forpipes to deviate from one continuous straight line by the following
techniques:

a) | means of a slight defle¢tion within an elastomeric ring joint;

b) | the gradual curvature of each pipe length.

To ensure that the efficiency of the elastomeric ring seal is not impaired, deflection with\ﬂq the joint
wotilld normally‘be Timited to a maximum of 1°. For greater deflections, special designs of joint should be
useld and the-manufacturer’s advice obtained.

The radiusvof curvature, R, of a cold-formed bend over the length of a 6 m pipe shall not be legs than 300
timles-the'external diameter of the pipe (see Figure 10).

Table 2 gives useful dimensions for cold-bent PVC-U pipes up to and including DN 160 for PN 16 pipes. To
avoid uncontrolled angle deflection, the pipe end in the socket should be fixed.

Table 3 gives useful dimensions for cold-bent PVC-O pipes up to and including DN 160.
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Ferrule straps or house connections should preferably not be applied to bend sections, unless otherwise
recommended by the supplier.

@ = Max. Op pipe
R=2000
180L
o0=—
TR
S=2Rxsip <
2
A=Sxsin|—
2
B=R - RXcos —
Figure 10 — Dimensions relating to pipe curvature
Table 2 -~ Allowable bending radii for PVC-U pipes
(Effective bending length L = 6,0 m, R =200 x d)
DN Minitnum radius Angle Chord Deflection
[mm] Pve-u o2 S [m] A [m]
[m]
63 12,6 13,64 5,94 1,40
75 15,0 11,50 5,98 1,19
90 18,0 9,55 597 0,99
110 22,0 7,81 5,98 0,81
125 25,0 6,87 5,98 0,72
140 28,0 6,14 5,78 0,64
160 32,0 5,37 5,99 0,56
180 — — — —
18 © ISO 2014 - All rights reserved
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Table 3 — Allowable bending radii for PVC-0 pipes

(Effective bending length L = 6,0 m, R =120 x D)

Oth
For

Thils bending moment can be calculated with M = R /E].

7.5

DN Minimum radius Angle Chord Deflection
[mm] PVC-0 /2 S [m] A[m]
[m]

63 7,56 22,70 5,84 2,25
75 9,00 19,08 5,88 1,92
90 10,80 15,90 592 1,62
110 13,20 13,02 5,94 1,34
125 15,00 11,45 5,96 1,18
140 16,80 10,23 5,96 1,06
160 19,20 8,90 5,97 0,92
180 - - - -

Anchoring and thrust blocks

er combination of bending radius and diameter can be calculated using the formulas in
practical reasons, the bending moment should not become higherthan 1000 kNm.

Systems with non-tensile-resistant joints may require thrust support at fittings.

At

ny change in pipe direction or size or at any branch, valve, or end fitting, pressure thrusts g
should be countered by the pipe system itself or by appropriate anchorages transferring the ]
to the soil or supporting structure. A table of-forces generated is given in Table 4. In additio
torque and bending loads on valves and hydrants can be significant, and design shall provic
thaf will guard against excessive loadingien the pipe.

Figure 10.

rise which
hrust back
n, external
le reaction
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Table 4 — Thrust forces for blank ends and bends

Nominal Radial thrust on bends of various angles
diameter Thrust on
J blank end kN/bar a
n
kN/bar 2 90° 45° 22,5° 11,25°

mm

63 0,31 0,44 0,24 0,12 0,06
75 0,44 0,62 0,34 0,17 0,09
90 0,64 0,90 0,49 0,25 0,12
110 0,95 1,34 0,73 0,37 0,19
125 1,23 1,74 0,94 0,48 0,24
140 1,54 2,18 1,18 0,60 0430
160 2,01 2,84 1,54 0,78 0,39
180 2,54 3,60 1,95 0,99 0,50
200 3,14 4,44 2,40 1,23 0,62
225 3,98 5,62 3,04 1,55 0,78
250 491 6,94 3,76 1,92 0,96
280 6,16 8,71 4,71 2,40 1,21
315 7,79 11,02 5,96 3,04 1,53
355 9,90 14,00 7,58 3,86 1,94
400 12,57 17,77 9,62 490 2,46
450 15,90 22,49 12,71 6,21 3,12
500 19,63 27,77 15,03 7,66 3,85
560 24,63 34,83 18,85 9,61 4,83
630 31,17 44,08 23,86 12,16 6,11

a  The figyres in the table are per bar of internal pressure.
1bar=105N/m2 =0,1 MPa.

NOTE Thrust forces on reducers need only be eénsidered where the reduction in diameter is large [e.g.
315 x 90). In such cases, the thrust is the product of.test pressure and annulus area as given by Formula (5):

d%-d,?

F=0,2pxm
4 (5)

F islthe thrust force,Gn Newtons;
p islthe test pressure, in bars;
d; islthe inside“diameter of the larger pipe, in millimetres;

de isfhe outside diameter of the smaller pipe, in millimetres.

Pipe and fittings systems with fully end-load bearingjoints, e.g. solvent cement joints, are self-supporting
against pressure thrusts but can still require thrust support against external loads. It should be noted
that repairs to systems relying on thrust resistant joints can result in loss of thrust support to fittings

Systems with non-end-load-bearing joints require thrust support at fittings where imbalanced thrusts
occur. Bends, tees, and end fittings develop axial tensile thrusts at joints. Valves and reducers present
a particular problem since these fittings can develop a compressive loading of downstream pipes. Such
thrusts can cause additional hoop stress at the back of the joint, and in the case of thinner walled pipes,
telescoping of the joint and consequent decoupling of an upstream joint. Further, the combination of
tensile (hoop) and compressive (axial) stresses creates a biaxial stress state that can significantly lower
the factor of safety against rupture.
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Hybrid systems with elastomeric joints employ thrust-restraining joints or devices (see Figure 11) at
and adjacent to fittings to transfer axial thrusts to the soil through friction. The soil friction varies
with surround material type, the compaction, and the depth. Estimates of the available soil friction
should be conservative since support can be lost through saturation or adjacent works. The frictional
resistance is proportional to the diameter, whereas the thrust developed is proportional to the square
of the diameter, so larger pipes will require more pipe length than smaller ones to develop the required
frictional force. Reference to Table 4 shows that the forces to be absorbed can be very large for larger
pipes, and many lengths of adjacent pipes can require joint thrust restraint.

a) Coupler with restraining mechanism b) Shell_coupling

Figure 11 — Examples of special end-load-bearing couplings

Anghorage blocks should be designed to sustain the:mmaximum thrust developed due to internal pressure
when the test pressure is applied. Examples of anchor block design, location, and construction|are shown
in Higure 8.

Typical bearing pressures of soil are showiarin Table 5. By using these pressures, one can calculate the
size of the required thrust block.

Table 5 — Approximate safe bearing pressures for different soils

Safe bearing pressure
Soil type
kN/m?2
Soft clay 24
Sand 48
Gravel, sand, stones mixtures 72
Sand and gravel bonded with clay 96

The values shown in Table 5 for the safe bearing pressure are conservative; in case other|values are

avaﬂ]ﬂh]p’ fhncn can ﬂpp]}]

8 Storage, handling, and transport of fittings, valves, and ancillaries

8.1 PVC-U fittings, valves, and ancillaries are light and easy to handle

Throughout all stages of storage, handling, and transport, they should be preserved from damage and
contamination and be kept separate from and not temporarily jointed to the pipes until required for
installation. When fittings are provided packaged, they should be retained in the individual package
provided by the supplier, together with all associated rings, gaskets, nuts, bolts, and accessories.
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8.2 The impact resistance of PVC-U fittings, valves, and ancillaries is reduced in cold weather and more
care needs to be taken when handling these products at temperatures below 0 °C. If temperatures fall
below -15 °C, special instructions from the manufacturer should be obtained.

Fittings, valves, and ancillaries should be used in the order of delivery to ensure the correct rotation of
stock. Products are date marked at the time of manufacture and checks should be made to ensure the
stock is being rotated on a “first in, first out” basis.

9 Installation

9.1 Instpllation below ground

The long-term performance of any pressure pipeline is directly affected by the quality of workmanghip
and materl]als used in installing the product. Competent supervision of all stages is recommended.

Reasonablg care should be taken when handling and installing PVC pipes and comporents. Pipes and
fittings with elastomeric ring seal joints are recommended for installations below{gtound.

Typical trgnch and backfill details for PVC pressure pipe installations are shown-n Figure 12.
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MY

_ %/

%

Sidefill placed by hand up to half the Fill up to the crown of the pipe, A 150 mm layer can be placed
pipe di and p d by placed by hand and again and compacted by machine but
trampling with the heel of the foot. compacted by foot. not over the crown of the pipe

A

%

N\

b

Sidefill and backfill to 150 mm “As-dug” ial for the ind The remainder of the backfill can
above the crown can be placed in of the backfill can be placed and be placed and compacted in layers
one pass when free flowing compacted in layers not greater than depending upon the required
granular material is used. 250 mm thick but not compacted surface finish.

directly over the pipe until 300 mm
has been placed.

Figure 12 — Typical trench and backfill details

It is good practice to lay pipes with the spigot entered into the socket in the same direction as the
intended flow of water. The internal surfaces of the pipe should be kept as clean as possible during the
laying and jointing operation. To assist in this respect, the trench should be kept as dry as possible using
appropriate de-watering techniques.
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Suitable material for both bedding and side fill can be available by selection from the “as dug” excavated
material. Such soils as free draining coarse sand, gravel, and soils of a friable nature are considered
suitable (see Annex A).

When using as-dug material, the material shall be free from boulders, sharp stones, flints, lumps of clay,

and chalk.

Thermoplastics pipes should never be encased in concrete.

In case PVC pipes have to be passed through a concrete structure, it has to be wrapped and there has to
be a flexible joint within a prescribed distance of the point of exit from the concrete.

NOTE
stresses at {

The mininpum depth of cover recommended for buried water pipes is 0,6 m. Howeverpipes sha

always be
depth of cd

The base ¢
The trench
of the joint

Pipes shoy
deflected i

The pipes
spigot sho
pipe by us
diameter
sealing ri

Where en
connectior
in the stra
minimum
joint in thd
joints can
should be
socketing {

A recomm

Where selg
should be |

r;l[gipes, care should be taken to avoid damaging the materials or displacing the elastom

Encasing in concrete transforms a flexible pipe into a rigid structure, which can result in séy
he entry point due to differential strain, settlement, or other earth movement.

laid at a frost-free depth, therefore where local climatic conditions so dictate.the minim
ver can be in excess of 0,6 m.

f the trench should be carefully levelled and cleared of any sharp objects, edges, and sto
bottom or bedding material should be excavated locally to accommodate the larger diamé
s.

1d be laid along the centre-line of the trench with all joinfs laid in true alignment, un
n accordance with Clause 3.

are laid on the prepared bed. Where push-fit elastomeric sealing ring joints are used,
11d be introduced into the socket and the insertion,completed up to the mark on the sp
e of a block of wood and a lever. Where mechanical means are used to push together 13

d-load-bearing joints are used, the “end-load-bearing joints should be provided at
s to the components (e.g. tees, blankends, bends, and valves) and additionally at the firstj
ght pipes immediately adjacenttoyand on all sides of the fitting. This should be consider¢
Fequirement. In some cases, it-cah be necessary to provide more than one end-load-beaf
straight pipes. If in doubt, the pipe manufacturer’s advice should be obtained. Load-bea
be both mechanical of chemical, like cement-jointed pipes. Cement-jointed pipes, howe
made using a collar and‘socket. So in no way the solvent cement joint should be produced
he pipe in the field~Also here, advice from the manufacture should be sought.

bnded sequence-for placing side fill and surround material is shown in Figure 12.

bcted material is returned to the trench, it should be placed in layers. The first side fill 13
blaced and)compacted under the lower quadrants of the pipe and up to the spring level of|

pipe. For pfpes upfo nominal outside diameter 315 mm, “trampling” or “heeling” is usually an effec
means of zj:hieving adequate compaction. Successive layers of 150 mm to 200 mm thickness can th
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compacted to a height above the crown of not less than 150 mm. Light vibrating machinery

can be used but not directly above the pipe.

Where imported granular material is used, this should be able to flow around the pipe and be easily
raked into position to form a complete, self-compacting, surround. With carefully controlled pouring,
the whole surround up to 150 mm above the crown can be placed in one pass.

This method should be used when pipes of stiffness <4 kPa are used. This material does not require
compaction.

The horizontal distance of the pipeline from foundations and similar underground installations should
preferably not be less than 0,4 m in normal circumstances.

Where there is lateral proximity or where the pipeline runs parallel to other pipelines or cables, the
distance in the horizontal projection between them should preferably not be less than 0,40 m.
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Where cables and pipelines cross, a separation of 0,2 m should be adhered to or special measures should
be taken to prevent contact. Transmission of forces through direct contact should be excluded.

Drinking water pipelines should preferably not be located below drainage or sewerage pipelines.

At the end of each working period, the pipeline should be temporarily capped to prevent the ingress of
surface water, vermin, or debris. The site should be left tidy and safe against accident, vandalism, or

flooding.

Installation of buried pressure pipes can be grouped in roughly three groups, based on the embedment
material used and the treatment that it was given. In Figure 13, these three groups are schematically

prefented. Depending on the way the installationis carried out, pipes will deflect during the iipstallation.

In Higure 14, values are given for initial pipe deflection depending on the type of embedment af

clags of the pipe.

Well

Moderate

None

d stiffness

9.2 Pipe deflection

Defflections occurring immediately after installation as a function of pipe ring stiffness (SN) i

installation.

Figure 13 — Instructions for laying and embedment

ind type of
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Figure 14 — Pipe deflection immediately after installation, as a function of pipe stiffness (S|V)
and type of installation

Experimerjtal work over a period of 40 years have shown that pipe deflection increases in the coyrse
of time irnespective if the pipe is made out-of visco-elastic material or linear elastic material. In [the
TEPPFA project, it has been explained that(this increase is not due to creep of the pipe material but due
to settlement of the soil.

In order todetermine the final defle’ctions occurring after complete settlement of the soil, the valuef as
listed in Tgble 6 should be added.

Table 6 — Crfactors to obtain the final deflection

Type of installation | CrSettlement add-on value
[%]
Well 1
Moderate 2
None 4
The final deflection can be calculated as follows:
Final deflection = Initial deflection + Ct (6)

It is important to note that the Ctfactor covers the effect of depth of cover, groundwater, and traffic load,
as these are all playing an important role in the settlement process.
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The pipe ring stiffness SN is determined in accordance with ISO 9969 or can be calculated by

E

[12(1—\/2)}{

SN =

QUlw

i

where

SN is the pipe ring stiffness, in kPa;

9.3

9.3
of 4
or
cird

forms of end-load resistant joints as described in item e) of 6.1.3 are also acceptable for i
abgve-ground installations.

9.3

should be taken to drain and/or isolate sections, which are likely to freeze, or insulation
provided to protect against frost damage:

9.3
Thd

wh

E isthe Young’s modulus, in MPa;
v is the Contraction coefficient;
s is the Wall thickness, in mm;

d isthe Mean pipe diameter, in mm.

Installation above ground

1 Since solvent-cemented joints will sustain axial thrust caused by internal pressure |[3
.1.3], it is strongly recommended that PVC pipes and PVE-U fittings systems installed ab
n service ducts constructed below ground are jointed by the solvent cement method.
umstances, the manufacturer’s advice should be followed (see Annex A of ISO 1452-2:2(

2 PVC pipes can fracture if the fluidscontained within the pipes are allowed to freeze

3 The coefficient of linear.expansion of PVC is approximately 60 x 10-6 (m/m)/Kor 0,06 (
following formula is used for calculating dimensional variation:

AL=0,006 Lx AT

bre
AL is the Variation in length, in millimetres;

L isthe initial length, in metres;

(7)

ee item b)
ve ground
In certain
09). Other
hclusion in

Measures
should be

mm/m)/K.

(8)

AD is the change in temperature of the pipe wall, in degrees Kelvin (or Celsius)

EXAMPLE

0,06 x 10 x 20 =12 mm.

For a temperature change of 20 K, a PVC pipe 10 m long will have a variation in length of

Where ambient temperatures are reasonably constant, the change in pipe wall temperature can be taken
as being equal to the change in fluid temperature. Where this is not the case, the pipe manufacturer’s
advice should be obtained.

The expansion or contraction for temperature changes of 10 K to 45 K and pipe lengths of 1 m to 20 m
is shown in Figure 15.
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expansion|or contraction is shown in Figure 16.

AL——  variation in length, AL mm

Figure 15 — Thermal expansion/contraction of pipes

wum free length, a, of pipe required to aécommodate the movement caused by thermal
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Figure 16 — Minimum free lengths, a, of flexible arm
EXAMPLE

shall be at least 750 mm.
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For a pipe with expansion of 10 mm and an outside diameter of 50 mm, the length of the arm, q,
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9.3.4 Pipes should be installed in a way to ensure that the minimum amount of stress is induced in the
system from movement caused by expansion or contraction or any forces.

Examples of correct and incorrect arrangements are shown in Figure 17.

1 2

non-preferred non-preferred

N

\

axial
restraint

N

restraint
preferred preferred \
3 IR

g Q/h
T non-preferred

preferred

i < axial
controlled restraint
non-preferred preferred expansion
Key
Y flange
\\ Support

Figure 17 — Examples of correct and incorrect positioning of supports for above-ground
installations

9.3.5 As a general rule, PVC pipes should not be restrained in the hoop direction by straps or clamps
made from unyielding material. Where such means of securing pipes is to be adopted, a compressible
material (e.g. rubber) between the pipe and the clamp is recommended. Numerous methods exist for
supporting pipes in the horizontal and vertical planes in above-ground applications. Important features
for consideration are the following:

a) pipes should be free to move in the longitudinal direction unless otherwise fixed for
expansion/contraction control;
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b) recommended distances between horizontal or vertical support centre lines for systems operating
up to 45 °C, as given in Table 7, should not be exceeded.

Table 7 — Horizontal and vertical pipe supporting centres

Dimensions in millimetres

Outside Distance between supporting centres for water at temperatures for
diameter of Hori . . .

- orizontal pipes Vertical pipes
pipe

de 20°C 25°C 30°C 35°C 40°C 45 °C 20°Cto 45 °C

16 750 670 600 500 400 - 800

20 850 770 700 600 500 - 900

25 900 820 750 650 550 500 1000

32 1000 920 850 750 650 570 1.200

40 1100 1050 1000 900 800 700 1400

50 1250 1200 1150 1050 950 820 1600

63 1400 1350 1300 1200 1100 970 1800

75 1500 1450 1400 1300 1200 1070 2000

90 1650 1600 1550 1450 1350 1.200 2200
110 1850 1800 1750 1650 1550 1370 2400
140 2150 2100 2050 1950 1850 1720 2500
160 2 250 2 200 2150 2070 2000 1850 2500
225 2500 2450 2400 2320 2 250 2120 2500

Some typi¢al examples of correct and incorrect methods of supporting PVC pressure pipes and PVC-U
fittings ar¢ shown in Figure 18.

Examples of good and bad pipe supports

a\

Figure 18 — Examples of correct and incorrect pipe support details for installation above
ground
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9.3.6 PVC pipes should be installed at a sufficient distance from hot objects to prevent damage by
radiant heat.

9.3.7 All control devices (such as valves) should be correctly supported so that the pipe is not subjected
to any operational torsional strain. In addition, the support provided should be sufficiently robust to
prevent bending and direct stresses being induced by the weight of the device.

9.3.8 PVC pipes and fittings installed above ground should be protected from direct sunlight. Optionally,
the pipes and fittings can be painted with acrylic based paint (PVA) in order to create sufficient protection.

9.4] Installation in ducts

9.4|1 Where possible, pipes with end-load-bearing joints should be used fominStallation inside
inagcessible ducts. In addition, centring rings should be fitted to the pipe to provide optimym support
and facilitate the withdrawal of the pipe in the event of rupture (see Figure 19 foritypical detail). For large
diameter pipes or where the duct is large compared to the pipe but not large-enough to be [accessible,
othpr methods of securing the pipe can be necessary (see Figure 20). The opening between the pipe and
the[ducting system should be sealed at the ends.

4

Figure 19 — Typical-details of pipes Figure 20 — Typical details of pipes installed in
installed’inrsmall ducts large ducts

NOTE Latenal forces can cause the end caps to turn and be displaced.

9.4|1 «Installation of pipes in large accessible ducts should be as described in 9.3

10 Commissioning by site pressure testing

10.1 General

Pressure tests should never be carried out using compressed air as the testing medium.
10.2 Preparation for test

10.2.1 Pipe systems should be hydraulically tested in lengths appropriate to the diameter and site
conditions. Pipelines longer than 800 m can require testing in sections. Preferably, the length selected for
test is between 300 m and 500 m.
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10.2.2 Preferably, the test should be carried out between blank flanges. The ends of the pipeline to be
tested can be adapted by the use of appropriate flanged sockets or bolted flange adaptors. The blank
ends or special test unit (see Figure B.18) should be drilled and tapped as necessary to accommodate the
necessary inlet and outlet connections. The ends of the main pipeline, and all branch connections, should
be strutted and anchored so as to adequately withstand the thrusts from the test pressures. Testing
against closed valves is not recommended unless there is no alternative.

10.2.3 Anchoring systems are usually formed by mass concrete, temporary piles, timber baulks, or sheet
steel, depending upon the pressures involved and the available earth resistance. Typical test-end layouts
are illustrated in Figure 21. The anchor jacks or struts should be of adequate strength and properly
aligned.

4

' a e

Lo 5

Low Ground Level

Figure 21 — Typical layout details for test ends

10.2.4 Testing should not take plac€ uritil any concrete used for anchorage has matured and attained its
required sfrength. Solvent-welded joints should be allowed to harden for a minimum of 24 h before bging
subjected fjo test conditions.

10.2.5 Sitg conditions willyursually dictate whether all joints can be left exposed. Whenever practicaple,
joints shoyld be exposed-throughout the test period. It is important to provide sufficient compagted
surround gnd backfill,{over the main barrel of the pipe, to prevent displacement and to maintain stgble
temperatufes during’'the test period.

10.2.6 Wherever possible, the test position should be located at the lowest point of the pipeline prafile
to encourage the expulsion of air as the pipe is being filled. This position will usually register the
maximum pressure head and enable easier control over the release of any test water. Adequate air release
mechanisms should be sited at all high points along the pipeline.

10.2.7 Test ends should be designed to enable the measured filling and subsequent emptying of the
pipeline. Blank flanges, test pipes, or end caps should have the relevant tappings to accommodate the
necessary pressure gauges and related equipment. An air bleed should also be incorporated at each end
of the test section.

10.2.8 The pressurizing equipment, whether hand or mechanically operated, should be adequately
sized and sufficiently robust, with connections of suitable design to positively impose and maintain the
required test pressures. All seals and any non-return valve mechanisms should be checked prior to the test.
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Duplicate isolating valves on the pressure injection line are recommended. Where mechanical pressure
gauges are used (e.g. Bourdon type), these should be of sufficient size to enable easy reading and be
capable of resolving to an accuracy of 0,2 bar. Automatic pressure recording equipment is recommended
to be used.

10.2.9 Before filling the pipeline, all line valves and air venting systems should be checked open. On
the larger mains, automatic air/vacuum release valves should have been installed at all high points of
the pipeline profile and these will operate normally during charging. Every endeavour should be made
to remove all air from the main. Introduction of a firm foam swab ahead of the water column will prove
helpful in some cases. This procedure is shown diagrammatically in Figure 22.
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Figure 22 — Filling behind a foam swab
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10.2.10 When the system is to be used for potable water, then the test medium should be potable
water. It is important to charge any pipeline slowly, the rate of fill being governed by the facilities available
for the air to discharge at an equal volumetric rate. After ensuring the pipeline is fully charged, all air
vents should be closed. Automatic air valves will self-seal under pressure but their action and seating
should be checked as part of the test.

10.2.11 During the filling and pressurizing process, a number of minor movements can be expected
in the pipeline between anchorage points because of one or more of the following:

a) additional weight of the pipe as it fills, causing slight adjustment in the soil/pipe interface;

b) | minor dimensional changes and a tendency of the pipeline to straighten under pressunjizption;

c) [thermal movement due to temperature differences at the water/pipe/soil interfaces:.

10.2.12 The whole pipeline should therefore be left under a nominal, or service gressure to
stabilize for a period of time. A minimum of 2 h to 3 h should be allowed for even the smallest|pipeline.

10,3 Test pressures

10.8.1 The hydrostatic (proof) test should conform to the following’conditions:

a) |be carried out at ambient temperature;

b) |be applied for at least 1 h but not more than 24 h;

c) |notexceed 1,25 times the maximum rated pressure of the lowest rated component.

Redommendation c) is interpreted in a variety ofways. Test pressure requirements range fronj the severe
1,2p times pipe nominal pressure PN to the more lenient 1,25 times the actual operating prgssure. The
actial operating pressure is the continuots-pressure, which is sustained in the system withgut surge.

For|the purposes of ISO 1452, the recommended test pressure is selected as follows:

Test pressure to be applied

Whichever is the greater of:

The nominal pressure PN of the 1,5 times the actual operating
piping system (lowest PN of any pressure (should not exceed the
component) 1,25 PN)
Figure 23

10.4 Applying the test

10.4.1 After sufficient time has been allowed for the main to stabilize, the pressure test can then be
steadily applied. Pressurizing can be either by hand or motorized pump. Pressure gauges should be
observed throughout and the rate of pressure increase recorded.

10.4.2 The pressure should be increased until the specified test pressure is reached at the lowest part
of the section. The pressure is maintained at this level, by additional pumping if necessary, for a period of
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