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Creep properties of expansive soil under unloading stress and its
nonlinear constitutive model
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3. University of Chinese Academy of Sciences, Beijing, 100049, China)

Abstract: Since the slide of expansive soil slope is generally characterised by time-dependent properties such as chronicity and
gradualness, triaxial unloading creep tests are carried out on the expansive soil specimens by GDS stress path triaxial apparatus. The
test results show that the creep curve of expansive soil only shows transient deformation and attenuation creep with low deviatoric
stress. When the deviatoric stress reaches a certain value, the creep curve also exhibits attenuation creep, steady creep and accelerated
creep, and the velocity in the accelerated stage is nearly constant, different from common soil. Meanwhile, isochronous stress-strain
curve of expansive soil indicats that its creep process has nonlinear characteristics, and the nonlinear degree is related to creep time
and stress level. When the creep time is longer and the stress level is higher, the degree of nonlinearity is higher. Based on the
nonlinear rheological theory, a new nonlinear four-element creep model is presented, in which the standard linear body is connected
in series with a nonlinear clay pot. The proposed model can describe the evolution of the axial strain of expansive soil with time
under constant confining pressure and triaxial compression stress. According to triaxial compression creep test results of expansive
soil, the parameters of the proposed model are inversed by using curve fitting method. The theoretical curves accord well with the test
curves, which indicate that the proposed model can describe the creep property of expansive soil. Furthermore, critical failure stress
can be obtained based on the creep model. As the confining stress decreases, the ratio of the critical failure stress to conventional
shear failure stress decreases, which indicates that creep likely happens on the expansive soil layer closer to slope surface.

Keywords: expansive soil; unloading; creep; nonlinearity; creep model

Wk FL: 2018-12-24

HeWiH: FAXEAREEEEGTH (No.41430634) 5 WILE A AR AT h i FE R AR HIATHRITTH (No.T201823) 5 #iJbH T #Re kg5
HAATE (No.18xjz07R)

This work was supported by the Key Program of National Nature Science Foundation of China (41430634); the Program for Excellent Young and Middle-aged
Science and Technology Innovation Team of Higher Education Institutions of Hubei Province of China (T201823) and the Talent Introduction Program of
Hubei Polytechnic University (18xjz07R).

WARER A BEE, L, 1989 E4, L, W, EENERR LR RS0 DRI eSS 2 TFE . E-mail :
smilinglee@hotmail.com

WIER: LR, 5, 1967 44, Wit WHFS, WA, EEAFRRLE D ERES REPIR AP S . E-mail: Iwkong@whrsm.ac.cn



3466 =

+

B 2019 4

S Y

=

1 5l

AR £ — MR A IR AR A, A B K
N SRIERE . SHTOTTZIRIZ IR 03— B R A
ffeE v, (HEEAE I W AR, VF 2k kA T
RASDOR . K R AR BB PRk,
W BE A IR S5 i R BRI K
KA SR BAE K A AR AR 5 i
MR, XL RE RS A B, WA E T
JE LSRR R SR BN, e B0k
VERE 3205 AN AT I E5E T 5 16 a K
P AV B e A AR E MR R A AT
VFH DLAR TR AR T A1 O T I R 4 5 R Al PR A
NUFESEbR . WK RIS A% kG, Hadsde
S8 T I o R 0 2247 D AT RE 55 e AR P DA
R, MIRAR S R AT IZIK £+ TR s IR B A+
WA,

SV, JEN B, PrA LR R B A
AEE, REIRI YRR AR X T AR
SRR, HFRE O BN EEA
PRI O A Al AR R P A AT 7 AR I A R
MFFRE . ARBERI N AR FE AT A T A2
e 2

FE AR IR AR IR T7 T, BETER R K E FAR
IR U5 VA N e e N 53 211 2 N R i
o T RMELRUL, T RS AR R A P
WA B YR AR AR, R R, R i
ARV R TSRO M X TR,
AR, ARG AR R DT BT T AR D, B
A P T [ 2 i AR UM L B s A U OV
FCo BRIMT, MK - = b i A2 10560 X AH SRR U 5 WL
. SIS, ERTEEAR T AR B ARAT A A
WARRT LD o MUXIHIZ N 5, EA HAR 5 Hsk
bR TOLEEAHRF, RN FUEIT EE A T IR 1 0 i A8
PEIR

FE AR IF AR AR T, BT TR B
i, AR T R 70y 3 2K iR, Sk
T A A HR R R AR BVE R . S, B
— A BRI TP O, RS EO

WO VBLR OIS, EHEON iz . ARBTE AL £
RERAS — A EIARLR N, AR, R BT
RIBEATTA R IR, WA i Je AR REAT I
TR 2 AL, TR O RE IR 2 1 R 5o 2 A
HAT, @ AR IR AR (5 ik £ B AT PR, —
Pl R TR ES, Ay ERE L TR R A A 70
HRSE, MBI T AN EE EEST T B Y
i S AL R E R Py KPR E D RICE S P 2 4 i e
AL TR, R VARSI AR 2 R 25 2
PEARR T T L PERS S IR RO BEAT SR Bk, AL 1B
TEAF AR RS B R B . 5K STl IR
Burgers I A2 KLY 5 GG 22 S5 s 83 3k, 5L T
NTOIF AR E R BRI AR . 5 1 MR
M TREIE ARAERS, HIEWENEZ, B,
55 2 M ARZAMER AR AR R E . DME
KR ARLANE O B AR Te i AR 2 PRI A AR Y th =
B TR A AR LR M A R, HoE 4R
AKTTRERANE ZZERL T PIRZS T R IR AR AL T 4F
Vs RIS, @R .

LR EPTidR, ASCHIEA (2D —X0 (MDD i
N TRET 5, SR RH SR IR b AT = b 0 iy
HEKIF A 6, W SRR E I 0 AR AR TR B I
AR . T IRAC IR S R, DLoCiHE R e D)
Ands BIAARZRIERE AR, I ARZ M = 4RI AR A
PR, DUIIA RS R K IR AR AL

2 AR =l s A i A X 6

2.1 EREMERR
MG (2% TIRIE AR JTG E40—2007)12%)

X BT H A (PR B R B N 1 SR R HEAT W FE bR A

XRD A5, HIEAY N s b A 0 4

L 1. 2 Fiome WKL ATk B 45 R nT 4, rE PRIk

F kLS B (/N T 0.005 mm) [ 44.8%. i B H A,

/INF0.001 mm F0RL 5 27.0%, 1 A B B2 AK

FREFEHFEF/NT 0.001 mm FEAR 1 BURL S & T
YeERY, Rk, B PH K B B B (= 29.2)
AE HIZAK R (Oer= 62%) . [HIIF, FFFAAK 11025 1
W& s 52%, H UDABRSE KMl 1) 5 i A Fn s

PeAanE, oAl Ry YEE R 30%AH 35%.

#1 FHHEPKLREERER

Table 1 Physical property indexes of Nanyang expansive soil
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Table 2 Mineral compositions of Nanyang expansive soil
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Table 3 Schemes of triaxial creep test
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Fig.1 Relationships between axial strain and loading time
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Fig.4 Creep test results and their fitting curves
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100 105.4 66.4 0.630 0
200 171.5 1272 0.7417
300 231.1 176.7 0.764 6
+ A\
5 én e

(1) K T EAT iR AR IR R ], 2w B TIE 2
R MR, IR AR 2 th 2 B RRAL . ARSI AR
AINIE AL 3 AN B, H HANE I AL B BRI 5
—RCE RARANE], G AR R I T A

(2) NLFJ—P AR fh 2R B, BEAK 0 4 i
R RAGARLNERFAE, HHEARLANERE L 5 I AR I 8] A1
B3RP RASR, I AR I TRl . N K-,
FRLR PERE R R o

(3) fRth T —Fh =R L MhAF AR, Rebmitt
LIRS — AN ARVER R R I, AL T AT A S
i =l e 45 S8 3 RS T B i 12 A 36 A R AR
FR 2 PR AR AR

(4) ARAEMZAK + AT IR ARSI LR, K 24
UGN =GR AR LR 1 SR AT SR . U
2 ARG X L R, PE A R, B
AR ] ARG bt iR K - B AR RS A

(5) JMK - Al SRR IR I 77 T AR B AR e i A2
RERUSRIN,  F A5 W BT DRSS A7 1) L AR B 2 [ 45
i AR /NN, 2R B R 3T 14 - J2 7 5
RAEMRAZIIA o

2 % X W

[1]  BRAEK, KB, FEF). KA e e

MR M TE[T]. & LR, 2007, 29(6): 795—
799.
CHEN Sheng-shui, ZHENG Cheng-feng, WANG Guo-li.
Researches on long-term  strength  deformation
characteristics and stability of expansive soil slopes[J].
Chinese Journal of Geotechnical Engineering, 2007,
29(6): 795—1799.

(2] BARYY. ARV IR A B2 K 3 3RE e 1) A
H TR, 2004, 26(1): 1—15.

BAO Cheng-gang. Behavior of unsaturated soil and

stability of expansive soil slope[J]. Chinese Journal of



3472 e +

71

2 2019 4

(3]

Geotechnical Engineering, 2004, 26(1): 1—15.

B, K 58 TR M. dbat: o [ 8kE i
#t, 1984,
LIAO Shi-wen. Expansive soil and railroad
engineering[M]. Beijing: China Railway Press, 1984.
. LA RNR A R TR M. JbRt: hE g
AL HRRAE, 1999.

SUN Jun. Rheology of geotechnical materials and its
engineering application[M]. Beijing: China Architecture
and Building Press, 1999.

WU, PMRZE, REREW, S5, U X I SVA I
RRRE i AR R W AL (D). A 1%, 2014, 35(11):
3163—3169.

HU Xin-li, SUN Miao-jun, TANG Hui-ming, et al. Creep
tests of gravel-soil of Majiagou landslide in Three Gorges
reservoir area[J]. Rock and Soil Mechanics, 2014,
35(11): 3163 —3169.

EMSRE, WL, BEME, 55 BT = AR
W AR 3 M (0] & )%, 2015, 36(6): 1627 —
1632.

WANG Peng-cheng, LUO Ya-sheng, HU Lian-xin, et al.
Research on triaxial creep characteristics and models of
remolded loess[J]. Rock and Soil Mechanics, 2015,
36(6): 1627—1632.

FENG W Q, LALIT B, YIN Z Y, et al. Long-term
non-linear creep and swelling behavior of Hong Kong
marine deposits in oedometer condition[J]. Computers
and Geotechnics, 2017, 84: 1—15.

SN, SRR, FIRDL, SF IR R T — e
ARG TERE AR SR T AR W [J]. 5 1%, 2018, 39(5):
1573 —1580.

ZHANF Xiao-yan, CAI Yan-yan, WANG Zhen-bo, et al.
Fractal breakage and particle shape analysis for coral sand
under high-pressure and one-dimensional creep condi-
tions[J]. Rock and Soil Mechanics, 2018, 39(5): 1573 —
1580.

gE, KR, . BRI R B R IR AR A
RI[J]. & 712, 2019, 40(2): 624—631.

LI Xin, LIU En-long, HOU Feng. A creep constitutive
model for frozen soils considering the influence of

temperature[J]. Rock and Soil Mechanics, 2019, 40(2):
624—631.

[10] 2%, £FY, skdefh. ARHKFM TR R

M S HONFLRR AR R[], & /1%, 2010, 31(11): 3493 —

[12]

[14]

[15]

[16]

[17]

3498.

LI Jun-xia, WANG Chang-ming, ZHANG Xian-wei.
Creep properties and micropore changes of soft soil under
different drainage conditions[J]. Rock and Soil
Mechanics, 2010, 31(11): 3493 —3498.

FKRAEH. AR TERR TGRS D). K
H: HMKE, 2010.

ZHANG Xian-wei. Creep characteristics of structured
soft clay and its DSC model[D]. Changchun: Jilin
University, 2010.

AEAE, BT, BrEME, & AR TR [ A5 R %
AHFET]. A £ TFE2EIR, 2014, 36(6): 1028—1035.

LI Guo-wei, ZHOU Yang, RUAN Yu-sheng, et al. Plane
strain tests on creep characteristics of over-consolidated
clay[J]. Chinese Journal of Geotechnical Engineering,
2014, 36(6): 1028 —1035.

FEE, HEMW, &3X0F, 5. BHTEIKLARZER
BB, 5 L%, 2012, 33(8): 2297—2302.

LI Zhen-yu, XIAO Hong-bin, JIN Wen-ting, et al. Study
of nonlinear rheological model of Nanning expansive
soils[J]. Rock and Soil Mechanics, 2012, 33(8): 2297 —
2302.

B B T AR R R K AR 2 R AR R 1 R AT
FE[D]. BRMI: iR Tolk K22, 2011.

JIN  Wen-ting. Experimental study on non-linear
characteristics
expansive soil[D].
Technology, 2011.
VFEE, MM, BRI m T K T BT AR A
SEFEIRIS I FT[T]. A B AR, 2011, 36(1): 31—36.

XU Hao, XIAO Hong-bin, TENG Ke. Experimental study

rheological of Nanning unsaturated

Zhuzhou: Hunan University of

on direct shear creep characteristics and long-term
strength  for soil[J].
Engineering, 2011, 36(1): 31—36.

BR-P-4He. K BT IE AR A S iR FE A ST (D). #R
Mz TR Lol oK, 2012,

QIU Ping-hua. Study on direct shear creep characteristics

Nanning expansive Highway

and the long-term strength of expansive soil[D]. Zhuzhou:
Hunan University of Technology, 2012.

MRoGIL, KR, &F, & ETANERINECE R
AHGRER[I]. o EA s S E 4R, 2003, 13(3): 735—
742.

CHEN Ruan-jiang , PAN Chang-liang, CAO Ping, et al.

Rheological constitutive model of soft rock based on



%9 RS s B e S A 0 AR e e I A R MR AR AR Y 3473
internal time theory[J]. The Chinese Journal of [21] EP %, fJLAMH. fkE L TR M]. e #B

[19]

Nonferrous Metals, 2003, 13(3): 735—742.

WP, By, Wera, 55 SO R SRR IR
PRI FC(ID): BERL A HT 0], 5 £ 0%, 2005, 26(5):
693 —698.

XU Wei-ya, YANG Sheng-qi, XIE Shou-yi, et al
Investigation on triaxial rheological mechanical
properties of greenschist specimen (II): model analysis[J].
Rock and Seil Mechanics, 2005, 26(5): 693 —698.
skifse, MR, EM. AR IK RIS A
AR R K A L R 5 R I AR D). s
1% 5 TR, 2011, 30(1): 132—140.

ZHANG Zhi-liang, XU Wei-ya, WANG Wei. Study of
triaxial creep tests and its nonlinear visco-elastoplastic
creep model of rock from compressive zone of dam
foundation in Xiangjiaba hydropower station[J]. Chinese
Journal of Rock Mechanics and Engineering, 2011,
30(1): 132—140.

ATIHEABEEFEDE T, JTG E40—2007, At T
IOHAELS). dbnt: N RZSHE Hi kA, 2007.

Research Institute of Highway Science, Ministry of
Communications. JTG E40—2007, Test methods of soils
for highway engineering[S]. Beijing: China Com-

munications Press, 2007.

3% 3464 T

(20]

(21]

PR, FIRE, WILEE, & ARSI
oKV TR 2 WE T[], A 1%, 2011038 2):
346—350.

LEE Kuan-ying, KUO Chun-chin, HSIEH Chi-tai, et al.
Study of mechanical and microscopic properties of APIG
with  additives COz-rich

cement exposed to

environment[J]. Rock and Soil  Mechanics,
2011(Suppl.2): 346—350.

CARDE C, ESCADEILLAS G, FRANCOIS R. Use of
ammonium nitrate solution to simulate and accelerate the
leaching of cement pastes due to deionized water[J].

Magazine of Concrete Research, 1997, 49(181): 295—

[22]

[24]

[22]

[23]

F HiRAL, 2006.
TAN Luo-rong, KONG Ling-wei. Soil geotechnology in
special and
Science Press, 2006.

XUHE, B AR REEIM]. b5t HUBR AR AL, 1994,
LIU Xiong. An introduction to rock rheology[M]. Beijing:
Geology Press, 1994.

P . VLR TRR MR 0 25 A4 453 45 2 3 7 i) B2 4R AR
WEFL[D]. bt s EFR B, 2016.

ZANG Meng. Research on

geotechnical engineering[M]. Beijing:

structural damage of
engineering behavior and dynamic characteristics for
Zhanjiang structured clay[D]. Beijing: Chinese Academy
of Sciences, 2016.

GIODA G. A finite element solution of non-linear creep
problems in rocks[J]. International Journal of Rock
Mechanics and Mining Sciences & Geomechanics
Abstracts, 1981, 18: 35—38.

FER, XHR, WHsg, 55 A HRRE AL
PEAKIBI[)]. SRR, 2014, 39(3): 445—451.
WANG Jun-bao, LIU Xin-rong, GUO Jian-qiang, et al.
Creep properties of salt rock and its nonlinear constitutive
model[J]. Journal of China Coal Society, 2014, 39(3):
445—451.

301.

HEKAL E E, KISHAR E, MOSTAFA H. Magnesium
sulfate attack on hardened blended cement pastes under
different circumstances[J]. Cement & Concrete
Research, 2002, 32(9): 1421 —1427.

GROK T, SEADEE . G PR AR AR R B VA VR v VR ek S e
PSR EOBLERL)]. FERR EE~F 4R, 2007, 35(4): 504—508.
LIANG Yong-ning, YUAN Ying-shu. Mechanism of
concrete destruction under sodium sulfate and magnesium
sulfate solution[J]. Journal of the Chinese Ceramic

Society, 2007, 35(4): 504— 508.



