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Shear strength degradation characteristics of expansive soil during
freeze-thaw process considering moisture migration
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Abstract: The shear strength of soil would be deteriorated by moisture migration and the accompanying
phenomenon during freeze-thaw process. For the prevention and treatment of freeze-thaw diseases in expansive
soil engineering, it is necessary to ascertain the degradation effect of moisture migration on the shear strength of
expansive soil. By simulating real freeze-thaw boundary conditions, the moisture migration experiments of
expansive soil under the axial freezing and bidirectional thawing action were carried out, and direct shear tests
were conducted. The moisture field, temperature field and vertical deformation of expansive soil were monitored
during the test. The research results show that the moisture migration quantity is influenced by the freezing
temperature gradient, and that the expansive soil during freezing-thawing shows frost heave and thawing
settlement characteristics and the thawing settlement is slightly larger than the frost heave. The variation of the
shear strength has a high consistency with the water content redistribution along the depth direction. For specific

performance, the shear strength of frozen soil attenuates when the water content increases, while the shear strength
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of unfrozen soil increases mildly with decreasing the water content. The variations of shear strength indexes and

moisture field redistribution also show a high consistency along the depth direction. Specifically, shear strength

indexes decrease when the water content increases. The attenuation degree of the cohesive force is significantly

greater than that of the internal friction angle. The decrease of the cohesive force is the main reason of freeze-thaw

deterioration the shear strength for expansive soil.
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Table 1 Physical indicators of expansive soil samples
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Table 2 Temperature settings during axial freezing
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Fig.1 Schematic diagram of the moisture migration experiment

device(unit: cm)
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Fig.2 Dynamic changes of the temperature field during freeze-thaw
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freeze-thaw

[F) R 45 77 R AE TR BIK 40 10 78 & AR BI/IMK IR
F2, Fl, F3, MMNK%EXEKERFEE KRS
BIA 12.3%, 7.7%H1 4.1%; SHZILR AT i re
R B KA IE B 2 B R R 1 Bl R BT
¥, HULBEZAMRAKPTHER DTN TREEE,
T R PR 225 R BE A P o B KR 45 % R BUK - 1T 7%
Ay, MR FE /NS BUK TR IR A
L A R U P Sy R (S N0 S e o2
BN 3) RS KEI R SR R
K=, KRR THRG RN KRG KBRS RS
B AL TR

RA G TR 5 BRI A AR W B 4 B, w]
PARIL: (1) S TRERF 2% R T/
MEXG s, (HEEEAKR, F1, F2 M F3 & T
TREFITR S BN 1,608, 1.606 H1 1.604 g/em’;
(2) RIGB LA T % B35 Pl ok, VRah B ib
T3 R T R R NRE . B IR L4
RBEPIABCEAER RS 2RI R R, Bk
LIPS AE F 02 IR % BN B RRAE s ik, P



FE38E Fol

EEE: FIEK TR AR K B8y o P 5 i 5 (A AL

* 1265«

Viklander® 42 H T 5k A FLER ELIOME S, A NI iR %
FEAN R B[R M HFEAE 48 2 IRk R 3R I, HALIR
ST RaE . SR aiD g iR er
SETHRARILBR X — M. AT LR BT
BRI T LRI 5 B . VRGN B R 3R
ARIH AT G K52 5 kPa IR 77, 7KAoL
BN SRR EKEAS], £ ERFZERNZR
GAER T L FE BT 2 B VIR B 7 R £ 3 an ] 4
FIr 7 BRI

FH /(g e+ em )
01450 1.55 1.60 1.65 1.70
1

T
b
4t Vi
3]
81 V- F
'y
2] {7 —e-F2
HAe A -F3
£ 16| oy
8 SN
X e
m0| Y.
® ‘I‘A
24 | - N,
¢._ A 'm
28 L Tl \
A | “me
321 AR N
A m e
36

B4 ORS8RI AR RHE

Fig.4 Dry density of soil samples after freeze-thaw
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Fig.5 Vertical deformation rate of soil samples
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Table 3  Shearing strength of expansive soil at different depths after freeze-thaw
BB 5 E /kPa
WAL E F1(0.17 C/cm) F2(0.31 C/cm) F2(0.44 °C/cm)
25kPa 50kPa  75kPa  100kPa  25kPa  50kPa  75kPa  100kPa  25kPa  50kPa  75kPa 100 kPa
Pl 313 55.3 86.1 117.7 26.6 50.7 80.2 108.9 333 57.4 90.2 123.6
P2 31.3 55.3 86.5 117.3 26.8 50.2 79.7 108.5 33.6 57.8 90.3 123.9
P3 31.3 55.5 86.8 118.6 26.8 492 79.0 107.5 334 57.8 90.3 122.1
P4 30.7 53.3 86.2 117.1 25.1 49.7 78.0 105.8 335 57.4 90.7 121.4
P5 30.1 51.6 82.3 1113 24.8 48.4 76.1 103.1 33.4 57.6 90.0 121.4
P6 313 55.9 87.8 119.5 24.4 479 75.1 100.5 32.9 58.0 90.0 122.8
P7 37.2 63.5 98.3 133.0 23.9 46.7 73.2 103.4 32.4 55.9 87.5 121.8
P8 38.0 64.9 101.1 136.7 39.8 68.0 106.1 144.4 30.7 54.5 85.2 117.6
P9 38.4 65.6 102.2 138.4 432 73.9 114.3 154.8 40.2 68.7 107.9 1442
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Fig.6  Variation of the shearing strength along the depth after freeze-thaw
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Fig.7 Shearing strength change rate versus water content change rate
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Table 4 Shearing strength indices of expansive soil after

freeze-thaw

i ea R J1/kPa P BEBE F11(%)

frE F1 F2 F3 Fl F2 F3
Pl 25.3 25.3 25.3 232 22.1 23.4
P2 25.4 25.4 25.4 226 21.6 23.3
P3 243 243 24.3 224 21.1 23.3
P4 239 239 239 21.9 209 229
P5 23.1 23.1 23.1 21.6 20.4 2238
P6 213 213 213 2.4 203 2238
P7 37.9 37.9 37.9 2238 19.9 227
P8 38.1 38.1 38.1 23.6 23.9 225
P9 382 382 382 24.4 24.8 23.6
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Fig.9 Characteristics of the cohesion after freeze-thaw
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Fig.10 Variation characteristics of the internal friction angle

after freeze-thaw

URAMEH T 7K 1T 2 5l R R E I IK TP el
SR FEARA I BRI R, AR SCBL R Z I 1 S bR
VRRIL R4, AEIERK 1 B m vk 45 - XA Eb Ak AR
TR ER R F S EF R E BRIk
IR K. BAAR ML, EE
W R

(1) ¥R &R FERR X K iR B iR K,
KA /N VR G5 IR PR P Y 2 21K e il ¥ s [

Ak AR VR R R PR D R AR RO 4 e, e
RIS K T RIKE

(2) HZAR - HUBY s AR 5 5K B R E
OISR EE D7 1A ERBL T R BERI A s HUBTaR
FEAE S K B e AR - X R B R Ry 5, A
B 7R BRI AR R = DXL /I 3 0 A4 s
0BT 9 A A P58 I 25 7K 5 A A R R F 3 i
N

(3) PUBYSRESRAR S B K EAEVR T A (A2 4L
WRILW THES AN, SKERRX A EES
B /NI, SR ENE R XK R SR
LI RS L VRRE R R TN K
5B S EE R A

FUAT, 2K B By o B VR b 25 A0 RP AE J7 THD A B
FESCHRMERZ W FCEE A8 T AR 508 56 5 Uk il
FACT TR R, XA T IZIK 5 8Y
530 LR A 5 AL (K 7 i 5 it — DT R

BE 3 #k(References):

(11 PRk, 3RBET. WAKLABM]. Jbst. RREEHAREE, 2015 23 -
24 (CHENG Zhanlin , GONG Biwei. Expansive soil slope[M].
Beijing: Science Press, 2015: 23 - 24.(in Chinese))

[2] %%, ERE, koE. GEWEEM] 2 i bR Bl
f4t, 2010: 134 - 144.(XU Xiaozu, WANG Jiacheng, ZHANG
Lixin. Permafrost Physics[M]. 2nd ed. Beijing: Science Press, 2010:
134 - 144.(in Chinese))

[3]  SRERJAL, 5RO, BRI, & LARRBMHERT FADUR S ). vk
JI% =, 2016, 38(6): 1 644 - 1 657.(ZHANG Xiyin, ZHANG Mingyi,
LU Jianguo, et al. Study of the freezing and thawing features of soil:
current situation and outlook[J]. Journal of Glaciology and
Geocryology, 2016, 38(6): 1644 -1 657.(in Chinese))

[4] BHEE, XUEEBE, EEZE, S SRBMEEN T ESE XD R
PERMAR RIS BT[] B 12 5 TR, 2017, 36(6): 1 495 -
1 503.(HU Tianfei, LIU Jiankun, FANG Jianhong, et al. Experimental
study on the effect of cyclic freezing-thawing on mechanical properties
of silty clay with different degrees of compaction[J]. Chinese Journal
of Rock Mechanics and Engineering, 2017, 36(6): 1495 -1 503.(in
Chinese))

[51 % 8, S B, W R GREMEIRT SRR KR IR AT 7 K
NI T, A%, 2015, 36(5): 1282 -1 287.(ZHENG
Yun, MA Wei, BING Hui. Impact of freezing and thawing cycles on
structure of soils and its mechanism analysis by laboratory testing[J].
Rock and Soil Mechanics, 2015, 36(5): 1282 - 1287.(in Chinese))

[6] XUFEVK, FKEBN, E . GRELKE K SR BT 4 A B
LW [)). A%, 2018, 39(1): 1 - 7.(LIU Hanbing, ZHANG

Huzhu, WANG Jing. Effect of freeze-thaw and water content on



FE38E Fol

FERE: FIEKDITRY

Wi FR) 3 S S 0B 5 P2 1 i 25 s AT

* 1269 «

(7]

(8]

(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

mechanical properties of compacted clayey soil[J]. Rock and Soil
Mechanics, 2018, 39(1): 1 - 7.(in Chinese))

£ B dibJu, TR, S5 R TR R AL E IE
RHWHILN). H 4 E TR, 2018, 3708 1): 3756 - 3 764.
(WANG Miao, MENG Shangjiu, YUAN Xiaoming, et al. Research on
freezing-thawing correction coefficients of shear strength parameters
of seasonal frozen soil[J]. Chinese Journal of Rock Mechanics and
Engineering, 2018, 37(Supp.l): 3 756 - 3 764.(in Chinese))

HOU TS, XU G L, SHEN Y J, et al. Tormation mechanism and
stability analysis of the Houba expansive soil landslide[J]. Engineering
Geology, 2013, 161(14): 34 -43.

SHI B, JIANG H, LIU Z, et al. Engineering geological characteristics
of expansive soils in China[J]. Engineering Geology, 2002, 67(1):
63 -171.

Hh e N RFLR [ [ S S 41, GB/T 50123—1999 = Tik% s
AR AE(S]. MR P RCKORRE A B TR
Standards Compilation Group of People’s Republic of China. GB/T

1999.(The National

50123—1999 Standard for geotechnical test methods[S]. Nanjing:
Nanjing Hydraulic Research Institute, 1999.(in Chinese))

e N RALFE E K hrifign S5 4. GB/T 50112—2013 K 13X
IEFHARMTELS]. b5t PEEFI T AL, 2013.(The National
Standards Compilation Group of People’s Republic of China. GB/T
50112—2013 Technical specification for construction in expansive soil

area[S]. Beijing: China Architecture and Building Press, 2013.(in

Chinese))
[ 1 3 O i O B/ s RN = w7/ e S 171 7 e 0] D
FRRFIE[D). KARFY, 2008, 32(3): 432 - 443.(CHEN Bo, LI Jianping.

Characteristics of spatial and temporal variation of seasonal and
short-term frozen soil in China in recent 50 years[J]. Chinese Journal
of Atmospheric Sciences, 2008, 32(3): 432 - 443.(in Chinese))
PRetie, B &, Wk E, 5. RIK TR A FHOR M.
Jbat: Bl AL, 2016: 24 - 29.(CHEN Shanxiong, ZHAO Min,
LENG Huoxing, et al. Failure mechanism and treatment technology of
expansive soil gully slope with strong expansion potential[M].
Beijing: Science Press, 2016: 24 - 29.(in Chinese))

LIU J K, CHANG D, YU Q M. Influence of freeze-thaw cycles on
mechanical properties of a silty sand[J]. Engineering Geology, 2016,
210(5): 23 -32.

KAMEI T, AHMED A, SHIBI T. Effect of treeze-thaw cycles on
durability and strength of very soft clay soil stabilized with recycled
Bassanite[J]. Cold Regions Science and Technology, 2012, 82(8):
124 - 129.

KHAN M S, HOSSAIN S, AHMED A, et al. Investigation of a
shallow slope failure on expansive clay in Texas[J]. Engineering
Geology, 2016, 219: 118 - 129.

FEE, £ AR, EBAT. WEEREEAE R AR LK T BT T[]
A%, 2016, 37(10): 2839 - 2 844.(LI Yanlong, WANG Jun,
WANG Tiehang. Moisture migration of unsaturated soil due to thermal

gradients[J]. Rock and Soil Mechanics, 2016, 37(10): 2 839 - 2 844.(in

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Chinese))

g, FAME HLJEM) des: Bl RE, 20160 41 -
46.(MA Wei, WANG Dayan. Frozen soil mechanics[M]. Beijing:
Science Press, 2016: 41 - 46.(in Chinese))

BIgA, R, BBER, & XWARES - S R4k &K
TR )] & 215, 2015, 36(4):
Qixiang, ZHOU Guoqing, ZHAO Xiaodong, et al. Experimental study

1021 -1 026.(YIN

of the water migration and compression of soils under double direction
freezing-one direction thawing[J]. Rock and Soil Mechanics, 2015,
36(4): 1021 - 1026.(in Chinese))
VIKLANDER P. Permeability and volume changes in till due to cyclic
freeze/thaw[J]. Canadian Geotechnical Journal, 1998, 35(3): 471 -
477.

wHHk D B R R ABR). & 7%, 2010,
31(1): 133 - 143.(QI Jilin, MA Wei. State-of-art of research on
mechanical properties of frozen soils[J]. Rock and Soil Mechanics,
2010, 31(1): 133 - 143.(in Chinese))
ZHOU A, SHENG D. Relating shear strength of unsaturated soils with
capillary water retention curve[J]. Canadian Geotechnical Journal,
2016, 53(6): 974 - 987.
HAMID T B, MILLER G A. Shear strength of unsaturated soil
intertaces[J]. Canadian Geotechnical Journal, 2009, 46(5): 595 - 606.
ik L, AROE, Biba. 2T SEM R MIP VRGP R o 36
LR NLRIBE T[], H A 1S TR, 2015, 34034 1):
3 597 - 3 603.(ZHANG Ying, BING Hui, YANG Chengsong.
Influences of freeze-thaw cycles on mechanical properties of silty clay
based on SEM and MIP test[J]. Chinese Journal of Rock Mechanics
and Engineering, 2015, 34(Supp.1): 3 597 - 3 603.(in Chinese))
FEM, B B REER R E LS LR R ). A L TR
%, 2006, 28(12): 2 082 -2 086.(QI Jilin, MA Wei. Influence of
freezing-thawing on strength of overconsolidated soils[J]. Chinese
Journal of Geotechnical Engineering, 2006, 28(12): 2 082 - 2 086.(in
Chinese))
v M, R ARt LR
R, 2007, 26(7):

FOREMARK). EA %S T
1 499 -1 503.(LING Hua, YIN Zongze.
Variation of unsaturated soil strength with water contents[J]. Chinese
Journal of Rock Mechanics and Engineering, 2007, 26(7): 1499 -
1 503.(in Chinese))

diEA, B A FKE R LB EEEAK 4T
BY 58 BE B2 3 AT I E T K T S B VA Ak, 2015, 26(4):
138 - 143.(ZHANG Lianjie, WU Xiong, XIE Yong, et al. Influence of

K, Z

water content and overlying pressure on shear strength of remolded
expansive soil[J]. The Chinese Journal of Geological Hazard and
Control, 2015, 26(4): 138 - 143.(in Chinese))

TIUEA, FER K, T 2 VRARE AL gt s RO S 50
SREEAEAG[T]. UKL, 2012, 34(2): 435 - 440.(FANG Lili, QI Jilin,
MA Wei. Free-thaw induced changes in soil structure and its
relationship with variations in strength[J]. Journal of Glaciology and

Geocryology, 2012, 34(2): 435 - 440.(in Chinese))



