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Revised: using the Coulomb failure criterion as a function of total or effective stress
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in the poresspace, the soil behav-ior becomes more complex, and it is necessary
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shear strength-prediction criteria were examined based on ex-perimental results.
The findings showed that some criteria exhibited high accuracy in predicting
shear:strength, while others displayed significant variability in results under
similar conditions. The findings of this study can assist geotechnical researchers
and engineers in se-lecting the appropriate criterion for predicting the shear
strength of unsaturated soils.
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Failure envelope:

7= ¢" + (0p — Uy)stan o‘\

oy = total normal stress on the failure
plane at failure

'

Shear stress, 7

\
¢’ = effective angle of internal friction
\ \
¢’ = effective cohesion which is the shear

strength intercept when the effective
normal stress is equal to zero

’1 \

Effective normal stress, o; — u,,

[N oS 550 (KidenS Gogy 1) S0

[«—o—]

Y aoiio—)

30 ool Pl 3 oSq S oy Cenglin g
Ceoglin (gladl GlaSe jo el SaSTS wdigee
G eadsS (K3S L b Yoo 3p
abuly )0 058 00 Ol Fge b S A5 e sloadlge

el o 4l ge (25 Sl 43 e il )

7, =Cc'+(oc—u,),; tane'’ M)

i Sz € by Zwglie 77 ol o A

. | s P (G_uw)f
donao » 00)5 P9 605,49 ==

Sl abas G 8 5 Cumdg 4 bgrye 50 plgs g

e.chali@eng.basu.ac.ir : Jgtue sdiun g Sig xS oy 3
Oyl elaes b degy olKisls ()l yoe (swdige 0aSisls )
Ol ealses b Jegr olRsls )l yae pwiige oaSisls Y
Oyl elaes b Jdegy olKisls ()l yae qwdige 0aSisls ¥

58,5 730 el )5 )18 sl ogous 1o oy | 4y Slciw!


https://creativecommons.org/licenses/by/4.0/

Tf :C|+(G_ua)f tanw'_'_(ua_uw)f tanwb (Y‘)

Jsl aloz 55 ol (S s argl; o' alayl, ol o
el slasls ¢l (V all)) cedgS - )90 Jlae (yles
ol ) a8 2l b Canslie ial33l pgms dlos Can
aayly @ bgype (Seud asas (V) S0 )0 000

Sl 0ads o0ls HLas [A] o) Kan g a5Ys 8

A
e (ua_uw) \_,:3\._- \,:S‘
@
[0}
e o'
@ | 1y=c'+ (u;—uy) tan ob
= ob
©
2 Wi
[0) | 7
(D o
// : // \_\ X
A\ 7 .
et o=
7
7
e
o
7 Fi5eS mlas
// o
Tr=C'+ (0—Uy)s tan ¢
c’{
>

Net Normal Stress, ¢-u,

[3] oliSan 5 505 abal, St amio ¥ S5
3 el o ad 5 L s culs 0 laie adgl lalllas 4o
e e b Opgen Ghn Cuwslie jlade Cl G
9" =" Joie b o geske j3 WS e i LBSG
Kbyl Sldlas 5 6 b Lol 1] cosl ans (5,3
ol 0 ode Le" Jlade LS iS1 s &S ol plas
Oleeds Guizred 13,10 s e adal) A6 by
3 K0 Sl b ot e o sl
[V--V¥]

S92 e 3l » addllaad VO] ol en 5 o3
¢’ Jlade iSenialdl b A Wi 4t ol @ ¢’
&‘9‘3‘ slg om0 1) ass oyl a8 e law Srals
DV ] wilos )57 Ll 50 glsl e S 51 6,500

dasin gove ookl b [VA] oK 5 JLUls
Oos] Sty gl Joe S ise 255 ol —S
Conglio ol 53,5 sty glosl e slb S Coglie

0,8 o gi3b (F) Ay & ygots g o |y (B

7y =C+(o-U,) tang+ (U, —u,) (@) tang"  (¥)

v el copled o Jle

S 0l (S dezs (saue L3k

oo 518 05>y cle 4 glidlye slaSls LS, Sauzey
95 o) sl s gLl sl S 4 cans (S
O3 o slen 3929 55U oad @l Lalg, o casl a3y
39 5 Vgomo glosil e slacS s o 09 423 ,5 JLai s 5
LS L8, oo Gl tw-lta 5 0-Us s S e
Uy g ‘_g\oj.é} \9&2: )Li:..é U ‘Jf oS o ewsn oolazw!
hlisee SY¥olae ( wlal Crod g ol (Gloya O Lid

e Loy, (bl 5 anslie Saail @uios o)
awle Sl by Cwglie L ion slp 9920
Shezn 4 axg bcwl ead bl glisl e lo oY
aily; ol o d9ge sladslis 5 S o5 (nl JL3,
9 o0 bl ilira (la ity 83 (o) 4 5L0
o plmil gLl odyls oY s () 2 (Sl (4525
sl sasie Byl oé e Jio ool L [8Y] e
Wloads sleriy glilye Sl Loy Cwglie
Wl dile ool S sy Ly, cpl 5l o)l
Gl Bas il @B anlie 5 ol 4 5l oY
Lulgy oiSlos aglie 5 ilidee Ll d (65luand (Gdod
Bt SlocS S oy Gl iy o il
3 slacasgame g S8 3l g S0 Glel Ul
@ Wilgs oo axlllae pl .l Caws alizee byl jo o
ool alafy S 3 S5 i 5 alins
5o oyl 5l agy eolaiwl elile slsSls 6l
A5 S8 alie slaoi
LI b 9 Cwoglio gl oul &l 4l dlg, Y
gledl et
5 omedsS <90 Sl Sl edlital L [F] ol 5 Lo
e Gl sln |y (V) dsbee V] Glivy S50 (25 (5,95
Q3D ged 3 9dF

7y =c¢+[(o—u,)+ x(u, —u,)]tan o’ ()
Lg bl azyo @ atnly f%e (2 sl xSl
oy gLl g Sas S gl o Jlaie 5 00g 25
elasl e Il ool Jlal Sl g canl Y g 520 b ol
O 50 lggaome 4 azgi b aws o | gldl > 4y
(JSie ol d sl [A] O Sen 5 w¥o 8 o el
20,5 Sy (o Ceoglie dlne gl |y (F) alal,

i )0 ke Jae ale



Fye 5 by pols S L [Y] sl L

iy Cwglie (505l Cawsay sl (B, @l g lin
5,5 ) slite ol gl (7) aolas cglitl i (glacSls

7, =C'+(oc—u,),; tanep'+(u, —u,); ytan e’

Al glp 0929 bilg) 51 Ko (S ) Jgux o

*)

Kgq (@:9/93) W) JLO).’ w5jo) )‘..\.B.o e dja.:‘) U"‘ 5
a00,S slprias 1, (@) alal) K il )l

& =—0.0016(P1)* +0.0975(P1) +1 o)

ool (g o ja3ls PI T o aS

MULG.E?LA Ja.w}) IR 45‘)‘ LS“")" u_a.ojLa.n Ja.v‘j))‘ L§>)"\ J5A>

LS‘)LQ’“‘“"‘ 4-14-.") Ghe
r=C+(o-u,)taneg +(u, —u,)tan ¢ RUCEPRONE
[A]
. . 1 .
7=C +(o—u,)tang +(Ua—UW)(m)taWP [YY] 51 5 oo
7, =C(0-U,), tang+ (U, -u,), (0) tng' x=-0.0016(P1)2+00975(PI)+1 | b= s kb
[VA]
! ' ' 4 Iog(ua _uw)r — Iog(ua _uw) 5, Ker L
7, =C+(o—-u,), tanp+(u,—u,); (&) tang' &= DB g g
log(u, ~u,), —log(u, —u,), [YY]
—0.55 ) )
T :C'+(O'_Ua)ftan(P'+(Ua_UW)than§0' l{M} )L?'>5<_5J‘.’?‘L>
(ua - uw)b [Y * ]
r:c'+(a—ua)tango'+tango'(z//e+Pat)ln{ﬂ} 9 S
Pu [Y¥] o San
7, =C'+(0—U,) tan p+[(U=u,)(©) tang' x=-0.0016(1 ) +00975(1,)+1 | &5 058
V4]
r, =C'+(o-U)ptang'+(u, -u,)/[a+b(u, -u,)] /a=tane' b=1/(c, —C) [Ya] s

oo ol [YV] ;5.: 9 IR 9 [Y?] u‘)&o& 9 J.».tl:

Sl a5l a5 050 o0 oanlin V' Joax Ly, ;o

w35 0 sy gltlné 5 Ll b o sl
Aoz S§ 0 1S Jawgd ouls adlol Cuglie g 9gub oo
Sleeas o1 5l a5 ogd o Bl alal, o aillos
Sl @ g Lo sb el (Sees
abaly 5l eogdi oo plil Y awle S (gl (il

D o0 ool w B TR Igey Lg‘)e )

2 Soglio bulgy (o liel Y
[VV] Ol 5 save anlllae 5l Luly, (oni lsl sl
o Gl [VV] L5 5 (soue .l oo oolawl
plul Yo g Ve Ve oo (oY sloas o b aule 59, 21,

b iSe jo g oad a8 Lyl i 1o b yiolej] ol aisls
4>y bl a8 )5 bl Calies ail> aen lo i g

s g bl Ly, 5l canliae ol o 09390 cslaosls «
L] JLLly 5 05,8 [YF] o)) Sen 5 (oSS Y]

58,5 730 el )5 )18 sl ogous 1o oy | 4y Slciw!



I\
800 r ——130,5100,c50
700 | == -f30:s100,c100
------- 130,100,¢150
600 |
= - . = 130,5100,c200
5 500
<
= 400
N
300 F L e, .\
200 %
A
100 \
o * . : : = ) ) ,
0 200 400 600 800 1000 1200 1400 1600
(b) o (kPa)
800 —{30,5150,c50
700 | =~ ~f30,5150,¢100
& | o 130,5150,c150
~ - - = 130,5150,c200
g s00
~ 400 ST o
......... N
300 2 & N
\
200 .
\
100 \
0 i " K i i . :
0 200 400 600 800 1000 1200 1400 1600
(c) 0 (kPa)
800  —f30,5200,c50
700 | == =f30,5200,100
------- £30,5200,¢150
600 |
- - - 30,5200,c200
T 500 t
A N A o
w400 ¥,
.............. N,
300 - ® N
\
200 | .
\
100 [ )
’ \ {
0 A A U \ i
0 200 400 600 800 1000 1200 1400 1600
(d) 0 (kPa)

Yoo @N0- (©)er (boyoo @ sl S o alop,
J&ubsls

Ol ) (B0 Ceglie Lailgyl olassi )T el 5o
haol shaie b sl 955 oo JL3 Sl)l oyee €7
2O e 0090 0 )] g ails SLs 0590 sl il
S slpe” Gy odalg, il Sble Lise ol sl

3558 oo B o g 40520 8590 Gialejl 0590

[V-] ks 5 bl alai, -
—0.55
c"=sytang' Z:[si} )

Ll 92 (5399 dae Se (A8 8 akaly alal) cnl )o
$39,9 93¢ ,laie SWRC iulejl 5l alol> gulis a4y ax-g5
Qo0 Ve bdwle wo o Vo bdsle o alls ale gl lgo
YO g VA N e iy alop, dwoo Ve b asle

IV ] ol b ols

v el copled o Jle

S 0l (S dezs (saue L3k

7, =(o—u,), tang'+c" )

e ¥ Jga 58 el 5,0l S alaly ol o
3 Ombel 85 anle lp LB SKasl a4l
20, 5l jglaie) Cowl oo 08,51 dilo s, calizes (slads,o
(el 0+ ail> don S gaildy, duo,0 Ve Lawlec50
wgly Hlade @S15 als g ailg, we)s alEl b
Solay o oS el ol S s Sl
a5 ol ol diloy,y aoye S e 3l Sllasl ayl;

Ll Sglaie diges adgl oo cans

s SIasl aysl; solie ¥ Jse

Qer @
f0, ¢50 | 32.50 |  f10, ¢50 34.8
0, c100 | 32.50.| f10, c100 34.6
0, ¢150 | 33.60 | f10, c150 35.1
0, ¢200 | 33.60 | f10, c200 35.6
£20,¢50 | 36.3 | £30,c50 38.0
£20,¢100 | 36.1 | 30,100 38.0
£20,¢150 | 36.3 | 130, c150 38.0
£20, 200 | 36.1 | f30, c200 38.0

Vo b awle gl cralsS— )90 (KiemS iy ¥ S0 0
Comnd a1 azgr b el ool 0oygl wilog ;) ws o
obed oAl s ,o Ve b aule digad jo adsl Jolsu
oo el el i oo b Loyl aslraes gl i
D9 g0 oadlice .l LSS bdiges oled (SisenS
aolsl ;o .08 o oy iali8le” Jlade (1S ol33l L aS
e i Ly, el b B spte 530

pgd QL 5 el (Sanr o Gl p alal,

800 r —f30,50,c50
700 F - - -f30,s0,c100
600 | eeeeeee £30,50,150
= - . - 30,50,c200
g 500 p s
= 400
300 | Binsmmns
200} ~
3 e ". \
100 | 530 N \
N \ H y
0 > A P ) i i J
0 200 400 600 800 1000 1200 1400 1600
@ o (kPa)

i )0 ke Jae ale



8L-J‘]~C Sl oY anle gl y vy Ceoglie Luslg, ‘53.;..4)[.,‘;:1 4

c"=s(®)" tan ' O

x =1.21 for s<s, x =1.81for s>s, [YE] o 5a2 5 g pmie alas], -
s el VO] (Jully 5 09,5 alal; et abal; o
wnlg alasly ol 0 aS Canl Ky pai (o alal) pl Coglas
OSe polie T Jaax jo el 8 ouilo Bl iS5 4

R PR W od)ji o..\al.o‘_gl.u

c"=tang (s, + pat)ln{%} *)

at
ol ).M‘ )L..’f..épgt U"‘ B

[V4] Gll.;l.:lj 9 lef abayl) -
[YV] S5 5 oa ala, -

c" =[1—e(*5’5"]st tan (ry)
c"=s(®)" tang’ 04
O Jgoz o Zewl JUH 386 81 9 (iSe s abaly ol 5o x =—0.0016(PI)? +0.0975(P1) +1

ool 00 05391 1o ol b ol ol
ok 09)91 By (R 0 abl) ol 31 oolita (gl 35S 50 g el b ¥ Jsa 5o
w‘ W od)jj

(V2] o), Sen g Juib alal, -

[Va] JLbls 5 0,8 alal,y sl il )b polas ¥ Jgou

e suction(kPa) o e, e suction(kPa) By o,
Clean 100 0.056 L 100 0.063
S | 0.760 150 0.042 | 0432 | ‘<B4 | 0720 150 0.047 | 0.418
200 0.034 200 0.038
Sand+ 100 0.075 Sand+ 100 0.078
10% | 0.681 150 0.059 | 0406 | 10% |0.671 150 0.063 | 0.401
fine 200 0.051 fine 200 0.053
Sand+ 100 0.082 Sand+ 100 0.086
10% | 0.659 150 0.066 /03971 10% | 0.72 150 0.069 | 0.389
fine 200 0.056 fine 200 0.058
Sand+ 100 0.120 Sand+ 100 0.121
20% | 0.641 150 0.084 | 0.390 | 20% | 0.630 150 0.089 | 0.385
fine 200 0.062 fine 200 0.063
Sand-+ 100 0.131
30% | 0.586 150 0.091 | 0.371
fine 200 0.070
[Y5] oL o Lol abal, slo ol )by ppolie F Jso
e sH{kPa) e s{kPa)
Clean Sand 0.760 75 Clean Sand 0.720 79
0
San‘fl,;e”m 0.681 89 | Sand+ 10% fine | 0.671 91
0
Sa“%;e”“’ 0.659 | 93 | Sand+ 10% fine | 0.72 95
0
San‘tfl;j“’ 0.641 | 180 | Sand+ 20% fine | 0.630 183
0
Sand* 30% | 586 | 201
fine

58,5 730 el )5 )18 sl ogous 1o oy | 4y Slciw!



S 0l (S dezs (saue L3k

[YV] ;Sg5 g oo alaily slo el )by polie 0 Jgoo

e si(kPa) e si(kPa)
Clean Sand 0.760 28 Clean Sand 0.720 30
+100 +1009
Sand +10% | 6gg g7 | Sand+10% | ooy 39
fine fine
+1009 +109
Sa”‘fj. 10% 1 o650 40 | Sand+10% | ey 42
ine fine
+200 +209
Sand +20% | 64g go | Sand+20% 1, ea, 62
fine fine
+ 0,
Sa”‘fj. 30% | 586 83
ine
w 2 = . . .
e B (Fooot s Jlr al b S (ol 1o el o 03,51 353 Ly 5 Lol s ¥ S 4o
2l o5 O Jake pls po WGl 5l JBlE € Juke JS5 o
120 g . . . .
- L g ls s el oiss s Ll 51 ol
100 | e seolie 5l a8 Ll 5l Jols jyolie (@-F JS5) [¥-]
50 | & R R S OV S-S PO B WIS
= o b-f S ool /5T (RY) Koot cys e
° 60 ,° V4 . .
3 7 S 1 IVF] oLl 5 9SS alail Sl Jol> gl
£ 40 . . o Cowddy ypolie alayly pl o Ld Cls GBS, 00 oo
‘=078 R s g . 7
2 . ,":". ¢ R?=D.6§ Gml_i.:..il.o)'l s 5! ot Slade 4y bl 5l odkel
e 3,0 Su L goby S oz s pizmed ol s
0 20 40 60 8 100 120 58 (R (Soaads gy el YV bl ] o
(a) Measured C" (kPa) “ool <V
120 pE
‘o o [YF] oleo g b o [VA] (JLUly 5 09,58 Laulg, 5o
100 ) L7 . P a2
R I e & 3 el polas 5 ekl bl g0l s
g0 1’f'. Sl o b od g (d-F g0-F lo ) 098 oo onnlive Ll
: H i’ = -
8 r‘, I Jo> SaSy cad (YT 5 IOY o s o 3l
° L ] . ,° - . . . - .
é 0 0‘ , O g b alaly j8 ogas-ds s eads bl p bglas
o s

(b) Measured C" (kPa)

v el copled o Jle

0 20 40 60 80 100 120

ot o po Jlade 4S5 by 1l 0Ly s [YF]
abaly sl 5 +/FY Y] JuUly 5 59,8 abal, sl R

e <1V Y] o) Kan 5 Ly
e-¥ USh o a5 [YV] S5 g oai alal, jo culed o
A5 S 4 oad Ghjl b cand el ol 00,4
Sl olei oo ulpln cwsl /ALl ol Jlaae g el
Syse i (nl o &S gy 0 a5 oS el 4SS
Ot [TV S 5 eads ey ad s 18 L)
bl 5l Jol> polie g aBibesl mls (1) 2l Koo

i )0 ke Jae ale



lise Ly, riwliel 5 oanglie 4y EdS o
eleslne oY awle SlocSE 55 Canglie in i
s LS gy onl 8, Somes wdarg Lol asls
bl a5 eaddl] sl Jas )0 dezge slaglis
ool dilie sla o sla ot cds 5B
abayly calizes Loy, lee jo a5 slo lis bl 0ed o

ool L 1) ol K cpyige [YV] Se g oois
2> ol [0l alal) cplaes o ol el

ot | gldld S sla Shs o (1S
G S o (Ko oo s &S Wiz WS
el ol s slaoe

5 skl wle ;00 oo a5 ol (lis rizren @l
gt polie b [VF] oo 5 (59mSS 5 [V ] 515
0aimo Lt ol pl 4 1o b jo soly (SaiSTy L
wle GloSs ol Luld o oyl slacassamxe
bl e Oyt Gadod (nl (S jobay .l oY
@ Wlgse gbdlnd S 05290 Lails, 5l 580
5 celie Joo QLB ;0 SSS 535 (lusige 5 Gulione
WS S alisie slooggy yo ol 5l aige colau!
&L )yl

Wlis ) LDl 0)50 40 45 0iS o Pl Bty
3,5 0925 adlia (5)le3

Sl 4ol

2 1y e cpl s oS gl oo dgie G S g5
loailuys Sl 45g S0 alme g

QB W g8 oS )L

plril daosls (s jslaar «(omliis i, sgoes Llsle
U PR A9 DS @l Jelos dasile 4t
iilny (sale glosal) i Gy e 1 Sho deee
T s g bl i 0,5 5 panss

plril doosls (g yslaez (oulidhs; Jlz olye
PR A 5 O @bt Julo dacsile 4t
o gl

o)l

A
120 -
d
. [4 ‘
100 | H
5 4
— .,
© e
o 80 P
S ’
() Y
g 60 P
% z y = 0.52x
s 2 =
g4 P R2=0.41
4
® ° ..®
20 ,» '}"‘
. .,..‘\‘.O e
0 L L 1 1 1
0 20 40 60 80 100 120
(c) Measured C" (kPa)
120 -
'
. 4 ’
100 | 7
4
— ., '
[o] 4
T 80 5
4
3 60 5
3] 2
© ’ *
£ 40 2
P y =0.23x
. R2=0.15
20 8 o5 ®
e
T et
o kb cauiopy * . . .
0 20 40 60 80 100 120
(d) Measured C" (kPa)
120 -
4
. 4 '
100 £
7
— ., '
[ P4
o 80 ‘,-
= ,
2 60 2
[
.{'5_) .
o Y ’ =
& 40 - 2
K y = 0.89x
o MY  R-040
20 P
P
. ,~
0

0 ZlO 4I0 6.0 8I0 1 (l)D 120
(e) Measured C" (kPa)
5 ool 5l ol 6,0l Satz anlin ¥ S5
5 SoaisSS (0 VF] 5L g L5 abail) @ Ll
s J5b @ DIA] Jubly 5 5,5 € V-] ol Sen
[YY] S¢ goais (e VY] )|, Ken

Gz —0

58,5 730 el )5 )18 sl ogous 1o oy | 4y Slciw!



q ‘-JL> Qlé)c ‘é.lﬁ Qoo (sdue ble

References

[1] Fredlund DG, Rahardjo H. Soil mechanics for unsaturated soils. John Wiley & Sons; 1993.

[2] Maleki M, Bayat M. Experimental evaluation of mechanical behavior of unsaturated silty sand
under constant water content condition. Engineering geology. 2012;141:45-56.
https://doi.org/10.1016/j.enggeo.2012.04.014

[3] Abdi M, Chali E, Maleki M. Behavior of Unsaturated Sand—Silt Mixture through the Equivalent
Intergranular Void Ratio Concept. Journal of GeoEngineering. 2020 Sep 1;15(3).
http://dx.doi.org/10.6310/j0g.202009 _15(3).1

[4] Chali E, Maleki M. Experimental study on mechanical behavior of unsaturated silty sand in
constant equivalent granular void ratio. Geotechnical and Geological Engineering. 2021;39(2):735-50.
https://doi.org/10.1007/s10706-020-01518-9

[5] Abdi M, Maleki M, Chali E. Investigating the Simultaneous Effect of Suction and Silt Percentage
on the Critical State Shear Strength of the Unsaturated Silty Sand. Civil Infrastructure Researches.
2023;9(1):59-75. 10.22091/cer.2022.8344.1408

[6] Biship AW, Alpan I, Blight GE, Donald IB. Factors controlling the shear strenth of partly saturated
coheslve soil. INASCE Res. Conf. Shear Strength of Loheslve Soil. Univ. of Colordo, Boulder P 1960.

[7] Bishop AW. The effective stress principle. Teknisk Ukeblad. 1959;39:859-63.

[8] Fredlund DG, Morgenstern NR, Widger RA. The shear strength of unsaturated soils. Canadian
geotechnical journal. 1978;15(3):313-21. https://doi.org/10.1139/t78-029

[9] Lu N, Likos WJ. Unsaturated soil mechanics, John Wiley&Sons. Inc., Hoboken, USA. 2004.

[10] Gan KJ, Fredlund DG. Multistage direct shear testing of unsaturated soils. Geotechnical Testing
Journal. 1988;11(2):132-8. https://doi.org/10.1520/GTJ10959]

[11] Wheeler SJ. An alternative framework for unsaturated soil behaviour. Geotechnique. 1991;
41(2):257-61. https://doi.org/10.1680/geot.1991.41.2.257

[12] Ridley AM (1995) Strength—suction—moisture content relationship for kaolin under normal
atmospheric conditions. In+First Int Conf on Unsaturated Soils Unsat’95, Paris 2, pp 645-651.

[13] Réhm SA,Vilar-OM (1995) Shear strength of an unsaturated sandy soil. In: Proceedings of the
first international conference on unsaturated soils, vol. 1, September 1995. Paris. A. A. Balkema,
Rotterdam, pp'189-193.

[14] Toll. DG. The influence of fabric on the shear behaviour of unsaturated compacted soils.
InAdvances in unsaturated geotechnics 2000, pp 222-234.

[15] Zhou WH, Xu X, Garg A. Measurement of unsaturated shear strength parameters of silty sand
and its correlation with unconfined compressive strength. Measurement. 2016;93:351-358.
https://doi.org/10.1016/j.measurement.2016.07.049

[16] Hossain MA, Yin JH. Behavior of a compacted completely decomposed granite soil from suction
controlled direct shear tests. Journal of Geotechnical and Geoenvironmental Engineering.
2010;136(1):189-98. https://doi.org/10.1061/(ASCE)GT.1943-5606.0000189

v el copled o Jle i 50§k Jae aloee


https://doi.org/10.1007/s10706-020-01518-9
https://doi.org/10.1139/t78-029
https://doi.org/10.1520/GTJ10959J
https://doi.org/10.1680/geot.1991.41.2.257
https://doi.org/10.1016/j.measurement.2016.07.049
https://doi.org/10.1061/(ASCE)GT.1943-5606.0000189

et Jlo Y anls sl (B p Conglie Laly) (i jLitel Ve

[17] Schnellmann R, Rahardjo H, Schneider HR. Unsaturated shear strength of a silty sand.
Engineering Geology. 2013;162:88-96. https://doi.org/10.1016/j.measurement.2016.07.049

[18] Vanapalli SK, Fredlund DG, Pufahl DE, Clifton AW. Model for the prediction of shear strength
with respect to soil suction. Canadian geotechnical journal. 1996 Jul 2;33(3):379-392.
https://doi.org/10.1139/t96-060

[19] Garven EA, Vanapalli SK. Evaluation of empirical procedures for predicting the shear strength of
unsaturated soils. InUnsaturated soils 2006 2006 Apr 2, pp. 2570-2592.

[20] Khalili N, Khabbaz MH. A unique relationship for y for the determination of the shear strength of
unsaturated soils. Geotechnique. 1998 Oct;48(5):681-687. https://doi.org/10.1680/geot.1998:48.5.681

[21] Abdi M, Maleki M, Chali E. Investigation of the critical state behavior of unsaturated silty sand
with different fine contents in terms of net and effective stresses. European Journal of Environmental
and Civil Engineering. 2024 Apr 25;28(6):1332-1353.
https://doi.org/10.1080/19648189.2023.2252906

[22] Shen Z, Yu S. The problems in the present studies on mechanics for unsaturated-soils.
InProceedings of the symposium on geotechnical aspects of regional-soils 1996 pp. 1-9. Beijing:
Atomic Energy Press.

[23] Bao CG, Gong BW, Zhan LT. Properties of unsaturated soils and slope stability of expansive
soils. InKeynote Lecture, Proceedings of the 2nd International Conference on Unsaturated Soils
(UNSAT 98). Beijing, China 1998 Aug 27, pp. 71-98:

[24] Tekinsoy MA, Kayadelen C, Keskin MS, Sdylemez M. An equation for predicting shear strength
envelope with respect to matric suction. Computers and Geotechnics. 2004;31(7):589-93.
https://doi.org/10.1016/j.compgeo.2004.08.001

[25] Vilar OM. A simplified procedure to"estimate the shear strength envelope of unsaturated soils.
Canadian Geotechnical Journal. 2006;43(10):1088-1095. https://doi.org/10.1139/t06-055

[26] Patil UD, Puppala AJ, Hoyos LR, Pedarla A. Modeling critical-state shear strength behavior of
compacted silty sand via suction-controlled triaxial testing. Engineering Geology. 2017;231:21-33.
https://doi.org/10.1016/j.engge0.2017.10.011

[27] Ahmadi Naghadeh R, Toker NK. Exponential equation for predicting shear strength envelope of
unsaturated soils. International ~ Journal of  Geomechanics. 2019;19(7):04019061.
https://doi.org/10.1061/(ASCE)GM.1943-5622.0001435

58,5 730 el )5 )18 sl ogous 1o oy | 4y Slciw!


https://doi.org/10.1016/j.measurement.2016.07.049
https://doi.org/10.1139/t96-060
https://doi.org/10.1680/geot.1998.48.5.681
https://doi.org/10.1080/19648189.2023.2252906
https://doi.org/10.1016/j.compgeo.2004.08.001
https://doi.org/10.1139/t06-055
https://doi.org/10.1016/j.enggeo.2017.10.011
https://doi.org/10.1061/(ASCE)GM.1943-5622.0001435

