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ABSTRACT: Natural gas transmission pipelines transport the natural gas at elevated temperatures and Review History:

high internal pressures. The pipelines will expand when they are put into operation under the influence  Received: Aug. 24, 2019

of increased internal pressure and temperature. The movement due to such expansion is significant for Revised: Nov. 07, 2019

large diameter pipelines which operate at high pressure and elevated temperature. The pipeline needs to be  Accepted: 2019-12-01
restrained near compressor stations in order to prevent the transmission of such movement to equipment  Available Online: Dec. 10, 2019
and facilities within the station. Concrete anchor blocks are commonly used to restrain the movement

of buried pipelines on both sides of compressor stations. Anchor blocks for transmission pipelines are  geywords:

usually massive because of the high axial stress in the pipe which results in large thrust force. Current Anchor Block
design procedures are usually based on providing an adequate margin of safety against block sliding, Pioeli
ipeline

Design Method

block overturning, and soil bearing pressure. This paper presents the results of an analytical study on the
response of soil, pipeline, and anchor block at different operating pressure and temperatures. Nonlinear
finite element analyses which include modeling of soil-pipe and soil-block interactions are carried out to ~ Finite Element Analysis
evaluate the design procedures. The results indicate that the concept used in the current design procedures — Soil-Structure Interaction
is fundamentally flawed because it is based on controlling forces rather than displacements. Based on the

results of these analyses, a more rational design procedure that is based on controlling the displacements is

introduced. The proposed design procedure results in a substantial reduction of the size of anchor blocks. .

1- Introduction

Natural gas transmission pipelines transport the natural
gas at elevated temperatures and high internal pressures. ®>
When the pipeline is put into operation, it tends to expand
along its length due to internal pressure and temperature. In
buried pipelines, the pipe movement due to such expansion is
fully restrained by the surrounding soil except for a relatively
small length near the ends where the axial displacements
are significant for large gas transmission pipelines. The
large axial displacement may cause serious damage to
equipment and structures attached to the pipeline. To reduce
the axial displacement, the pipeline is usually restrained near
compressor stations by anchor blocks. Massive concrete
anchor blocks are commonly used in gas transmission
pipelines to resist the high thrust force resulting from the
internal pressure and temperature Fig. 1.
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Fig. 1. A typical anchor block

parameters. Duncan and Mokwa [3] conducted two series of
field experiments on a 900 mm x 1900 mm x 1100 mm anchor
block. In this study, the calculated passive earth pressures
from different theories were compared to the test results. The
logarithmic spiral method with 3D correction gave the best
estimate of the measured maximum passive force, and the

The previous studies on the performance and design
of anchor blocks include research by Al-Gahtani [1] who
developed a simple procedure for the optimum design of
anchor blocks. He used Rankine’s theory [2] to compute
the active and passive earth pressures on the anchor block.
Friction forces on the sides, bottom, and top of the anchor
block were taken into account by using a specific coefficient
of friction between concrete and soil. Block sliding, block
overturning, and soil bearing capacity were the main design
*Corresponding author’s email: vasseghi@iiees.ac.ir

Rankine method gave a reasonable estimate of the force. The
performance of buried steel pipelines subjected to relative soil
movements in the axial direction was investigated using full-
scale pullout testing in a soil chamber by Wijewickreme et
al. [4]. Test results were compared to the requirements of the
design guidelines [5]. The results showed that the guidelines
gave a very conservative estimate of friction force between
dense sand and pipeline. For loose sand, the measured and
the calculated friction forces were in very good agreement.
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Fig. 2. Forces acting on an anchor block
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Fig. 3. Anchor block forces vs. temperature

The objective of this paper is to evaluate the response
of the anchor block when the pipeline is operated under
high internal pressure and temperature. The current design
requirements for the anchor block are evaluated and a more
rational design procedure is proposed.
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Fig. 4. Thrust force vs. anchor block displacement

2- Current Design Procedure

The current design procedure is based on the assumption
that the anchor block fully restrains the pipeline and the
pipeline thrust force resisted by the anchor block is calculated
using the following equation [6].

Q, = A[(0.5 —v)S, + Ea(T, — T,)] (1)

Where Q= the thrust force, v = the Poisson’s ratio, £ =
modulus of elasticity, 4 = cross-sectional area of the pipe,
T, = the maximum operating temperature, 7, = temperature
at the time of installation, and S, = hoop stress due to fluid
pressure. The forces acting on the anchor block are shown
in Fig. 2. The driving forces are the thrust force (Q) and the
force resulting from the active soil pressure (F). Resisting
forces are the force resulted from the soil passive pressure
(F); and soil friction at the bottom, top, and sides of the
anchor block (FR,, FR, FR). The dimensions of the anchor
block are calculated to provide adequate margins of safety
against sliding and overturning of the anchor block as well as
soil bearing failure.

3- Analytical Study

Nonlinear finite element analyses were carried out on
167, 307, 42”7, and 56” gas transmission pipelines in four
types of soils i.c.: dense sand, loose sand, hard clay, and soft
clay. The anchor blocks were designed by the current design
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Fig. 5. Distribution of forces near the anchor block
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procedures. Analyses included modeling of soil-pipe and
soil-block interactions. The operating pressure was 1050 psi
and the differential temperature varied between 0°C to 65°C.
The force and displacement responses of the anchor blocks
were evaluated at various operating conditions. Fig. 3 shows
a typical force response of the anchor block. As shown in
this figure, the friction force reaches its maximum value at
45°C temperature. Sliding of the anchor block beyond this
temperature increases the rate of the passive soil resistance.
However, the sum of the passive and friction forces (indicated
as TOTAL in the figure) is less than the thrust force calculated
in the current design procedure, i.e., Eq. (1). The reduction
of the thrust force is attributed to the movement of the block
anchor.

Fig. 4 shows the displacement response of the anchor
blocks. It indicates that the total force resisted by the anchor
block (i.e., the thrust force) decreases with increasing anchor
block displacement. These results indicate that the concept
used in the current design procedures is fundamentally
flawed because it is based on controlling forces rather than
displacements. Furthermore, the thrust force is significantly
overestimated because it is based on a fully restrained anchor.

4- New Design Method

A new procedure for the design of anchor blocks which
is based on controlling the displacements is proposed. The
maximum allowable anchor block displacement for typical
pipeline configurations within compressor stations in Iran
was 20 mm [7]. In the proposed design procedure, it is
assumed that the anchor block would be displaced 20 mm and
the thrust force acting on the anchor block (Q) is evaluated
based on this displacement (Fig. 5). Empirical formulas are

developed to calculate the actual thrust force on the anchor
block. This force is considerably less than the thrust force
evaluated in the current design procedure (Q ) and thus, The
proposed procedure results in a substantial reduction of the
size of anchor blocks.

5- Conclusions

A new procedure for the design of anchor blocks is
proposed. The proposed design procedure results in a
substantial reduction of the size of anchor blocks.
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Table 3. Maximum displacement and axial force in
pipelines without anchor block

OWoyumds iSTas Jbd Jsb (o 510> (55970 (595

Ayl sl Ay bs i 5y9me (Qo) S y95 e
(mm) (m) (kN) kN) (in.)
V¥ o AOY - INE o8
v v AfA. AS <A £y
Yo vo- Vo FAYE Y
0 ve. VEQ. \OV$ Ve

Cawloos a8 § a5 o pade O gy ol L
¥ omey ghaw 5l Ayl 35 5e Ges H gl b D salal ) ool o
TogSw > j0 S jlad o K oS 5o ogase (9
Slalllas bl p ailos Zolw o " J3ls Silasl a3 8
Jolas i 48 5K ol YT S 5 05505505 2K le)]
uuLw‘ P ‘5.4l.> ).J Slasin w‘o..\.w 4.._9; )Jd.‘ o V\Os <IYY
S il (g5, dion Cawlodd ot ol S Slasis
ol b 5Blie SVl S i 5 (10 ala 5l gl Jsbo aly o

Sles Cawsay (V) abalfy 5l 5,0

P, =N,cD+N,,7HD ()

Ap =0.04(H +D/)<0/15D o)

S Sy Canglie 5 (6 )L Canglie ol 2 o315 ;5 Slasin
g Nlce Cawoas VY galal, 5l o)lid g9y didn Casload
Lople sl als Sl g5 cnl b jBlie Sl (80 s
oy Aoy 2l o YD Lyl i S gl 5 +/\D
Bl SVl e s 5 lose sty V¥ salad 1 S

il IYHL plyp g cnl b

2

_ D
R =NeD+N,7HD+ N,y =~ av)

F,=N,cD+N _yHD \Y)

2 Coefficient of earth pressure at rest
3 Angle of internal friction

F,
. o e e
% /'
2 / F,-F,
’
r
’
7
! ] .
’ ' il T T
4 :
/ ; == S
i :
I — b
i P
Iy s ]
4 :
Ao i :
L2 A, -’-‘P e puads
.
Fy

S S il gilw o gl Jolee 58 (K0 ki g i 5lo 905 .5 S
Sslig

Fig. 6. Equivalent spring properties for active and passive
soil resistance

Slad 31 oS bl g Jls jlad Jleel GGl Ll el jo 0 Jg
Ay b Jsb o)l gzy alike ol 5 5 US55
Joe e O Joay Lol Ve e L aS sl 2 B0 -
0 Jolsd 15 5 o peé sloyid b gl o S 2,0l el
S 5 s L e Sob s SB Sl 5 S ) e
iloads 5lw Joe

S F USs 0 gl g S LSl g5l o gosms
do 3\ Sy s e slayis b aly) s SIS il oadons
Lilgo lol 5 wiad g5l and @B 5 (Sl w6 e Cux
@ axg b oy cpl Slasie [V gdae dgf bghs )b
S ol SB L algd o0 5 S Slasie Lolul 5 1>l s,
Sl S Slazin wlol p (5 970 8 glo ol b Lasuls
ol S Glasie Goluly ool 8 sl el 5 alg) GBlLI
LS 5o g 0 S Slasie 5l AiSp p0 @SB 8 sla el
Cwloads oolaiwl Lol S olasioe
sl B, 5 ol ) S 0] a5 L 5 9o 28 s
aloas sV T gde alg) bghas oL Lalgs bl

Sgdze s>l e

K,+1

T, =zDHYy tans QY

3>l 5o lawle S (970 (§9 0 ainion algs (I b gollas
lite SVl e s g Wl oo sty A galal) Sl alg) Jsb

1 Winkler spring

VEEA



e FY gl b
AN e

mm 256E-08
.010741

5 .Dzl48l1

: 032221

AJ” s ‘—“J’b ‘—"J'L,Db E 042961
= - 053702
0 - 064442
B 075182
- 085922
036663

VIND=2

E-L-K-N

= B49E+07
-. 7S5E407
-.660E+07
-. 566E+07
=.4T7ZE+07
-.3778+07
-. 2838407
-. 189E+07
-943508
-422E-06

e s gy g

B000R0CEN

42" PIPELINE - WITHOUT ANCHOR BLOCK

gl 17 syl b

AUG 28 2010

.173E-08
= . 005711
) o -orsEs
ol las ol lels 0= 0T
’ B -020es
O 028857
= .034265
= .03998
Pt = .045692

-051403

o
58
=

=2
d?’ L S S -, 149E407
E -.133E+07
-.11EE+07
=996173
-830144
-664115
-498086
-332088
-166029
74SE-08

A00CEO0EN

16" PIPELINE - WITHOUT ANCHOR BLOCKE

L AT L Y I —
e ¢ 5] AN 7 ave 26 2010
4 10:35:06
E=L-K=N
. 145E=-08§
- 012667
E 025332
dof s Job bl m i
2 [T B 0sosez
o -9s3328
G . 075993
E . 088658

Pl - - 101323

- 113989

WIND=2

E-L-K-N
=.153E408
-.L36E408

2=

algl las oiams 4

=.119E+08
-.10ZE+08
-.85LE+07
-.6BLE407
-.51LE407
=, 340E407
-. L70E407
.Z74E-05

000R00NN

56" PIPELINE - WITHOUT ANCHOR BLOCK

E—‘{‘ Y+ galgl s NN | #ve 28 2000
’ . 10:29:25
E-L-R-N
. 597E-07
. 008363
016726
02509
.033453
.041816
.050179
058542
0669305
.075268

Ayl las oo loxl

j000moDEN

=2

e
R

N

-. 4758407
. 4Z3E407
=. 370407
=, 317E407
=.Z64E407
-.Z11E407
=.158E+07
-. 106E+07
-528323
430E-06

gl g jame gy

A00CEE0oN

30" PIPELINE - WITHOUT ANCHOR BLOCK

o Ssb (g Aol s Ll (g 50 Ber Job )0 (55950 (S99 (lmlr Hloged VS
Fig. 7. Displacement and axial force along S00 m length at end of pipeline without anchor block

Sob skl 93 50 S pglie JLad g S e JLad 5l (L0 LS, 4
b e Jobe 18 SOl sl b (active ¢ passive L))
OB piiog e Jloged (B JS) Wk ile a4l K00
Soly sl 90 j0 S S e g pslie JlE) anly a5 Jolee
5 SasS Gl s o cawloads &l £ S o ol e
(S S 95 S5 o8 g lp oY O 39 D,
Sor S5 slede SI pglie (69 i 5l Joleo ;8 (S
Ao Gaple pds @l Wl (oo cansts A SIS e
S S e g pglie 950 90 Sl ) Jolae 128 59,05 A, ]
D I W e B T R e s
Sedlhy ©y90 4 Jolee 58 (S pglie s95 S5 e sl
polie 9 S ,ome jLid 5l (AU (9,00 Sl Caload (28 S
Y Ls, 5l oolial b SWlaol 3 56 sgy0 cypizan 5 S
b bulgd Gulsl Bl (gla) Ty 5 il ooy dslore A

1££4

b ol pd Ny g o NG Ny NN eN, N 368 Ladlg 5o
Lylgs 1o 7 000 sl loges ¢ Lalg, loolaiul L aS il oo S
il oo cawsts VY ] gdae dg) bghas )b
g algd b a Cod Yl Sl Son olal 4wz b
ailea jlee Sob )18, (S L (S obj SoldS (pizmesn
g el fate ) 4 b Sy 5l a5 wil e ko dakid S
e Sl 1 el oled 53 Jlee Ssby BLLI S L Ks b
SL Syl aS bt e sle b olyen 4 oFaSS S Ojg0n
Sibodde sl Ceslond (giluJos wiiS o (g3l 4 |, Sl
SBlasl 5l (L50 ,L3; aSul 4 azxgi b les Sob 5 SISl
oS b 18 g0 sl ] Dglaie S Lis 5l Lol s, b
Sibe et o askad S5 Gl ) Sl Sk b S Syl
5l sl i Shasl 5l 56 L, alonds ssliul 08

(SShaol 128) Srudly gVl s 8 128 S b o Glbl S



VEOA B VFFY docio VFe v Jlo o oyl O )93 pusS pual (e (wrbies 4yt

V-89S

NN 5 e 25 2010
17:23:40
E-L-K-N
.2428-07
= . 004548
o bas Lol o= -00%096
5J ._Jjb P = B
e
0O -0
0 027287
= -0
- I
.040531
VIND=2
. . E-L-H-N
) L (y5me g4 1531408
o 5 -. 1198408
B --lozmsos
= =.BE52R407
[ B
O --sureor
0 -0
B L70R07
.1528-08
$6* PIPELINE - SOIL 2,

F-g5 S

2648-07
. D04695

. 009389
algl las Jobo lomle 014084
. 018778
.0Z3473
. 028167
. 032862
. D3I7556
042251

.
B000RE0EN t

8
5§
=
oL
]

=.153E+08
=.136E+08
=.119E+08
- 10ZB+08
~B5ZE+07
=.681E+07
-.S11E+07
=.341E+07
=.170E+07
.1528-085

4l la gy5me gay

100CBO0D.

56 PIPELINE - SOIL 4,

V- g5 S AN 5| 2 20 2010
: 12:30:57
E-L-K-N
. 1228-07
= 004118
o 908236
: 012354
‘JBJ s u.«JBb s.HL-"L" E 016472
T
| 024708
B -oeeze
o
037061

=.153E+08
= =.136E+08

=.119E+08

ol las (g)amme (g0,

= =.10ZE+08
- 852K

- 407
[ =.681E407
= - SL1E+07
=

< J4LEOT

[ 170%
] - +07

.1692-08

$6€° PIPELINE - SOIL 1,

Y- &5" S m WO Ae 31 zoao
. 10:30:18
E-L-K-N
. 139E-07
= . 004244
. . 008488
o) b ol lsel> B o
(06876
O -0z
O -02sesd
.029708

E .033952

. 038195

VIND=2
E-L-K-N
=.153E408

gl las gy 2

=.136E408
=.119E+08
-.10ZE+08
=.852E407
-.681E+07
=.S11E+07
=.341E407
=.170E407
-152E-05

10000E00N

£6° PIPELINE - SOIL 3

Mo Sols b sl OF algh s skl (s 50 Bee Job 55 (83970 (89585 9 (st lilr loged A S
Fig. 8. Displacement and axial force along 500 m length at end of pipeline with anchor block

@l 4 a2g b Gl Ssh g gl 07 dgd L) ol %
S B0 llow sledoe ples sl Ayl Jsb o Slesite slafelos
Oygods g 9 e gl Sl 90 0 (5500 Laalyh a0 S e
axys g o s Jleel b g l0550 5 ab a3 S o o]
S s e sy s a4 ol sl Tdly slpldl & &l >
el s Rt 5] (a5 Jlan Sl 5 4l S
Slad oo 5 Jleel dg) las a4 al> o aiz o Les g s jLid
Lod L g 50,5 Jlael alg a4y (V- 0« psi) L VYl &

1 Pipe elements

2 D0 gV IS g85 ot Jgol 5l V] (gdoe dlg) bglas
Cewloauds M;).la.»
e ly) sk glode 5 pge slayil b 3l S0
b (il Jore 5o gl Job adlo (il Je sl gl Job
2l pian 995 oo bul> Lo g jlad 1 cos a5 dg) Jlad Jobs 5
b 5 g sl s glite 5550 Lulpd Jlasl ook
Sleaie slo Julow sl b Jsb ol asdllas cpl jo 0,135 o
205 et Ay g8 el po wolite (6500 Ll pd Jloel
YO+ sSlas Jud Job a5 0408 (ain Sleade slodod gl

Vg0



VEOA B AVFFY doio VFe v Jlo F 0yl Y 095 ¢pusS ol () po i 4yl

Y-Sl ge V- S ge
25000.00
20000.00
—+—FRICTION %
= 15000.00 —+—FRICTION
—m— PASSIVE ; —m- PASSIVE
—a—TOTAL q. —a—TOTAL
——Qo-(8g 1) % 10000.00 ——Qo- (eq. 1)
5000.00
T T T 0.00 T T
0.00 20.00 40.00 60.00 80.00 0.00 20.00 40,00 60.00 80.00
Sl il - &l 4z
- gs
——FRICTION —+— FRICTION
—a—PASSIVE —m— PASSIVE
—a—TOTAL —a—TOTAL
——Qo-(eq 1) ——Cio- (eq. 1)
0.00 20,00 40.00 60.00 80.00
Sl - Syl ax SpSile - oyl azpe

Tl 07 (s dyd sl p il Glo )l 4z )3 )0 Hlee Soly 12 9,19 gy slaloged A S
Fig. 9. Anchor block forces vs. temperature for the 56 in. pipeline

4J5J USO J?bo g51»0‘ S 9 o wlj O)L) )‘)—9 U] &-J)jl?h& L
g o 4] it o 4 Lol 13 0,8 o 3l gl L Lz,
Al Gy Wyl bt Slasl e Lol slacS B ples gl
L Sop7e o 5 Job Ol lajloges V JSS
Ll 5 (el Joe o) aly) bokas sl e+ o 5
J.SLA} \)5...0‘5& oddlin a5 AJ;OLQ.(& .J.(bb‘sa uLAM) LS)“))'.'OJQJ.
@lraly ol 5 e s ) Ayl bl ol el o alraly
VL] & Wl o olls ol ol Al o teskio B) 5 YD
VO USE ogd eslital dyf bels Jsb ey S gl
) g 151 i 3 5 5mn 530 45 385 g0 LS it
Lok slesl ) a0 T+ leboli 1 5 ail e o i
Sl da fdow bl ululp d e 055 JiSTas jlade 4y g
ey a gl VP g Ve Y 0F Ay Lol (5 j9me 595
Y J5A> )0 ML’@ ‘_}.:9»91,5 YfFa. 9 st(h' AFAQ- NAOY ..

Cwloadds ML?LA \ 4.‘0)‘) )‘ oolawl L» 45&&3‘)91.: Y ) ‘55).:4

V€0

(>0 2 0 0°C) ol 5 il az 0 VO C L-°C 5l al> 0 VO o
A ools yol3dl

b ol s —F

VE g Yo FY 0F alg Lshs sgame 13zl sla Llss
Ol s o plosl Jlee S5 b g 5 sl Ssly o il
FO &yl g L VY 5 Led) 60 bl o b Judss
Sols e Ao bz o casloads aslf aalol jo (ol 5 gilw a> )0
Slanle SB g alg S 0l @ T rasie dlgd s Jsb L3, 0l
J}L lJ 4.]5.‘ Jask} ) 39 S| 4.».....:‘9 .))‘é)‘)é U] k_:)aL?bo 5o as
ol b L)l » i Jlee Ssk Sl Jore S g9l
.Q)L‘)«fgs;o
Sl Soly g gl las —F )

oo S g gl b5 o 5 sgame T2l Joe
Silodse slp Sy slayis g dgl b lexl e B0+ Jold
G000 oy o aS pl 4y azgi b all oo alg) 9 S5 1S )0l
d Jsb alralr el bos 5 (LSS JLad Gaal3dl ) 5L Ll
oS Glawls S g dlgd 23S 00l s 1o alg) Las )18, 098 oo



ouds &3yl bulgy 3l ooliiwl U gl o 5 920 (G930 pwolio .F Jouo
Table. 4. Anchor block thrust force calculated by the
proposed equations
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Table. 7. Anchor block dimensions for soil type 3

(A=20") o5 yois bl 2 (2150 s Py 4 Jglie (> 5b s
oS ol ; ;
g x> (WxBxH) ,keo Sals ol S > (WxBxH) e 5 by olasl S dg
e Sl (Q) g9 Ssb Q) 5397 i)
(m?) (m) (ton) (m3) (m) (ton)
At VY YAD x )F x FN Y0 YAVO  YVIY  x AF x Y Voo f o8
74 122\ VA x4 x YA ) YO\Y O YYY x A\YF x ) ASY Y
0% ¥o- VEN x YN x YD Y04 Vo VA x Ve x YA FA) ¥
150 ¥ SN x Y x YA ¥ VAD VOV ox o OF x YIY V- Ve
P e S 40 sl Sob clasuive A Jsuz
Table. 8. Anchor block dimensions for soil type 4
(A =20") K0y ool p (2150 o (99 4 Jalaie (> 1yb
ROl e (WXBXH) o Sobolyl 9 P> (WxBXH) oo Sl syl S oy
[C)
Sk o2 Sl Q) oo Sl @) (in.)
3 m t 3 m ©
(m3) (m) (ton) (m3) (m) (ton)
At VAYY YA x \FIA x BIY aro YEO-  YUF x VAUA x  FIF Voo f N
700 AYY YOf x VY ox f ) VPAF YAF x VEY x FIY ASY Y
700 ve VRN x VY x YIF Y04 YYA YeF x VY x YD FAN ¥
/84 ov SY x YN x YA 5f VA Veb x OY x YIY VO- Ve

Sy U Gl Sl g S g dly) o SKlaol (59,
o) o SBhsl 5 ke Ssb slrals 4 ks jleo Ssb 1 o)l

e (28,5 Sk 0 b e i elel (b by, 0

570 5955 (Appoer ) slee S5k sl plalz (sl pasia

Laclive = 2A E AbIOCk ( ) ?)
\ Tu

2kl SHONY IS8 by s ol lal 12 (Q) Sl 2 5
] oo Cawddy

Golz o a5 Ayl b2l age 5 S e Skl 5l 56 6950
& abl) 5l g Sl g 2R Ll pgiae S 0 Sl
Dl o Cwdds

«Sob ol ;5 dlyf SWhacl 5l 86 955 By ilyy 0l 5

> 0gb aid I ke o algl au bl o sl ol lre plralr

2 3)ls 65970 $9,m lee Sob jbre ol (il BIL g, ol

Q:QO _B;ack_Pfront (\f)

e S S5k sl a3 5 e S5
S 1y ) B2 5 Jen Soh 3 s (slagei V) S
b3 gy97m0 9w 5l it Hlae Ssb slral> Sl e aes s

1

P :EX];XLﬁ’ont (\O)

front

sz 50 Ay e Jsb 9 SIS o Sl (59,5 L Q) Uy
kS"“} (Lactive) Jﬁb Sy ‘dﬁ'l Jl*e Jﬁb 9 (Lfront) “551"
e S22 Q) Jlee Sok 2 9)ly (595 AU 3 9 0050

Vgog



Olnl S drug g (qwaige &S00 o glaaldds lol p les
e wlbals wdlae ol wls el JDF T caslous alol
Fooee Voo 2Shas plpl 58 JUslh dgd bohs 6l les Sob
lralr b ol oo canline ¥ a0 a5 jobjlas all o
Mo Sobs p 0jly (55970 (5955 iendis Vo (i 4 jlee Sols

b oo oS o OV B T

o9 9 ke sloSsl (Al Jyluio gy dmlio —F -)
e
G959 b Joliie gy amslie 5 (o p polaie &
s ez iy Ssb sbal (ol a5 bl (Sb) o
Jolaze bs, 5l eolid b 1) le Soby slasl A 5V & b sl
Gh9) S s LA e oS elel 2 (Alb ) 5 Aok
Ve ol sl Sol e plrale (e i ulul (b
e\bLa...w‘ la ‘ow c\b)’l.a c\S_aL._) WJ‘OM M; )JaJ )b )...o...l...a
FF Ol & sl Sok o2 lee slaSshy (b o (b, 5

Slbo yrolS o ,0 AL

G5 Al g o o —F
or 9 Jelod Sua dgaze szl (g, 5l aalllae cnl e
Sbid iy S gl slaoliimsl (2335 )3 (ygdae dlg) bghas L3,
Sz @lp 8 Jlasl bz e slaSsh L) cuslonds oolazul
S8 adllas 050 S g9 Loz 10 5 (i) OF Uzl VF) dlg) e
S g dg) bz e Sl gloJoe b addllas pl ool a5
oS yged Blod b s e Sl gla o sl g G b
o2l Casloads plosl (6,00 0,50 5 (g3l of ) pln jo Los 5 JLid
B 5970 95 Sl Sk e 9 Gede dlgl bghas 5@
S g dy) o SKlaol huy Ay b 5 o g ,Lid
ko 45 g 3 slegil 51 abiss b Jobo 53 ol 1,0
s ygue alg) s bluil g 058 oo jlee 998 o0 0aal Jled
dgd Lz Jled Job ano o 7,y dg) bas Jlad Jsb oogae o

Sl o Gl L 5 JLid Gl s Iyl il

V€00

o) oot Shacl T, 5 Sob ook o oy psine Jsb Ly
bl o (Bugr) Ssb cuty po Sacl 5l (36 (55,05 aplxe

Pback = ﬂ’ X 7:4 x Lactive (\ V)

mm ( \ A)
Ablock -5

A1=03+0.7 >0.3

block

2 &SI 5 ably Sl oslanal b (L) o) Jlad Jobo el 03¥
00,5 drlos ol gl atinia¥l Joan B g ahaie o A" )]
b o sy (Buy) Sob caty s Sishal 26 53
ol gl b Jsb jo SBhasl s9y8 @ie 092w 9 W) JUud
Slasl 69, a9 45 el osls Las VY ) | iy ladlas
Sl 0 g et Dygot (o5 Slal> 0 Hedae sle Ay
$lr slp 2y By, bl ol el 39S, T s S 5 L
iy Aol o a5 00,5 e ity (Bugr) 508 0l amlns
ool alaly )5 Sy STl (£, 355 0570 4 45 Cel
Gl b9 So bl Sygod (VA alal)) oy cnl anlrs sl
szl sl elos @l L OF aal) 6557 95 Slowls olie

el o] Cawdds Sgaza
sl grl V5 T Y D7 dyf bolas (g)9om (g9 polie
398 Laly) wbolp fecka Yo g Ve Vel 4 Sl plal>
Goy Olime a5 220 oo lis Jguz cpl Casloass 611 F Joas o
& 2L Sl Sob bl lBIL e Sob )]s 5597
b o aldl 2alS gyeme g9yl ool (sl adl b
Wyl 15 e o e Ssb alraly sl oYl sl
Sob (005 )0 df (Sy97e Sax M @ Az b oo S Ll
wiboed Gl bl )3 Ao b A5 Candy (A JS2) )l
Soh SwnsVl Sblesil o 15 lBl sl Sob olral> Js
Sy V¥ (JSB 0,5 )15 ax g 0550 Cosl 3V 45 39800 )lee
a1 s sl cens¥l Sl 5l digas Sy 45 i
or ghie 4 (oalr 15 Jolod adlllae ass e plas Sl
Sob sl plraly Sl s 5 dg belas bl )3,

1 Pipe stress analysis



[2] Duncan, J. M., & Mokwa, R. L. “Passive earth pressures:
theories and tests”, Journal of Geotechnical and
Geoenvironmental Engineering, 127(3), pp.248-257,
(2001).

[3] Irsyam, M., Gantina, R., Valianti, M., & Himawan,
A. “Remedial action for the movement of buried gas
pipe and anchor block on a very soft soil due to fill
embankment”, J. Indonesian Oil Gas Community, 10(1),

pp.13-14, (2007).

[4] Al-Gahtani, H. J. “Optimum design of buried pipeline
block anchors”, Practice Periodical on Structural Design

and Construction, 14(4), pp.190-193, (2009).

[5] Gupta, C., Imran H. “Thrust Block for Pipelines - Case
Study of Water Supply Scheme for a Town Berinag”,
International Journal of Research in Advent Technology,

6(7), pp.1587-1592, (2018).
[6] Zhang, L., Yan, X., & Yang, X. “Using the unit force

method to analyze thrust acting on anchor blocks caused
by thermal expansion displacement of X80 tunnel
pipelines”, Journal of Pipeline Systems Engineering and

Practice, 7(1), p.04015012, (2015).

[7] Yan, Y., Zhang, L., & Yan, X. “Push Force Analysis of
Anchor Block of the Oil and Gas Pipeline in a Single-
Slope Tunnel Based on the Energy Balance Method”,
PloS one, 11(3), p0150964, (2016).

[8] Rahman, M. K., Abu Ghdaib, A. K., Ahmed, A., Shaahid,
S. M., & Rehman, S. “Field monitoring of an in-service
thrust anchor block and pipeline”, 1st Middle East Conf.
on Smart Monitoring, Assessment and Rehabilitation
of Civil Structures, International Society for Structural
Health Monitoring of Intelligent Infrastructure (ISHMII),
pp. 1-10, (2011).

[9] Rankine, W.
Philosophical Transactions of the Royal Society of
London, Vol. 147, (1857).

“On the stability of loose earth”,

[10] National Iranian Gas Company, “Iranian Gas Standard
IGS-C-PL-100(1)”, (2011), (in Persian)

[11] ALA (American Lifelines Alliance). “Guidelines for the
design of buried steel pipe”, Reston, VA. (2001).

B0 clos M 5 b VY JLid o adllas 5,00 alg) Lglas
il yo YO (JI eV e o Jsb Gl ol Stils 4z )0
CEY 08 gl bohs ol g has slezil Jsb S0 i
Srosks OY VY 0 R U NVF L s i 4l 18 5 Yo
RETAP

50 Ay b3 (5y9me 59y dmlne slp 35290 Ly, @
JU ol dlg) las oS cpl a4y bog e w3 0 925 (nl 5l (220>
A2l Sl o S9So (et (0 iS5 Bk 0ad e
e e gl b (5 970 (595

bl o5 Sl S5k g L3 jlad g Lo (mlB) 51 0 e
b lod g Jlad Slpeis 4 e i (nl Gliee 09d0e
il e dly S iz 5 lge Ssl bl il

FB sk Ssb 0 et Jodo @ e Ssb o)y g9 @
Gl Gl Oliee 28l oo (Slewlons (5955 5 S sl ala>de
el aly oo Sob plrale Glie 4 950

(S sl g5,) ol BLbl S o s Ssly iy Sasl @
250 pslie oy (s S99 Sk ety S jlis
Sos Sl @ 4 basiboe dgd b y9me 5950
Tt gt S Comd S5 Oy o Shasl
Sob @lraly JruS )0 by sl <8l plie 3980
VY lid po oS aes o olid bl mls ol oglate
Lo, Sao! g oo Kailo a0 $0 glos M4 L
JB sk g S98 Sl> )0 098 o0 e IS ok
D9 5 T

L alg) bas ()70 (59,0 sl Sk >k Jglate b, 0 @
o Julow ol 058 o0 drnlos oo Soby lrale pae (23
st B Olis 4 e Sob a3y (5955 45 v e (LS
Gl S gy ool

b sl snaz () Sl Sob olal Gials jglae 4y @
2 G So SalS Gl 50 a8 Casload 595 e sy
Sy 43,5 a5 o lee Ssb obal>

&=V
[1] Peng, L. C. “Stress analysis methods for underground

pipelines”, Pipe Line Industry, 47(5), pp.65-74, (1978).

V€01



[14] Das, B. M. “Principles of foundation engineering”, [12] Iranian Ministry of Petroleum “Iranian Seismic Design
Cengage learning, (2015). Code for Petroleum Facilities and Structures” Code no.
[15] Fang, H. Y. “Foundation engineering handbook”, 038, 3rd Edition (2016).
Springer Science & Business Media, (2013). [13] Wijewickreme, D., Karimian, H., & Honegger, D.
[16] Vasseghi A. “Final research report on optimum “Response of buried steel pipelines subjected to relative
design of anchor blocks”, Iranian Gas Engineering and axial soil movement”, Canadian Geotechnical Journal,
Development Company, (2013), (in Persian) 46(7), pp.735-752, (2009).

1S ool 5 @)l I Ao ol 4 gl yf sl
A. Vasseghi, M. Kermani, M. Arzani shahni, M. Heydari khavas. A New Design Method for
Anchor Blocks of Gas Transmission Pipelines,Amirkabir J. Civil Eng., 53(4)(2021): 1443-1458.

DOI: 10.22060/ceej.2019.16953.6406

Vgoy






