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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

While pipes manufactured according to ISO 23856 are typically utilized in buried installations, there
are circumstances where installing above ground is the preferred practice. These can include terrain
not suitable for burial (e.g. rock), road or river crossings, unsuitable soils and installation on steep
slopes.

For information on subjects such as shipping, handling, inspecting, rigid connections, thrust restraint
and joining pipes, refer to ISO/TS 10465-1 which addresses the buried installation of GRP pipes. The
gu delines and information on these cnh}'p{‘fc are alsa ;\pp]ir‘:\h]p to pipes used abaove gr')und_ The
information in this document is intended to supplement ISO/TS 10465-1 with practices and guidelines
sp¢cific to above ground installation.
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TECHNICAL SPECIFICATION

ISO/TS 10986:2021(E)

Plastics piping systems — Glass-reinforced thermosetting
plastics (GRP) pipes — System design of above ground pipe
and joint installations without end thrust
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Scope

is document addresses the system design of pipe and joints of above ground installation
1-thrust as specified in systems standard ISO 23856. It is directed to pipelines With a
ffness of SN 5000 laid in a straight line between thrust blocks. It is based on-the' safety
scribed in [SO TS 20656-1, with consequence class 2 (CC2) as default. For othet)¢ensequen
tain details specified in this document can need to be modified. This document is directed
1 coupling. However, much of the information can be adapted and utilized for other flex
tems.

s without
minimum
[ concepts
re classes,
to double
ible joints

Thlis document does not cover fittings nor detailled engineering worklike thrust blocks, support and

an

As

Chor designs.

installation is not included in the scope of this document‘and to assist system design

prpvides a pressure testing and inspection procedure. However, to ensure the use of clear

fie
suj

2
Th|

No
I1S(

4

4.

d test data in system design, Annex A can be used normatively by agreement between purd
pplier. An example of recording above ground joint déflection data is given in Annex B.
Normative references

ere are no normative references in this document.

Terms and definitions
terms and definitions are listed in this document.
and IEC maintain terminological databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropédia: available at http://www.electropedia.org/

Angular deflection of joints

1 “General

Annex A
ly defined
haser and

resses:

The angular deflection at flexible joints shall be controlled to avoid excessive loads on the pipeline
and its supporting structures. Above ground installations do not benefit from the stabilizing support
that is given by the soil in buried installations, and they are therefore more susceptible to problems
of joint misalignment. For this reason, control and measurement of joint angular deflection is of
great importantance. It is necessary to limit angular deflections to lower values than those normally
permitted for buried applications.

There are two types of deflection to consider: pipe-to-pipe angular deflection and coupling-to-pipe
deflection, as shown in Figure 1. Both need to be considered as coupling-to-pipe angular deflection can

be

larger than the pipe-to-pipe angular deflection.
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Key

1  couplihg-to-pipe angular deflection
2 pipe-tp-pipe angular deflection

Figure 1 — "Pipe-to-pipe” and "coupling-to-pipe” deflection, example 1

For some flesigns of double socket joint the pipe can onlyamove on one side of the coupling. In that cqse,

the pipe-tp-pipe angular deflection is equal to the coupling-to-pipe angular deflection on one side ($ee
Figure 2)./The manufacturer should advise which case will occur with their design of joint.

Key

NI

1 pipe-to-pipe = pipe-to-coupling angular deflection

Figure 2 — "Pipe-to-pipe" and "coupling-to-pipe" deflection, example 2

© ISO 2021 - All rights reserved
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4.2 Effects of loads on joint angular deflection

The angular deflection is influenced by several factors in addition to the initial pipe installation, such as
load-induced pipe deflections and support settlement.

Pipe deflections after inital installation are caused by forces produced by the weight of fluid in the pipe,
external loads and pressure within the pipeline. These forces can produce significant pipe-to-coupling
deflections which, if acting in a similar plane to the initial installation deflection, can result in the total
deflection at the coupling exceeding the allowable limit. An example of this effect is shown in Figure A.3.

The initial pipe angular deflection therefore should be limited to allow for this effect to ensure that the
totjal deflection does not exceed the maximum coupling deflection specification.

4.3 Measuring deflections

Th coupling-to-pipe angular deflection is measured as an angular offset, see Figute 3.
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Loy C(.)uphilg offset (left Loftimin  minimum coupling offset (left pipe)
pipe) = Lot max ~ Lomrmin

Loy coupling offset (Fight Loftimax  maximum coupling offset (left pipe)

pipe) = Loff,r,max 2 Loff,r,min
L

L

offrmin  Minimum coupling offset (right pipe)

offrmax Maximum coupling offset (right pipe)

Figure 3 — Measurements for determining the angular offset

Coupling offsets L) and L . should be measured as follows:

Find the maximum and the minimum distance between the homeline and the face of the coupling along
the circumference of the pipe. Subtract the minimum found value from the maximum found value.

© IS0 2021 - All rights reserved 3
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The total pipe-to-pipe offset, L, is calculated by additioning L) and L, see Formula (1):
Lot ror = Loty +Loftye €y

The total pipe-to.pipe offset, L, shall be smaller or equal to the maximum allowable coupling offset

Loff max S€€ Formula (2):

L <L (2)

'off ,tot — ~off ,max

with Formpla3):

(04 T
_ TN max
NOTE Formula (1) and Formula (2) are only valid for conditions given in Figure 3, but not)for conditipns

seen in Figlire 9, where the coupling-to-pipe angular deflection is larger than the pipe-to-pipe"angular deflection.
However, the same logic applies.

The maximum pipe-to-pipe offset for empty pipes installed in straight alignmént'is shown in Table 1{

Table (1 — Maximum pipe-to-pipe offset for pressure pipes installed in straight alignment

Pipe nonjinal size | Declared allowable joint Maximum allowable Example
pN (pipe-to-pipe) installed angular deflection, DN Maximum valde
angular deflection, o, a, in degrees (LogLoge,) it
. . off,] " ~off,r.
in degrees (not filled, no preessure) mm
<500 3 1 500 9
500 < DN <900 2 2/3 900 10
900 <DN <1800 1 1/3 1800 10
>1800 0,5 1/6 3600 10

In service| the following factors cause an ificrease in the angle, @, and as a result, Lo
— weight of water

— pressprizing

— creepl|in the pipe materidl-

See 5.5.9.3 for further details.
4.4 Chdgcking theinstalled joint

4.4.1 General

The quality of the joint installation should be checked as soon as possible after assembly as correction
can be difficult when the coupling gaskets have settled. Information regarding forms that can be used
for recording the joint quality control is given in Annex B.

The installed joint should be checked at normal ambient temperatures. High or uneven pipe
temperatures as can be caused by direct sunlight, for example, affect the results of the checks.

4.4.2 Coupling-to-pipe position

It is important for the coupling to be located as centrally as possible between the two pipe ends in order
to avoid interference of the pipe end with the gasket or the pipe ends touching during operation.

4 © IS0 2021 - All rights reserved
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4.4.3 Joint misalignment

Maximum misalignment of pipe ends should not exceed the lesser of 0,5 % of pipe diameter or 3 mm.
The misalignment can be measured with two identical notched rulers pressed against the pipe at both
sides of the coupling, see Figure 4. If the depth of the machined spigot surface is different for the two
pipes, the measured misalignment should be corrected accordingly. For pipes 700 mm and larger the
misalignment can be measured with a ruler from the inside of the pipe, see Figure 4.

2 .

——— -

Key
rulers

joint misalignment

3 | machined spigot surfaces (measure gaps between rulers and spigot surface)

NO[TE On some pipes there is no machinéd spigot surface, either because it is not designed to Have one or

beg¢ause it is negligible because the pipe baxiel OD is the correct spigot diameter.

Figure 4 — Misalignment

4.4.4 Gap between pipe-ends

The gap between pipe ends is checked by measuring the distance between the homelines (see|Figure 5).
The gap, d,, is themealculated using Formulae (4) and (5):

d digr—2d; (4)

gmin

d d_. —2d, (5)

gmax ~ max

where

d is the minimum measured gap between pipe ends;

g,min

dg may 1s the maximum measured gap between pipe ends;

o Isthe minimum measured distance between homelines;

dmi
d.x 1s the maximum measured distance between homelines;

d; is the distance from the pipe end to the homeline

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=ae73b942ddb14b258cf0dced4f71c6e4

ISO/TS 10986:2021(E)

The engineer should decide what the value of the gap should be, based on maximum and minimum
allowable draw and installation and service conditions. These include at least increased rotation due to
weight of water and effects of pressure and creep, Poisson’s effect and temperature change.

The distance from the pipe end to the homeline, d;, can be found in the pipe specifications or measured
prior to installation, see Figure 5.

dmax iy
dg,max
J— : ' jp—
b
| I Il
|| I
. 1
[ S
[
I
1
Lyl
[
dl L d1
T y
1
P
i
i
I!I
ST e &
' ‘dg,min
dmin
Key
1  homeline dq distance of homeline from end of pipe

d nin Minimum measured distance between homelinesd

dh.x Maximum measured distance between d

home

For pipes

445 A
The joint

specified
avoiding g

5 Insta

i Minimum measured gap between pipe ends

ines gMax maximum measured gap between pipe ends

Figure 5 — Gap between pipe ends

700 mm and larger the gap can be measured directly from the inside of the pipe.

Hjusting joints

oncentrated loads or impact loads that can damage the pipe or the coupling.

llation of above ground pipes

should be adjusted if any of the checks described in the preceding clauses fall outside
limits. Thé necessary adjustments of coupling or pipe position should be made carefully,

5.1 General

he

The designer of an above ground pipe installation should be aware of the forces that act on the pipe
system, particularly where high system pressures exist.

When a component in a pressurized pipeline has a change in cross-sectional area or alignment
direction, a resultant force is induced. All components such as bends, reducers, tees, wyes or valves
shall be anchored or restrained to withstand these loads. This is the case for above ground as well as
buried pipes.

In buried pipelines, adequate resistance to movements at joints in undeflected installations is generally
provided by the pipe embedment. Such resistance shall be provided at the supports of an above ground

6
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pipeline. Care shall be exercised to minimize misalignments and all components shall be properly
supported to ensure the stability of the pipeline.

5.2 Supporting of pipes

5.2.1 General

A range of joint designs are manufactured for which a variety of support configurations are
recommended. Generally, pipes are supported on either side of the joint, but some systems allow direct

Su

hport under the joint

To
ex
su

coliplings is not exceeded.

As
to
an

gu

support under the joints, the coupling clamp can act as anchor, see Eigure 6 (1) and Figure 8.

Fo
us

The anchors should be located with regular spacing to-ensure even distribution of longitu

ex
ex

Figure 6 shows typical support arrangements:for pipes.

©lI

minimize the loads induced in pipes and supports, the supports should not restrain|lo

th a way that all pipe sections are stable and that acceptable longitudinal movement of the |

non-restrained couplings are flexible, it is very important for the stability of every pipe
be ensured by the supports. Each pipe should therefore be supported. by at least two cr
Chored by a pipe anchor at one of these cradles, while the remaining ¢radles should be dg
des, allowing longitudinal expansion of the pipe but restraining-lateral movements. W

" pipes supported in more than two cradles, the cradle closest to the middle of the pipe
bd as an anchor.

bansion on the joints. However, the maximum_distance between two anchors shall nof
reeding the draw limits specified for the joint given in ISO 23856.

hgitudinal

pansion of the pipes. However, it is essential that the pipe movements be guided and’ controlled in

bipe in the

omponent
adles and
psigned as
ith direct

should be

dinal pipe
result in
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= =

L SIS SIS S UL y

\ /

a
a
Key
1  onecrpdle A coupling with anchor, which acts as pipe anchor
2 two crpdles B guide
3 multigle cradles C pipe anchor
a maximum distance from the centréline of the D coupling anchor, if necessary, see 5.4

joint tp centreline of a support, see/Table 2

b  maxinmum distance between-two pipe anchors,
depenfling on the limits spegified for the joint
given in ISO 23856

Figure 6 — Typical support arrangements

Table|2’=- Maximum distance from the centreline of the joint to centreline of a support, a

DN a
DN <500 max. 250 mm
600<DN <1000 max. 0,5 x DN
DN>1000 max. 500 mm

When a pipe is supported on more than two supports, the pipe supports should be in straight alignment.
The maximum deviation from the straight alignment should not exceed 0,1 % of the span length, L.
This applies to all load conditions of the system.

It is important that support displacement does not exceed the maximum misalignment of pipe ends in
joints as specified in 4.4.3.

8 © IS0 2021 - All rights reserved
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e pipes shall be supported adjacent to the joints, or directly under the joints, to ensure the stability

of the couplings.

5.2.2 Supportdesign

Any excessive point or line loading should be avoided when pipes are installed above ground. Above
ground pipes should therefore be supported in cradles. Typically, the cradles are made from concrete

or

steel, with a supporting angle of 150°. A smaller angle (but never smaller than 120°) or a larger angle

(but never larger than 180°) may be used, if it can be demonstrated that it will not cause excessive local
stresses.

ThL diameter of the finished cradle, with cradle liners, should be 0,5 % larger than the outef diameter

of

Se

Co
crd
lin|

Fig

Ke

he non-pressurized pipe. The cradles should have a minimum width of:
150 mm for all pipes with DN <1 000 mm,
200 mm for pipes with 1 000 mm < DN < 2 000 mm, and
250 mm for pipes with DN > 2 000 mm.

e Figure 7.

yer the inside of the cradles with a 5 mm thick cradle liner to avoid direct contact betweeh pipe and
dle. Liners should be made from materials that are resistantto the actual environment. High friction
ers should be applied at anchors while low friction linerssheuld be applied at guides. See 5|3 and 5.4.

ure 7 shows the cradle design for support under theipipe barrel.

[2

y
cradleiner, minimum thickness 5 mm 2 cradle width

h nl =~ Laal - h | <1 - | - £, ' | 41 - 1 1
rigulc 7/ — 1ypitdl LI dUIT UCSIgIT IUT SUPpPUI L UIIUCT UIT pIipc UdI Il

Figure 8 shows the cradle design for support under the coupling.

© IS0 2021 - All rights reserved 9
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Key

1 ancho
2 cradle
L. coupli

2
4
7
" strap also lined 3 anchor strap width, ‘equal to 30 % of L
liner 25 mm larger than cradle 4 cradle width, eqaal'to 90 % of L,

hg length

Figure 8 — Typical cradle design for support under the coupling

5.2.3 Lé¢ads on supports

The suppd
— exter

—  weigh

rts should be rigid and designed to withistand the loads caused by:
hal and environmental loads,

t of pipe and fluid,

— reactjon forces caused by interfal pressure,

— fricti
— head
Itis the rq
NOTE

on steep sl
error is to

0ss in pipe.
sponsibility‘afthe owner's engineer to determine the actual design loads for the supports.
The reaction forces, caused by the weight of water, act perpendicular to the pipe. For pipe installati

regard'the reaction from water as vertical since it is a gravitational force.

n induced in couplings)and against guides in case of temperature and/or pressure variatiopns.

pns

bpes this results in a significant horizontal load component acting on the pipe foundations. A comnpon

Table 3 provides approximate axial forces that should be considered in the design of support crad
These loads result from contraction and elongation of pipes during operation and frictional resistance
in the gasketed joint.

es.

Table 3 assumes simultaneous expansions and contractions of the neighbouring pipes. If non-
simultaneous expansions and contractions can be expected, contact the pipe supplier for adequate
axial forces.

Frictional force between pipe and guide should be determined based on total compression between
pipe and cradle and the frictional coefficient between the pipe material and the cradle liner.

For the cradle liners suggested in 5.4, the frictional coefficient can be assumed to be 0,3.

10
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Table 3 — SN 5 000 pipes — Typical axial loads due to pipe expansion/contraction and friction
at joints in KN

DN PN 6 PN 10 PN 16
<300 5 6 7
350 6 6 8
400 6 7 8
450 6 7 9
500 7 8 10
600 8 9 11
700 8 10 12
800 9 11 14
900 10 12 15
1000 11 13 16
1200 12 15 19
1400 14 17 21
1600 15 19 24
1800 17 21 27
2000 18 23 29
2200 20 25 32
2400 22 27 35
2600 23 29 37
2800 25 31 40
3000 26 33 43
3200 28 35 45
3400 30 37 48
3600 31 39 51
3800 33 41 53
4000 34 43 56
NOTE These typieal values result from experience and depend on sealing type used. For
exact figures, corisult the manufacturer.
5.3 Anchor design
Thee function efthe anchor support is to prevent the pipe from moving in the longitudinal arnd vertical
dirfection. It also needs to be able to transfer the longitudial loads (see 5.2.3) acting on the jipe to the
fixpd supports.
Thrare are several ways to design the anchor, such as clamping or using bonded saddles.

When clamping is used, the designer needs to be aware that GRP pipes have higher design strain and
can have higher coefficient of thermal expansion than steel. The anchor shall therefore be designed
to compensate for these differences. It shall be designed to give sufficient strap tension at low
temperatures without overloading the strap or the pipe in situations involving high temperatures and
high pressure which cause diametral expansion of the pipe. As an example, spring loaded bolts could be
considered.

5.4 Guide design

Guides should be designed as cradles with low-friction cradle liners. This requirement is fulfilled by
using liners such as Ultrahigh-molecular Polyethylene and Polytetrafluorethylene. It shall be ensured
that the liner material will not deteriorate in the anticipated environment.

© IS0 2021 - All rights reserved 11
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The cradle liner should be permanently attached to the guide cradle to ensure its stability.

In many situations, the weight of pipe and fluid is sufficient to ensure the lateral stability of a pipe in
a guide. The ends of short high-pressure pipes may lift up from guides as a result of an unfavourable
combination of high-compression forces in the fluid and pipe-to-coupling angular deflection. The need
for securing of pipe ends depends on the combination of internal pressure, pipe diameter, pipe-to-
coupling angular deflection and the supporting conditions.

Pipe-to-coupling vertical convex offset and internal pressure results in a force that tends to lift the pipe
end, as illustrated in Figure 9.

Key
1  Pipe-tp-coupling vertical convex offset OD outer diameter of the pipe
2 lift

Figure 9 — Instability of pipe ends on guides

If this lifting force under unfavourable conditions is large enough to lift the pipe end, the end sHall
be secureld. The securing of pipe ends is best achieved by anchoring the coupling to the foundatjon
supportinlg the pipe ends. For'supports made in-situ from concrete, the lower half of the coupling can|be
embedded, and the coupling’anchored to the support with steel strap, see Figure 10.

12 © IS0 2021 - All rights reserved
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cradle liner: high friction for anchors; low friction for.guides
sealing compound
high friction cradle liner
sectional detail

Figure 10 — Anchoring of couplings to concrete supports

ypical clamp design for anchering couplings to concrete supports is shown in Figure 10.
TE When couplings_are embedded it is necessary to ensure that the gap between coupling

ke;[;c free from concrete,-e.g/by applying sealing compound “B”, see Figure 10.

weight of pipeZand fluid is sufficient to stabilize the pipe ends if the buckling lengt
ures 12, 13,45 and 16), exceeds the amounts calculated by the following Formulae (6) and

" a pipe o0 two supports:

_ fs "Pmax Ax ‘(Loff,c,max /OD)
Lb,min,ZS -

).

LUD¢'(W T W )G 5
p Tf)™

For pipe on three or more supports:

L. _ fs "Pmax “Ax ‘(Loff,c,max /OD)
omin,33 cosq)-(wp +Wf)~0,375

where

© IS0 2021 - All rights reserved

hnd pipe is

h, L, (see

(6)

(7)
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Lb,min
fs

pmax

A

X

is the minimum buckling length;

is the factor of safety;

is the maximum pressure occurring in the pipe (including field hydrotest, surge pressure etc.);

is the cross-sectional area of the pipe, T x OD 2/4;

Lot ¢ maxiS the pipe-to-coupling vertical convex offset (A in Figure 9);

oD

isthe guter diametoer ofthe pipn;

Wp

Wg
5.5 Ma)

551 G

This sub
requiremg
intervals {

A pressui
provided

The watet
joint pipir
itself. The
pipe to a

is the slope angle of the pipe;
is the dead weight of the pipe;
is the dead weight of fluid in the pipe.

Kimum support spacing

bneral

lause provides guidance on computation of pipe stressés and deflections as well
bnts for pipe buckling stability for pressure pipes installed above ground on supports
o determine maximum support spacing.

ized water column by itself is unstable. The stability of the pressurized water column
by the axial stiffness of the pipe.

g system, this axial pressure thrust is restrained by external anchoring but not by the p
axial thrust does, however, typically affect the stresses and deflections of an above grou
bignificant extent. The thrust affects;the bending moments and deflections of the pipe. P

bending moments and deflections shall~therefore be computed using beam-column formulati

Ultimately
properly 3

To detern
shall be cq

— maxipum total axial‘compressive force acting in the pipe and the water column to be check

again

, an above ground pipe with flexible, non-restrained joints can buckle as a column if
upported.

ine the maximum support spacing for a pipe the following forces, stresses and deformati
mputed and checked against allowable limits:

5t global buckling of pipe as a column;

—  maxir

num axidl tensile stress acting in the pipe wall to be checked against allowable stress;

as
at

is

column within a pressure pipe carries an @xial pressure thrust. In a flexible, non-restrajint

pe
nd

pe
pn.
not

ns

ed

Both long- and short-term loading conditions need to be analysed.

As the critical force for a long-term load is lower than the critical force for short-term, both long- and
short-term loading conditions need to be analysed.

The dead weight of fluids and some environmental loads result in loading perpendicular to the pipe
whilst loads from the dead weight of the pipe and external loads such as snow act vertically (see 5.2.2).
A combination of vertical and perpendicular loads give the largest sum for a horizontal pipe therefore
the horizontal case should be assumed for general evaluation of a project.

14
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In order to limit the complexity of calculations, loads are classified as being either short-term or long-
term. Long-term loads cause creep and the apparent axial long-term modulus shall be used to calculate
long-term deflections. It is assumed that short-term loads do not cause creep and a short-term modulus
with an aging factor (and where appropriate an environmental factor) is used to estimate deflections.

The apparent axial long-term modulus shall be determined according to the procedures in ISO 4152.

Loads can be classified as longitudinal or perpendicular to the pipe direction. Angular deviation at the
coupling produces a perdendicular component from the longitudinal force acting on the end of the pipe.

92}
o1

[a} D A 1 £
I Iy 4 ITIpTiiuituldl 1IUILco

The typical perpendicular loads acting on the pipe are the dead weights of the pipe andthé fluid in the
pige, environmental loads (e.g. snow, wind), and live loads (e.g. people, traffic, construction),
seilsmic loads.

5.3.3 Forces due to angular deviation

=»

it

difection, considering rotation of the pipe end due to deflection.(This lateral force can be

us

ng Formula (8).

Vp =FA-tan(x

wlere

F, s the total axial force;

a is the angular deviation.

5.3.4 Axial forces

5.3.4.1 General

Th

e typical axial loads are-these created by the fluid static pressure, the dynamic pressure

frdm head loss or surge)-and friction forces induced in the pipe at the coupling or pipe suppo
mqgvement of the piperesulting from temperature or pressure changes.

5.3.4.2 Axialforces due to pressure

as well as

ular deviation, @, between the pipe and coupling creates a lateral ferce, V,, on the end of the pipe.
en evaluating this force, maximum angular deviation should be assumed in the most unflavourable

ralculated

(8)

(resulting
rt by axial

Internal préssure results in force acting in both the fluid and the pipe. The working pressure, p,,, can

be

préssure will create a short-term loading condition.

©lI

considered as creating a long-term load whereas the surge pressure, p,, and the field hydro-test

S0 2021 - All rights reserved
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The long-term axial pressure force, F, ¢ acting in the fluid, is described in Formula (9):

prﬂ =Py Ay 9)

The long-term axial pressure force, Fy,,,, acting in the pipe, is described in Formula (10):

Fowp =Pw 4y (10)

The short-term axial pressure force, Fpsﬂ‘ acting in the fluid, is described in Formula (11):

Fosn 9Ps Ay (11
The shortjterm axial pressure force, F,,, acting in the pipe, is described in Formula (12):

FpSp:pS-Ap (12)
where

p., i9thelong-term working pressure;

ps i9the short-term pressure, e.g. surge pressure or field hydro-téstpressure;
A, i9the cross-sectional area of pipe wall;

Ay idthe cross-sectional area of pipe bore

Unless defined otherwise by client's engineer, the surge pressure and the field hydro-test pressure uged
in generallevaluation of a pipe installation is limited to;154 PN and 1,5 PN respectively.

Where sufge- and/or field hydro-test pressure_exceeds these values, the use of a sufficiently higher
rated PN product should be considered.

5.5.4.3 [Axial forces due to friction

Friction forces between the pipe andicoupling, F, and between the pipe and the support, F, are the
result of axial movement in the pipe-caused by temperature and/or pressure changes. These can catise
either tenlsile or compressive axial forces to act on the pipe. These forces are considered to be shprt
term loadp.

Friction f¢rces betweenhée pipe spigot and the sealing ring, which is constrained within the couplipg,
are a fungtion of gasKet-width, gasket compression, pipe diameter and fluid pressure. Friction forges
will vary accordingto the coupling/gasket design and will vary from one product to another. Empirifal
values relpted tospréssure activated seals are given in Table 3.

The frictipn-between the support and the pipe is a function of the reaction force, the saddle geometry
and the C CLFF'II‘IDY\" nFF}ﬂﬁfﬂnn an f]r\a cﬁr*]r*”a Lning m’\fﬂv‘"\]. 'T‘]r}a Fr\vna r*]ua |—n 1—1'110 Fr-nf-nn L 10 aofﬂmﬂ ed

....... 22! ictionFis-estima
using Formula (13):

M.R. n.ﬁ
F,= 5 (13)
2:360 - sin (—)
2
where

u is the coefficient of friction between pipe and saddle lining material;
R isthe reaction force at support, see calculation in 5.5.6 and 5.5.7;

B isthe cradle support angle.

16 © IS0 2021 - All rights reserved
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5.5.4.4 Axial forces due to head loss

Head loss which occurs due to the flow of liquid within the pipe creates an axial force on the pipe, due
to friction between the liquid and the pipe. This can be calculated as the head loss over the pipe times
the cross-sectional area of the pipe wall and the pipe bore. This force is small when compared to other
forces and can be neglected when calculating pipe stresses and deflections, but in extreme cases can
affect the design of pipe anchors.

The magnitude of the axial head loss force, Fy can be calculated using Formula (14):

Err=Ah-yrg-{As+As (14)
where

Ah is the head loss in pipe (fluid column);
Yq 1s the unit weight of fluid in pipe;

g 1sgravity;

A, isthe cross-sectional area of pipe wall;

Ay is the cross-sectional area of pipe bore.

5.3.4.5 Axial force of vertical loads

When pipes are installed on slopes, ¢, the vertical.Joads resulting from items such as pipe weight and
enyironmental loads will have axial components. These components will not cause increasefd stresses
in fhe pipe, but it is necessary to consider thenpwhen designing the pipe anchors. This force,|F;, can be

calculated using Formula (15):
Fq =qyert -Lp- sing (15)

where
Qyert 1s the sum of vertical loads on pipe;

L,  isthe pipe length;

¢ is the slepe angle of the pipe.

5.3.5 Maximum total axial force

The magitnum long- and short-term compressive forces, Fy;, and F,, shall be calculated ag the most
ction. The

FAlt = pwifl + pwp

E F oot +Fq (16)

where

© IS0 2021 - All rights reserved 17
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prfl

FPWP

Fy

Fy

Fpsfl

F,

is the long-term axial pressure force, acting in the fluid, see Formula (9);
is the long-term axial pressure force, acting in the pipe, see Formula (10);
is the axial head loss force, see Formula (13);

is the axial component of vertical load, see Formula (14);

is the short-term axial pressure force, acting in the fluid, see Formula (11);

psp
556 D
This subc

Key
guide

pipe l¢
maxin

Q M~ N
k=]

anchor

isthe short-term axialnressure force actinaginthe nine see Fgrmula (12)
r 7 O ) sl slattd o m o

pformations and bending moments for pipes resting on two supports

ause is valid for pipes resting on two supports as shown in Figure 11.
1 2 1 2

N \_ e

S W 3

ngth
jum distance from the centreline of the joint to centreline of a support, calculation see Table 2

Figure 11 %< Pipes supported on two cradles

The calcullation of maximum flexural deflection, y,,,,, pipe end rotation, 8, and maximum bend

moment, |
a) for pi
b) close

NOTE

u

max 1S provided:
bes supportedatthe ends, see Figure 12; or
fo the ends)s€e Figure 13.

An example for case a) is shown in Figure 6 (1) and for case b) in Figure 6 (2).

18

ng
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Pipes supported on two supports at pipe ends

q
F A B F
2
s

’ L=1L, I

- il
Key
F | axial force A, B support
q | load L, spanlength

Ly, | buckling length
Figure 12 — Pipes supported at ends (static model)

The pipe maximum flexural deflection, y,,.,, at the centre of the’/pipe span is calculated using

Formula (18):
5qLS4
Ymax “3g4p 1

“ay (18)

Thi rotation of the pipe end, 6, is calculated using Formula (19):

_ qu3
24E, 1

a, (19)

The maximum bending moment, M, .., dt-the centre of the pipe span is calculated using Formjula (20):

2

max 8

ay (20)
with the magnification factor, a,, calculated using Formula (21):

(21)

wlere

EjN 'is the apparent axial modulus of elasticity, short-term E, i, or long-term E,},, as applifable;

I is the moment of inertia for the pipe cross section: I:n(D04 —ID4)/64 with DO as pipe outer
diameter and ID as pipe inner diameter;

F,

cri

The reaction forces, R, at support A and B are calculated using Formula (22):

¢ is the critical beam column buckling force, see Formula (49) and (50).

R, =Ry :% (22)

© IS0 2021 - All rights reserved 19
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Pipes supported on two supports close to pipe ends

q
F A B F
éﬁ;ﬁ
L L &
Key
F  axial fprce o  overhanglength
7 Joad L, span length (length between the centre of the
supports)
L, bucklipglength A, B support

Figure 13 — Pipes supported close to ends (Static model)

The exact beam column solution of a pipe with overhanging ends is complicated. The bending
deflections, rotations and bending moments can, however, beicalculated with sufficient accuracy using
the followfing formulae, provided that the overhang lengthi.L,, is 10 % or less of the buckling length, [/
L, <0,10.

The pipe|maximum flexural deflection, y,,.,, at the centre of the pipe span is calculated usjng

Formula (P3):

q(5L*—24L 2L 2) .
ymax T 384’EA1 ’ 1 ("‘ )
The rotation of the pipe end, 6, is Calculated using Formula (24):
L3-6L 2L —4L3
0= q\ 0 s 0 ) a (24)
24E,1 !

The maximum bending moment, M, .., at the centre of the pipe span is calculated using Formula (25]):

I%>4] 2
M :M.al (25)

max 8

where

a; isthe magnification factor, see Formula (21).

The reaction forces, R, at support A and B are calculated using Formula (26):

m=%=%} (26)

20 © IS0 2021 - All rights reserved
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5.5.7 Deformations and bending moments for pipes resting on multiple supports

This subclause is valid for pipes resting on multiple supports as shown in Figure 14.

1 2 3 1

7N N

A1/ N )/ //<%
T

Il [ I |
K

Key
guides

anchor

a | maximum distance from the centreline of the joint to centreline of a support; calculation see Table 2

Thie calculati

a) | pipes supported at the ends and at the centre, see’Figure 15 or
b) | close to the ends and at the centre, see Figure\16.

Pipes supported on three supports, two atpipe ends and one at pipe centre

3 coupling anchor, if necessary, see 5.4
4  support spacing from\centre to centre

Figure 14 — Typical multiple span’installation

on of pipe end rotation, 6, and maximum bending moment, M., is provided for

Berause of symmetry around the centre-support this case can be analysed as a beam simply $upported

at pne end and built-in at the other.

o
=
ws]

0

Key

W
B

A
Y

A

C F
o
L=L, ‘ L=L, %
| il

F | axial force A, B, C support
laad I cnan langth
q Llesad L spanlength

L, buckling length

© IS0 2021 - All

Figure 15 — Pipes supported at ends and centre (static model) (change
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The rotation of the pipe end, 6, is calculated using Formula (27):

qL3
= a 27
48E, 1 ** 7)
with the magnification factor, a,,, calculated using Formula (28):
1
a,. :—F (28)
1-0,5——
E

CITU
The maximum negative bending moment, Mg, occurring at the centre pipe support, B, is caleulated

using Foriula (29):

1qL 2
Mp=1—2
B ls

a, . (29)

with the magnification factor, a,, calculated using Formula (30):

1
a, =t——— (30)

1-0,35-1
crit
The reactjon forces, R, at support A, B and C are calculated as Formulae (31) and (32):

3qL,
Ry=R.= g Cars (31)
Ry =2l —R, —R. (32)

with the rhagnification factor, a,,, calculated using Formula (33):

1
ay . =F———— (33)

1+0,14L

crit
If a pipe i§ supported at more than 3 locations, formulae for 3 supports can be used. This will yield a
somewhat conservative outcome,

Pipes supported on two Supports close to pipe ends and one at pipe centre

Vv
?~ q
F A B C F
A AN A
7 LA 7
LO LS LS LO
— ————
Key
F  axial force L, overhang length
q load Ly length between supports
L, buckling length A, B, C support

Figure 16 — Pipes supported close to ends and at centre (static model)
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The exact beam column solution of a pipe with overhanging ends is complicated. The bending
deflections, rotations and bending moments can, however, be calculated with sufficient accuracy using
the following formulae provided that the overhang length is 10 % or less of the buckling length,

L,/L, <0,10.

The rotation of the pipe end, 6, is calculated using Formula (34):

3 2 3
o q(L3-6L2L,—8L2) .
48E, 1 ar

(34)

Th maximum negative bending moment, Mg, occurring at the centre pipe support, B, is falculated

using Formula (35):

MB:[MIGZm (35)
wHere

a,. isamagnification factor, see Formula (30);

a,, isamagnification factor, see Formula (32).

The reaction forces, R, at support A, B and C are calculated using Formulae (36) and (37):

2
- {q(3LS+8LO+6LO /LS)}
AT CT 8 2rs

Ry =2qLy, —R, —R, (37)

(36)

with the magnification factor, a,,, see Foxmula (33).

5.3.8 Load cases and combinations of long- and short-term loads

As|the load response and allowable stresses are dependent on the duration of the loads, the pipe
ingtallation shall be analysed separately for long- and short-term loads.

When analysing long-teérm‘loads, the apparent axial long-term modulus, E,},, shall be used tq calculate
deformations and beuding moments.

When analysinghigtitial short-term loads, the short-term modulus, E,, shall be used to| calculate
deformationssand bending moments.

A ppecialprocedure is required when analysing pipes subjected to short-term loads (g.g. water
hammery, after having been exposed to long term service loads. When analysing for such combinations
of Jong-"and short-term loads the short-term modulus, E,, shall be used to calculate deformations and
bending MoMenNts bUt creep caused Dy previous [ong-term toads shatt be considerea.

The effect of creep caused by previous long-term loads can be approximated using equivalent lateral
load. A pipe that has been exposed to long-term load will have permanent creep deformation (that
means permanent creep deflection, y..,, and permanent creep rotation, 6, that can be estimated
using Formulae (38) and (39):

-yperm =N (1_EAlt /EAst) (38)
eperm =0 (1_EAlt /E g ) (39)
where

© IS0 2021 - All rights reserved 23
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Vi is the deflection caused by the previous long-term loads;

0y, isthe rotation caused by the previous long-term loads;

E,y is the apparent axial long-term modulus;

E, is the apparent axial short-term modulus.

For a uniformly loaded pipe supported at the ends, see 5.5.6 a), the equivalent uniform lateral load, g,
shall be calculated using Formula (40):

qeq

For a unif]
lateral loa

qeq =
The load
short-tern
The defor

384E,

st Iy perm

5L,

d, Qeqr shall be calculated using Formula (41):

48E, . 16

Ast” “perm

Lb3

mation result of the beam-column equations can be used‘directly, while ordinary be

(40)

prmly loaded pipe supported at the ends and the centre, see 5.5.7 a), the equivalent uniform

11)

‘esponse shall then be calculated for the equivalent load in combination with the long- gnd
1 loads using the beam-column equations and the apparent short-term modulus, E},.

A Im

formulatipn bending moments caused by the equivalent load, Qeg shall be subtracted from the begm-

column m|

pments calculated using the total load.

5.5.9 Checking of stresses and deformations

5.5.9.1

The maxi
shall be d
applicablé
to increas

5.5.9.2

General

etermined such that the requirements of subclauses 5.5.9.2 to 5.5.9.4 are fulfilled for

e the maximum length.

Axial tensile stresses

The axial
using For

—PP 42)

mum span length, L, and the maximum-buckling length, L, (see Figures 12, 13, 15 and 16),

he

loading conditions. Alternatively,ja pipe with higher PN or SN, as applicable, can be selected

tensile stresses, og-0ccurring in a pipe section for a given load combination, are computed

M is
FlDlD is
W is

Ap is

24

the pipe bending moment for load combination analysed;
the axial force acting in the pipe itself for load combination analysed;
the sectional modulus of the pipe cross-section;

the cross-sectional area of pipe wall.

© IS0 2021 - All rights reser
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For long-term loading the axial force, F,,, in Formula (42) is replaced by:

Fpplt = FAlt - prfl

For short-term loading the axial force, F,,, in Formula (42) is replaced by:

Fppst = FAst - Fpsfl

where

The computed axial stresses shall comply with the requirements set/out in Formulae (45)

wh

wh

NO
Fol

Fy}; is the maximum long-term compressive force, see Formula (16);
Fj is the maximum short-term compressive force, see Formula (17);
Fywais the long-term axial pressure force, acting in the fluid, see Formula (9);

Fpis the short-term axial pressure force, acting in the fluid, see Formulaf{11);

ere the appropriate design factors have been applied:

Opmye SSaT /5,0
O ATst SSAT /3,75

ere

oarc 1S the pipe axial tensile stresses compiited for a long-term load case;
Oars: 1S the pipe axial tensile stressesComputed for a short-term load case;
Syt is the pipe wall short-termiaxial strength value in tension.

TE As Formula (42) shows_the pressure acts to reduce the axial tensile stresses in the pip
mulae (10) and (12) for the effect of pressure on F, . Because of the beam column behaviour of g

pip
axi
for
m
hi

.3.9.3 Defoermations

es, the first term of Formula.(42) is also affected byEcIl]le pressure to increase the axial tensile stress
al force increases linearly~with pressure, the increase of the moment depends on the ratio of the
ce to the critical beanmi.column buckling force, F/F_;

nification. Therefore/ it is necessary to check both the highest and the lowest pressure to c
hest axial tensilestress.

ximum'pipe deformations shall comply with the following requirements:

(43)

(44)

and (46),

(45)

(46)

e wall, see
ressurized
. While the
total axial

see Formulae (21) and (30) for beam colugﬁn moment

culate the

Pipe end long-term rotation, 6,,, shall not exceed the joint maximum allowable angular

deflection

©lI

(pipe end to pipe end) as declared by manufacturers divided by a safety factor of 1,5.

Pipe end short-term rotation, 6, shall not exceed the joint maximum allowable angular
(pipe end to pipe end) as declared by manufacturers divided by a safety factor of 1,5.

Maximum pipe long-term deflection, y,,, , shall not exceed L,/300.

Maximum pipe short-term deflection, y ., v shall not exceed L, /250.

S0 2021 - All rights reserved
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5.5.9.4 Buckling stability

The maximum long- and short-term compressive forces calculated by Formulae (16) and (17) in 5.5.5,
shall comply with the requirements laid out in Formulae (47) to (50):

Fpe <Fepye /2,5 (47)
FAst SFCRst /2,5 (48)
e E Tt
1 Alt )
Fre¥ = — (19)
,max
2
nE, .1
L Ast .
Fepst T ~ 2 > (30)
,nax
where

Fy;  |is the maximum long-term compressive force;
Fyq [is the maximum short-term compressive force;
Ferye [is the critical long-term buckling force;

Firet [is the critical short-term buckling force;

E,y [is the apparent axial long-term modulus;

E, [is the apparent axial short-term modulus;

I is the moment of inertia for the pipe crloss section: I=n(0D4 -ID* )/64 with OD as pipe oufter
diameter and ID as pipe inner diameter;

Ly maxis the maximum buckling length:
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A.f—General

Th

indtallation flaws and detect damaged products, thus allowing for correction of sugh flaws 1

pu

re

A.

A.2.1 Equipment and clothing

Pr

is gvailable, and the personnel have the correct protective clothing.

Pr

calibrated, is in good working order and correctly\fitted to the pipelines.

A.2.2 Test site guarding

The test site shall remain adequately, gitarded from commencing and until completion of fielg
teqting. Work not related to pressure-tests shall not be permitted in the vicinity of the pipel
pressure tests.

A.

Pe
Co
be
an
un

Anly debris and foreign matter shall be removed from the pipeline before testing.
Thl ot toutd b fitted—wit 44 _ . +orrarst

Th(f system test pressure (STP) depends on the consequence class for the, installation,
u

ISO/TS 10986:2021(E)

Annex A
(informative)

Pipeline pressure testing and inspection

e completed pipe installation shall be inspected and hydrotested prior to commissjgning 1

[ in service.
iring the lowest requirements, while CC3 requires the most rigorous pressure testing (se

P Safety

or to the commencement of operations, a check shall be made that the appropriate safety ¢

or to carrying out a pressure test a check shdall"be made to ensure that the test eqy

8 Pre-test inspection

'manent abutments“or anchorages shall be constructed to withstand thrust at the test

bins. Care shall.be taken to ensure that caps or other temporary blanking fittings are 3
Chored. Any>temporary supports or anchorage at the ends of the test section shall not bg
il the pipeline is depressurized.

o identify
efore it is

with CC1
eA.4.6).

quipment

ipment is

| pressure
ne during

pressure.

hcrete supportstand anchor blocks shall be allowed to develop adequate strength before testing

dequately
t removed

completed.

isfactorily

In addition to the routine care, normal precautions and typical procedures used in this work, it is
recommended that the following matters should be included in the pre-test inspection procedure.

Inspect the completed installation to ensure that all work has been finished properly. The following
points are of critical importance:

a)

b)

©lI

The quality records for the joints should be checked to verify acceptable measurements for pipe

offset, coupling offset and position, joint alignment and the gap between the pipe ends.

Every joint should be visually inspected, position of couplings checked for movements
checks should be made to verify that the quality records are correct.
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The coupling position relative to both of the pipes should be marked at 4 points around the
circumference, see Figure A.1 as reference for later checks.

1

fixed distance (15 mm to 20 mm)
Figure A.1 — Marking Coupling Positions
Checl§ that the gaskets are correctly seated and that the gap betweén pipe spigot and coupling is

p
free df concrete or other foreign inclusions.

Checlf that the cradle gives even and continuous support to the'pipe and that the cradle diameter is
0,5 %]+ 0,25 % larger than the pipe. Check the support angle)is as specified with a tolerance of +5°.

The cradle support angle and cradle diameter should(be checked with a template. Prefabricated
cradl¢s should be checked prior to pipe installation. For pipes supported on more than two
suppqrts, the alignment of pipe supports should®e checked. Maximum allowable deviation frpm
straight alignment is 0,1 % of the span length,

Checlf that the cradle liner is in place between the pipe and the cradle and ensure that there is|no
direct contact between cradle and pipex€heck that there is no concrete or other foreign inclusjon
betw¢en the pipe and the cradle liner.

Checli that the liner is correctlypositioned between the clamp and the pipe or coupling.
Checlf that there are high-friction liners at anchors and low-friction liners at guides.

ChecHf the structural integrity of the supports.

Mark the position®fthe pipe relative to the anchors, as reference for later inspection.

Check, if appropriate, the number and compression of disk springs against the specification.

Checlf structural integrity of the steel clamp and anchor bolts.

ChecKkthatthe steet ctamp S positioned perpendicutar to the pipe axis.

Measure and record the maximum diameter, D ,,, and minimum diameter, D ;,, of pipes at
supports, thrust blocks and other encasements that restrain the natural expansion and rerounding
of the pipes. The maximum deflection should be calculated as follows.

max _Dmin 100

D +D

max min

Y
D

— For large diameter pipes the maximum and the minimum internal diameter may be measured
from the inside provided that the slope of the pipe is such that it is safe to work inside the pipe.
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may be measured by applying a rigid frame see Figure A.2.

pipe supplier.

1

| N di
: — O\

Key

NN

Nt

measured gap between frame and pipe

WV

o

2

WV

AR

frame clearance

Figure A.2 — Example of mieasuring maximum and minimum diameter of pipe

Inspect the pipes to ensure that they have not been damaged in the installation phase.
Check the support spacing against specifications.

Check system restraints (i.e. thrust blocks, and other anchors) are in place and properly
Check flange(bplting is torqued as per instructions.

Check that'valves and pumps are anchored.

Cheek-the correct support types (guides, anchors, cradle types, etc.) as specified and as
in'this document are in place.

2021(E)

For pipes that are not accessible from the inside, the maximum and the minimum outer diameter

If the maximum deflection of the pipe at supports and encasements exceeds 1 %, contact the

rured.

described

A.4 Hydrostatic test procedure

A4

.1 General

Field hydro testing shall be carried out on all pipeline systems and shall involve both an integrity test

and

aleak test.

The purpose of the integrity test is to locate any inherent weaknesses in the piping system that could
result in failure within the design life. The system test pressure, STP}, shall be as defined in A.4.6.
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