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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.

The procedy

described i
different ty
editorial ru

Attention is
patent right
any patent 1
on the ISO li

Any trade n
constitute a

For an expl
expressions
World Trade
iso/forewor

the ISO/IEC Directives, Part 1. In particular,
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may'be the subjg

ect of

s. ISO shall not be held responsible for identifying any or all such patént-rights. Detafils of

ights identified during the development of the document will be in the)Introduction ar
st of patent declarations received (see www.iso.org/patents).

hme used in this document is information given for the conyvenience of users and doe
h endorsement.

anation of the voluntary nature of standards, the ineaning of ISO specific terms
related to conformity assessment, as well as information about ISO's adherence t
Organization (WTQO) principles in the Technical Barriers to Trade (TBT) see www.iso
d.html.

This docum
Subcommitt

This second
revised.

The main ch

the clas

therela

the calc

Any feedbad
complete lis

ent was prepared by Technical Committee ISO/TC 5, Ferrous metal pipes and metallic fit
ee SC 2, Cast iron pipes, fittings and theirjoints.

edition cancels and replaces the firstedition (ISO 16134:2006), which has been techn

anges compared to the previous edition are as follows:

Kification of pipelines cdmponents in Table 3 is modified;

fionship between séismic intensity and ground surface acceleration in Table B.1 is mod
lation method of checking the safety of pipeline against ground deformation is added i

k or questians on this document should be directed to the user’s national standards bo
ting of these bodies can be found at www.iso.org/members.html.

1d /or

S not

and
b the

org/

Fings,

cally

fied;
n 5.3.
dy. A

© IS0 2020 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=3698d4209e9e31a56dbce4a20e533b81

IS0 16134:2020(E)

Introduction

Buried pipelines are often subjected to damage by earthquakes. It is therefore necessary to take
earthquake resistance into consideration, where applicable, in the design of the pipelines. In reclaimed
ground and other areas where ground subsidence is expected, the pipeline design must also take the
subsidence into consideration.

Even though ductile iron pipelines are generally considered to be earthquake-resistant, since their
joints are flexible and expand/contract according to the seismic motion to minimize the stress on the
pipe body, nevertheless there have been reports of the joints becoming disconnected by either a large
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Earthquake-resistant and subsidence-resistant design of
ductile iron pipelines

1 Scope

This document specifies the design of earthquake-resistant and subsidence-resistant ductile iron
pipeld i i TSTITH Tvi i xpected. It
provfdes a means of determining and checking the resistance of buried pipelines and,'giVes example
calcylations. It is applicable to ductile iron pipes and fittings with joints as spegified in ISO 2531,
ISO 7186 and ISO 16631 that have expansion/contraction and deflection capabilitiesyused|in pipelines
buri¢d underground.

NOTH Subsidence is not the effects of an earthquake or a sinkhole.

2 Normative references

The following documents are referred to in the text in such a~way that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.

ISO 4531, Ductile iron pipes, fittings, accessories and theirjoints for water applications

3 Terms and definitions
For the purposes of this document, the terms-and definitions given in ISO 2531 and the follpwing apply.
[SO dnd IEC maintain terminological databases for use in standardization at the following gddresses:

— ISO Online browsing platformsavailable at https://www.iso.org/obp

— IEC Electropedia: available-at http://www.electropedia.org/

31
burying
placipg of pipes underground in a condition where they touch the soil directly

3.2
res;(mse displacement method

earthquake-resistant calculation method in which the underground pipeline structure is| affected by
the ground displacement in its axial direction during an earthquake

3.3

liquefaction

phenomenon in which sandy ground rapidly loses its strength and rigidity due to repeated stress during
an earthquake, and where the whole ground behaves just like a liquid

3.4
earthquake-resistant joint
joint having slip out resistance as well as expansion/contraction and deflection capabilities

3.5
flexible joint
joint having expansion and deflection capabilities

© IS0 2020 - All rights reserved 1
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4 Earthquake-resistant design

4.1 Seismic hazards to buried pipelines

In general, there are several main causes of seismic hazards to buried pipelines:

ground displacement and ground strain caused by seismic ground shaking;

faction;

ground deformation such as a ground surface crack, ground subsidence and lateral spread induced

a)
b)

by lique
c) relative
d) ground

Since the dy
and deflect
earthquake
occurred du
can follow t|
its earthqud
normally sn

4.2 Quali

4.2.1 Gen

To increase
measures sh

dibPIdLBIIIBIIL dl LIIU LUlllll:'LLillg pdrlt WiLh LhC SLITUCLUIcE, i,
displacement and rupture along a fault zone.

ctile iron pipe has high tensile strength as well as the capacity for expansionycontra
on from its joint part, giving it the ability to follow the ground movement durin
the stress generated on the pipe body is relatively small. Few ruptures‘ef pipe body
ring earthquakes in the past. It is therefore important to consider~whether the pip|
he ground displacement and ground strain without slipping out gfjoint when consid
ke resistance. The internal hydrodynamic surge pressures induced by seismic shakin
1all enough not to be considered.

tative design considerations

eral

the resistance of ductile iron pipelines to seisimic hazards, the following qualitative d
ould be taken into consideration.

ction
b the
have
eline
Pring
L are

psign

a) Providepipelines with expansion/contractionand deflection capability.
EXAMPIE Use of shorter pipe segments,” special joints or sleeves and anti-slip-out mechampisms
according to the anticipated intensity or nature of the earthquake.

b) Lay pip¢lines in a firm foundation:

c) Use smqoth back fill materials,
NOTE Polyethylene sleeves and special coating are also effective in special cases.

d) Install more valves.

4.2.2 Where high-earthquake resistance is needed

Itis desirab

eto'enhance the earthquake resistance of parts connecting the pipelines to structure

5 and

when buryingthe pipesin

a) soft ground such as alluvium,

b) reclaimed ground,

c) filled ground,

d) suddenly changing soil types (geology) or topography,

e) sloping ground,

f) near revetments,

g) liquefiable ground, and/or

2 © ISO 2020 - All rights reserved
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h) near an active fault.

4.3

To m

Design procedure

ake earthquake-resistant design for ductile iron pipelines:

a) select the piping route;

b) i

nvestigate the potential for earthquakes and ground movement;

c) assume probable earthquake motion (seismic intensity);

d) iindertake earthquake resistance calculation and safety checking;

e) {
Solid
Whe

the afrea where the pipeline is to be laid.

4.4

Whe
out ff
influ

The

elect joints.
firm foundations should be chosen for the pipeline route.

h investigating earthquakes and ground conditions, take into account any previous ea

Earthquake resistance calculations and safety checking

br the condition in which the normal load (dead load-and normal live load) is combiry
ence of the earthquake.

bipe body stress, expansion/contraction value of\joint, and deflection angle of joint ar

thquakes in

h checking the resistance of pipelines to the effects of earthquakes, the calculation shalll be carried

ed with the

e calculated

by the response displacement method. Earthquake resistance is checked by comparing these values
with|their respective allowable values. The basi¢'criteria are given in Table 1.
A flowchart of earthquake resistance determination and safety checking is shown in Figure|1. The basic
formpulae only for earthquake resistance-calculation are given in 4.5. A detailed example of calculation
is giyen in Annex A.
Table 1 =Basic earthquake resistance check criteria
Load condition Criterion
Pipe body stress ;Alloyvable stress (proof stress) of ductile
iron pipe
Load in earthquake'motion|Expansion/contraction value of |< Allowable expansion/contraction|value of
and hormal load joint ductile iron pipe joint
Deflection angle of joint s.AIIQV\_/able deflection angle of ductile iron
pipe joint
© IS0 2020 - All rights reserved 3
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START

|

Set earthquake motion

|

Predominant period of subsurface layer

-

Wave length

|

Horizontal displacement amplitude of ground

|

Pipeline data

!

Pipe body stress
Amount of expansion/contraction ofjdint
Deflection angle of joint

Allowable value
satisfied?

NO

Determine

NOT POSSIBLE

possibility of
liquefaction

POSSIBLE

Check for ground deformation

Figure 1 — Flowchart for calculation of earthquake resistance of buried pipelines

END

4.5 Calculation of earthquake resistance — Response displacement method

4.5.1 General

This method shall be used except when the manufacturer and the customer agree on an alternative

recognized method.

4

© IS0 2020 - All rights reserved
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4.5.2 Design earthquake motion

The design acceleration for different seismic intensity scales can be determined according to the
relationship between the several kinds of seismic intensity scales and the acceleration of ground
surface, as given in Annex B.

4.5.3

Horizontal displacement amplitude of ground

The horizontal displacement amplitude of the ground is calculated using Formula (1) (see Annex A):

2
U, (x)—l_T—r-| ~u-y~t.uaﬂ (@8]
i o | 2H
wherre
Uy, (x)  is the horizontal displacement amplitude of the ground x m deep.from the ground surface
to the centre line of the pipe, in metres (m);
b is the depth from the ground surface, in metres (m);
Te is the predominant period of the subsurface layer, in seconds (s);
a is the acceleration on the ground surface for desigh, in metres per second squpred (m/s2);
) is the ground inhomogeneous coefficient (sée-Table 2)
N is the thickness of the subsurface layeryin'metres (m).
Table 2 — Ground.inhomogeneous coefficient
Geotechnical condition Ground inhomogeneous coefficient y
Hompogeneous 1,0
Inhomogeneous 1,4
Extrpmely inhomogeneous 2,0
4.5.4 Pipe body stress
Pipe|body stress is calculated using Formulae (2), (3) and (4).
Axial stress:
n-U (x)
h
¢ =5 .T‘E (2)
Bendingstress:
2n2-D-Uy (x)
— h
Op =6, 7z E (3)
Combined stress:
— 2 2
o, _*/3'12'01 +0p 4)
© IS0 2020 - All rights reserved 5
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0., Op

&
&
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are the axial stress and the bending stress, respectively, in pascals (Pa);
is the combination of the axial and bending stresses, in pascals (Pa);

is the correction factor of axial stress in the case of expansion flexible joints;

is the correction factor of the bending stress in the case of expansion flexible joints;

al’ az

E

4.5.5 Expansion/contraction of joint in pipe axis direction

The amoun
Formula (5)

are the transfer coefficient of ground displacement in the pipe axis and pipe perpen
ular directions, respectively;

is the horizontal displacement amplitude of ground x m deep from the ground surfg
in metres (m);

is the wavelength, in metres (m);
is the outside diameter of the buried pipeline, in metres (m);

is the elastic modulus of the buried pipeline, in pascals (Pa).

dic-

L of expansion/contraction of the joint in the pipe axis direction is calculated fising

(see Annex A):

u=te;{ (5)
where
u is the amount of expansion/contraction of the joint in the pipe axis direction, in metres (m);
€ is the ground strain :% :
L is the wavelength, in metres (m);
Uy, isthehorizontal displacement amplitude of ground x m deep from the ground surface, in metref (m);
[ is the pipe length, in metres (m).
4.5.6 Joint déflection angle
The joint deflection angie {5 calcutated USINg Formuia (6] (S€€ ANNEX AJ:
. 421U, ©)
2
where
6  isthejoint deflection angle, in radians (rad);
I isthe pipe length, in metres (m);

U,, isthehorizontal displacementamplitude of ground x m deep from the ground surface, in metres (m);

L ist

he wavelength, in metres (m).

© IS0 2020 - All rights reserved
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Design for ground deformation by earthquake

General

Large scale ground deformation such as ground cracks, ground subsidence and lateral displacement
near revetments and inclined ground can be generated by liquefaction during an earthquake. Since
such ground deformations can affect the buried pipeline, it is necessary to consider this possibility and
to take it into account in the pipeline design.

5.2 Evaluation of possibility of liquefaction
The possibility of liquefaction shall be evaluated for soil layers when the following-conditions are
presg¢nt:
a) gaturated soil layer <25 m from the ground surface;
b) Jverage grain diameter, Ds;, <10 mm;
c) d¢ontent by weight of small grain particles (with grain diameter <0,075/mm) <30 %.
The possibility of liquefaction can be evaluated by calculating the liquefaction resistance cdefficient, F|,
using Formula (7):

k =R/L (7)
where

R isthe dynamic shear strength ratio indicating the resistance to liquefaction;

L isthe ground shear stress ratio durin@an earthquake, which indicates the generated|shear stress

in ground due to the earthquake:

When F; < 1,0, the layer is considered to be liquefied.
A detailed example of the evaluation of liquefaction assessment is given in Annex C.
5.3 | Checking basic resistance
For ground deformatioh such as lateral displacement and ground subsidence induced by liquefaction,
the hQasic resistance of the pipeline shall be checked by observing whether it can absorb| the ground
movément by the'€Xpansion/contraction and deflection of joints.
For ground.deformation in pipe axis direction, the safety of the pipeline shall be checked by Formula (8).

When Exexceeds 6, (EI >4, ) then the pipeline can absorb the ground displacement and hag
designed for ground deformation in its axis direction.

been safely

EI>6a

where

E,=p.n.1/100

S, =f.e.n.1/100

© IS0 2020 - All rights reserved
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E, istotal amount of expansion/contraction of joint, in metres (m);

is ground displacement in pipe axis direction, in metres (m);

B is the amount of expansion/contraction of the joint, in per cent (%) of the pipe length;
n isthe number of joints;

[ isthe pipe length, in metres (m);

[ is the reduction ratio of the amount of expansion/contraction of the joint for the ground dis-

L o
pla\ enrent GRS

g; Isthe ground strain in pipe axis direction, in per cent (%).

When E; dops not exceed &, (El 350), all joints expand to the joint’s capacity, then the/safety qf the
joint’s slip-gut resistance against friction force between pipe and soil shall be checked.by Formula|(9).

Fp>m-D-a-t-n-1 (9)

where

Fp is tIe joint’s slip-out resistance, in kilonewtons (kN);
D  isthe outside diameter of buried pipeline, in metres (m);
a isreduction factor of friction force;

T is fifiction force per unit area between pipe and$06il, in kilopascals (kPa).

)

The exampl¢s of safety checking including the case of pipe perpendicular direction are given in Annex

6 Design for ground subsidence inrsoft ground (e.g. reclaimed ground)

6.1 Calculating ground subsidence

When burying pipes in soft greund, the amount of ground subsidence is estimated by calculating the
increased earth pressure at/the-bottom of the trench in considering the weight of pipes, the weight of
water in the pipes and the€arth pressure of back-fill, using Formulae (10), (11) and (12):

:€0—€

"~ . (10)
© 1+p, o
5, =m, \AP-H_ (11)
c
5 =—c .H .logLTAP (12)
C C
1+e, p

8 © IS0 2020 - All rights reserved
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where

is the consolidation settlement, in metres (m);

ey isthe initial void ratio of the undisturbed ground;

e isthe void ratio after loading;

is the thickness of consolidated layers, in metres (m);

/

)i
/
A det

6.2

For
if thd
This
dired

7 1

7.1

Acco
defle
using
class

is the volume change ratio of the soil (coefficient of volume compressibility), inSg
per newton (m2/N);

is the compression index of the soil;
P is the pre-load of the undisturbed ground, in newtons per square mette (N/m?2);
\P is the increased load, in newtons per square metre (N/m2), where

\P=1_-AW

- is the influence by depth value;

AW is the increased load, in newtons per square metre (N/m?2)

Basic safety checking

round subsidence in soft ground such as reclaimed ground, safety shall be checked b
pipeline can absorb the groundmovement by expansion/contraction and deflection
way of safety checking is the same as for the ground deformation in the pipe pd
tion induced by liquefaction,'which is given in Annex D.

Pipeline system design
Pipeline components
rding to-the results of calculations for expansion/contraction, slip-out resistanc

b a range/combination of pipeline components. If necessary, pipeline system compon
ified'according to Table 3.

llare metres

(13)

ailed example of the calculation of the amountof'ground subsidence is shown in Annek E

y observing
bf the joints.
rpendicular

e, and joint

ction, the“pipeline system may be designed using the same joint for all pipes, or, alternatively,

ents may be

Table 3 — Classification of pipeline components

Parameter Class Component performance
_ _ S-1 +1 % of L or more
Expansion/contraction S-2 +0,5 9% to less than 1 % of L
performance
S-3 Less than +0,5 % of L
Key

L the component length, in millimetres (mm)
d the nominal diameter of pipe, in millimetres (mm)

0, the joint deflection angle as shown in Table 4, in degrees (°)

© ISO

2020 - All rights reserved
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Table 3 (continued)

Parameter Class Component performance
A 3 d kN or more
) ) B 1,5 d kN to less than 3 d KN
Slip-out resistance
C 0,75 d kN to less than 1,5 d kN
D Less than 0,75 d kN
M-1 0, or more
Joint deflection angle M-2 0,/2 toless than 6,
M2 loccthaon O /I')
M3 Less-than G2

Key
L the component length, in millimetres (mm)

d the nomingl diameter of pipe, in millimetres (mm)

6, the joint deflection angle as shown in Table 4, in degrees (°)

Table 4 — Joint deflection angle

Nominal fiameter d 80to400 | 450to1000 | 1100to1500 | 1600to-2200 2400to 2 6p0
Joint deflection angle 6, 8° 7° 5°30’ 4° 3°30’
(Ref) Pipe length? 6m 6 m 6 m 5m 4 m

2 Ductile iffon pipe is available in shorter lengths and, where needed, can becut during installation to achieve grieater
pipeline defleftion over shorter pipeline lengths.

7.2 Countermeasures for large ground deformation such as liquefaction

In cases where pipelines are to be laid in locations Where ground deformation could be induced by
liquefaction| during an earthquake, and where ground subsidence is anticipated in soft soil su¢h as
reclaimed gfound, a pipeline having earthquake;resistant joints with slip-out resistance, as well as an
expansion/qontraction and deflection capability, should be used.

10 © IS0 2020 - All rights reserved
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Annex A
(informative)

Example of earthquake resistance calculation

General

This
spec

A.2
The ¢

a)
b)

‘)
d)

f)

g)

h)

j)

A3

fied in A.2.

annex presents an example of the calculation of the earthquake resistance)of]

Specifications and conditions

[ype of the pipe:
Dutside diameter of the pipe:
btandard thickness of the pipe:

Calculated thickness of the pipe:

[= minimum thickness of the pipe)
Pipe length:

boil covering above pipes:

Jnit weight of soil:

Elastic modulus of the ductile cast
ron:

Design acceleratiorron the ground
surface:

Ground model

Ground inhemogeneous coefficient:

example pipeline and conditions are the following.

500 mm nominal diameter-ductile iron pipe (K-9
D=0,532m
t=0,009 m

t, = 0,007 2ai(= t - 0,001 8)

[=6m
fr=1,20 m
Y =17 KN/m3

E=1,6 x 108 KN/m2
a = 1,80 m/s? (corresponding to Modified Mercal
intensity of VI).

y = 2,0 (corresponding to extremely inhomogene
technical condition)

a pipeline,

class)

iscale

hus geo-

See Figure A.1.
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Dimensions in metres

5 h=1.2
v
] 7
\
. i
N, =3 3
H,=12
; 6 |
H=20
Z
N2= 5 — 4
HZ = 8
. Y g
9 N=50
Key
1 firstlayelr (alluvium sandy soil) 6  thickness of subsurface layer
2 second layer (alluvium sandy soil) 7  ground surface
3 thickness of layer 8  bedrock surface
4 thicknes} of layer 9  diluvium sandy’soil
5 soil covering
NOTE N{ and N, are the equivalent N values, which are derivedfrom the standard penetration test ddfined
inJISA 1219,[ASTM D1586 and BS 1377 test 19, etc. See Table A.1.
Figure A.1 — Ground model

A.4 Varigus values of pipe profiles
A.4.1 Crops-sectional area, A,

This is calcy

where

lated using Formula(A.1):

|2 —=(D-2:t, )2}:%{0,5322 ~(0,532-2x0,0072)" |=1,187x10"2 m? (A1)

D is tllle outside diameter of the pipe = 0,532 m;

t; isthe calculated thickness of the pipe = 0,007 2 m.

A.4.2 Moment of inertia of area, /

This is calculated using Formula (A.2):

1:6_’1-[04 ~(D-2t,)* }:%x[0,5324 ~(0,532-20,0072)" [=4,087x10~* m* (A2)

12
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A.5 Pipe body stress, expansion/contraction and deflection angle of joint due to
earthquake motions

A.5.1 Calculation of seismic properties

A.5.1.1 Shear elastic wave velocity by layer

See Table A.1 for the shear elastic wave velocity and Table A.2 for the shear elastic wave velocity for
different types of soil with respect to the shearing strain of the ground.

A.5.1
This

=

| DH

2 Kverage shear elastic wave veloc1Ey of surface layer, Vg

is calculated using Formula (A.3):

20,0

=81,23m/s

(A.3)

ps— ¥ H. ) 0,1540+0,0922
Vsi
Table A.1 — Shear elastic wave velocity
. Avérage shear elastic wave
Layer Th;;l;::zs of Soil type N value? velocityP H,/V;
! Vsi
m m/s S
Firet 12 Alluvium sandy 3 61,8 N0-211 =61,8x30.211 0,154 0
(=Hy) soil ENy) =77,92(V,, ) (= H1/Ver)
secohd 8 Alluvium sandy 5 61,8 N0211 =61,8x50211 0,092 2
(=Hy) soil ENy) =86,79(V,, ) (= Ho/ Vi)
iluvi 205 N0125 =205x500-125
Bedilock . D11uv1urr}lsandy 50 .
sol =334,29 (V)
a N, and N, are the equivalent"N;values, which are derived from the standard penetration test defined|in JIS A 1219,
ASTNI D1586 and BS 1377 test19, etc.
b dee Reference [8].

Table A.2 — Velocity of ground shearing elastic wave

Vs
Soil type m/s
103 104 1079
) _ C!ay 129 N 0183 15670183 172 701183
Diluvium Sand 123 N 0125 200 N 0125 205 N 0125
PR G 122 N 00777 142 N 0.0777 143 N 0.0777
Sand 61,8 N 0,211 90 N 0,211 103 N 0,211

NOTE 1 10-3,10-*and 10-% show the shearing strain of ground.

NOTE 2 The classification is based on the composition ratio of sand and clay type soils.
NOTE 3 For the surface ground, the shearing strain of 10-3 level is used, and 10~ for the bed rock.
NOTE 4 Table taken from Reference [8].
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A.5.1.3 Predominant period of subsurface layer, T

This is calculated using Formula (A.4):

To=4Y (H; /Vy;)=4x(0,1540+0,0922)=0,98

A.5.1.4 Wavelength, L
This is calculated using Formula (A.5):

L, =Vp iT-=81,23x0,98=79 61m

L, =Vge T, =334,29x0,98=327,60m

2L L, 2x79,61x327,60

L=
Li+l,  79,61+327,60

where
Vps i9the average shear elastic wave velocity of the subsurface layer = 81,23 m/s [Formula (4.3)];
Vgs igthe shear elastic wave velocity of the bedrock = 334,29.m/s (see Table A.1);
T,  igthe predominant period of the subsurface layer = 0,98 s [Formula (A.4)].

(A4)

=128,09m (A.5)

A.5.1.5 Apparent wavelength, L’
This is calcylated using Formula (A.6):

L'=v2-1=+2x128,09=181,15m (A.6)
where L is the wavelength = 128,09 m [Formula (A.5)].
A.5.2 Calqulation
A.5.2.1 Hdrizontal displacement amplitude of ground, U, (x)
This is calcylated using Eérmula (A.7):
Te ¥ nx (0,98 Y nx1,47
U, (x)=| =& tay-cos——= == | x1,80x2,0xcos ———-=8,70x1072 m (A.7)
27 2H 27 2x20
where
T, isthe predominant period of the subsurface layer = 0,98 s [Formula (A.4)];
a is the design acceleration on the ground surface = 1,80 m/s? (corresponding to a Modified
Mercalli scale intensity of VI);
y is the ground inhomogeneous coefficient = 2,0 (corresponding to extremely inhomogeneous

geotechnical condition);
H is the thickness of the subsurface layer = 20 m;

X is the depth of the pipe centre =h+D/2=1,20+0,532/2=1,47 m.
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A.5.2.2 Ground strain in pipe axis direction, ¢,
This is calculated using Formula (A.8):

.o Uy (X)  nx8,70x1072
G L 128,09

=0,002 13 (A.8)

where

U, (x) is the horizontal displacement amplitude of the ground = 8,70 x 10~2 m [Formula (A.7)];

1 1s the wavelength = 125,09 m [Formula (A.5]].

A.5.2.3 Rigidity coefficient of ground, K,;, K,
This|is calculated using Formulae (A.9) and (A.10):

Ko1=Cy1 -%-Vslz =1,5x;—;x77,922 =1,58x10% kN/m? (A9)
K,,=C z-y—t-VS12:3x£x77,922:3,16><104 kN/m? (A.10)
g g g 9,8
where
e is the unit weight of soil = 17 kN/m3;

is the gravitational acceleration = 9,8m/s?;

()

W is the shear elastic wave velocitjof the subsurface layer (first layer) in the pip¢line
position = 77,92 m/s (see Table-A.1);

C

.1, (g, are the constants corresponding to the rigidity coefficient of layer per unit length in the

pipe axis and pipe petpendicular directions of buried pipelines, where Cy; = 1,3 and Cy; = 3.

A.5.2.4 Transfer coefficient of ground displacement, a;, a,

This|is calculated using Formulae (A.11) and (A.12):

1 1

&, = = =0,873 (A11)
! LAY 16x10°x1187x107 ¢ an ¥
+ - +
Ky \ L 1,58x10% (181,15)
1 1
&= = . . —=1,000 (A12)
ET7 2w 1;6x16°x4;087x10 RN
I+—— | 1+
ngL : J 3,16x10* (128,09}

where

Ky is the rigidity coefficient of the ground in the pipe axis direction = 1,58 x 10* kN/m?2 [Formu-
la (A9)];

Ky, is the rigidity coefficient of the ground in the pipe perpendicular direction = 3,16 x 104 kN/m?
[Formula (A.10)];

E  isthe elastic modulus of the ductile cast iron = 1,6 x 108 kN/m?;
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A, isthe cross-sectional area of the pipe = 1,187 x 1072 m? [Formula (A.1)];
I is the moment of inertia of the area = 4,087 x 10~* m* [Formula (A.2)];
L' is the apparent wavelength = 181,15 m [Formula (A.6)];

L isthe wavelength = 128,09 m [Formula (A.5)].

A.5.2.5 Stress correction factor for pipelines with expansion-flexible joints, ¢;, &,

This is calculated using Formulae (A.13) and (A.14):

& =\0d 03 /lexp(v-1y L )-exp(-v"y L) (12
& =\/¢T§+_¢Z (A.14)
where

16

Kl n
B4 :z{/ 3,16x10 ~0,590/m
481 '\ 4x1,6x108x4,087x10~*

v=//L=p/128,09=0,047

v'=0/L'£6/181,15=0,03

u=-—41=3/128,09=0,023

1/3
u'z(—/l:3/181,1520,017

’

L

Ky 1,58x10%

E{A. \1,6x108x1,187x1072
Cl

=sin(v-B-L)-sinh(v.BL) =—6,952

C,=sin(v-B-L)-cosh(v-B-L)=—6,963

Cy =cos(v-B+L)-sinh(v-f-L)=-15,979

C,=cos(v-B-L)-cosh(v-B-L)=-16,006
e; =sin(u-fB-L)-sinh(u-B-L)=2,717

e, =sin(u-B-L)-cosh(u-pB-L)=2,89

e; =cos(u-fB-L)-sinh(u-B-L)=-0,459

e, =cos(u-f-L)-cosh(u-B-L)=-0,488
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A=(C3+C,)-(C3—C, )+2C%=303,506

fi :i{[cl (€, =€, )—C5-(C3+C,)—C; -cos(2-mv )}%JF(C3 +C, )~sin(2-n-v)}=—0,103 36

£ :ﬂc1 (C3Cy ) =€y (C3+C, )+(C5+C, )-cos (2-v ) +C, -%-sin(2~n-v)}:—1,076 25

fa :%J[q (C,+C,)=C,(C,+C, )—C, -cos(z-n-v)]-gﬂc2 +C, )-sin(2-n~v)L =—0,02022
A pT )

f :%{[Cg-(cﬂcl)—CZ-(C4—Cl)+(CZ—63)-cos(z-n-v)]-%—z-cl-sin(z-n~v)}=0,0989z
3 _1 2 2T . _
f5=% (C3-C,) +2-Cl-C4—2~61~cos(2~n-v)—(Cz—C3)-ﬂ-sm(z-wv) =1,0442

¢, =[exp(—v"-A;-L")—cos(2:m-v")]-exp(u"-A; -L") —[exp(v"- A, -L")—cos(2-nv")|-exp(—p"- A L")
+2-sinh(v"-A; -L")-cos(2-m-1")=0,046 61
¢, =2-sin(2-m-v")-sinh(u"-A; -L’) - 2-sin (2-7-p1")-sinh (v4 4, -L')=-0,004 9

P3=f3-e5—f-e,—f,€ —sin(2-m-1)=-0,104 79

=

Dy =€+ f5-e3—f,-e,~ fo-e; —cos(2-m- 1 )==0,71031

]|  isthelength between expansion flexible joints = 6 m, equivalent to the pipe length;

Ko, is the rigidity coefficient of the ground in the pipe perpendicular
direction = 3,16 x 10%kN/m? [Formula (A.10)];

I  is the elastic nfedulus of the ductile castiron = 1,6 x 108 kN/m?;
] isthe moihent of inertia of the area = 4,087 x 10~4 m* [Formula (A.2)];
L is the'wavelength = 128,09 m [Formula (A.5)];

1" sthe apparent wavelength = 181,15 m [Formula (A.6)];

tetha wigidibyy cnnffioinnt A f+bhn groind s
1ISteHgtaity-coeree Rt ot grotha

[Formula (A.9)];
A, isthe cross-sectional area of the pipe = 1,187 x 10~2 m2 [Formula (A.1)].

Consequently,

£,=0,04102

£,=0,718
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A.5.2.6 Pipe body stress, 0| ,05,0,

This is calculated using Formulae (A.15) to (A.17):

Axial stress:

U, (x
J-E:O,om 02><0,873><Mx1,6x108 kN /m?

O, = Oy -
L=51% 28,09 (A.15)

=12,23x103 kN/m?=12,23MPa
Bending stress

2-m%-D-U, (x 2
,—h().15:(),718><1,000><ZX’t x0,532X0,0870 1 6108 kN/m?

2 128,092 (A.16)

=6,40x103 kKN/m? =6,40 MPa
Combined s{ress

og =&ty

0, =\[3[12-0% +0% =+/3,12x12,23% +6,402 =22,53 MPa (p.17)
where
a, is the transfer coefficient of ground displacement in thé\pipe axis direction = 0,873
[Formula (A.11)];
a, is the transfer coefficient of ground displacemeiitin the pipe perpendicular

direction = 1,000 [Formula (A.12)];
Un(x) s the horizontal displacement amplitude,of the ground = 8,70 x 102 m [Formula (A.7)];

L is the wavelength = 128,09 m [Formula (A.5)];

D is the outside diameter of the pipe= 0,532 m;

E is the elastic modulus of the ductile cast iron = 1,6 x 108 kN/m?;

& is the correction factorof axial stress when there are expansion flexible joints = 0,041(02
[Formula (A.13)];

& is the correction’factor of bending stress when there are expansion flexible joints = 0,718

[Formula (A.34)].

A.5.2.7 Amountof expansion/contraction of joint in pipe axis direction, u

This is calcylatéd using Formula (A.18):

u=te;-1=10,00213x6=10,01278 m (A.18)

where

€; Isthe ground strain in the pipe axis direction = 0,002 13 [Formula (A.8)];

I isthelength between expansion flexible joints = 6 m, equivalent to the pipe length
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A.5.2.8 Deflection angle of joint, 0
This is calculated using Formula (A.19):

N 4-m2-1-U, (x) N 4xm? x6x0,087 0

0= = =+0,001256 rad=+0°4'19" (A.19)
I? 128,092
where
[ is the length between expansion flexible joints = 6 m, equivalent to pipe length;

/1,(x)  1s the horizontal displacement amplitude of ground = 8,70 x 107% m [Formula.(A.7)];
I is the wavelength = 128,09 m [Formula (A.5)].

A.6 | Summary of calculation results

Tabl¢ A.3 shows the calculation results.

Table A.3 — Calculation results

Pipe body stress (MPa) 22,53
Amount of expansion/contraction of joint (mm) +12,78
Deflection angle of joint +0°4'19”
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Annex B
(informative)

Relationship between seismic intensity scales and ground surface

acceleration

The relation
Seismic Inte

ST
nsity scales and ground surface acceleration are reported as shown in Table B.1.

chin hatwuwiaan calcmic 1ntancityg
oYW e Ot oIt e rroTT Y

cealac cuech ~c thao Modifiad Maoarealls TMA MSK and Fhina
SCae S-S ea ST e e e e ot a e

Table B.1 — Relationship between seismic intensity scales and ground surface accelératipn
Modified Mercalli Scale
Intensity I Il to III \% VI VII VIII IX 2K
Acceleration <1,7 1,7 38 90 180 330 630 200
2 to 14 to 90 to180 | to330)[ to630 | to1200
(cm/s?)
JMA scale (Japan Meteorological Agency Seismic Intensity Scale)

Intensity 0 1 5-lower | 5-upper | 6-lower |6-upper 7
Acceleration <0,8 0,8 8,0 80 140 250 450 00
2 to 2,5 to 25 to.80 to 140 | to 250 | to450 | to800

(cm/s?)
MSK scale (Medvedev-Sponheuer-Karnik scale)
Intensity ItolV \% VIII IV X XI to|XII
Acceleration <12 12 100 200 400 0
2 to 25 to 100 to 200 to 400 to 800
(cm/s?)
China Seismyic Intensity Scale
Intensity ItolV \% VIII 1A% X XI to|XII
Acceleration — 22 178 354 708
2 to 44 to 177 to 353 to 707 to 1414
(cm/s?)
NOTE “Seismic intensity” represents the strength of shaking at one place when a certain earthquake o¢curs.

On the other

hand, “magnitude” such as the Richter scale means the amount of energy of an earthquake its

the epicenter. Other Seismic intensity scale can be referred as per respective country code.

elf at

Seismic intensity depends on not only the magnitude but also the distance from the epicenter or soil
properties. For example, if the earthquake with small magnitude is close to the epicenter, the ground
will shake a lot and the seismic intensity will be higher, and vice versa. See Figure B.1.

20
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3
Key
¢picenter 4  strong shake (higliseismic intensity)
2 1agnitude 5 small shake (low seismic intensity)

deismic wave

Figure B.1 — Difference between magnitude'and seismic intensity scale
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Annex C
(informative)

Example of calculation of liquefaction resistance coefficient value

C.1 General

This annex presents an example calculation of the liquefaction resistance coefficient, F;.

C.2 Calcuylation conditions

C.2.1 Soillayers model

The soil laydrs model is shown in Figure C.1. The calculation point is at a depth of 3 m.
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Dimensions in metres

except for N
Key
1 firstlayer (alluvium clay) 5 ground water level
2 decond layer (alluvium sand) 6 calculation point
3 3:ickness — first layer 7  ground surface
4 ickness — second layer 8  bedrock
NOTH N is the equivalent’N value, which is derived from the standard penetration test defined|in JIS A 1219,
ASTM D1586 and BS 1377.test 19, etc.
Figure C.1 — Soil layers model
C.2.2 fGround acceleration for design
The maximumTgroummd surface acceteratiomo=3;30m/s* {correspomding toa Modifred-Mercalli scale

intensity of VII).

C.3 Calculation of ground shear stress ratio during earthquakes

C.3.1 Reduction coefficient of shear stress along depth, y,
This is calculated using Formula (C.1):
74=1,0-0,015-x=1,0-0,015x3=0,955 (C.H

where
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Y4 s the reduction coefficient of the shear stress along the depth;
x isthe depth of the calculation point from the ground surface = 3 m.
C.3.2 Correction factor for cyclic load of seismic motion, y,

This is calculated using Formula (C.2):
7,=0,1-(M-1)=0,1x(7-1)=0,6 (C.2)

where

Y, isthe correction factor for the cyclic load of the seismic motion;

M is the magnitude of the subjected earthquake = 7.

C.3.3 Total load pressure at the calculation point, o,

This is calcylated using Formula (C.3):
Oy =Y11[ My 712 (X =By )=Vi1c Hy 7115 (hy —Hy )+ 7155 (X))
=13,73%1,0+17,65%(1,5-1,0)+19,61x(3,0-1,5)=51,97 kN / m? (C.3)

where

o if the total load pressure at the calculation peint, in kilonewtons per square metre (kN/m?);

Y11 i9the unit weight of soil at the position above the ground water level, in kilonewtons per
clibic metre (kN/m3);

w  idthe depth of the ground water-level from the ground surface = 1,5 m;

=

Y1, i9the unit weight of soil at the'position below the ground water level, in kilonewtons pe
clibic metre (kN/m3);

b'¢ id the depth of the calculation point from the ground surface = 3 m;
Y11 idthe unit weightof clay at the position above the ground water level = 13,73 kN/m3;
H;  igthe thickness of the clay layer (first soil layer) = 1,0 m;

Y11 i theunit weight of sand at the position above the ground water level = 17,65 kN/m3;

1 dela 14 P RN o d o 1 143 Lol £l | 4 1 ] 1
’}/125 1 LIIC UITIU VVCISIIL Ul Sdllu 4dt U1IT }JUblLlUll UTIUVYV LIIT sl UUulIlIivu vwdicl ICTVTCT = 1

C.3.4 Effective load pressure at calculation point, ¢/,

This is calculated using Formula (C.4):
Oy =11 My +712(X=hy ) =Vi1c Hy + 7116 (hy —Hy )+ 7155 (xR,
=13,73x1,0+17,65x(1,5-1,0)+9,80x(3-1,5) =37,26 kKN /m? (C.4)

where
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o, is the effective load pressure at the calculation point, in kilonewtons per square metre (kN/m?);

711 istheunitweightof soil at the position above the ground water level, in kilonewtons per cubic
metre (kN/m3);

h,, is the depth of the ground water level from the ground surface = 1,5 m;

Y1,  isthe effective unit weight of soil at the position below the ground water level =y;,-7,,, in
kilonewtons per cubic metre (kN/m3), where

Y,  isthe unit weight of soil at the position below the ground water level, in kilonewtons per cubic
metre (KN/m?);

is the unit weight of water = 9,81 kN/m3;

X is the depth of the calculation point from the ground surface = 3 m;
11c  is the unit weight of clay at the position above the ground water level = 13,73 kN/m3;
i, is the thickness of the clay layer (first soil layer) = 1,0 m;
11s IS the unit weight of sand at the position above the ground water level = 17,65 kiN/m3;

12s IS the effective unit weight of sand at the position below the ground water level
=Y12s ~Yw =9,80 kN/m3, where

12s 1S the unit weight of sand at the position below the ground water level = 19,61 kN/m3.

C.3.5 Ground shear stress ratio during earthquakes, L

This is calculated using Formula (C.5):

(o2
1=%y, 7, 22 23300 9550 pxord’

g 45 79 81 37,26

=0,269 (C.5)

wherte

1 isthe ground shear'stress ratio during earthquakes;
¢ is the maximum ground surface acceleration = 3,30 m/s?;
g isthe ateeleration of gravity = 9,81 m/s?;

4 isithe reduction coefficient of shear stress along the depth = 0,955 [Formula (C.1)];

~Zis the correction factor for the cyclic load of the seismic motion = 0,6 [Formula (C.2))];

o, isthe totalload pressure at the calculation point = 51,97 kN/m?2 [Formula (C.3)];

. is the effective load pressure at the calculation point = 37,26 kN/m? [Formula (C.4)].

© IS0 2020 - All rights reserved 25


https://standardsiso.com/api/?name=3698d4209e9e31a56dbce4a20e533b81

ISO 16134:2020(E)

C.4 Calculation of dynamic shear strength ratio, R

C.4.1 Equivalent N value, N,
This is calculated using Formula (C.6):
N, =Cy-N=1,62x8=13,0 (C.6)

where

Nl iS t C C\.iu;valcut IAV, va}uc,
Cy is the coefficient of the equivalent N value = 10><9,81/6'X =1,62, where

o', is the effective load pressure at the calculation point = 37,26 kN/m? [Formula (€.4)];

N istle N value at the calculation point = 8.

C.4.2 Added modified N value, ANy

When the small grains content F, is 5 % at the calculation point, added“-modified N value ANy is 0
according tq Figure C.2.

Yi
12

10

8

o
1=
(@]
)
o
w
o
-~
o
Ul
o
<V

Key
X  small grdins content, F%

Y added mpdified N value; ANy

Figure C.2 — Relationship between F_and AN

C.4.3 Modified N value, N,
This is calculated using Formula (C.7):

N, =N; +AN; =13,0+0=13,0 (C.7)
where
N, is the modified N value;

N;  isthe equivalent N value = 13,0 [Formula (C.6)];

ANg is the added modified N value for small grains content = 0 [Figure C.2]
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C.4.4 Dynamic shear strength ratio, R

Dynamic shear strength ratio R is determined by the modified N value N, according to Figure C.3 and
Formula (C.8). The shear strain of y = 5 % is selected.

R=0,15 (C.8)
Yi
0,6
0,5
Y =10 %45 %7 2 %}
i
0,4 4
]
=77
0,3 /
7/
/ /
AW 4
0,2 -
//
0,1 e
0 B
0 10 20 30 40 X

Key
X  rthodified N value, N,

dynamic shear strength ratio in saturated soil layer, R
y  ghear strain

Figure C:3™— Relationship between N, and R in saturated soil layer

C.5 | F, valuecalculation

This|calculation of the value F| is made using Formula (C.9):

I, "<R/L=0,15/0,269=0,56 (C9)

where

F| is the liquefaction resistance coefficient;
R isthe dynamic shear strength ratio = 0,15 [Formula (C.8)];
L isthe ground shear stress ratio during the earthquake = 0,269 [Formula (C.5)].

Consequently, the soil layer at the calculation point is evaluated to be liquefied for the assumed
earthquake, because the liquefaction resistance coefficient F| is less than 1,0.
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Annex D
(informative)

Checking pipeline resistance to ground deformation

D.1 General

This annex
deformation

presents examples of the safety checking of ductile iron pipelines for resistance to)gr
caused by earthquakes.

D.2 Example in pipe axis direction

D.2.1 Spe
The exampl
a) Joint:

b)  Amou
c¢) Numb
d) Pipelq

e)  Assunj

f)  Reduc
contra
D.2.2 Res

cifications and conditions
e pipeline and conditions are the following.
earthquake-resistant joint
1t of expansion/contraction of joint: B = £1.9% (ratio for pipe length)
br of joints: n=20
ngth I=6m

ed ground strain in the pipe axis direction:  &; =0,5%

[ion ratio of the amount of expansion/
ction of joint for ground displacement: f=0,5

ult of safety checking

D.2.2.1 Tdtal amount of expansion/contraction of joint, E;

This is calcy
El :ﬁ‘n

where

lated using Formwula (D.1):
[/100=1x20%6/100=1,2 m

pund

(D.1)

B is the amount of expansion/contraction of the joint = £1 % of pipelength;

n is the number of joints = 20;

[ isthe pipelength = 6 m.

D.2.2.2 Ground displacement in pipe axis direction, 6,

This is calculated using Formula (D.2):

8, =f-€;n1/100=0,5%0,5x20x6,/100=0,3 m

28

(D.2)
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where

f  is the reduction ratio of the amount of expansion/contraction of the joint for the

placement = 0,5;

&; isthe ground strain in the pipe axis direction = 0,5 %.

D.2.2.3 Result of safety checking

ground dis-

Wheh E; exceeds o, (E;>9,), then the pipeline can absorb the ground displacement-ahd has been
safely designed for ground deformation in its axis direction.
D.3 | Example in pipe perpendicular direction
D.3.1 Specifications and conditions
The ¢xample pipeline and the conditions acting upon it are as follows;
a) Joint: earthquake-resisfant joint
b) Maximum deflection angle at joint: 0=7°
c) Number ofjoints: n=12
d) FRipe length: [=6m
e) Assumed ground displacement in the pipe perpendicular direction: 6. =3 m
D.3.2 Result of checking
D.3.2.1 Maximum amount of displacement in the pipe perpendicular direction, H .
This|is calculated using Forruila (D.3) and illustrated in Figure D.1:
M. =!x(tan6+tan26+tan360 +tan 20 +tan6)=6,0x(tan7°+tan 14°+tan21°+tan 14°+tan7°) (0.3)
=7,0m
whefe
]  isithe pipe length = 6,0 m;
@ s the maximum deflection angle at joint = 7°
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