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Fig. 2. Hydrolic conductivity-matric suction curve
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Value Soil characteristics
18.37 Soil specific weight (%)
23% plasticity limit
42% Liquid limit
25 (Kpa) cohesion
14 (°)Friction Angle
2.7 (Gs) specific density
19% The percentage of field
natural humidity
6.78% Residual water content
38.41% Saturated fs;)ter content
(65)

Table" . Properties of swelling soil[17, 18]
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Fig. 3. Diagram of swelling modulus - effective stress
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Anchor Tensile Thelength The length Anchor
angle  capacity of the of the number
(kN) unbounded  bounded
part part
10 450 11 12 1
10 450 9 12 2
10 450 7 12 3
10 600 5 12 4
Table 2 .Properties of anchors
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Y- Calculated  Experimenta
Time  Displacement strain 1 strain
(d) (m) percentage percentage
0 0
1 -0.22344 3.119 3.11
2 -0.19225

Table2. Comparison of calculated and tested value
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fig .¢ Contour. A) pore water pressure contour model 1 on the
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model 1 on the 365th day
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Fig. .¢ Diagram of bending moment-depth of the excavation
wall for the stabilization excavation by anchoring method in
the vicinity of the absorption well. a) 3 meters, b) 5 meters, c)
8 meters from Jadhargod
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Fig. 8. Contour. A) pore water pressure contour model 1 on the
365th day. b) The contour of the overall displacements of
model 1 on the 365th day

03 B e res S lajliges O 5 )0) la S
55 30 Wl &S S S0k s e OLES L Y 5 Ve
sbl S Olpee 358 o 5br 3l ol abools I3l L J 3
Sl ol 53 de g3 sle L e 1alS v5l§ 528 55 ol
Lo il S e Oy IS Lol pes SO Jie 5 oS
oy Cabse 4 by b S Sk s Jde s S o
Shelr alols Ll L &S Sppe ity 3l (o ol
Alols 53 5 55500 oS Oles Sty 0ley il 558 o)lgs
e il e Ol 31 JRrs Olas 358 ol 3l el (5,20 A
53533 Je 3 ek AT S = bl 4 Wl e sl ol
Olas » 355 5l 555 alols )3 ol j2eS (I8 56w
Joo 40 B Oles SR (grean Jol e AL A
Gl Oles Sldis o xi b e 28l O3l w5 Ll

J\.ﬁédﬁ C) )}) YA BLS 6#@.& 41.,,0[3


http://dx.doi.org/A-10-11849-4
https://mcej.modares.ac.ir/article-16-68351-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 |

[ DOI: A-10-11849-4]

\i'VJb/YaJM/rJL@%)%a‘))J

E) J.&LL;A dﬂ.w g_}_{‘\ Oy I BE db\ duﬁbwb
CJB)) 4563)}'0 BE .J\.JJL’L{: J;WMJL:— CASJa-
4 S eSS e Gl b S as cadd ul el el Sde e
JAL& ;,<4.. Q(_’.&Mala- S J..Sda d;_,.l;— >j§w
;SBWQJ@JLAS&&LJM%&-U)JQW
b s a5 ol S Slelr o ol il 2 5d e S
555 Gy B8l Sla slralr Ol5e 358 3Ss 5 Joaie
58 S o sl e Sl (e B sbals)
§ s, Y 05 58/0 50 bl jo 5 xe IVl

Al sl

33 Jéjl (ol J..U.» 33 V_TLE ()l ‘SLA&\;.-@Q- g AY Jﬁ&

Oley Jolis
E
=
5]
g
[}
8
g
K
>
0 100 200 300 400
Time (d)
anchor-3m anchor-5m anchor-8m
pile-3m = = —pile-Sm - — —pile-8m
()
0.2
£ B point
g
g
8 0
<
- v 100 200 300 400
.9 \‘ g
e SSss o
= Cpoinf === __
-0.2 Time (d)
anchor-3m anchor-5m anchor-8m
pile-3m = = —pile-5m - = —pile-8m
@

Fig. 12. Maximum displacements a) vertical displacements
versus time, b) horizontal displacements versus time

VPV

J}\i‘;n Ja}d th_i.:\ .]a...«j."» ol 3l 6.9]:3 Bl

=

s

Db )by e 4 s plad 5 s s Sl

a5 3Ll 558 (6l 358 o)l 53 Gas — piest Olas Hla 5030 VY S

)'IJ.:.A/\(C.,J:.AO (U‘Jzﬂ”(udl .&Je-ala_-s:))jleujito.wuij)

EPLPIRES
12
g 9
g 6
8
A3
0
0 -100 -200 -300 -400
Moment (KN.m)
—0—365day —0—270day 180day
90day —@— 30day
((i)))
12
9
g
§ 6
g
z°
A
0 : :
0 -100 -200 -300 -400
Moment (KN.m)
—0—365day —0—270day 180day
90day ——30day
(&)
12
N
=9
g -279.3,3.5
3 6 %
g
A3
0
0 -100 -200 -300 -400
Moment (KN-m)
—0—365day —0—270day 180day
90day —e—30day
(@

Fig. 11. Diagram of bending moment-depth of the excavation
wall for the stabilization pit by the pile method in the vicinity
of the absorption well. a) 3 meters, b) 5 meters, c) 8 meters
from excavation wall

OLE 1 53 5 K Jie (6 5 (Bl sbaalrals (OY) S

ﬂAl},a ‘L:JS LJ‘}JJ» sdalive Jg.w w‘ B aS )}}aum 'M)&A


http://dx.doi.org/A-10-11849-4
https://mcej.modares.ac.ir/article-16-68351-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 |

[ DOI: A-10-11849-4]

e 5 S50 o

BRSNS VPR S T SR A ICH JUVES S LI g

Al SRl Wl plralr e 5 edd B plrals
L;J,_{J‘ QJJJ .\jf C,.“?- e ‘vﬁ‘)w JLEJ‘ 45 ‘)}}QUL«A
j';.i.;..v V-‘"B L;Ll;-ﬂ\.vl;- )‘J\jﬁ §)§ a)\.,\q- ‘)‘ °l’.:' PIAE &bﬁ\
S o AL S5 58 ol By oS | x 25 00
33 P psd e 58 Bl plrals G oo el sbxl 550
i e 015 355 ol 5l el alols [l L SOl s
S abr Aol b Galpl b Sl s e s LBl lrels
0 Lol Lol |5 el o L2l e 5 i3l 355 o lis
‘)‘-.’.‘f:’J b)l.: )(}Moﬁ 6})}&\34&»"'}]2&
055 5l Oaym 45 e A Alols ol 4 s (555

.JJ.)\D ‘J)\J )‘J';
So Uil oS 3helr dols (258l L (V) s silks
BE) Ol}:é;)‘}f‘ w\dﬁ.bli& JLASL&JSJ‘_S)_,N
(18) JSo Bl dilpo mad S35 2 G Y
S ol lops il S 358 3l ol ol ax »
S 3500 s £35S ol Ll o |y SNl Ciny 055 Ll
Q)ﬂb}ﬂﬁbﬁ&g&bﬁ\uﬂol@édwb

b}...luc:wjg.n\ B JA[S

Lj.’\;_-ob;:}z-);))ﬂ)éuﬁl L;jj:juii\)'_'elw):. \§3 Jg.&

ll“l

Anchorl Anchor2 Anchor3 Anchor4

9%}
[}

N
[=}

S

Bar Axial Force Increse (%)
=

H3m E5m =8m

fig. 14. The percentage of increase in the force of anchors in
the presence of an absorption well

395 5 Khoe g dlgd S5 H5b -0-Y
il O 3 Y SUS 5 b e @ sl
2015 ol s (SanS o8 5ss (SnS oS 51

YFA

5 e s S S osh S s il gla plals
Ll S
(NS0l 2 03 e Sy e 6500 o ses WY S
S (Y (2 Y
-270

0 100 200 300 400

Bar Axial Force (kN)
O
- B
(e S

Time (d)
3m Sm 8m

()
-250

Bar Axial Force (kN)
o Y
— W
(=) (e}

0 200 400
Time (d)
3m Sm 8m

(&)
-270

200 400
Time (d)
3m —5m ——8m

o

Bar Axial Force (kN)
9
(S}
(o)

@
-410

Bar Axial Force (kN)
o) &
—_ [*))
(=} (=)

0 200 400
Time (d)
Sm ——8m

3m
()

fig. 13. Diagram of axial force of anchors against time a)
Anchor 1 b) Anchor 2 ¢) Anchor 3 d) Anchor 4


http://dx.doi.org/A-10-11849-4
https://mcej.modares.ac.ir/article-16-68351-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 |

[ DOI: A-10-11849-4]

\i'VdLﬂ/Yer/r)lﬁ-}%erJ

oo Ol ee padige lash— ale dls

Al e BBl pl a8 5 S e e VY IS s aS L
6laﬁ>g1)m&|ﬁ»:ﬁjld}5 ol ol b o

-#Q@&A\S@“ﬂbbﬁ@ﬁj

S (G Y0 55, 53 Yde slo i o SLas L 3l8 (LA K
rlY“\o S 0o Ve IS sla Sl il

Water Pressure -1
Bl -287 28155 - 2304013 ks 111
[0 -239.4043 191 5214 kPa {11!
[ -181.52104 - -143 B4078 kPa 4
14364078 - 35 760518 4Pa || %
(5 1

6
s
T
51
kL

EHEEESE NS SRR EEY

Hr

i

i

i

i
TR
s
T

[ 95 760518 - 143.84076 kPa
[ 143.64078 - 19152104 kPa
B 19152104 - 230 4013 kPa

XY-Displacement
H=0-001524m

(&)
Fig. 16. A) model 2 pore water pressure contour on the 365th

day. b) The contour of the overall displacements of model 1 on
the 365th day

);ﬁ\,@;\{,mﬂ.\ig:,f):@.zwomjuﬁ.wJg.:
:)fjlj:ﬁ/\(cjuo(gﬂf(dlyl)égd);@)ou\au
—0—365 day

—0—270day
—0—30day
~—0—60day
—o—90day

Distance (m)

—o— 180day
—o— 120day

Moment (kN-m)
()

5 LS o Ga et ol S Oy Jllse
10) (o JS3 53 g e a6 5 Bl (gla plrals
S bl 5l e Sl sl s Co 5 4 0
JSE 4 i ol Ll s 03,51 210 555 3 Jue
Al e 93 Jde 4y g e (V) Ji.i}&dm by, (Vo)
Bl el pbalb wlsa by S 4B LA LR
slbralr adia a bae o5 DS C blEs e 5o
2 G gl gl Ll s de 2 0B 2
Sl s Jde Jg A e & ol gl L3 oS K e
L e O N S IR UIBLI S RERT 2

el 58 ST S a1 S e

(& 170 535 53 Vdide (sloim o JLa 5 308 (Al 5308 N0 IS
rlY“\o Sos oo Ve S le sl alr s

Water Pressure

I -287 26155 - -239.4013 kPa
22394013 - 181 52104 kP |
[ -191.52104 - -143.64078 kPa |
[0 -143.64078 - -95, 760518 kPa SR
[ -85 760518 - 47 880250 kPa =

] 47 BB0259 - 95.760518 kPa. . a NEmEEn - - i
[ 85760518 - 143 64078 kPa - .

9 14384078 - 191 52104 kP2 |

[ 161.52904 - 235 4013 kPa

| X¥-Displacement
Bs0-00154m

2 0.01524 - 003048 m
[3 0.03048 - 0.04572 m
[0 0.04572 - 0.060%6 m
[2 0.06096 - 0.0762 m
2 0.0762 - 0.09144 m
3 009144 - 010668 m
3 0,10668 - 0.,12162 m |

0012192 - 0.13716m
[10.13716-0.1524 m
101524 - 016764 m |0
(77 016784 - 0.18288 m
1018288 - 019812 m
01018812 - 0.21336 m

| @ 0213396 - 02286 m

| B 02286 - 0.24384 m

|Mz0.24384m

(&)
Fig. 15. Contour. A) Model 1 pore water pressure contour on

the 365th day. b) The contour of the overall displacements of
model 1 on the 365th day

Sl 38 s s 2l S gedasolis W S
O Slad Ol Oley LIS L oS il 51l s SO L sl

ORIB L 55wt sty S bl e SR gl o i


http://dx.doi.org/A-10-11849-4
https://mcej.modares.ac.ir/article-16-68351-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 |

[ DOI: A-10-11849-4]

OLKan 5 )yt oy

BRSNS VPR S T SR A ICH JUVES S LI g

Fo U xS o B plralr il s Al s

.M)dﬁ

2 b Lo luk ;,f)scm;f:w;ow,uw.mds;
J;..,/\(CJ:.Ao(gﬂ?(;ﬂl‘_}«o\y@d);.x:sga)jbu

12
E
3 8 -384.76, 4.50
§ \ /
A 4
0
0 -200 -400 -600
Moment (kN-m)
—0—365day —0—270day 180day
90day —o— 30day
(<
g 10
3
g s
2
0
-100 -300 -500
Moment (kN-m)
—0—365day —e—270day 180day
90day —e—30day
(&)
g 10 -298.69, 3.50
~ R
3
g s
2
0
-100 -300 -500

Moment (KN-m)
—0—365day —e—270day
90day —e—30day
()

Fig. 18. Diagram of the bending moment of the pile in the
excavation stabilized with the pile in the vicinity of the pipe
burst at distances a) 3 meters b) 5 meters c¢) 8 meters

180day

4 s 4ol 5558 5 oas 5 L (V) s silles syl
o Llee il GB plrals 5 4, G ) 555 b e
b b edd Il 58 5 SO L el ol 558 (sl bl

—0—365 day

—0—270day
30day
60day

—0—90day

Distance (m)

—o— 180day

—o— 120day
-50 50 150

Moment (KN-m)
(&)

—0—365 day

—0—270day
30day
60day

—o—90day

Distance (m)

—o— 180day
—e— 120day

-50 50 150
Moment (KN-m)

()
fig. 17. Diagram of the bending moment of the pile in the
excavation stabilized with the pile and anchor in the vicinity of
the pipe burst at distances a) 3 meters b) 5 meters ¢) 8 meters
from the excavation

g kot il 58 G ek o)l SOV s
Glopi= Ol HLad iS558 5l g dlols e e OLES
las sl SIS 56 Oley L K ol puis a5 5 0l L
S 358 5y Al 4 0l LS Sl i (VA) S
GRIB L Bls Dl S8 pl a8 b e )
Lokl e 2ol el o s)ls S Olpee 355 51 ) alols
S s oS cilys Ol e A 5 V) sl K anslis
Lo Ik 358 5l a8 STl s e Lol Il 558 wad
G 3 i S S el ol el e e

S o o Ly dd (SAS 55l Sl edd sl
Elralr JEe i (red SS @ edd)lll 55 5
A5 ol e B olralr Jliey 2l 5558 GV s L&l
bSO sl s [SSI sl eslacal &) 0 s s o @)
g ol M S 38 W eS -
Sl 5l S5l L3 a8 5 e el (K05 53 (BB plrals


http://dx.doi.org/A-10-11849-4
https://mcej.modares.ac.ir/article-16-68351-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 |

[ DOI: A-10-11849-4]

\i'VJL/YaJM/rJL@%)%a‘))J

(VS Ol 53 b SOy smee S350 Slo5es Yo JKS

£ G S (2 Y S
-250

-230

=210

Bar Axial Force
(kN)

0 100 200 300 400

Time (d)
3m =——5m ——8m

()

250

£

3 =230

3

s

= -210

%

<

A 0 100 200 300 400
Time (d)

3m =——5m ——8m
(&)
-260

Bar Axial Force
kN)
(S}
[«)

0 100 200 300 400

Time (d)
3m Sm =—8m

@
380
Z
= 360
51
5 -340
(&N
s 2320
=
< -300
M 0 200 400

Time (d)
3m ——5m —— 8m

(©)

fig. 20. Diagram of axial force of anchors against time a)
Anchor 1 b) Anchor 2 ¢) Anchor 3 d) Anchor 4

Al gy omb b S S casy g LY S
L SVl o Sl () IS las o
Aes Silaw 53 S Jlps cl ) (SAS 5 s Sl it
DS SRals e w58 5l ) (Sas  salol Jhl L

Vo)

Mo 4 S L eds il 558 5 aSgy5b 4 .ol oslie
)‘@MLOM )‘JJ“L_{ }}f)} JJ C,..ul‘ }}}jﬁ V:’G wk}@b-
SRIPl S ssde ol et b el 5l sl
FB b b ey Al Sl e 5 e U el
w ol Il 358 53 () IS slas Ll o S b
o 0 ol 5 SornS o8 5 e Vool oS Ll
Muﬁ‘}lC)GJZAAMB)Me;LQJJ
@JW}%GM)‘J.&L} J}f}bﬁ).}éw‘ 6@*4" k;»w\
0UJ}gj\U}WG&{\P‘\{)'))V.\O)KJ\ﬁﬁl_}

Ll e Al Ol e 5 a8l ilsl il lrals e

B 5O 5 A i 53) 36 (W gla plralr Sl N ISS
Oly Jsb 55 (C 5B dais 53)

e 0.25 - —
S g2 | DPpomt_o--=c
5 .= -
g 0I5 [ __——--—""22
8 ' ;
g 01 point
2005
@)
— 0
0 100 200 300 400
Time (d)
= — —pile3m = = —pileSm pile8m
anchor3m anchor5Sm anchor8m
(<
g 0.2 B point
§ 0.1
g
5 03
A “ &100, 200 300 400
4 -0.1 N
s Cpoint.“~~,,=__
-0.2
Time (d)
= = —pile3m = = =pileSm pile8m
anchor3m anchor5m anchor8m

(&)

Fig. 6. Maximum displacements a) vertical (at point A and D)
and b) horizontal (at point B and C) during time

L;ébdmjsﬁﬁjdj;@jw@(%)&{&‘:.{b

il Sl LSSl D (6 s S


http://dx.doi.org/A-10-11849-4
https://mcej.modares.ac.ir/article-16-68351-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 |

[ DOI: A-10-11849-4]

OLen 5 ) 3aie o 0

BRSNS VPR S T SR A ICH JUVES S LI g

S (W 5y s i O L IS (Al YY IS

fl-\. ‘3‘5‘)):‘;[5‘)&2

Water Pressure

[ 215 46117 - -191. 52104 kPa
[ -191.52104 - -187.58091 kPa
[ -167 58091 - -143 B407E kPa
[ 143 64078 - -119.70065 kPa [
[ -119.70065 - -55. 760518 kPa

[1 -95.760518 - -71 B20388 kPa |
[ -71.820289 - 47.BBO2SD kP |
[ 47 860259 - -23.94013 kPa
@ .2394013 - 0 kPa

X¥-Displacement

[ = 0- 0003048 m

[0 0.003048 - 0.0060%6 m
[ 0.006096 - 0.009144 m
[ 0.009144 - 0.012192 m
[ 0012192001524 m
[ 0.01524 - D.018288 m
[ 0.018288 - 0021336 m
[ 0.021335 - 0.024384 m
[ 0.024384 - 0.027432 m
B =zo0zrazm

(<)

fig. 22. A) Contour of pore water pressure on the 60th
day. b) contour of overall deformation on the 60th day

QTJ‘,&);@_ZI.AJI‘,JK:J)!:)&J.YY‘JSJ

12
B
§8
<
z, <_>
I
0 o

-60 -40 -20 0 20 40
Moment (KN-m)

9day 15day ——25day
35day ——45 days ~ —55day
——68day
fig. 23. Diagram of the moment applied to the pile along
its length

i 308 GV s B plralr o rie DI Gl s
Aol 555 3 Aol Loy e Cla.u R VJLE sl
J.'.'.A‘j'.'.»l...u Y/A QT )‘.,LE.A @J;w‘-) 53y (J}f [GSPNWY 4;) L;n.w
Y 03 s ey e sl ¥ B plrals o ple Sk s
05 0l Bl sl gl Hlde ool sl GLaT 55, (el

VoY

sdiasolis (V) JSE b o 2alS Sl g (sl i o
Yookl SOl b SSE s (ghsme S ,m Sl 5dl Aoy
Llgr go adies ol le npls 1 00 (Rl s meS ol ses
2 e e Sy s Sl 0A8 Wl S e
T i N -GS U e
VS Sl b e 28l 5 el el i
o o IS e S L B el i

o SOl i ) mi oS S

Ayl SuS 5 ol S8 phlsl doys Y IS

Bar Axial Force Increse

Anchorl Anchor2 Anchor3 Anchor4

E3m B5m ®8m

fig. 21. Percentage increase in anchor force in pipe burst

(Climate s, byl ,3) sl 5 of Wyl s 56 -o-v
Al plsr 5 o Bl s (Bl 1S IS 3G Ll e
Sl el 53 aler 5 Ol Bila tasn gl o
sbcand s ol sdd dlesl Jdbo a4 it Ol el
5 Glopim O jlis gl H sl o5 VY Koo
A ahl VY USS s ibe ol W 5ss 50 S plrals
Al @SB ol wln B dal 5 B plralr wly
ORI aed sl S0k L8 L) e wls
Lal 48 23l )s Ol JSE n) el 2 e AL
GV iV LE e Oles ) L 2lsn 5 O e
S [8leml Jlab b Sles b ol el LIS 36 et
43S B el e s O Sl 56 cos

e sdalie B LS (g3lede opl KaS


http://dx.doi.org/A-10-11849-4
https://mcej.modares.ac.ir/article-16-68351-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 |

[ DOI: A-10-11849-4]

\i'VJL»/YaJM/f)L@%)%a‘))J

s A SAS 5Ly e ol 3y 05 S e

Cﬂw‘jju."fu 3;6)‘.1;[_3 6\]; J")L’ﬁ ols

S 4o =
oy & g3y S gsde Sy SWS L sk onl Lo
oman 5 Ol axise i 5 Ol WSS s o
2 slags s IS i Gy wlsree] Ll
Lo 5 S sy b eddcg i 58 S glosle
o dse Sl 4§ 1E ey e Oy S dS
RN R SN ST B N D

Ml b3 ot 4 e
R RV EE T TRCTP IS
Sl las s amdns 5 gloyi Ol i Jalil esl
el 5 W ol & 0los b et Olas Dl i 0355 0
dolh Sl b &S S s )l Sy 355 o)l
ot 2 2l et Oles Olpee 358 ol 51 T 358 mie

Al o fals
sl @l alolh (Rl L hest Olae (20 Ole Y
olr 5 wisad gl ol Cslan Y Jue 5 ) Jie s )
e A a5l akol L SO aed b edd b
YYY oleS 4 med boodd Sl ol (2alS o VANV
VW0 Sl s et skl 58 Ay Sus S o)
YW Gl 4 el Loedd Sl J SAS Sy Aoy
ol Sl ol cpl sl 35250 ha Oles 28l Ao
oot Olos (2alS O3 oS sl Sl 5 pmy oS ol alis

3 i ahols 21530 L

B e R TS 0 JP-PE | PO K+ S
o g bl Il 58 s 55 caed o W) (SUS
G LSSl sl SOl e bodd Ik 55 500 Y
Cuslie O 35 518U s glag s Llas 55 g
LS e

el Gl ped e Ledd Il 558 5o -f
VoA oSS ol 5l Ay (Sus s dol il LB

VoY

S eSSl oln ol sl 5 O Ll
Loy SASS s pdr olr giledie 51 36 Sl

3 {._'b (0 A ki sl () Sl Slralr s el Y8 Jﬁ.ﬁ

B ki
g 0
3 _-0.01
=E
27002
g
=003
0 50 100
Time (d)
(Ll
é 0.03 -
8 ~~
§ E 002 4
a8 001 -
>~
0 T T T
0 20 40 60 80
Time (d)
(&)

Fig. 24. Maximum displacement diagram a) horizontal
at point A b) vertical at point B

sl Bl b o Ole s Sl (5o sme S5 13500 YO IS

—~~ —_\_

—*Zf/ -205

3

1)

= 2255

<

=

<

5 -305

@ 0 20 40 60 80

Time (d)

first anchor sechond anchor
third anchor forth anchor

fig. 25. Diagram of anchor axial force versus time under
climate conditions

2 s e 5 O bl sladde 1 5s (Y0) IS illas
EoT oY bSOl s bl e Bl s il sl SO
S35 Rl e XS S (St S S35 LB
Sl lie 55 Sl ) dile dwys /0 sl S|
Ay SAS 5 5 el oy Sslme 53 55 sla STl (68


http://dx.doi.org/A-10-11849-4
https://mcej.modares.ac.ir/article-16-68351-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 |

[ DOI: A-10-11849-4]

OLKan 5 )yt oy

BRSNS VPR S T SR A ICH JUVES S LI g

U VN B Y6 S R S-SR WSS P ¥/ NP W
oy 05%5;3)@-1? obr 355 Sose 5o 555 oL
—&,lﬁuuﬂ}ﬁj@.ﬁw}bﬁobywwdugﬁom

Al S

6‘ » -0

[V]A.P. Pratama, H.C. Hardyatmo, F. Faris, Parametric
Study of the Effect of Ground Anchor on Deep
Excavation Stability, in: J. Civ. Eng. Forum, 2020, pp.
19.

[YIR. Zhang, J. Zhao, G. Wang, Stability analysis of
anchored soil slope based on finite element limit
equilibrium method, Mathematical Problems in
Engineering, 2016.(Y 1)

[Y]C.S. Josefino, N. Guerra, A. Antdo, Influence of the
embedded length on the overall stability of single
anchored retaining walls, Soils Rocks, 40 (2017) 133-
145.

[¢]K. Papadopoulou, A. Sofianos, Factors Affecting the
Behaviour of Retaining Structures with Prestressed
Anchorages Under 2D and 3D Conditions, Geotechnical
and Geological Engineering, 34 (2016) 1877-1887.

[°]A. Johari, A. Kalantari, System reliability analysis of
soldier-piled excavation in unsaturated soil by
combining random finite element and sequential
compounding methods, Bulletin of Engineering Geology
and the Environment, 80 (2021) 2485-2507.

[VID.G. Fredlund, H. Rahardjo, Soil mechanics for
unsaturated soils, John Wiley & Sons, 1993.

[V]A. Gholampour, A. Johari, Reliability-based analysis
of braced excavation in unsaturated soils considering
conditional  spatial  variability, Computers and
Geotechnics, 115 (2019) 103163.

[AML. Ning, J.L. William, Unsaturated Soil Mechanics,
2004.

[4]G. Sivakumar Babu, D. Murthy, Reliability analysis
of unsaturated soil slopes, Journal of geotechnical and
geoenvironmental engineering, 131 (2005) 1423-1428.

[Y+]S.E. Cho, S.R. Lee, Instability of unsaturated soil
slopes due to infiltration, Computers and geotechnics, 28
(2001) 185-208.

[VY]C.P.K. Gallage, T. Uchimura, Effects of wetting
and drying on the unsaturated shear strength of a silty
sand under low suction, in: Unsaturated soils 2006,
2006, pp. 1247-1258.

[YYJH. Rahardjo, A. Satyanaga, E.C. Leong,
Unsaturated soil mechanics for slope stabilization,
Geotech. Eng. J. SEAGS AGSSEA, 43 (2012) 48-58.

['¥]a. Ali, s. Narges, e.f. Amin, r.k. Amir abas, Effect
of matric suction on excavation stability in unsaturated
soil, Journal of the Engineering Geological Society of
Iran, 15 (1401) 1-17.

[Y¢]C.-S. Tang, Q. Cheng, T. Leng, B. Shi, H. Zeng,
H.I. Inyang, Effects of wetting-drying cycles and

VoF

oA L e Lol 555 53 5 b S5l Ao s
s oanl Ll doys YAY Ko 685,60 B alols ()
oo Ul Ui 0Tl e

oo a4 et Il 58 s Bl plrals -0
(S o @) e plr olr 5 ) (SuS5 b s
Rl S L lolily Sl 5o & Sose s il
Shelr ol Ll L Jy il o ks ol o 2l
B s e (B sbabalr ol 58 el
v ) e glralr 58 Sl s b
Sl s ol s cod (B el aS e
Al e

o o 5 S0 ey 4 03 Ik 558 53 8 o -7
oS 5,0 U oS 3l ol il Loy, Yo L0 )
S OT5lom 5 el Rl B glralr SoS
Al e

Jowe 31 e L S0 05V s, Gl Y
A Sl 53 S Jss cod e ol 5 I SUSS
oy ol 558 ol el 5 gl SUS 5ol il L
Coge > LS G pimes b A RIS
Sl e elr ) i S (SUS S s

ol Gl e b ossS gslellly s s A
Cope a A SAS S sy s 5 LS g
do by ol ol 5l i Aoy Y/AY S0l
Ak e

o 3S W e Vs el s of kil -8
28 e b Jls 4

sl bl s el Bl gle plrals Jlaas  =)¢
St plralr Sl mes Sl olg sl g alse
Jh K& ce 4 dd Suss 5 ol ol gled
3 oolr gl B plrals ks B Gl Al
YU o 4 8 dade 5 e A alols o ) Sus s
Sl iy gl s ol bl a1 as s YVY 5 us s
SHKS S 5 ol Gl (5B b s (S prmes
Vie (o oS dades 55 055 5l g ¥ alols s


http://dx.doi.org/A-10-11849-4
https://mcej.modares.ac.ir/article-16-68351-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 |

[ DOI: A-10-11849-4]

\i'VJL»/Ya‘)M/f)L@%-)%a‘))J

[Y+IM.T. Van Genuchten, A closed-form equation for
predicting the hydraulic conductivity of unsaturated
soils, Soil science society of America journal, 44 (1980)
892-898.

[YV]A. yazdi Laboratory investigation of expansive soil
volume change and its improvement method based on
unsaturated soil mechanics, in: faculty of engineering
Department of civil engineering ferdowsi university of
mashhad, 1400.

[YYIW. Geostudio Sigma, Engineering Book for Stress-
Deformation Modeling with Sigma/W, Geo-Slope
International Ltd., Calgary, Alberta, Canada.(Y+\Y),

[YY]P. Sabatini, D. Pass, R. Bachus, Geotechnical
engineering circular no. 4: Ground anchors and anchored
systems, in, 1999.

[Y¢]JGEO-SLOPE, Heat and Mass Transfer Modeling
with GeoStudio, Geostudio Help, 2022.

[Ye]H.z. Zahra, B. Nasrin, R. Alireza, T.n. Meysam, B.
Atefe, Spatial-temporal modeling of albedo in the area
of Iran, Applied Research of Geographical Sciences, 17
(1396) 1-17.

Vo0

desiccation cracks on mechanical behavior of an
unsaturated soil, Catena.) «+ YY) (YY) V4 ¢

[Y°]J.A. Blatz, N.J. Ferreira, J. Graham, Effects of near-
surface environmental conditions on instability of an
unsaturated soil slope, Canadian Geotechnical Journal,
41(2004) 1111-1126.

['7]S. Qi, S.K. Vanapalli, Hydro-mechanical coupling
effect on surficial layer stability of unsaturated
expansive soil slopes, Computers and Geotechnics, 70
(2015) 68-82.

[YYJAN. Yazdi, A. Akhtarpour, M.M. Abdalhusein,
M.S. Baradaran, Experimental Investigation of the
Volume Change of a Swelling Clay and Its
Improvement, Transportation Infrastructure
Geotechnology, (2023) 1-24.

[YAlbalighi, Laboratory and numerical investigation of
the swelling soil behavior using unsaturated triaxial test
- case study: Khangiran Sarakhs, in: faculty of
engineering Department of civil engineering, ferdowsi
university of mashhad, mashhad, 1402.

[Y4]B.M. Das, Principles of geotechnical engineering,
Cengage learning, 2021.


http://dx.doi.org/A-10-11849-4
https://mcej.modares.ac.ir/article-16-68351-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-18 |

[ DOI: A-10-11849-4]

Volume 24, Issue 2, 2024 Modares Civil Engineering Journal

The effect of matric suction changes on the behavior of restrained
excavation s in expansive soil

Maryam Mansouri!, Aliyeh Labib?, Ali Akhtarpour?

1- PhD student, Ferdowsi University of Mashhad

2- PhD student, Ferdowsi University of Mashhad

3- Associate Professor, Faculty of Engineering, Department of Civil Engineering, Ferdowsi University of
Mashhad

Emial: akhtarpour@um.ac.ir

Abstract:

Due to the increase in population and the increasing need for construction, the issues related to excavation
and stability of the excavation have been given importance. The stability of excavations can be controlled
and improved by various methods such as anchoring, retaining walls, shielding, etc. that in each project,
according to the characteristics of that project and the type of factors threatening the stability of that
excavation, one or more stabilization methods can be used. The excavation investigated in this research is
stabilized by two pile-anchor and concrete pile methods. One of the factors leading to the instability of the
excavation is the infiltration of water into the excavation. Water infiltration into the excavation can be due to
various reasons such as rainfall, rise of the underground water level, pipe burst, etc.; Therefore, the
possibility of water infiltration into the excavation should be checked in each excavation, and necessary
measures should be taken in case of water infiltration. matric suction is defined as the difference between
pore air pressure and pore water pressure, which plays a major role in the shear resistance behavior of
unsaturated soils; Now, water infiltration reduces matric suction and as a result reduces shear resistance and
increases soil volume in expansive soils. The well studied in this research has been exposed to factors that
change matric suction such as pipe burst, absorption well and climate conditions. The boundary conditions of
pipe bursting and absorption well are assumed for a period of one year; Also, the weather conditions have
been obtained from the meteorological data of the two rainy months of Sarakhs city. Using sigma/W
software and Couple analysis, the simultaneous effect of change in matric suction and change in stress and
strain has been investigated. Also, the Penman-Monteith method has been used for the calculation of
evaporation and transpiration to model the climate conditions. In this research, a comparison was made
between different excavation stabilization situations (pile-anchor and pile method) under different conditions
of matric suction (pipe burst, absorption well and weather conditions). Also, in this research, the effect of the
location of the burst pipe and absorption well (distance from the excavation wall) on factors such as
deformations, the moment created in the pile and the forces created in the anchors (behavior of the
excavation) was investigated. Considering the destructive behavior of expansive soils in unsaturated
conditions, the soil studied in this research is of expansive type. The characteristics of the modeled soil are
related to the area of Sarakhs city. In order to consider the effect of soil swelling, the used elasticity modulus
is related to the effective stress and as a result matric suction, which is called the swelling modulus. The
results showed that the increase in moisture in the soil and as a result the decrease in matric suction in the
swelling soil increases the force in the anchors and the bending moment in the pile. Also, the increase in the
force of the anchors and the displacement created in the case of pipe bursting and absorption well modeling
is much more than the conditions of the climate boundary effect for the two rainy months of the year. By
increasing the distance of the absorption well and the bursting of the pipe from the excavation, the increase
in the force created in the anchors decreases. climate conditions affect the upper 6 meters of the excavation,
i.e. the active zone.

Keywords: unsaturated soil, expansive soil, excavation stabilization, Couple analysis, absorption well, pipe
burst, climate condition.
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