[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

ovy WAV Oliss £ 5t condjlss Mor ulige ol &

OFiu b oudh g 5leuds 54 ey S el ly 9 Saus oy
L8985 4 lews (S

Oliacs aaly o oMl al3T szl o5 ool A N PRPRVIN
Olras (rodige 855 (puudige 5 (3 Bl
sudige 38 5uSanly ¢ o)l sa a8ty ¢ Sl ol sa dans
VTN iy ALNVYO il il

oS>

.

el 5 Sl s &l e S (il [ shtea ke SaceSS

bl 4 atly K cbose b e b el (K o s Sl etz b5y,
Sl sl s Glies 3 S sl Sl ae Jde G ps e S 00 S
Wlie cpl gs ol L S 555 Gl iS5, sl eslinal Ko a0y 53 8555 JA5 Sl
e 5 e gla el b (S O silesl > g S5 slaiSs, b
Cbb I e S Al s s obe (e 5 b (Sl de e
ol &bl =l Sobe 0ok 5 L S S0 g sl =B o A e b
PLAXIS 2D 1331 5 51 (S Ogie b 0 (s3lots p 5 S (g3de Jos ) sl .o
ol Bl Gl b pole b (S Dpie S b S ol Ol s s eslind
Seale s b SRk ek mld obe e 5 sk IBIL e
A1 el (S3loas (e el (S3lety (e Sl s bl Sl Sl 0
S el e jolis 05 5 L (S g 3 eslital Lol (g3lusy e ol 0
s S Ay b ey ol 5 Joolm il e e Sl 5o 050 e Sl s

A anslie V44V Jle js Gea sle 5 ol

RCWCARCRIE-JVS FRCVER PR W g S SNA S'S: ‘<>-<;'“" O gt (St (giluas 1 hdS slaely

m.jalili@semnaniau.ac.ir = J st sty 55°


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

WAV Oty § 5lad (on3les dlor ¢ pudign gl ons & 123 ovy
PR T

Ly 5l 01 (b 5 5l s 8305 g5 e LIl Gl Ysems £b Oludige

e 8303 0355 SOl e 53 Tl 03 S (0 S5 2 (S e
Gl bss b Gees Gboes Il Sl eslinal 5,0 53 (6 S waenas 31 8 035 Ll gl 5
(S 5 S colae 5 Llge b Wisd ey S S il gl ol
38 bl @ S Solg 3 s edkd alie Gaes 3L L auge 5 ol ] OO
Wl (Ko S0 g S eslizal SISl (sla i, o ol 1SS S el 5
S el s s eslinad S ol Sl (S g 31 OAT) il s b sl s
vy s eslital 5 gdee Oy o a o597 pler o 1avy Jle s 5L e u‘<“‘” O gt
Cadbge b 0T 51 e 5 A3 3631 V4 Das Llsl 55 ol glaysiS 5o K Ot
b Gl ks SGSS 85 glaelsn oo (S sla0 st Sl eslinad A3 eslind
5 S SIS0l CB fals e Sl s gsleolll (S et J 28 S g0k
S Ot 3l eslizal Ails Lol o3 0133 308 Ghls by il Caslie il
soorl Sl BBl b sty Sl 43 el 5 Wlas B Cuslie 03 5L
VO s Jasl polis sba¥ €y e S il il Sl L LS e S Ot

IV sl s o313 OLES S Gas 53 S 055 ol LU S5 30 25 JUsl & s

4338333838

S Ges 5o (Ko 05 p Jlosl 551 &S0 2T Jisu 0w ) K2


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

ovy WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

Sliss wl » WOl 15 5l sy Soline gl iy (S Opn sl 6l p
Sl sl Gypme op 5 Bson S oSl By o e obelr 5 Sl
eds S Ll ol gl 6 5 e Sl (K Ot b ot S s Jome
S 8S glralr iy 55 38 e O S biolas L3l ake Sl eslinad Ly
oot 03555 (glen Lol pen Sl abe SO Al s Jome SIt el G me o8 S
Jis S Jls 1y (S lias sy 553550 Gor 4 ales oS Gloj 3 brals lr
< g b lages @l slralr i) o5 e 01 il abe b 5 el iy
LT V] el cslos 0l se 5
SL f s 5 0k b b e Gl 658 sl ol Olis Sl (65l
S Gl Kan s SO IV L] 8] Llesls &l Ko Ot b ol (g3l
oS s (ade B8 Dol Slopas L (Ses dlae Olgea @il ssg
il TAICl sl il (Y200) OLSen 5 Il Aty coi 5 sk S b
SO st 3l (635dmmel & 4 S 513 Sla0) sensl b Ll s (5l o35, (1490)
Slbl S s dghos o sgio ol 3wl o3l slgndin | sl Jlos o sgie ol (S
Sl 0 Mool 4 g (Tl 3 i D S iy S S (Ko D S
3pdp PR Kigd e GIMELL Ol G s bl s S (B o e 4 S B s Lo
S S o pd St o dls gl 50 65y S o Gl b S8 S
el ok il Ot wlae Sl Sl L5l 5 mlae Cond 5l b Ol s
L ol Oyt S glad dow e Sl s g IS e slaad R CESVISP T
o 3 gm ple 5l s [ 550 s w0 5L O g - S Jle G il ol
OB S s L s el el 1) (S 05t b odd gilea S (558 ey VRAY
Ot b ol (g3luty S Canld Cred 50 3 Shas e S o Szl las

LY ] sls &1 L;jLﬂn\__zﬁ.éJLﬁ-n\__ygﬁ;M


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

WAV Olins £ 5ot qa3lsn Mor ¢ purcige ol oppns & ove

T O g T B - Uy R o e &

AT 5 e Sldlas s b Gl oMl SRl s et el (sl
Il 3 Sias 5 0LS 5,50 [NOTDVET DYT YT N ] ool o S otalie ikisie
S 55 A o3 2S5, (S oy S8, 5 1 o3de bl S Y
st L5 o (S Ogtn (B 5 S0k B oS 0l LIS a3 cnl sy pla]
S G0 g (S O g Aadwa 1 olinal b pd 03l [l S g5 Uadoes
YooV dlo s OLes 5 el V1] 355 0 033 2als OF ol e85 3 Kpd e 3 sdoms
L3S ey s34 S3ladie 5 AT Slad sl Sl eslinal b (S sla0 s 513,
S B ol ol Al BB L e 3l5 gode sledie ledel sy mls
A0 53 LB O SalseSs 5l 3L (SonS s pd e NSl 2l 4 D
O Sosme Sk b b O (ol LIS e A8l e S O g (a3
5 abrals dops 5 s GU T e s o 5 Seess V] Al e el
b S Ot grhos £ o) St s (K Ot gl ol A1 s S (SIS
S 53 Oy kb 5l L 6 03l 0L mld (i3S e s3de ($3ladie ) eslizad
» S (.Slj_? e L bl s alS g o Ol esiine glrals s s
o3 DA] ol a3ls i 28l o Slie s S i b Ko 0t sl 21
O S5 4 cl..»él@'\; St 3y50 53 SLadss Yo)) 5 VoA Jlo s Oaa
()Lajv_:a Sl bas sl ol @l:d Aosls fl?u" «.>'<“"" O gt 4 ck.we £ S gy, an S
SRS S et 5 gl b b S s 6l b S 85 Sl eslinad 5 (S 05t
03 SalaeSs Sl 5wl el S O gl b ks (Salao Ko izen Lk e
5 e ] D] el w5 515 L 855 sl Dok S s Sk s
L pSE g Olsea (S Opie Lol (s3loay Glawle i YT JLe s 0Kea
Gadds oy p opl 53055 oy A LST (g3ludie 3leslinal b gl I S o ool
0303 0L s opl 51 ol s el 13 il S pu s AL


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

ove w5585 4 ploss (Siw 5300 b s (53keuts a5 ey Sistalsl 5 (sude ey

Olpee 5 2l o3 QL1 1 50155 4 7G5 508 Sl b (g2, bl o ¢l o ol
2B ey 55 S0, VG Sl e Sld gl S ol S S sl s
IO el sl 2l530 glo i T [Las 5 i O ol janas 5 ol odaline

Sy Bl S E sty ol slomyl Sl Cadsdoms oS o sl b oSl s
shestazal Gl syl 51l BU @l ol o gt b keSS G
IS [YVT s a8 8 s lekns Sliges b LS gl 55 (S (sla0 52
ol B 55 5 4 S 55 e g a5 eslind a s

Sildde 5 AT Gladsasl 51 eslinad LYY Jle s lasl e 5 sl
S e Sl b Bl sl L St 4 phoe (Ko 05t 6 g0
b (S 05t b b sb &S sls 0L G cpl ) Jeol mls s3I e
@ods Llos Oan 5 g0 YOV Jlo 5 [YY] Wb e l3l (S O 2 s
sl el |y St 55 SlaarY 5 o b ol s S g L 0l (g5l ¢ 5 S
(_;))g;%;:;)wgJﬁlplcld&igo)@ﬁau@ﬁv:&uxsmom@u
or Sl @sde vy YoV dle s OLKes 5 KU [YE] b o jials s S
Jol s isls el Sz 55 4 prhons (S glo0 51 b 0l (g3loty o3 SEalS
o e o) MYS I 4 S 55 i3 sh SRl LS sl OLES e ) )
Sl LYV dle s 0L 5 e [YO] Clils dalyr 28 W) ey Sl
RS 555 @ s (S O g 3l oslital b s 3l 3B 5 cmes 05 s S
Oy ey Sl 95 s 5 S 51 ulide plo Jde 35 a4 gy pl 53 S wy 1y
0303 QLIS ) 2 ol 3l ol el ol 0l a5 S 0520 b sl (S5l 5 3l
):O:;e:-r.a.@lwgﬂgcﬁ»‘aLﬁ;ﬂoppaﬁéjqujmo\ﬂéwl
et Rl Y0 Ol o mhes (S g Lol (lets 3 60k 0l S S

[V A gslas O


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

WAV Olins £ 5ot qa3lsn Mor ¢ purcige ol oppns & ovi

ot Cod b 3 b sla el s W S plondl Dlallae s b

wn opl 53 (b Glaslssas Sl 5 0 S 55 4 s (S Ot Lol (g3las o
5 ey s a3 bl Glatasn B S Lossenl Sl el eap ssede
s ot Sl ol s opl 5o (1B slaslased {TVITONY JLe o oL
(ol 0l Byl axddS Olide Slalllas 55 a5 Cilies Sla il s s 5 oDl el
S o Syl b by 4 S 55 cilims slad b b L ) s sla el
G S Gl e 3 pd s (S Ot il Bl 5 S 55 (il 1S

Wl o 1) (g 3bgrhns S o3l b (S 052 3 ool 3 g s

Silwdde

oslizal Plaxis v8 D le 3 51 (S gt b ot (3l 3 S (g3lade 5 shiens
A0 5T ol 6, S e B sad eslinad PlaXis il 5 oax SIS
A el 2 SV0 OLl 51 Easn cnl 5ol B R skiea Ll ol 5 e
s e Sty S Bles 610 1 (6 gl 45 el s [l OLI oS Ve oLl
Slwannd Sl Al ealinal gy a5l o 5 50 altns (gl 0wl sads 5o
Gtarss Lamme G 5 (g3ledde ol Jshe O3 (S Ot Lot (g3len 5 S
S S50 ke Ograldish &S A (55 G pl 5o A el (g e OB Ll o
Y Oljpeas @3B 58 G e (hlwand Je ol sheay (b sls 18 el (g5l

AT el sis Jlasl e cla“ﬁ ¢S oY SR SE
Flas b cwlias gla il 5 Sl cslie Jie Ll (S L85 (g5luand | slaes
el lea.ﬂ S S - e 5By ssd esly et oile a4
i SosenS whaw b Jde sla il slia ol 038 Jde LB calis Sy
S3ledde ol iz i (gla 2l 40 5o 335 (S3lwaned ) sleas L o Sl 3
oslital Cad S = 050 (SenS e b St SVl s 51 (S 05t 5 05 S


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

ovy WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

S (B atpeza¥l ke Jals n el ol a)ls 5l ool 20l 0 4 e ol
(Y) Skt gLl Lsly 5 (€©) Skt S (@) St s Sawsl 515 (V) Oyl
S Glses ¥ S Ll el 351 el ealiz Flas Slasio ) dodxr 3 ks
sla ol e Ve s Lp 3 Sb ol S iy e e 0LE ) (s5ledde i
Llods Szl (g3 8 Sl slas » LOT o claalole 5 K O &0 by s
PR Gl 53 Ad OBl e Vel s ol (S Dt L) oSl S5 0LL
S ooel Sl a8 15 Co Sl S Y S gss pp e &S Sl 0l S
WU e sn s il K08 5l e A (S Bl e ) 5o (S IS s
S Kooy P e o3l QT«;.(.SG Slily 53 IS o3l Lt 5 (6,8 Sl
Ll 3 Sl ST 5l o 4 S 5 53 pona 3T O o g pde L gl
Ll s e SOl sl ol Bl sole S bl (oS8 - s
Sl o S5 (St 51 G cpl 52 so0pl 51 AS e Jes el LAS5 Sl
Vo] sl o oxlinal p 3 St glie 035 s
esliial o3 Sbt (Ko 055 g S e o OISl (Ko 055 by aladis 51
S ot (S O st NS oS S ol Ll ol Sl eslinad s ol sl
pF S (R O St o 53 S et R G s e 5 Sl
oY Cojlis Slasiie 4 atly S it mhau Cuslie Slasie DAT LT e 55 50
Slaesls & cbie [2aS gy Jlasl b S i mlan eglin sloaaiia ool S
4,5 s oV e Sl Caglie EA o e diledd s SbE s slis
S asde eslial 5S8H5 alS ol Sl sk cuslie L gl gl [TA] 4
IVAT AT A a8 s 53 0 A (S Ot S ks ghans (10 b ol Sl (5500
Coles IS 4 (Sow 05t wblis Cmlis S il g0 (2 Sl 4L Ao
23 SS e e IV Sl 568 Bl Al gl i e i Gilen b AU

BV e oSl b Aoy s cpl 53 cpl ol ¥ ] T 3550 S ol


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

WAV Oty § 5lad (on3les dlor ¢ pudign gl ons & 123 OVA

Slad s s s s s Orre el odlies  la 59 e e3liul |l 3 48 A5 T

Ca.w‘ \/Y U '/-\ J:J ,'i‘""/.
L;}Lwd.)w PL) ok oalaiwl 6l.hf“ﬁ|)l.: A JJJ.>

SE g v (KN/m’) E (kN/m?) v c(kNm) ()  w() Riner

r). Sl N4 Yooo /Yo 0 AR . (VA%
O g

i \q 00+ VY . Ay Ve +/4
S

e 1 Yeoos oy . v ¢

10m F-H|-—----

v ﬂi?_ﬁ:ﬁ:‘:‘i‘ m——

Ll 43 5 D)o 38 (S3land 5 [TV] 43S pll Slido s AT sl g


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1 ]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

ova WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

S Sl o Jen YO il 5 st Joa N0u a3 b ladl yrl (glaaize 53 S L5T s
Facshes YYO glil 5 e oo YO 3 L ooy iy S50 53 (S Dt A a5l o
X o S T I U g e R W
plomil 3oy ute b s oo W Ll s PlaXis isdle 5 5l sl b (s3ae o
YOS eslinal Sl sl (5l e 5 Alas iladie sl erer A
§USE ol sl &l Jde Dlasiin ¥ dgds s das e 0L ) Je 1SSl
6 50kea das o 0L 1 AL 2l s e Jo 4 b et L o
2ok de B et s ALl Gla Jos ) ol s sk e alisdle oS
Sl e leand gln SRl S GUl SO0l padse ul & Laes Gl

C,‘.w‘ ‘}i‘ww Q}:ﬁu 4 o (5)[.\.&4.!

SIS ka0 St gl

Op plas
352mm —|
ke VWO ‘
o b e
H3 5 5o il 2
225mm G
1 v, 350 mm
(F e S35 i b 2
* e R
P Lo (Gl edd e Jue ¥ IS
MKk
0 100 200 300 400 500
0"

l 15
) —o— Experimental
g
g 20 f —a— Plaxis
25
30
35


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

WAV Oliay § 5lad cons3ls5 Al ¢ uibign olidens &35 OA®

Lﬁv.'mcw)b el )40 6LA}:A|JL: Y d_,.\>

1Y o s O gonn
Y (kN/mg) \Y AL
E (kN/m?) Yoo £ore
v V80 (A
¢ (kN/m?) Y.
9 () ' ™A

o &)

G ke (S Ot Lokt Gilews p 5 S s Sas s glp e cnl o

bl ol s s s M s (gsleans Plaxis Dl s b eslial by S 35
Job (Ko st o ladols (Ko Ot B3 (Sl do i bl
Sl g3 S S Jas (Koo st b ol e 5 (K 05t Slopphens
Sl b b d g3 bl ol Sl e 36 e R s ERPTPT e
O 35 Joo 0 ol (b I3 el (6 S al 53 A g S
OLan 5 5 5 (VAAY) S nle 5 ol (5058 b 5 @) o S (5 (S

A aslie (Y1)

o5 SL b (Saw 05w wlas Cilise sla Sl 2 ys S0
b (Ko 05t & Lo gl ) ecdloie sla g Sl doss s o shen bl 5o
SOl el 0 o3l ol 0SS 3 cpl 5l Jols S s el S =2m
Gy ¢ Supﬂgpgﬂwdu&ﬁéb Loy Gl bos gl e edalio
Ao b oS psba ol Bl LI S pder Olpea Jeod LB A5 s Y
G 33 (S Ot O3y S 4 e oo B 55 o pn Yo B Sl


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

oA\ WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

(kPa) (i
0 50 100 150 200 250 300 350
0 T T T T T ]
without stone column
5 10%
. 15%
3 20%
2 L 25%
2 30%
15
20 &

S=2M aS bl b 55 Cadi = 55 Hls s 0 S

L5 55 il gladsb b Y

S Jee 2 (S O 035 mhons (51 1S 55 Ciloin Slad g b s skt
L 50.75L 0.5L 0.25L ilses J5b £ 51 b s Ko 052 5 St 45 yoma
o gazms Joos LB 25 o1 w85 cilite gladsb U e 1 K s eslizd
5S=2m L Jde Glp Jlsse opl ez e Ol ol G s Sy S O 5
il gladsb 5l oeslied Vs a2 @il EA=4000kN/m e U 48555
2[3D s 55 (S 055 il Bldl (1 51 055ke S O e 51 4 8 555
SR 5 S e Y 5y (F (S 055 a3 D S 0l (3lets n e |
Lossd e Sl T S Sl S0l Y opl 5 (S Ot Joxss LB 2 A
Jsb Gl b oS ssbay il SRl Jass LB 55 Olpe 4 5535 sk Sl
Ys g;w:):Cugj,\{au«{g;,.;t}»xJ{uu;;:glj-,aLbO.ZSLj\Jiﬁ):;
S i dob s 038 prhans b cpl pliy ol a8l (215 Ao, YA B Y I e sl
2ol3 S i B sk 53 S 5 O 4 3 S e

S ) Gl IS (g S8 il bad sk A Ll e s

Jsb S5l L s s e oSl S0k ool 0l o3l DLV SE 53 ooy ol 5 At


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

WAV Oty § 5lad (on3les dlor ¢ pudign gl ons & 123 OAY
Sk s Slas spg Sl anl Sl oo LB (il LEES (550 Olpee LS 55

Lol 5l S5 dsb Julll oS ssba 5sd e mhos (Ko Oy Lol #5000l

el Bl il Ao £ s g s e BB S (650 Olee

(kPa) (i
0 50 100 150 200 250 300 350
0 T o * T T T \
2 == without geogrid
4r ——0.25L
6 0.5L
‘; 8 ——0.75L
J10 } —L
512 -
14
16 |
18
20 L

S=2m oS bls 5w S g5 Sline sladsb 5l ealinal b i A5 Hlaged N K
Hoop force (kN/m)
0 5 10 15 20 25 30 35 40 45

L (m)
L R N T 7 N S R

-
=)

5> EA=4000 ol ;5 5 ciliss sladsb b & 5555 L gail> 2iS slag,s Hlaged V K3
S=2m s bl
X S 55 e (sla e ST Y
T (S D5t L ok 3y SB 3 S Jas 2y S 35 (e 50 s ) ey

ozl (iledde 53 2o b Sl 000 g Erer Yoru gla s Lo S 53 g5 Y


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

OAY WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

ke S O gl L et Bl 53 5 e G e 4 5 A S8 s S
53 e il G s e Sl SOl e LS Loy ol b L S5
Sl L S b ol 5o Lw cns ol dob b S5 4 alee (S 0
S Ot Sl e 0L Sl ealind Sl s ey 553 5kS 000 Ol e
5 a8l Gl ds ;10 Sl e Sle Vel 3 Jes B SIS S mbes 8
Sl 5o el ooy Ao s YA 51 i 0 L Jsb L s S 55 sl eslanad Sl s lds oy
DT dsesls QLS YV Jlo 5o O 5 0luS 5550 s 5o =W ol 5l
S=2 L S bty by 1 S 55 i 55 il 328 (gl IS (slas
el o esls OLES Ve IS s oglie gla e b S 55 R byam
s e DL 5 e o 5ty (S Ot 8 Ll L e 03 (088 slaiss s
Joos BB (sl IS (650 Ol kiS55 e SR L 55 e sdalie SOl
U Yo e esgdos 5o Jed B (gail> 2L (9,0 Sl e R el a5l
AU as Caslie S Ges s A0S gl s el ol e s sks 0)
GBS ks SVl (534S S5 8 4 Olg e ol S e (ol glad S 55

&:a..w\ g:,\...v)J 6)L~JJA L "\ijfjj)“

(kPa) Qi
0 50 100 150 200 250

0 T T T T .
2 F
4 Fr ——=without geogrid
6 k e EA=2500

'*3 st EA=4000

Y10 f = EA=5500

E 12 b
14 }
16 |
18 F
20 &

S Sl s Sgline gba st (51 5 0.50 I b 4 b 8 45 b i = 235l ged A IS

S=2m


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

WAV Olins £ 5ot qa3lsn Mor ¢ purcige ol oppns & OAE

(kPa) Qi
0 50 100 150 200 250 300
0 T T T T T
2 F
|k ——without geogrid
6 b ——EA=2500
;3 s | EA=4000
‘A 10} e EA=5500
E 12
14}
16 f
18 F
20 &
S=2m oS Lyl s je wosline glassew 5 Ldshb 4 a5 555 L i - 25 Hla 0 4 IS
Hoop force (kN/m)

0 5 10 15 20 25 30 35 40 45 50 55

N ke W N = D
! — T

L (m)

D-T- - )
T T

p—t
-]

dkg‘,ﬁ:}: thé.u 6&@3Ldﬁ0%;§3b6}bﬁdh3ﬁ)‘:w AN JSJ"'
S=2m «s

WS bolen ez e 0l S Oyt il Blasl 5 1 0 8455 e 50 VY IS
S Ogi il Bl S 55 Ol e (15l b ospd e sdalie S ol
Sy Jord BB LAES 5l 50 Gl Sl ol s Al el
Q)-&jhdudb)ﬁéﬂdw‘)w‘j\ dols flae 5o i ol VY S
Lo YO sSslr do Lol (ilos s 0 by o ol ol s o OLES 1) 4 8555

W‘UL:A‘)‘ Bl U'-i‘ )‘ L}«él}- @L:J A:».w‘ ol d\)‘&duuwwﬁdr ;.Lél.‘?


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

0A0 WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

S Fobe (S Ot e [TV] ol el gl (S O b ol (g5lon Y
S O g b5 s BB 55 558 e edalie oS, b0len gyl Sl el 55 S
RSt o S L S g S ate mha 5 GVl el o3 S 15
ol S Ogie (SAd ) geama LD 2155 Csls ‘Lﬁwé)ﬁwdbﬁcl..wmrﬁ ]

Do S 55 Oak Sl o Jasd WG 25 I s psd e S

(mm) (il Bl

N
-

EA=2500

= = =EA=5500

L (m)
e R I AN R W N =D
~

-
=

S=2m as Julyd 5o Ldsb 4 b 855 4 e (Kaw 050w (il BLl lages V) 03

1200 ¢

TODG, [ 7T v o i i
|
|

800 F 1

3 1

= 600 F !

&~ ]

& 1 without geogrid
" | = = = with geogrid
200 p

0 : 3 i i
0 0.2 0.4 0.6 0.8 1

(m) (s O g 93 ) Abuald


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

WAV Olins £ 5ot qa3lsn Mor ¢ purcige ol oppns & oA

oo 5 (S O gtew 83 5dma 53 Jaod BB 25 Oljme 55 0 0dalie VY IS 51 4SOl
bty Y i)l il 53 (55 Cond Sl el ol el 6 i p 5 S
daly ol 5N 25 b e o LSS5 L s s S5 Osd DI gs s

:..\dea Cowdds

Q)

Os
n=—
Oc

UKo s 3 S s 25 (S Dt 53 5 o Sa O 5 O abasly a3 S
3RS 85 0ak S 55 s S G0 g e Jol g Jle 55 55 Cnd Y
Ly 0 Comd ol Sl b 895 0ol Sl s s e 0L |, L S8 L
Sl sdile 3L Cul S ol e V0 S i sladol s Sl b oails Llals
L oS 5p 0 odalin pimen ol 6 (35 ol S5 % V0 Sl i ahsls 550l
O o 05 g (Ko gt (SUES ) pame Sl Esl oS (S 05t 035 s
Sl 83 OLLE andl s o OLES 1 (5,5(.:@ ol Bl S S5 Osl Al a4 e
O gpdse ol el 80 s S5 L Sl 53 5 e (s Al 1
LS55 aY 4 Kw 05w b Sles)ls e L Ol MSLL Ll b 55 45 das e
or S o ol Jlesl 3l Bl oS Jass 1 en)ly ol 25 4N oul 5 5pd e Jine

s R Y O R e o

3 without geogrid
= = =with geogrid
2 A
1 15 2 2.5 3 3.5 4

(M) R & s o Jual 5

iz gla o Rl Ao s bolie 53 AT G sl Y S


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

OAY WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

Sk b st

S B e by A8 5 sl b S D ik e S Ol
<o ,b 4 ((Qureinforced) 45 55 b cl-”*’ Os Lok (g3ln £ S ol st
50 o ((qu)unreinforced) L;<*~“ O 5w Lol (g5lua fj'.’ S @LG-’ sk

BCR = (dwreinforced )

(9uunreinforced
b (e TS 5 el &k 5b .l gl b b i BCR il ol o &5
AENEJSE DV ssd e @8 s ol b b b pln e ) Gk Jlas
Ao s K 5o s e abmMe SOl s e LS (0l b bl 555 1 LS S5
e b Gl gl S b e S5 e SRl L b Sl
S Sl Ao I b bl (55 S 55 1S 55 U S 5 p5 e skalie
O SHlagho S S 55 555 b oS 3 4t 05 r sionl S Al e S

13 5 a3 L el banslie 53 50 50 2N S

13 ¢
1.2 ([
& B SO ~
Q11 f b TR ---A--- EA=2500
M i O~ o
___________ e “--g —O- EA=4000
““““ ~A~--~-_________* EA=5500
N "
0.9 x J
10 15 20 25 30
e 2a

Sl b B e NS S

Y] s,

1 Ambily
2 Gandhi


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

WAV Oliay § 5lad cons3ls5 Al ¢ uibign olidens &35 OAA
— q.B
Se = MO'“l'? )

Sy sl s oo B S anen ¥ Jos B s 5 Lid q ol s oS
(i) Q)‘MML;AMQ}:.«.«IOJJ\J dl}-‘b‘-;‘.wuj:.w@ev\,;l 6)[.«444 ;St?—dl?-‘).) (SR)

Dy
Se. s
SR = €with stone column (2)

Sewithout stone column
Lo s Blie 3 2 Ay s sdtalie e 25 gla I3 51 oS, bolen

238 s S 05 b e
(0)

V)

5 8 Sk 8 i o ol o gie 5,5 6 5 Jlasl 5 b O dlaly ol s oS
Q)}JQ\)MMQ\}J&QL@J}JQw‘ei.ﬁaé)bbrféb-}l‘muw}_;
S iy (V)

SR = 2o )

=5
el (Ko O gt O3 a3 L s Eg el ol 53 oS
SOl das o 0L 1) Candd Cad S5 Sl Al ds s ):JL! Vo s
S (Ko 050 llas (5051 o Sl &b o (5l L s e oD
e (S Ot 035 pehans b iz on s o OLES 1) (8l L) s o p 5
Ol o (S 02 Sl g (2l 1 L 45 28 S e Ol o ool il 2alS SR
el Bl S s o Sl s (S D5t b ok (il S

KN/M' e U S 585 5l aslind Sl 5 G s Ol [ w5 a5 L 5500 5


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

oAl WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

LS 1) 7ot SRl doss YIA B VAY o s (b sy e g i 80

el 03ls
0.6 p
05 —o— without geogrid
—X—EA=4000
0.4
=
7]
0.3
0.2 F
0.1 . 2
10 15 20 25 30
e va

el o 535 Sl Mo ys S N0 IS

Sl L (595 (K g (S5 y goames SRl ;36
S s S 05 xS e RSB 0T S Jes S D sl G
St il S s SR e 5 (S Ogte SLBL S 0ud (Sl Sl
Joe o Sl s b (S O gl Sl S st (S O S
e Ko¥Z iy Mo Sbe s i a3l Alge 5 Sl 03y (Ko) 055w Ll 3 o
53 O 5 Ll ool B 5500 Ges Z 5 St dls 035 Y abaly cpl 5o 45 555
sl DL s D e Dl Jol B b (S D sl 8B YA JL
IVP] el VU JSE ssad €l ey ol 3 ol ol 5 Lles S s 1 K
35 Sl s il SLEE o 5l 5 mn K o se sdalin s sad ol 51 S5 5botes
3308 41 (B 15 Cmd 1S 0T e oS 0 s oy hols (331 L imen 5

b Sl Kl e


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

ATAY Ol £ 5 ek conailys Alr (pulign lidin) 25 04

3.0

—e— |Lower bound
—o— Most Probable value
—v— Lower bound

2.5

2.0 +

¥ 1.5

1.0 4

0.5

0.0 . T T
12 1.4 1.6 1.8 2.0 2:2

(%) B 09w oy Aot
[FY] Ko a0 g o ol b LR 5T A S

A bt (Ko D Sl b s S ST 3 e S s bl

oS5 SRl sk Y Vo Ko 5V,0 Ko VYo Ko Ko ool [Lis o s oo 2 opl 812
Oy Ko Bl 3 pmen s ols polantl o5 Sb 4 (S 0w Skl S
IS8 358 sl e 5l ol s IS e hens 2 S 555 DLl Sl eslizl b S
S1E RIS 3 p8 e sdalie IS5 51 a0 DL 1y gy o0l 5l ol s VY
b s e St OF e 3 48 aly il ol od (Ko 052 SBLbI S
g S3lygamn Sl (s S SRl WY 1AL e 2alS (ST sl
Silosgame NI L Gomen ol Jass BB B G55 5 O 4 55 5 (S
SIS 1l enls OLES 1y il sy s G L S 55 gbaoldl L S 02
53 Ko Ogtn 035 e (gl o esliud (g S55 S5, 45 ol cpl a5 LB
L) (Ko Ot BBl S (ST 5 58 4 cnd SR s 5t il el Ko Ll
e,\.:wu@w;w)\m&ﬁélzwﬁ&\pwMvﬁ.wuu(ko&\pl
O b 2l L L o Slr doss Gl b s JalS easiom 5 4Bl 2alS
b odalie Ciline GlapdUT @ by e il 53 508 Sl 5 add 03,08 S
B S e O L e

RCSI- U SCIAS. A CI SN U S RTAEIN |


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

04\ WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

0.6
®
0.5 ®
X ® Ko & without geogrid
04 - : 91.25Ko without geogrid
% * o] @ 1.5Ko & without geogrid
03 f + ; %1.75Ko & without geogrid
o ! . DKo & EA=2500
02 + :- Ko & EA=4000
+Ko & EA=5500
0.1 o
) 10 15 20 25 30 35
S aa

sl s (§35 Ko O o Bl 23S guamma HL25 21531 56 AV S
5255 B3y b ol amlie
5l Mg 0dd G152 5e 555 Rils) b sode el ol m
hlio WA IS aslie YO Jla s 0bKen 5 4 5 144V Jla s Giya be
Ly 5 ol hsh 5o el O Sl s i cas Blie 3 oSl o
e M Sl g b s e 0L 1y axd S Olisee Al sy o &1 (6,58
Oen 5 805 5 (V4V) el 5y 505 Wl (5558 By b sl 2assy 5l ol sl
L (8AY) Gpa sl 5 ol gy say old @1)) Gl oo 3530 odalie (Y411)
)3\,&:;05@wmjwlamwwuﬁwopgﬁkp@m@wu;;
5 omlisg oS (S 05 bodd (g3lon p i St Ol pcnl 51 S
(Y1) OLen 5 05 Ll 3 sy il jwdly Sl 50030l ciles S arloes o 5n e
Sk adsl 15 5 S Ot il Bl (dlas Saadly sVl 5, 08 8 s 55 L
.[T"i].s)bf’éb&a)}iL.u.ii:)jJ{LESAS,U:)SM‘()\béjjdhﬁc'é\)@uoj;wg_é\)b\
Nssas 3 op (S O Siloghons 51 ol bl (Ko Ot (b shien s
6l Ol e balsgas ool 5l eslizal b cpl ply ol ol o351 V4 IS 5 ol 451
Codts |y Ccls JialS el Olgee cilies o oo S sl don b s W0 sies s s

.)JJT


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

WAV Olins £ 5ot qa3lsn Mor ¢ purcige ol oppns & 04y

0.7

0.1

OPoorooshasb and Meyerhof (1997)
WPulko et al. (2011)

~ APlaxis

10

0.7
0.6

0.5 q

0.1

15 20 25 30
sl xa

S0 S=Y 6l peded O Sl 53 s S Aalie M S

OPulko et al. (2011), EA=2500
mPulko et al. (2011), EA=5500
AEA=2500 (Plaxis)

EA=5500 (Plaxis)

10

15 20 25 30
N ua

50 S=Y (sl ebed b Sl s e o glin N S


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

04y WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

& S omss
obe 4 mhe (S oo g G s a5 ol st sdalie 28 Slsl o 1 L
803 it b ol S el 0351 05 Sy b SIS €l 5 5 Sy el
S 36 Cilsn 5 e sla el oy S 55 4l 4 s Koo 055 b o (53l g
ot ol 3 ol gl el el odd oS s e ek (S3lety SBE S Jus
HGIWH S W RIS YW= RN
Siloghos b ppmer 5 o5 S L (S Wlae oSl dops Rl L)
23 ormps b SRl e et G 53 e BB RS (S a0 g2
HB 50 e e Sl 4 S s (S Ot b ol (3l e il
B T BV S S sl d s SR oS sboas e G s e
U VE Ol a2 Sl Yo conlld ps oo BB 25 (g5laa 8 G- 4 s
as o OLES 1y Ll 3l ds s VO
S Sl el s S sl S 55 a0l e 5 b 3 Y
o Bl S5 S e L s el sl (il S
oo S L6 05L 5l S5 dob (0l Al e Jals (S sla0 o
P Ao B Ol ) il iS
gt 53 3grg0 55 Gl el 0 S 535 Gallll b (S gl g 038 pebas ¥
;SBJQP&JJ:&)']«);;“JBOJJJ.@MMcL....aﬁbg;me_g;..M_;
K Ot 53 3grge 5 (6o YO LI sl 2 855 0Ll 5l eslinal o
2y st
odd g3let a3 50k b b b S5 a0l b (S O (g5l pams £
Cilisn a0 U S e S3lssamn b 5 gl s b a3 e il
b g SRl o3 VY 3 s B g sl b B S 55
S A3 Byme (SR) s cond sy O bl SO e S g shatens 0

3l ‘_}.,al;- cl:q Sl e lZd (g3l ey 4 el (ileas ey s S bl s


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

ATAY Ol £ 5 ek conailys Alr (pulign lidin) 25 04¢

b (R 055 3l e (I3l S slr Ao (Rl Bl L oS als 0L (o)
S L) G S A S 55 a0l e R30G5 S 55 slaOLdl
@ cl.wn uf.wq sl s 3l eslinad b ¢ S gsluas plpby Ll esls 0L
GRIP L s 0 e e ) (6508 e (Sl b e 4 e S 55

Al or S (3lhs S (Ko 0 g a3

c\.:.o

1. Barksdale R. D., Bachus R. C., "Design and construction of stone
column”, FHWA/RD-December (1983).

2. Lee J. S, Pande G. N. "Analysis of stone column reinforced
foundations”, Int J Numer Anal Meth Geomech (1998) 22:1001-1020.

3. Mokhtari M., Kalantari B., "Soft soil stabilization using stone columns-A
Review", Department of civil engineering, University of Hormozgan,
Bandar Abbas, Iran (2012).

4. Hughes J. M. O., Withers N. J., Greenwood D. A., "A field trial of
reinforcing effect of stone column in soil", Proc., Ground Treatment by
Deep Compaction, Institution of Civil Engineers, London (1976) 32-44.

5. Madhav M. R., Vitkar P. P., "Strip footing on weak clay stabilized with a
granular trench or pile”, Can.Geotech. J (1978) 15(4) 605-609.

6. Aboshi H., Ichimoto E., Harada K., Emoki M., "The composer-A method
to improve the characteristics of soft clays by inclusion of large diameter
sand columns”, Proc., Int. Conf. on Soil Reinforcement (1979) E.N.P.C.,

1, Paris 211-216.


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

040 WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

7. Greenwood D. A., "Mechanical improvement of soils below ground
surfaces", Proc., Ground Engineering Conf., Institution of Civil
Engineers, London (1970) 11-22.

8. Jellali B., Bouassida M., De Buhan P., "A homogenization method for
estimating the bearing capacity of soils reinforced by stone columns”, Int.
J. Numer. Analyt. Meth. Geomech (2005) 29(10) 989-1004.

9. Priebe H. J., "The design of vibro replacement”, Ground Eng (1995)
28(12) 31-37.

10. Poorooshasb H. B., Meyerhof G. G., "Analysis of behavior of stone
columns and lime columns", comput geotech 20 (1) (1997) 47-70.

11. McCabe B. A., McNeill J. A., Black J. A., "Ground Improvement Using
the Vibro-Stone Column Technique", The Institution of Engineers of
Ireland (2007).

12. Isaac D. S., "Suitability of Different Materials for Stone Column
Construction”, M. Tech Thesis, College of engineering Trivandrum
(2009).

13. Gniel J., Bouazza A., "Improvement of soft soils using geogrid encased
stone columns”, Geotextiles and Geomembranes 27 (2009) 167-175.

14. Halabian A. M., Naeemifar |., Hashemolhosseini S. H., "Numerical
analysis of vertically loaded rammed aggregate piers and pier groups",
Ground Improvement (2012) 167-181.

O G0 GMale (Slgond ol e ) " (g e sl (7 e Slnd Ao

TLY 6oled YUY 650 cipd B 55 5 ale alae (S (s Ly o2 (6l o

AYONYY (YY40)


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

ATAY Ol £ 5 ek conailys Alr (pulign lidin) 25 o0d1

16. Murugesan s., Rajagopal k., "Geosynthetic-encased stone columns:
Numerical evaluation", Geotextiles and Geomembranes 24 (2006) 349-
358.

17. Ambily A. P., Grandhi S. R., "Behavior of stone columns based on
experimental and FEM analysis", J Geotech Geoenviron Eng ASCE
(2007) 133(4) 405-415.

18. Zahmatkesh A., Choobbasti A. J., "Settlement evaluation of soft clay
reinforced with stone columns using the equivalent secant modulus”,
Arab J Geisci, 5 (2010) 103-109.

19. Deb K., Chandra S., Basudhar P. K., "Response of multilayer
geosynthetic-reinforced bed resting on soft soil with stone columns",
Computers and Geotechnics, 35 (2008) 323-330.

20. Deb K., Samadhiya N. K., Namdeo J. B., "Laboratory model studies on
unreinforced and geofrid-reinforced sand bed over stone column-
improved soft clay", Geotextiles and Geomembranes, 29 (2011) 190-196.

21. Mengfei Q., Xie Q., Cao X., Zhao W., He J., and Jin J., "Model test of
stone columns as liquefaction countermeasure in sandy soils", Frontiers
of Structural and Civil Engineering 10, No. 4 (2016) 481-487.

22. Gniel J., Abdelmalek Bouazza A., "Improvement of soft soils using
geogrid encased stone columns", Geotextiles and Geomembranes 27.3
(2009) 167-175.

23. Ghazavi M., Nazari Afshar J., "Bearing capacity of geosynthetic encased

stone columns”, Geotextiles and Geomembranes (2013) 1-11.


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

04y WS35 4 s (S g b oad (3l a5 Gae) Sl 5 e (s

24. Hosseinpour 1., Riccio M., Almeida M. S. S., "Numerical evaluation of a
granular column reinforced by geosynthetics using encasement and
laminated disks", Geotextiles and Geomembranes 42 (2014) 363-373.

25. Tang L., Cong S., Ling X., Lu, J., Elgamal A., "Numerical study on
ground improvement for liquefaction mitigation using stone columns
encased with geosynthetics", Geotextiles and Geomembranes (2015) 1-6.

26. Hosseinpour 1., Almeida M., and Riccio M., "Ground improvement of
soft soil by geotextile-encased columns", Proceedings of the Institution of
Civil Engineers-Ground Improvement 169, no. 4 (2016) 297-305.

27. Choobbasti A. J., Zahmatkesh A., Noorzad R., "Performance of Stone
Columns in Soft Clay: Numerical Evaluation", Geotech Geol Eng. 29
(2011) 675-684.

28. Cooper M. R., Rose A. N., "Stone column support for an embankment
on deep alluvial soils", Proceedings of the institution of civil engineers-
geotechnical engineering (1999) 137(1) 15-25.

29. Brinkgreve R. B., Vermeer P. A., "Plaxis-finite element code for soil and
rocks analysis", Version 8. Rotterdam Brookfield: AA. Balkema (1998).

30. Hu W., Wood D. M., Steward W., "Ground improvement using stone
column foundation: results of model tests", Proc. Int. Conf. on Ground
Improvement techniques, Macau (1997) 247-256.

31. Narasimha Rao S., Madhiyan M., Prasad Y. V. S. N., "Influence of
bearing area on the behavior of stone columns”, Proc., Indian Geotech.

Conf., Calcutta, India (1992) 235-237.


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html

[ Downloaded from jeg.khu.ac.ir on 2026-06-12 ]

[ DOR: 20.1001.1.22286837.1397.12.4.1.1]

[ DOI: 10.18869/acadpub.jeg.12.4.571]

WAV Olins £ 5ot qa3lsn Mor ¢ purcige ol oppns & 04A

32. Christian J. T, Carrier W. D., Janbu Bjerrum and Kjaernsli’s chart
reinterpreted. Canadian Geotechnical Journal, 15 (1978) 123-128.

33. Elshazly H., Elkasabgy M., Elleboudy A., "Effect of Inter-Column
Spacing on Soil Stresses due to Vibro-Installed Stone Columns:
Interesting Findings", Geotech Geol Eng. 26 (2008) 225-236.

34. Pulko B., Majes B., & Logar J., "Geosynthetic-encased stone columns:
analytical calculation model"”, Geotextiles and Geomembranes, 29 (1)

(2011) 29-39.


http://dx.doi.org/10.18869/acadpub.jeg.12.4.571
https://dor.isc.ac/dor/20.1001.1.22286837.1397.12.4.1.1
https://jeg.khu.ac.ir/article-1-2515-en.html
http://www.tcpdf.org

