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CONSTITUTIVE MODEL/UNSATURATED SOILS/COLLAPSE

Compression test results gathered from literatures reveal that there are 2
patterns of suction-dependent compression curves; 1) the plastic compressibility index
(A1) decreases as suction increases, and 2) the plastic compressibility index (A1)
increases as suction increases. The former represents the suction stiffens an
unsaturated soil. The later yields the maximum wetting collapse at an intermediated
net stress. These patterns are found depending on specimen preparation. The existing
mechanical constitutive models for unsaturated soil can’t predict these patterns all
together. Objective of this research is to introduce a constitutive model via a set of
equations that represents loading-collapse (LC) and is capable to capture both
deformation patterns.

The model is initiated by defining an initial LC curve by considering the soil
structure. The soil structure is normally represented via the soil water characteristic
curve (SWCC). Hence, the initial LC curve is derived by mathematic manipulating
with the SWCC. After getting the initial LC curve, a set of subsequent LC curves are
further defined based on equality of the plastic volumetric strains between any two
stress paths travelling along the same yield surfaces. Here in this study, the

subsequent LC curves were categorized to two sets depending on whether the net



stress is increasing under constant suction or the suction is decreasing under constant
net stress.

Shape of the LC curves is different. The LC curves for the increase of net
stress under constant suction have two regions. For the soil suction lower than the air
entry suction, the yield stresses obtained from the LC curve remain constant. Once the
soil suction develops beyond the air entry suction, the magnitude of yield stress
obtained from the LC curve increases with suction. The other type of LC curve
exhibits only the yield stress increasing with suction. Using these LC curves,

deformation pattern of unsaturated soil can be captured well.
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1 1 Y
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300 kPa 100 kPa n1o1@ntineusagningi 50 kPa aaudiegnauignilvoudadiein (s
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Y
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Y.F. Xu(2007¢)

No.1, pp.673-86

v NIAT/UNANY - MIATON
AN - AIDYNAU o NINATDU
IPINIT AIDYN
Sivarkumar and | Getechnique Vol.50, Compacted Wetting and Isotropic
Wheeler (2000) No.4, pp.359-68 kaolin clay Drying path | compression test
Geotechnical  and
Charles and Geoenvironmental Compacted Isotropic
Wetting path
Chiu (2001) Engineering Vol.127, | volcanic soil compression test
Nol2, pp.1027-35
Mancuso,
Canadain
Vassallo and Compacted Wetting and Isotropic
Geotechnical Vol.39,
d’Onofrio silty sand Drying path | compression test
No.1, pp.22-31
(2002)
Chen, Fredlund Canadain
Compacted Wetting and Isotropic
and Gens Geotechnical Vol.36,
loess soil Drying path | compression test
(1999) No.1, pp.321-29
Rampino, Canadain
Compacted One-dimensional
Mancuso and Geotechnical Vol.36, Wetting path
lean clay compression test
Vinale (1999) No.1, pp.1-12
Thu, Rahardjo Canadain Compacted
Isotropic
and Leong Geotechnical Vol.44, kaolin Wetting path
compression test
(2007) No.1, pp.266-75 Malaysia
R. Vassallo, Canadain Compacted | Wetting and Isotropic
C. Mancuso and Geotechnical Vol.44, Po silt Drying path compression test
F. Vinale(2007) | o1, Pp-447-62
D.A. Sun, Canadain Compacted | Wetting and Isotropic
D.C. Sheng and Geotechnical Vol.44, Pearl clay Drying path compression and

Witting test
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M13799 3.2 A auAveIAUIH HEUNMAULATNIIATENAIDE19 11 Sivakumar and Wheeler

2000
%A s WAINUUA - ITAUNNUBUAT
2 sluuy 3 Y3uag y 2
GI) AVHU . ALY . 4 g hIgun
L. . | mIuada JUNIIFTUAY
nagey | (1osigud) Static (kPa) (oS iFud)
25 Static 400 2201 + 0.015 | 53.8 + 1.3
25 Static 800 1.976 £ 0.009 68.1 = 0.8
25 Proctor - 2.190 £ 0.009 54.6 £ 0.7
28.5 Static 500 1.954 + 0.009 79.8 £ 0.9

9y (Y%

yadoyadi 2 3 uazd mudidy 30 3.1 uaaamslavulasveasdnifiduiugiy Lo
curve vedIod Ao suifsuAudred i 1 uag 3 FeflanumuuiuuasSing
AFuUAS AT vaziAudIed19af 2 nas 4 imsuasadiendsnuuasaganiuasi
AU ugen lenSeuifioy LC curve voafia819ad 2 uaz 4 vzfvinalugnii Le
curve ¥09206193Af 1 1oz 3 103U 3.1 naaaliifiui dmsvyadaeded 2 waz 4 m3
I3 BuAIBE1RUNATE UM I SARIVE AT UV e 98108 11 LC curve Tuvmsiian
o6t 1 uaz 3 Tinahavesaauzminonss (Fuiiiensadaidni 100 kpa) aanuzves
B3l LC curve 31U 3.2 dnumzmasadivesiuudasyadoyandamsiiiumiiae
139gND uﬁmiﬁlﬁudmﬂaﬂmmsmmmﬁunnw%’ay‘mmﬁuﬁummmﬁuﬂ AIUANUY
Tugrenmssadilnfvesdiudedugail 1 uas 3 fussdaiandy o kpa azdnhiussiah
Wity 100 uaz 300 kPa awddy Tuvazfidaesagadi 2 was 4 0z liifuanudulugaens

v v

adilnavesauFanuiiiotnIneg U1 InIBNT N
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517 3.1 MNINADIULHUIBUTITLHINUNT IUAIDEAUK B UMAUND LC curve VDL

C1]

Specific volume, v

Specific volume, v
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20F

22
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20

%A "lgll’t'm"a (Sivarkumar (482 Wheeler, 2000)

Series 1
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b

22

21

20F

Series 2

Series 3
r e
NN ST~
L NN T
N ~ Y 5=300kPa
5=0 NN N
I AN *
NN
F N ts=100kPa
5 N
1 L 1 1
25 50 100 200 400

517 3.2 1@uldamssaduyle e Instavesdumilsnnmauuasa

U

Mean net stress, p: kPa
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20

Series 4

(Sivarkumar and Wheeler, 2000)
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Mean net stress, p:kPa
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322 deyamsdanivesdulidudaaeilag Charles and Chiu (2001)

Charles and Chiu (2001) lévimsnageunuauTianiia (Volcanic soil)
[ LY a o ] a 4 I~/ a
meldnmsoadinunle Ty Insia Tasdredeauiiesntlsnouitluauaznau(sit) 65
- 4 a S I 4 a ~ S 3 d A o o
WosiFua  AUNTI8(Sand) 25 WoTIFUA tazAWKileI(Clay) 10 1osiFua Iasnamian
. . .. J 2 d A a . .. s 2 4 = Y 1
(Liquid limit, LL) 48 1los1dua Wnanargan(Plastic limit, PL) 35 1o351dua wToua10619 1ag
Y
MIUASAAUNA UL VBT INUANUFUMINZAN (Dry side of optimum water content)
1 o I 4 = I 1 1 af = 3’ I
M 20 lesIFUA HazmMns sudltegnounaaol 1e T Insilaszanussaarinily 150 kPa
[ 1 Y
80 kPa 1182 0 kPa Mo ldninonssgniaeil 5 kPa Feazinaiunielu LC curve d1151159A4
oy w ~ = a 4 d' &
WA 150 kPa uaz 80 kPa Tuvaizuspaiil 0 kPa aziAnIuuen LC curve 319 3.3 11U
9 9 v @ a @ 1 a Y I 1 1 a a
idulasmsoadiuuy lo T Inslavesdredeauuaasliiiuimiionsinsingnivesausy
o 4

A d%‘ = 3’ v 1 v o aa = g' Ao =<
NHAUA NN IR tazaNE U Tug9n1oaa1UnaNts Rl 0 kPa 3 UAIRINIINLTIAY

111 80 kPa 1tag 150 kPa

2.6
— — s =0kPasil - si5)

25 ¢ - - - - 5=80kPa (uil - uid)
—— 5= 150 kPa (ui5 - uid)

24
-
E« 23 +
=]
- 22} \Y
2 - \,
r% 2.1+ - .
‘\
2 r .\\.%
Ny,
S~
19 2.
oy
-
1.8 ' ‘ =
1 10 100 1000

Net mean stress, p (kPa)

511 3.3 @uTdsmsoaduy loTaInsiavesanTianiinuada (Charles and Chiu, 2001)
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323 deyamsdanlvesaulidudIn i lag Mancuso et al. (2002)
Mancuso et al. (2002) 1MsnAaeUAUAY Silty sand Meldmssaduy’le
a @ 1 a 4 I a J 3 Jd a J 3 4
T Insdalavdledeauiiosndsznouiuaunsie 63 wesisua auaznou 21 wWosidua
a ~ J 2 Jd A o w a o a Y J 2 4
wazAuried 16 Wosidua VvadnamaltasNiaNaI@aNMINY 35.4 uaz21.7 Wosidua
1 Y
AMWAIAY 195 0UAI9019 IABUADAAUIUY  Modified proctor NUTMMANUFUIHINZ Y
. s d o ¥ A A L A
(Optimum water content) 9.8 (o5IFUA tazN MU onUoIUTINUANUFUNHUNZ TU(Wet
J 3 4 @ v 1 v @
side of optimum water content) 12.3 1os1FuA 1T oNAIPE NN UNATOUNITOAA lATanLs
31 I ) v @ l a o a g
aa1iutu 300 kPa 200 kPa 100 kPa 11820 kPa §1115UA0619AUUASAYT N UANUF U AL
A = 3’ . S ) [ ll A @ Y = =
HAZINNLSIAIU(Drying) 111U 100 kPa 1182200 kPa d15uA098NUadan1ea utlenas
a dg‘ Y ] Aa ~ I A a d? =®
NavuMelaniensagninan1o kPa szilunszuiumsnnayunely LC curve NnusIag
:’ { 1< v W a % 1 a [ { 1A
W 9N 3.4 uaz 3.5 ilhwduldamseadnyle TeInsavesdiednaunasanysum

& v = o w Y I =K 2 2 '
ﬂ'J’]iJGIﬂr!l,ﬁll']gﬁwllagﬂ'mﬂ']l‘llﬂﬂﬂ AN llﬁﬂ\flﬁWiuﬂ\iﬂ’]ﬁlWﬂJmuﬂlﬂQﬁu’Jﬂl!ﬁ\iﬂﬁ']ﬂ

9 ] v E4
gninuusaai uazanusuluganseadllnavesduazanaulolmsnuIUY0LITIA

14 14
9 v A % % 1

MAMTUAUNIADIAIDE

1.38
1.37 _ RN
1.36 =
> VY \-\\
) - N
g 1.35 _ - NG
S 1.34 ~H
> i
= 1.33}
8 : m  suction =0 kPa
c% 1.32 e suction = 100 kPa
1.31 A guyction = 200 kPa
R | ¢ suction = 300 kPa
1 .30 1 1 1 1 [
10 100 1000

Mean net stress, (p-u,) (kPa)

] v k4
517 3.4 1duTdemsdadauun o Ty Tnstaves Silty sand uadanUsmmaNLFUVINZ AN

(Mancuso et al., 2002)
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1-42 I I I I I I [
1.40 m  suction =0 kPa

- e suction = 100 kPa

A tion = 200 kP
1.38 _ &H% suction a
1.36

1.34]
1.32 e

1.30 ] :““H

[

Specific volume, v

/

1.28|

1.26
10 100 1000

Mean net stress, (p-u,) (kPa)

10 3.5 1iduTAamsdadnu o Ta Tnsilaves Silty sand vadandmuvesdloni/sua

Y
ANVFUMIZAY (Mancuso et al., 2002)

324  YoyamsoanlvesauliduaIAI A Chen et al. (1999)
Chen et al. (1999) l@shmsnageunuAuauroUnanI(Loess soil) n1old
v o ) = @ ] v A & = 3' A 9

m3oaanuyloTaTnsta w3oudred1alasmsuasaauILY Static FaXHsIRNIUTUAY 20
=3 % 1 [ a\ = 2} I A = :’
kPa azmsin3ouddedneunadon lo ly Insda lagaausedainilu o kPa naziiuns e

< ] a { VA
111 50 kPa 100 kPa 1Az 200 kPa n1eldwiaenssgninei 10 kPa Taonszuaumsimaliioz

a 4 { [ v @ S Y ' a <
nadunelu LC curve 517 3.6 TudumsdasuuyloTe Insavesdodsauudas i

v Y v Y 9

NUUIUTIATINGNTUBIAUILNLUUM UM TNNTUVR IR Az ANUFY Tur1IMsoa

@

a A A~ A d? =2 oy
Anarzimanauuo UMYV ILTIAIHN
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325  deyamsdanlvesdulidudIn i lag Rampino et al. (1999)

Rampino et al. (1999) 18111M3naaoUAY Lean clay 7o ldmsdaduuumils

a S o [ a o w Aa o a < o w
NAN Faded AUtV INAra ez NiaANaIadn 34.6 az 213 wosiFud  awdau
~ @ 1 v a . A |a dy < J
IATONAI0E819 1AENTUADAAULILIY Modified proctor NUSumANNFUIMINZEY 9.8 1o 1Fua

=Y = 3’ A 9 Y =\ @ [} 1 v = 3’ I
FIIAUTIATUTUAU A 750 kPa M IUAIDEADUNATDUNTOARIVZ AT IR 1T U
400 kPa 300 kPa 200 kPa 100 kPa 118z 0 kPan1e1dn1in0159gnT 50 kPa uag3 kPa d1ms

@ 1 A = g, I &g A a d? ~ 3 F)
A0819Naansaaeinty 0 kPa Fuilunszuaumsiinavumelu LC curve 319 3.8 1Wluidu

9 [ Y- té a Y] (] a d‘ Y 3 1 1 a a‘ d? d‘
TAIMITAA MU LN TRNANNUDIAIDINAUNUAAI THIAUINHUIINITINTINGNTILIN VYU

Y 1 Ed i1 Y 1 4
LLi\iﬁ\iﬁHWMﬁu uazmm%’uiumqmiﬁﬂﬁaﬂﬂm611aqGuaqﬂu%aﬂauﬁmmﬁqﬁuwuﬁu

(b) 1.59 ‘ | .
R |
,-::C:-H :\
@ ‘H“ -
- ® N
= 0 kPa ‘ \\\:\
© + 5= .
& os= 50 kPa|| | AN\ B
| +s=100kPa |
o s =200 kPa A\
1.51 |

10 100 1000
Net mean stress (kPa)

310 3.6 idumsdadu To Ty Tnsavesduiaoauada (Chen et al., 1999)



1.40
> i P oo 6
o 1.36
- [ 1B
2 T
e} [ \S::?;\
> 1.32— s=0 kPa, WS RAASLINNN
o ! s-LTTNSNY
2 s=100 kPa, WNST >
‘O s =200 kPa, WNS2 |
D 1281— KPa
a 148 s=300 kPa, WNS3
@ | =400 kPa, WNS4 |

e L L LI LT

0.001 0.01 0.1 1 10

Vertical net stress, (o, u,) [MPa]

517 3.7 130 TR I0AAMUUNIINANIIUDI Lean clay UASA (Rampino et al., 1999)

(b)
2.05 A
@ Yicld points
2.00 ¢
> 195 r
_5 190 | =g — () kPa
=]
= = =5 =50 kPa
£ 185 -
3 = = 5=100kPa
(=
" 1.80 - s = 150 kPa
175 L _32200kpd
= s = 300 kPa
1.70 .

1 10 100 1000

Net normal stress, P (kPa)

517 3.8 iduTdemssadmuy lo Ty Tnstavesamauuia@euase (Thu et al., 2007)
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326  YoyamsdanvesaulidudIAIilag Thu et al. (2007)
Thu et al (2007) l@MImsnageusuAUIMAUNIAEE(Kaolin  Malaysia)
v W a X W v a 4 I a I 3 4
meldmssadunule Ty Insta Fedretuduiosddseaouiluduarnou 85 Wesidud uay
a ~ I3 I A Y ' v W ' a . A (a dy
Aumten 15 1o mua n3ouA19819 IAgMIUATAAI0819AULLIY Static NUTMANNTU
s 2 4 = @ v 1 v W =3 3} |
muzan 22 1osIFuA HazmM M3 eNA10g 1NN UNATOUNTONAIZaANT IR 1Y 300

' P
a =

kPa 200 kPa 150 kPa 100 kPa 50 kPa 11az 0 kPa maldniioussgninei 10 kPa Funaiu

4 ] Y k4
=2 A

{ 3 1 ] a A o A
Mol LC curve 317 3.9 uaaaliimuinimiieussnsinvosduaziniuionssdaiunudn
] Y v Y
1HAZANNVRIFNNMIBAAIUNAVDIAIZaARUTDLT IR N
327 veyamsdadrvesaulidudiduiag Vassallo et al. (2007)

Vassallo et al. (2007) 1dnageumsdadimelaaniigleTaInstlaves Po silt

v <

S I 3 J a I 3 4 a ~ I 3 4 =
UAdA FIN AuAzNoY 40 1lsIFua AuNI1e 33 Wlesidua tazAumied 27 osigud uasl
wady [ dyd o w J <2 I o w a J <2 4 a o
AaEuliANLg IV A9l Yadinamad 50.4 Wesidua vadinanaiaan 32.5 ulesisua wazinag
a < @ ' a [ { & g
waradn 17.9 fesidud Aeg19AuYNUABALLY Standard Procter NS1NaANFUMIZ AL
i 23.1 Taanuruiiuudanminy 15.59 kN/m’ Usinass umizndemsuada miiy 1.73
9 v H
Ausaaiusudumag iy 140 kPa
= @ 1 a U v o Y o A = :’ ~
MIIN3ENAIBENAUNIUNAdEUMIOAA Idhmavaanssaait 1l o, 50,
100, 200, 1ag 400 kPa MalAntonsagniui 10 kPa dmsudAnageumsoadiniold
Y ' v
159NN 0 kPa 11ag 50 kPa 1@ msinumitenssgns 117 400 kPa uazdiodeidou
Y ' [ Y
Moldussdainniy 100 kPa lauwnuaoussgns 1A 400 kPa nasvniuiimsaaniiae
a d' d‘ Y = gl 1 o Q' ]
u53gN3 119 50 kPa Tuvazinadoumeldusafianinm 200 uaz 400 kPa 923IMINNHLIY
a ) ] a d' [ 09.1’ 9 Q' ] a d'
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[l Y v
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1.78
°—e OOOOQ
RN E
=~ ke
- 1.74 "Qe?gm
g 'y AL ANAA Ap R e
21.72 o8-8 HE;QED
-;170 Eﬁ 0
£ EELLTITT MV
8168_+Sr=1-0 Kh ¥s, o
w o Ug-Uy, = 50 kPa
¢ ug=uy, = 100 kPa
1.66 1 o u,-u, = 200 kPa .
a ug-u,, = 400 kPa
1.64 1 1 1 1 LI ll: T T T T T 1 T
10 100 1000

Mean net stress, p-u, (kPa)

Y

517 3.9 1iduTdemsoadmuylo Ty Tnsdaves Po silt AT (Vassallo et al, 2007)

328  doyamsdanivesaulidudIdeilag Sun et al. (2007¢)

Y
Sun et al. (2007¢) Tanaaaumssadindaunamsnadimeldaniizuuy'le

Ed 9
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Y v
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S 3 4 9 [ A LY o o o I ¥
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719 3.10 iduMBAUVDINUIBUT IEMSUMINATOUNTWIAIVDIAY (Sun et al., 2007¢)
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@e=136|| 12 © o117
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710 3.1 1eraaanado UM INIR IV IAUINDEAT 18I TNTUTUAUA 9 (Sun et al, 2007c)
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A novel yield surface for unsaturated soils
Somijai Yubonchit and Avirut Chinkulkiiniwas

Abatract

This paper pressnis yield aurface of unsaturated soils on a net stress - suction plane. A proposed
maodel was developed based on a combinafion of =oil structure and elasfio-plastic theory. The soil structure is
employed to eatablish an initial yield surface. The aocil structure i nomally represented via the soil water
charactenstica curve (SWCC). Henoe, the initial yield surface could be derived by mathernatic manipulating
with the SWCC. A subseguence yield surface was derved by equality of plastic volumetric strain between two
afress patha fraveling along the same yield surfaces. For a given yield surface. yield streases provided from
the derved yield surface remain constant if a =oil suction does not reach an air entry suction. Once, the saoil

auction develops beyond the air entry suction, the magnitude of yield stress increases with aucton.

KEY WORDS: constitutive model, yield surface, unsaturated agila
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