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1. Collapsel
2. Unsaturated soils
3. Compacted kaolin
4. Kaolinite
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1. Constitutive models

2. Wheeler et al. 2003

3. Zheng et al. 2004

4. Nuth & Lallui 2008

5. Zheng & Lighton 2009
6. Alonso et al. 1990

7. Modified Cam Clay
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1. Barcelona Basic Model
2. Deep soil mixing (DSM)
3. Linear regression

4. Over consolidation ratio
5. Implementation
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1. Net mean stress
2. Suction
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1. Loading collapse
2. Josa 1988
3. Isotropic stresses
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1. Stress paths
2. Zheng et al. 2013
3 Compression
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2. Over-consolidation ratio


http://dx.doi.org/10.52547/jeg.15.2.307
https://dor.isc.ac/dor/20.1001.1.22286837.1400.15.2.2.9
https://jeg.khu.ac.ir/article-1-2933-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22286837.1400.15.2.2.9 ]

[ DOI: 10.52547/jeg.15.2.307 ]

VEr s Ol Y 5l ean il Ao (ptige olidpn YYA

3L3 palie oS das e 0L Jol mls s e OLE VerkPa il jlis s calwses
ols sy Same Sl b 650 Sad 5 a8 GV s (Slte 5 6l s
sl e L)

Sk s sk 5 L FLAC s Bleol wb by giluesly 51 Jol> mls
osl> QLAY K5 5 A3 sl s 53 Jde i bacslie 5 oS0 oy o
NG PR WA

sl Col JoS adyl S8 b sl St ad Gl 5 LS o2 S s s o
(JoS gLl 5l e et YookPa i gl s e 65 e glacads
S S 055 sk Ll VeekPa S s wlie S 5l 5 e e A
Il 53 St 308 p3lie OF 4t 45 ey o e oo T OBV () S

DS il 3L e ysbay SWsd 5 5l a0 G das e LIS Y S ls g
S0 b s Sl (ol oo i ot 5,8 Sl s bog asl a5l cad sl
c\" kpa u;.i»)l.;e d‘_}") L}:bd kﬁ-\ L aS Mbdd QL.:.J )‘JJA.} U'i‘ L C_)_L:.:
A baS Jm o5 e Sl 1) G Ol S oS X5 Ol S
) bSOl &S b e el et e ol (OCR) aSows i o (18 5

Sl SHsd § s 53 Cis J 1S 55 oyl

gLl pp lames 55 Gres DU (ad g b odd (5l S (g5l Je
L oS gt b o3 Lams o Ladly Je G esadte (S5l b s ol
Slr S sbose b dbs sl e Sl odd (Gilags Gres DI 255
sl S Osmlli B Hb Gl Sl S Olpe e O sl 05k 5 Solese
on el 5L amelons 5 e Sl s 00 0 a o b s
IIYT YT ol Slomn G J 28 6555 5 sk b b colis


http://dx.doi.org/10.52547/jeg.15.2.307
https://dor.isc.ac/dor/20.1001.1.22286837.1400.15.2.2.9
https://jeg.khu.ac.ir/article-1-2933-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22286837.1400.15.2.2.9 ]

[ DOI: 10.52547/jeg.15.2.307 ]

¥Ya Lt GBS (5,1, Jde 55 SS4 b add (5150 SIS (KoK 55 5 ,Shes 50

250

0
<o Si=100 kPa o5, a0 p SI=200 KPa o35 A
—e—BBM 5i-100 kPa —e— BBM 5i-200 kPa

,_%,,BBMSLIOOkPaﬁ@; e 2 s woifieo BBMsi=200 kP2, . S0 s b

3 il Jol 5 52 S e gt g S U lanlin slajls ges AY S
(S ojle 035 4D ilisee Il 4w 3 35 0

() (655 e o 5l alali

0 1 2 3 4 5 6 7 8 9 10
300
250 —es ==
200
150 o ===
100
50
0
<p S=100KPa Sw,z 2 — @ - 8i=200kPa S 15
—3 BBM 5i=100 kPa === DBBM 5i=200 kPa

oo sjses BBM Si=100 kP oS0 f o b b oo a0 BBM 8i=200 kPa .85 o o b

5 ke ol 53 5 Sl glacei 5 S ST slamlia glajlsge AT IS
(SXss 5 31 cilisee Sl 4w 53 55 50


http://dx.doi.org/10.52547/jeg.15.2.307
https://dor.isc.ac/dor/20.1001.1.22286837.1400.15.2.2.9
https://jeg.khu.ac.ir/article-1-2933-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22286837.1400.15.2.2.9 ]

[ DOI: 10.52547/jeg.15.2.307 ]

VEr s Ol Y 5l ean il Ao (ptige olidpn A\

LA a0 s ilay rod LOLl gl51 L g el ki oS oo b LU

Sloslo Sledd gy Jo 3500 J 28 Lis S e Sl 5 b Lol s o
el s Sl e Ol Sl S Y g el G Arxto slal 4
SO el odd e CadS a0 s Sl b g 0l (55 Pl BLS S ol o)
sl (SL o3la cnl o @3ls wm e V/OX VO ahaie 4 o o Y KPR G510 o
e 8y Ysr Gillas ok oS1me o 1551 Lolasl gy Joe sla ey ol o
tuaid 5 ML o5, 55 5 6t O son S o el el edd eslind 5l
St S 5 oS Ll Y Y S s O gl 5,8 e 513 (S e
U5 S a8 aw ledte gl Lot abll e S 13 xY0 Culhs 4 S
3ol Y i s O 515 leds (ileand sl JoliS e 3 slasmio
D] ol 03 el L3l dod 5 L3l DU 2oy 35 a1y Joe &5 315 513 e

08 IS5

-

f - \
S, L1E: e
¥ SE

v

):;.,M
AN A A Gladsba clb aw s mdes Ol L (S o5l Jas N E ISS


http://dx.doi.org/10.52547/jeg.15.2.307
https://dor.isc.ac/dor/20.1001.1.22286837.1400.15.2.2.9
https://jeg.khu.ac.ir/article-1-2933-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22286837.1400.15.2.2.9 ]

[ DOI: 10.52547/jeg.15.2.307 ]

A Lt GBS (5,1, Jde 55 SS4 b add (5150 SIS (KoK 55 5 ,Shes 50

Ll e S G DY Gla0 siw 5 )8 adlr an 5 5535 ) sk
DIV] ol s e ks a0l (5520 1/0 5) 0/0 Jolgh L Jiko 4w 4y Il
Lo 53 edd (Gluand Ul 4l Jbe b oS S Gae DOt gl st ol 1l
IS 2L $lp s Oladl il ol d 5 sladsb 5o ssdoms JOUE s siasl
L IS oS 0letS (), Jie dawr s b A o, Lal 4SOl ol 0l (3lmenly i
Gosba odd Blol due Suomy 4 S s 2806 [Las 03 5 ke 5 Lo Sl ki 6,0
3 4w L (G3ladde gl OlalS e Gla bl esdle didr bl 4w oS
dlos sl sy FLAC FISH bams 53 o sbiecpdy ol 5L 550 gLl
S e Ol a5 180 Dl i aloes Sl w8 G et 55 5 G 51 AU NS
ol ol iy a3 3l 1 gLl 8 L s S a5 LB (ol d SUls
IS8 B s s mebed 0Ll Cilliine SV s Sllons s Jeboss plnil) g
s 5l el Aol 5 Lol Lol 53 5 S cais Glawlie &y ma (V0)
Lost] gla0 s dsb 5 Hols o ates Juo o3l S OYPKPA L co s o 0L
O s OV 5 Liles S S te due N 5 00 Y (lae3lll 4 Blas Gees
dools @ty 2o oo Yo BV o el 1 (k) S e Jlas 5 Sas slis

el Laoas CL...A

90 r
80 S
70
60

50 |

(i es) Canl

40 |

30

20 | Ips

o S e ST e et by =

10 L — = e e b Pl O
20 40 60 80 100 120 140 160
(_’.'4 ‘5-‘-_.') | H

AN A A Gladgh 4 b an o mlded GLOLITL (S ol die N0 IS



http://dx.doi.org/10.52547/jeg.15.2.307
https://dor.isc.ac/dor/20.1001.1.22286837.1400.15.2.2.9
https://jeg.khu.ac.ir/article-1-2933-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22286837.1400.15.2.2.9 ]

[ DOI: 10.52547/jeg.15.2.307 ]

VEr s Ol Y 5l ean il Ao (ptige olidpn Yy

S s glaolall 51 eslinad Do 5 Ughasb wl wl dde 3 s olew
dsb ax e 0l V0 S8 s b alis WP RSIN W)L KIPTRGILE RSN
OAd S5aS b5 apdp Joeos (S oile degazms 4 (6508 i AL 5 ke Ol
Al o sty Jsd BB B Ol ns Las 20 2/0 @ 12 1/0 31 a0 sty dbsls

Sl b Yharl e Wb b Lol (sl ol i X5y 53 i
DLl el Sl ol Sl e S sad b sl S il @l 05 Jib
S JB 8E S silg la0 s 5 skl il Joe sla by plesl &S dons o
Cod ddo 53 S i i Jlesl L 0T ol das o o3l JS s J 28 55
0 Jla= s bl a0 st Jsb 5 alols 4 s Jie o3l IS Y KPR L Oles
2 e Skl ekd legr ile oS Wles S i ke V)5 £V slassll
R (0B (S e Cands

S S 4o

Lokl aly il e St (6 0lls (o)l die JolS Ly, o lassy ool 5o
5 LUE S Sl Jilod sl nl 5 O 2 osdle 5 ok ana s FLAC® il ¢ 5 s
Se GdSE 8 Sl s SB el glad s (IS a4 als el el
L8 el (90l slassluand (e oLl sl Ole ol 03 Ll iy 05 pldl 8
Gl Bles edige Jes Plas 53 S84 o Ll Ol 4 )3 S
g MBS0 S Sl s el 0L iSGe s Sle SLES 5 e 3 slag S
ol 3 Wb i sl il oy ool 5ol oile conds s 36 ol 5t
Skl s sl Ll s L Sl ek wsle glap S ~1b
M B S i Sl 6 5l 0L Sl Lo pll 5 s3de (53ledus
IS Gl ol A8 o L) plil e slasSls  SUlagien 5 (SOlKe k5 53 e s
e ol @3lsn 53 g3 Shae 51 0L 35dme LSS (laaal y Jame 53 o
Yoo kPa 1S gl Jle Ol pea ol e ls b Bl 50 0 S -
Voo KPa S s alie Il Sk e Aol LA S ey (e s


http://dx.doi.org/10.52547/jeg.15.2.307
https://dor.isc.ac/dor/20.1001.1.22286837.1400.15.2.2.9
https://jeg.khu.ac.ir/article-1-2933-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22286837.1400.15.2.2.9 ]

[ DOI: 10.52547/jeg.15.2.307 ]

YYY gLt b Sl (5,18, Jto (55 S50 b ot (ST o SIS (SolKagss 5 Shes a3

OF domsts 48 dau)y o o s Vv a0 O] ) el o S 035 5kt Lol

sl e 3ladie OF p ool Il pl st Y s3le (3B OIS ks e

il gbaadl 3o LS, L Lol Jde 5 sl sl « FLACD wab s LGyl

Lotas 4 S l5a (S i 5 S Goes bl glad g 05 8 (o810 S e

s b oShe IS Pl s o5l aw e 3 0l (il o3l opl iluaned

sy Ll Jame b alie 3 ol g cilis gladsh 5 T s cans J S s

Slp a0 jasete ol 53 5 edd Pl Jas (S50 b S sba ol

Jde 0 Cd i 5 ,Shas Lo 3V V/0 5 A OY G S e VA 5 VY L bl slad gb

Lol glad g b S (legy b 3 1 Sledde ol U150 ol bl ol 4l

Sl 3 S 4 ol 5S35 01 ab Sandly 4 St S gLl b Lama 53 Gros

3,500 b sladis 53 ssdee Jols 3t sladde 8 e A Lls e (ST

Ak gLl s
@L:.a
OYAD) 53l Slog hlesl Mol e glasbs SIS @ o)

G dile Dslrs o anglin o alilol anllas” 0 OlaesS (g S (g e ol X

OTAA) b O o led ot o Mor ¢ pmiign lid (o &5 " (Ko 8o b 0 ebas

3. Jazebi M., Ahmadi M. M., "A Numerical Approach on Bearing Capacity
of Drilled Shafts Embedded in Clay", J. Engineering Geology, Vol. 12
(2018).

4. Wheeler S. J., Sharma R. S., Buisson, M. S. R., "Coupling of hydraulic
hysteresis and stress strain behavior in unsaturated soils", Géotechnique,
Vol. 53, No. 1 (2003) 41-54 .

5. Sheng D., Sloan S. W., and Gens, A., "A constitutive model
forunsaturated soils: Thermomechanical and computational aspects",
Comput, Mech., Vol.33, No. 6 (2004) 453-465.


http://dx.doi.org/10.52547/jeg.15.2.307
https://dor.isc.ac/dor/20.1001.1.22286837.1400.15.2.2.9
https://jeg.khu.ac.ir/article-1-2933-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22286837.1400.15.2.2.9 ]

[ DOI: 10.52547/jeg.15.2.307 ]

VEr s Ol Y 5l ean il Ao (ptige olidpn YYe

6. Zhang X., Lytton R. L., "A modified state surface approach on
unsaturated soil behavior study. I: Basic concept”, Can. Geotech. J.,
Vol. 46, No. 5 (2009a) 536-552.

7. Zhang X., Lytton R. L., "A modified state surface approach on
unsaturated soil behavior study. Il: General formulation", Can. Geotech.
J., Vol. 46, No. 5 (2009b) 553-570.

8. Nuth M., Laloui L., "Effective stress concept in unsaturated soils:
Clarification and validation of a unified framework", Int. J. Numer.
Anal. Methods Geomech., Vol. 32, No. 7 (2008) 771-801.

9. Alonso E. E., Gens A., Josa A., "A constitutive model for partially
saturated soil", Geotechnique, Vol. 40, No. 3 (1990) 405-430.

10. Gens A., Sanchez M., Sheng D., "On constitutive modeling of
unsaturated soils", Acta Geotech., Vol. 1, No. 3 (2006) 137-147.

11. Josa A., "Un modelo eslastoplastico para suelos no saturados", PhD.
thesis, Univ. of Politencnica de Catalunya, Barcelona, Spain, (1988).

12. Gallipoli D., D’Onza F., Wheeler S. J., "A sequential method for
selecting parameter values in the Barcelona basic model"”, Can. Geotech,
J., Vol. 47, No.11 (2010) 1175-1186.

13. Zhang X., Xiao M., "Using modified state surface approach to select
parameter values in the Barcelona basic model”, Int. J. Numer. Anal.
Methods Geomech, Vol. 37, No. 12 (2013) 1847-1866.11.

14. Hatami K., Granados J. E., Esmaili D., Miller G. A., "Influence of
gravimetric water content on geotextile reinforcement pullout resistance
in MSE walls with marginal soils", Transp. Res. Rec., Vol. 13, No. 3836
(2013) 66-74.

15. Alipour R., Khazaei J., S. Pakbaz M., Ghalandarzadeh A., "Settlement
control by deep and mass soil mixing in clayey soil", Int’l civil
engineering Institution, Paper 160008, (2016).


http://dx.doi.org/10.52547/jeg.15.2.307
https://dor.isc.ac/dor/20.1001.1.22286837.1400.15.2.2.9
https://jeg.khu.ac.ir/article-1-2933-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22286837.1400.15.2.2.9 ]

[ DOI: 10.52547/jeg.15.2.307 ]

Yyo Pl LS ()5, de 55 54 b ekt o1 o SIS SIS 5 3 Shes o))

16. Hatami K., Esmaeli D., Chan E. C., Miller G. A., "Laboratory
performance of reduced-scale reinforced embankments at different
moisture contents”, Int’l Journal of Geotechnical Engineering., Vol. 8,
No. 3 (2014).

17. Sexton B. G., McCabe B. A., "Modeling stone column installation in an
elasto visco plastic soil”, Int’l Journal of Geotechnical Engineering, Vol.
9, No. 5 (2015).

18. Hatami A., Tourchi.S., "A thermomechanical constitutive model for
unsaturated clays”, Int’l Journal of Geotechnical Engineering. Vol. 12,
No. 2 (2018).

19. Fredlund D. G., Rahardjo H., Fredlund M. D., "Unsaturated Soil
Mechanics in Engineering Practice”, JOHN WILEY & SONS INC.,
(2012).

20. Fredlund D. G., Rahardjo H.,"Soil mechanics for unsaturated soils",
Wiley, New York, (1993).

21. Anand J., Puppala R. S., Soheil N., Deren Yuan., "Design of
mechanically stabilized earth walls and reinforced soil slopes”,
FHWA/TX-08/0-5179-1, Federal Highway Administration, The
University of Texas at Arlington, Arlington, Texas, (2009) 76019-0308.

22. Sai Vanapalli & Won Oh., "A model for predicting the modulus of
elasticity of unsaturated soils using the soil-water characteristic curve",
Int’l Journal of Geotechnical Engineering. VVol. 4, No. 4 (2014).

23. Mojezi M., Biglari M., Kazem M., Ashayeri J & I., "Determination of
shear modulus and damping ratio of normally consolidated unsaturated
kaolin", Int’l Journal of Geotechnical Engineering", (2018).
http://doi.org/10.1080/19386362.2018.1425179.


https://www.tandfonline.com/toc/yjge20/9/5
https://www.tandfonline.com/toc/yjge20/9/5
https://www.tandfonline.com/author/Vanapalli%2C+Sai
https://www.tandfonline.com/author/Oh%2C+Won
https://www.tandfonline.com/doi/abs/10.3328/IJGE.2010.04.04.425-433
https://www.tandfonline.com/doi/abs/10.3328/IJGE.2010.04.04.425-433
https://www.tandfonline.com/toc/yjge20/4/4
http://doi.org/10.1080/19386362.2018.1425179
http://dx.doi.org/10.52547/jeg.15.2.307
https://dor.isc.ac/dor/20.1001.1.22286837.1400.15.2.2.9
https://jeg.khu.ac.ir/article-1-2933-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-05 ]

[ DOR: 20.1001.1.22286837.1400.15.2.2.9 ]

[ DOI: 10.52547/jeg.15.2.307 ]

VEr s Ol Y 5l ean il Ao (ptige olidpn v

24. Garcia L. M., "Influence of moisture content on pullout resistance of
geotextiles in marginal quality soils", Master’s thesis, Univ. of
Oklahoma, Norman, OK, (2010).


http://dx.doi.org/10.52547/jeg.15.2.307
https://dor.isc.ac/dor/20.1001.1.22286837.1400.15.2.2.9
https://jeg.khu.ac.ir/article-1-2933-fa.html
http://www.tcpdf.org

