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Experimental study on critical state of unsaturated silty sand
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Abstract: The critical state of soil shows the end of its deformation process, which is very important for analysis and
establishment of constitutive model for soil. The unsaturated silty sand is used in this study. The triaxial testing system (GDS) is
used to study the critical state of soil with different dry densities, net stresses and suctions, and the variations of soil strength,
volume change, water content and saturation during the process are investigated. The results show that in the process of
shearing to critical state, the strength and deformation characteristics of unsaturated silty sand with different dry densities are
different. With the increase of axial strain, the curve of deviatoric stress, strain and saturation of silty sand specimens with
different initial dry densities tend to a stable value, which indicate the specimens are sheared to critical state. Based on the test
results, linear critical state equation in the plane of ¢ - p’', v- Inp" and v, - Inp’ are established. The critical state of
unsaturated soil are finally discussed based on the variation of strength, deformation and pore water.
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Table 1 Physical properties of soil samples
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Fig. 1 Grading curve of silty sand
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Table 2 Test programs for suction balance

W95 I u, Uy, O Uy S=Uy Uy
S30-100 550 520 490 30 30
S30-200 550 520 490 30 30
S30-300 550 520 490 30 30

S100-100 550 520 420 30 100
S100-200 550 520 420 30 100
S100-300 550 520 420 30 100
S200-100 550 520 320 30 200
S200-200 550 520 320 30 200
S200-300 550 520 320 30 200
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Table 3 Test programs for consolidation

RIS 5 o, u, Uy O Uy Uy Uy
S30-100 550 450 420 100 30
S30-200 550 350 320 200 30
S30-300 550 250 220 300 30
S100-100 550 450 350 100 100
S100-200 550 350 250 200 100
S100-300 550 250 150 300 100
S200-100 550 450 250 100 200
S200-200 550 350 150 200 200
S200-300 550 250 50 300 200
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Table 4 Test programs for shear

e e o, u, Uy Oy Uyl
S30-100 550 450 420 100 30
S30-200 550 350 320 200 30
S30-300 550 250 220 300 30
S100-100 550 450 350 100 100
S100-200 550 350 250 200 100
S100-300 550 250 150 300 100
S200-100 550 450 250 100 200
S200-200 550 350 150 200 200
S200-300 550 250 50 300 200
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Table 5 Test programs for triaxial shear of saturated soil
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100 30 300 400 300 400 300
200 30 300 500 300 500 300
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Fig. 3 Stress paths of test specimens with dry density of 1.6 g/cm®



B, . ARMAR D IG SRS R AT 7T 11

BT 1
1000
800 | g
600 - [ ] [
a0 |- //
200 - /@& //- rars 200 ¢
I %
50
0 L M L ! ; 0

0 100 200 300 400 500 600 700

P'lkPa
4 FZE 1.96 g/em’ IKAERIRIE N S BR R
Fig. 4 Stress paths of test specimens with dry density of 1.96
g/em’

2 JEIBFNME ZME RS R R
I IR AN AR D — B BT TSI AL
S BIANFEIIE T2 B . AR ) S 8 ) 264 T
SEFEAE AR R ARME, T3 BN 1.6 glem® H1 1.96 g/em’
K b b B AE AN [ W 73 R R ) %A R IR . T g
(g=0, -0y ) R e, NMIFIE S H5HINAL ¢ KR
W 5~7 FroR. a5 A FRRFER g - ¢ KR
LU v - g KA, PRRA5 2 7 A a4 B AN
PALBIP R 2ET

1500 [_o— p'=100 kPa
—— P'=200 kPa

T 1200 [ —a— P'=300 kPa
L —x—[7'=400 kPa

s=0 kPa

g

DRBE F19/kP:
g

WY aaess

R A ev/%
&

10 15 20
BhFIREE £ /%
(a) g- &5 &y - &5 s=0kPa
1200 [ —e— p’=100 kPa
1000 | —&— P'=200 kPa
| —2— P'=300kPa s ssaasbtcatitchoiniin

s=100 kPa

D BE F19/kPa
g

R A EvI%
|
=)}

..........

3 o 15 20 25 30
B RAE & /9%
(¢) g-&, &v- &> s=100kPa

(DE S5 ). B 6 5 HERNTHEE 1.6 gem’
1 1.96 g/em’ (HARFE (s=0 kPa) =Hli BT YIRS
71 - NARHIZR . RIS LGRS ) KA R AR BE
S 1) N AR ) 184 IS A B EAE B T — AR e E, 1
A R ASIA R 10%~15%0, aREETY) 2 ilE FUIRZS,
W i1l AR Ay 20%1E M B 45 SR i 26 4F . DUARIER
FEBIY) 2 G FORES o« (R0 TF2 BERCR 1 RE, Al
6 (a), PARAMEETA2 e (E A, R i B AR O it
20%, IRFEBTUIZE NG FORAS . WA bR BY D 45 R
P RAE AL IR, T FAR LB A B YRR T
(2) K5 (b)) ~ (D K6 (b)) ~ (D ik
TRTHE 1.6 glom® Fl 1.96 glem® IEMEANRRE (5=30,
100, 200 kPa) —HMBIYIMIN /) - BRIk . @A
[FIR S~ A R ) 2% 2 il RV (D0 e R B, AEM D
KR ARFE (50 B W B K FABA R PSR B, 2
W 73°4 100 kPa F1 200 kPa i, {5 IR 7 figfs B 242
R RS R I BUBY SR AT o W) 30 kPa iR FE S5 M RHAAE
(158 5 AR AR, SRR T 30 kPa R R A A0 B2 A7)
SR o SRR I il 28 % ElmT DL, 5% 2% 2R 7
EAMFE, IR ASBCRRG &, T2
TR, ARMRTR I R B D) 2R I FUIRAS 77 R /N
(14 BY 17 38 2 AR5 K P il el A
(3) % FUAS )3 P e (50 T 26 v R I+
HRE 1.6 g/om’ AEVIRIAREZR I H g3 (R RS iRE BY
1000 [ _o— ;=100 kPa 5=30 kPa

¢ 800 | —=— P'=200 kPa A
—— P'=300 kPa gt Sl

R A ev/%
&

0 5 10 15 20 25 30
BhFIREE & /%
(b) q- & &v - & s=30kPa
1400 [ —o— p'=100 kPa §=200 kPa
1200 | —=— pP'=200 kPa
I —— P'=300 kPa

DBE F19/kPa
g

R A EvI%

0 3 o 15 20 25 30
B NiAE £ /9%
(d) q-&, & - &, 5=200kPa

5 FEIRADIEEFMEC BN 57 - ML (p, =1.6 g/em’)

Fig. 5 Stress-strain curves of unsaturated tests on silty sand under different suctions ( p; =1.6 g/em’)
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Fig. 6 Stress-strain curves of unsaturated tests on silty sand under different suctions ( p; =1.96 g/em?)
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Table 6 Saturation values of unsaturated silt before and after

shearing

s=30 kPa s=100 kPa s=200 kPa

S; p'/kPa
SrO Srl SrO Srl SrO Srl

_ 100 46% 58% 32% 37% 25% 27%

1 6pgd/cm3 200 45% 59% 33% 37% 25% 27%

' 300 47% 61% 32% 37% 27% 27%

_ 100 51% 37% 37% 34% 29% 23%

1 96pdg/ 5 200  50% 48% 37% 32% 27% 22%
. cm

300 50% 46% 37% 33% 28% 23%
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Fig.7 Critical state lineson g - p' plane
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equation with suctionon v - Inp’ plane
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Table 7 Calculated values of parameters of critical state line

equationin v, ~ Inp' plane

P4 s S L L) A r,
0 1 1.845  0.064 1.8450
, 30 062 1.855  0.040 1.5301
1.6 g/em 0.064
100 0.37 1.895 0.024 13312
200 0.27 192 0.017 12484
0 1 1771 0.064 1.7710
. 30 046 1,789 0.029 13629
1.96 g/em 0.064
100 0.33 1.823  0.021 12716

200 0.23 1.856 0.015 1.1969

I 75 25 B /)N P B 17 3ok S 0 B KPR il ) AR

(2) R =S R 8. MRS %ET,
BEWR 7 )38 K, SR AN K AR & T,
BEF LTI N, IARESREEAWTIG . MR 2%
PR, BEWR TGO, RE A B AR s 4 BBk I K B
K MIFER AT, BRI rsgm, W4
VYN g U

(3) ¢q - p' PN AR Ll SRS Rt 2
MANZWR T30, K /NGETRAT L I RS R 2R,
BEE 0 MRS RE, BER AR AN v
= Inp' “F 1 P B AR AT LG TR LR R 2 A, A2
S, KN LRI FOIRAS LR A, #lE
I R R, B AIA R R AR, v, -
In p' ~F1HI P I AE 0L 1 Il TR S R AR A, Rk e
r,MGREATEE (W J) IR, RN R0 0 5%
TaAmr,

SE -

[1] SCHOFIELD AN, WROTH P. Critical state soil mechanics[J].
1968, 7(70): 23 - 56.

[2] WOOD D M. Soil behaviour and critical state soil
mechanics[J]. Soil Behaviour & Critical State Soil Mechanics,
1991.

[3] MAATOUK A, LEROUEIL S, ROCHELLE P L A. Yielding
and critical state of a collapsible unsaturated silty soil[J].
Géotechnique, 1995, 45(3): 465 - 477.

[4] NEWSON T A. Validation of a non-associated critical state
model[J]. Computers and Geotechnics, 1998, 23(4): 277 -
287.



HF 1

RHER, 4. ARATR R

I FOIR 25 1 186 0F 15

[5] TOLL D G A framework for unsaturated soil behavior[J].
Géotechnique, 1990, 40(1): 31 - 44.

[6] TOLL D G ONG B H. Critical-state parameters for an
unsaturated residual sandy clay[J]. Géotechnique, 2003, 53(1):
93 - 104.

[71 WHEELER S J, SINAKUMAR N. An elasto-plastic critical
state framework for unsaturated soil[J]. Géotechnique, 1995,
45(1): 35 - 53.

[8] ADAMS B A, WULFSOHN D. Nariation of the critical-state
boundaries of an agriculture soil[J]. European Journal of Soil
Science, 1997, 48: 739 - 758.

[91 WANG Q, PUFAHL D E, FREDLUND D G. A study of critical
state on an unsaturated silty soil[J]. Canadian Geotechnical
Journal, 2002, 39: 213 - 218.

[10] KAYADELEN C, SINRIKAYA O, TASKIRAN T, et al
Critical-state parameters of an unsaturated residual clayey
soil from Turkey[J]. Engineering Geology, 2007, 94: 1 - 9.

(117 FRIED. A SRR £ 2 A BB AT 7L )], AL
TR, 2014, 36(2): 201 - 272. (CHEN Zhen-han. On
basic theories of unsaturated soils and special soils[J].
Chinese Journal of Geotechnical Engineering, 2014, 36(2):
201 - 272. (in Chinese) )

[12] SHENG D C. Review of fundamental principles in modelling
unsaturated soil behavior[J]. Computers and Geotechnics,
2011, 38: 757 - 776.

[13] BN #sh 2R SRR fRED]. &+
THE2EHR, 2012, 34(4): 730 - 733. (ZHAO Cheng-gang. The
thermal steady state and the critical state of unsaturated
soils[J]. Chinese Journal of Geotechnical Engineering, 2012,
34(4): 730 - 733. (in Chinese))

[14] P2z, JEHUAN L ) 7K IR ) 2R e s BB P R 1],
&+ 1, 2009, 30(11): 3217 - 3231. (SUN De-an.
Hydro-mechanical behaviours of unsaturated soils and their

elastoplastic modelling[J]. Rock and Soil Mechanics, 2009,

30(11): 3217 - 3231. (in Chinese))

[15] BRIED. ALK RICY, hEEAR TR
AR AT 2 R B 2. 1994: 145 - 152. (CHEN
Zheng-han. New progress in the study of unsaturated soil[C]//
Chinese and Canada Memoir on Unsaturated Soils. 1994: 145
- 152. (in Chinese))

[16] HEF, ARE. TN p - g -5 Tl
RIS T[], & L TR, 2009, 31(10): 1607 -
1613. (DONG Jian-jun, SHAO Long-tan. Critical state
surface in p — ¢ — s stress space based on deformation of[J].
Chinese Journal of Geotechnical Engineering, 2009, 31(10):
1607 - 1613. (in Chinese))

[177NG CW W, ZHAN L T, CUL Y J. A new simple system for
measuring volume changes in unsaturated soils[J]. Canadian
Geotechnical Journal, 2002, 39(3): 757 - 764.

[18] # i, M 5. JEMA E 8 L il FURST T[] 75
b 2 B 22 R (LFEE AR RR), 2006, 19(2): 26 - 29. (CUIL
Ying, MIAO Lin-chang. The critical state of unsaturated
remolded soils[J]. Journal of Suzhou University of Science
and Technology (Engineering and Technology), 2006, 19(2):
26 - 29. (in Chinese))

[19] 5&& K, BRfal, 23000, 5. Qs FURARBAI S K E
AL AN SR SR A L TR, 2015, 37(4T 1):
197 - 201.(ZHANG Deng-fei, CHEN Cun-li, LI Wen-wen, et
al. Characteristics of critical state and water volume change
for Qs unsaturated intact loess[J]. Chinese Journal of
Geotechnical Engineering, 2015, 37(S1): 197 - 201. (in
Chinese))

[20] ZE3C3C. ANJEI R g B AR T I A0 B 2 5 ) AR TR 9 E A
Je AR A PR EG F T (D). P %2 PE B T RS, 2015, (LI
Wen-wen. Experimental study on deformation and yield
characteristics of unsaturated remolded loess under different
stress paths[D]. Xi'an: Xi'an University of Technology, 2015.
(in Chinese))

(RICSi4 W21



