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Study on the Significance of Factors Influencing Shear
Strength of Expansive Soils in Climatic Marginal Zones
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Abstract; There are many factors affecting the shear strength of expansive soils in the climatic
fringe zone,and the strength of soils in different initial states has large variability, so it is necessary
to determine the key influencing factors in engineering design. Based on the triaxial test data of
swelling soil in the climate edge area with different initial states, the effect of initial state on the
shear strength of swelling soil in the climate edge area was studied by using the theory of

significance analysis. The results show that the cohesive force of swelling soil in different initial
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states under the action of periodic freezing and thawing shows an overall decreasing trend, while

the internal friction angle shows a certain increasing trend. When the compaction coefficient is 0.

90, the number of freeze-thaw cycles and initial humidity are the key factors affecting the internal

friction angle and cohesion of expansive soils, and the significance analysis results are grade I.

Under the optimum moisture content condition (w = 20% ) , the compaction coefficient has the

second most important effect on the internal friction angle and cohesion after the effect of freeze-

thaw cycles, and the significance level is II ; while the freezing temperature only has a certain

effect on the cohesion,and has almost no effect on the internal friction angle.

Key words :expansive soil; freeze-thaw cycles; shear strength parameters; significant test; climatic

marginal zones
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Fig.1 Development of cohesion in expansive soils
with freeze-thaw cycles in different initial states

Bk} 090 FHERE T, N —15 T4,
WEFEIAATRE AN, ZHER TR, 10 YR
RAEERE RS 1 RE0UIRBERS K, 7051 27. 50%
(w=20%).30.66% (w =23%) 43.03% (w =
26% ) o XREFIRIZ N —15 °C, Feflo 5 K&
(w=20% ) ik i RE 36 5 0 B ) i 1 5
FR G R M T HE i, 0010 RVRREIE 2R 5
BHIR ) S DB U BE T s e 52 AR K0 KT
Wi/, 4359 A 39.64% (k =0.85) .27.50%
(k=0.90) .24.82% (k=0.95), @HJ A&
SR 0.90, T LT KR (w =20% ) X5
TR 5 ORGP 5, Bl VR 25 TR B A
%, FHR 1B W AR, 10T 10 WEARRIEER IS | B
) 3 I E JIZ G R, 2390 16, 65%
(T = =5 ) 23.41% (T = —10 T)
27.50% (T,,.,. = — 15 <),
2.2 NEZRAMKMBERTLRE

AR T Tl 25 X K - N EE
B REVRRE I PR OB AL 2N B 2 TR
FE 2 AT DR S5 R HOH 0.90 , R4 i
N - 15 CikEA, K £ N EE 8 A Bl AR 5
JK A T i T 28 D, L i 4 7 A U 6
ARSI IR S Mg R H 10 IR A 216
JE R 43 A 15.33% (w =20% ) .9. 84%

(w=23%) 44.88(w =26% ), QUEL5IRE
- 15 THE, T KFRE (w =20% ) I
i A N EE SRR 4R 5 IR R sk 7 b B

201 - w=20% —e—w=23% ——w=26%

ml.\/_\/./'\‘

12 |

PR AI(°)

4‘W

0 1 2 3 4 5 6 7 8 9 10
VRRAEFRAR
(a)k=0.90,T,.. =15 C

207 = £=0.85 —e—£=0.90 ——k=0.95
18}

16 4

14 f

PEEHEAI/(°)

12 1

108

0 1 2 3 4 5 6 7 8 9 10
TRBEEFFAR
(b)w=20%, T,...=—15 C
19

= To==5 T
—-—T;...=—10 C
18 & Tpu=-15T

PEEEAI(°)

2 3 4 5 6 7 8 9 10
FRBEARTR R
(c)w=20%,k=0.90
2 AFEWIIRAS T MK o P EE 5 A
BE R AT PR U A h 2k
Fig.2 Development of internal friction angle of
expansive soils with freeze-thaw cycles

in different initial states



424 WHERKESMARBFR)

%39 %

UG R S 22 B0 B s K S R
AR RSERECH 0.95 F10.90 X541
DA BE 458 11 A1 22 8 K, 10 YRR BRIG B0 )i, Y 8
P AR B R A U6 1 52 R B I/ N . QI
SLERBCH 0.9, AT ACRIRE (w =20% ) i
ik & B A A T IR RE A T R e R AR T
TV, 1T 2 ~ 10 YCAEFR AR P BE 4 £ ) 2 80
S H 10 WIRRIIE IR , PN EEHEE fA
SEBE Y0 0.87% (Tiee = =5 T) 4.71%
(Th = —10 T) 15.33% (T, = -15 T),

reeze reeze

3 wEMS

3.1 BEUSHIFEE
Rk B B 8 B 25 A7 B RS RS
FH ORRAEEIE T (VR &5 TR B R Rl B0
G RRm, a2 00 2T
SR (¢ Al so)ﬁi‘EE?féﬁﬁﬁﬂi@ﬁo Hrp
G SEQUINE 2 ) AN S S R 7y
B2 AL B 25 S (R IR 2 PR R R B 1R 25 5 ik
55 55 F ORI 25 Rt 25 S LR FR N R
Grig2s'™ ) h B A5 i DR TS M i 2%
X Bk F6 2R ) ¢ INEEIE S @ 1Y 52 2
FE R BIOCHEZ W P, R HTE—E B AR
TRHAT F A W o e AT A, 2B
H E B B AR U RS SRR A B
FEERK BB B 45 L B ) STk VR, SO
H A M Z s HAEA
XFFRGER N F M N, BT M
5 m AKE(M, M, -+ M) SRR T N
38 n NKFE(N, N, ,---,N,) . ieMETH
Nl%zﬂ%7k¥(M,.,1vj> R Ry x, , )3
A m, HilEEHE, K M, (IME N, 191y

LB R 0 51K
G = X, (1)
5 =LY, (2)
x:nini X, (3)

S N5 MON bR 22 i 22 F J7 oy
B

Su =nY (% -9 (4)
Sy =mY (5 92, (5)

S, = nz 2 (x; =% —x +10)°%  (6)

i=1 j=1

NS0 R+ M N ) F{EN
S/ fu

MTSf )
Sy/ Iy

N = S/f (8)

K fy S S BB RIA T M N iR 22

A, X402 0 B E YK o, 777
Fy=F (fy.f.) , UaWITE (1-a) BEREAF T 5%
Wi PRl F- MR G 45 5 7= A T 52
WHE o B9 BB L, 2 2 KT 2k
[ %%(a<0.001) I4%(0.01<a<0.001) .
M%%(0.01<a<0.10) N (a=0.10),H
ol ghEmERERR, 9B EERER,
M4 kA — s 2R IV R B3 v
. H FAH S5 AN IG SR Z ] ) 22 B K
FETZ IR R XS REIK - Z6 5 1 K N BE 5 A 1) 5%
WEK , SCHR TR F ARSI A 2 2,
x2 FREMNIGAE

Table 2 F test critical values

BT o F K30 191 A1
fi=2.,=12 fi=6,/,=12
0.10 2.81 2.81
0.05 3.88 3.00
0. 025 5.10 3.73
0.01 6.93 4.82
0. 005 8.51 5.76
0. 001 12.97 8. 38
3.2 BEHNEMEZBEESW

ENGEAGIESRR (NN 7 S it ST
PERIIRAS SR I 3, th R AT, LIRS (I
JE KRS R K) R R X gk R
TR A R ARG R RS



55 3 1) Tress e  AURID SR XK b B0 0 5 B2 R e PR 1 S S PR 5 425

Wi P 2 B AR BB AT
(1) VR B OCRCS B0 36 18 5 | 90 0 T 52
FM RES I AT R — A 3R R A
TR AR I R R0 PR OB AT ] 3%
PEACE T B0 Ik 1 35 2R 1177 A T B E
Wi, PR T S, KEm TAELZ
SLURRIRIR I R, I K 7K 2 3 K 23
BESS KR B BT s AL I R/ =
RAMHG A AT, T B0 TORE ] 19 12 45
VRIS, LA TR AL, 2RI
Tk £ 255 1N
(2) HESEAR%08 0.90 RESIRE N - 15 C
(R R R PR 16 2, 400 i 15 T A AT AT A 51
Y SEROEE NN A PSS E AT Y S
A1 %, WIRIRERFIR I XK L3R T
FRISANE , B A BB, AR N P L 45
JK SIS T T A T | S B 2R T BB
IR T T FEARR
(3) F M AR ARSI 52 R

G TE MK a=0.01 B A XK +
BRI B sg ), KO T2,
i EHSE MR R WG RS R BT +
TR R FLIE 09 S A SRR B, ) 0 e 5 R A
U N 0 N o T v (61 A D AU
G IR, BRI,

() HEERERAHEREEKTE a=
0. 025 B AR L & /KRS (w =20% Lk =
0.90) Bk R 1A — & W52, 1 2 1%
KR MG, PRl R e VR Es o
Hh BT Ak ) B (IR B, B I T VAR G R L
VRS TR ARG, VRES HR PR VRl i ok
SRR, S 5 ERBARE Ky L | it
T 4028 SRR A FL B AR AIE o A5 P 0 LB
AW B I B WY RS, AR T AR
BRI FE R R IR AK . (H i T VRl
1 AR PR AR f AT, FLBR S5 F AR fEAR L
TG 5 Tk o) Pz B = 2 5 0 BB VR A A 1k
(AR AL BB RE M AR

R3 FHRIEMNAE T REVERGR LR

Table 3  Significant test of cohesion

PRy s VE-S.S W27 Jr f A i FH B
WIURE 8 593. 44 2 57.93 I
JESLR Kk =0.90, e
. © VRS 31 261.37 6 47.77 I
HREERE . T, =-15
AL T % e 1079. 33 12 - —
s YIRS R 7 354. 80 2 8.40 1
WIHRIREE :w =20% S
—_— 5 © VRAIREL 10 354. 12 6 35.49 |
PR e = = % e 1750.72 12 — —
IR w0 =209 IRESIRE 1165.77 2 4.22 I
k3 M w = . _ "
i%fw ’ VRA 8 6 259. 47 6 68. 03 I
SRRk =0.90 B e 552. 04 12 — —

3.3 NEEAZMEZEZESH
ANRPIRAS T REZ K A PN EE 5 A 1) S 2 A
USSR 4, HFRATH, WIHRTRE IR R
SRR R X R K - P B A AR
S i L B 2 R A0 e DR S B T Ak R
TRLPE A AR Ak, R Rl v RSOGT P R JEE A 1) B ) A
JEMAEAWIAE AL, BRI
(1) 5046 5 R AR 0. 90, VR 45 Tt B2
K =15 CHE, WU RE K R Al BTE AT o] 5

EEACE N R BRI A A T B E
Wiy, S AR T 9 (B Rl ARG PRV FH X
DA R 8 A 7 A S W A 55 0 1R T
KRR  FE v & AR 8 M AR K
M2 TEREVKET K R K/ R e Kl s + &2
ZAVEFT A A JTURE ] FL B 245 44 28 e B
AR R B B S T S0P B A TR
R

(2)RGEIRE Hy — 15 Ty, 78 B F MK



426 WHERKESMARBFR)

%39 %

- a=0. 01 B, W] 4R 58 R B0 fe f 7% 7K oR
R (w =20% ) B K 1 N R 48 Ff A7 B d 5%
M), k2 PR A I 2, IR Al e i 2k
KV a=0.025 AXFRE MK+ N EE A — &
SO | BB MK T4, B 55 T 0 5K
FRBOTARFE R A FR OB R K +FL
B 2548 B FURiHES 5 25 e 2 55 T 46 R

SERK T,

(3) WA IS R B0CH 0. 90 B, 78 g 1
TP a=0. 005 B, VR AlAE PR KON S I 75 7K
FRARZSREIK A P9 EE A 52 i 114 S 2 K
11 %, MR ES R 1 8 K IV 2, 8 T
Ik PR E

R4 NEEMRINR D EIER RS

Table 4 Significant test of internal friction

N i U5 22 KR =Sl A B F1{H e
. WIEE 484.59 2 61.43 I
FESE Bk =0.90, o
S © R AL 27.30 6 10. 38 I
VRAEIRE T, = —15
P L fecre PR e 15.78 12 — —
EILGIRS TN ' 106. 16 2 7.96 1l
WIRIREE . w =20% , h
. © VRS 18.50 6 4.16
IREETRE : Troeye = — 15
PRI : Tieere B o 26. 69 12 — —
S VREKIRE 7.36 2 1.88 \
IR o w =20% , o
i - v VR R 10.92 6 8.37 |
FRSRAAL K =0.90 7% e 7.82 12 — —

4 75§

(1) S fsih 2 sy B Rk + 2658 71 5 vkl
PTEARRE AN IR KB R AAH LR, 5H)
TRESE R BRI AR

(2) IRk -6 5R F1 52 m 57 1) b 3P
5 B SR UCH WILR TR R AR B P b

(3) AR KT (w =20% ) IR T, Ik
+ B AITE 10 IR VR GG 20 I 35 52 38 Kt
B I IRBE S ¥ bR S R BRI R 45 1R 1Y)
REAIR T8

(4) WIERTRSE W0 h6 R 52 R 80 VR Al G 26
YRR N BE 48 A EL A 3 i T R 245 L
JEE 114 52 M . 25 DU AR G 555

S 3k

(1] fhokds s R AR K £ 30 R R R Ak
L HPHAHARIRE [ T]. PR R4 (A
KRB ,2022,53(1) +1 -20.

(XU Yongfu, CHENG Yan, TANG Honghua.
Failure characteristics of expansive soil slope
and standardization of slope slide prevention by

geotextile bag [J]. Journal of central south
university ( science and technology ), 2022,
53(1):1-20.)

[2] Z=5. "IEHbIX & ook I K 1 B 5 i A e

PR W o B[], A £ TR R, 2017,
31(1):9-13.
(LI Yong. Spring of cold region influence on
expansive soil cut slope stability analysis [J].
Geotechnical engineering technique, 2017,
31(1):9-13.)

[3] KONGLW, ZENG Z X, BAI W, etal
Engineering geological properties of weathered
swelling mudstones and their effects on the
landslides occurrence in the Yanji section of the
Jilin-Hunchun high-speed railway [ J]. Bulletin
of engineering geology and the environment,
2018,77(4) 1491 - 1503.

(4] AR, BRI FMVAEES | S5 FRERE 14 i 25175

R AR xS Hh F AT 1 43 BT [ 7] TR
K (A REENR) ,2022,38(5) -
871 - 878.
(YE Youlin, LU Zhiwang,SUN Yazhen,et al.
Effect analysis of soil dilatation induced by
shallow buried shield excavation on surface
deformation [ J]. Journal of Shenyang jianzhu
university ( natural science ), 2022, 38 (5):
871 -878.)

[5] TANGL,CONG S Y, GENG L, et al. The
effect of freeze-thaw cycling on the mechanical
properties of expansive soils [ J]. Cold regions
science and technology,2018,145.197 -207.

(6] H k. 0 ok L DR KIFF & R Ik 13
WMERE R R APERE T [ D] IR IR IR AR I



o

a

Ll T

i UGG K K DT B TR T T 427

[10]

[11]

[12]

[13]

[14]

TolkR2%,2016.

( GAN Fada. Performance analysis of sheet-
pile-wall system in expansive soil slope at Ji-
Tu-Hun high-speed rail in seasonally frozen
region [D]. Harbin: Harbin Institute of
Technology,2016. )

A O, FoR A W S URRIE PR ORI
kL BUIAER AT FE[T] . =R 4 (AR
Bl2zRR) ,2019,41(3) ;59 - 63.

(ZHU Siyi, WANG Zhijian, CAO Ling, et al.
Shear test of Jingmen expansive soil under
freezing-thawing cycles [J]. Journal of China
three gorges university ( natural sciences ),
2019,41(3) .59 -63.)

TGP A R R R Ik A7 B 5 R i R R A
PREEAC I [T ], W RO 4 (AR
Bl2#RR) ,2022,37(1) ;31 -35.

( DING Zhiping. Shear strength evolution law of
expansive soil under different initial conditions
with freeze-thaw cycles [J]. Journal of Hu'nan
university of science and technology ( natural
science edition) ,2022,37(1) :31 -35.)

SKE 7 B I S5 ORRIEER T 00 4R 7 K
FR AR AZ I £ BT ORISR [T ] AR
SRR (M ERBF AR ) L 2021,51(5) ;1544 —
1550.

(ZHANG Qi, YANG Zhongnian, SHI Wei,
et al. Experiment on shear characteristics of
unsaturated expansive soil with initial moisture
content under freezing-thawing cycles [J].
Journal of Jilin university ( earth science
edition) ,2021,51(5) ;1544 - 1550. )

LIY L, WANG Z L, LUO Y. Physical and
mechanical characteristics of shallow expansive
soil due to freeze-thaw effect with water
supplement  [J].  Advances in  civil
engineering ,2021(3) .1 - 11.

/s KGR RS, S5 AR SRS T
M-V AL G PR 2 R X Ik 4B Y
W[ T). K H 5 5 TR IR, 2019,17(2)
24 -28.

( GAO Xiaoyun, LIU Jiaguo, ZHAO Guitao,
et al. Effects of wetting-drying and freezing-
thawing cyclics on the strength of expansive
soil in seasonal frozen area [J]. Journal of
water resources and architectural engineering,
2019,17(2) .24 -28.)

ZHAOGT, HAN Z, ZOU W L, etal
Evolution of mechanical behaviours of an
expansive soil during drying-wetting, freeze-
thaw ,and drying-wetting-freeze-thaw cycles [J].
Bulletin of engineering geology and the
environment,2021,186:103275.

A R, A, A5 BTS2
WHE R gE T o A 5 vk (3], & £ 17,2003,
24(2) :277 -280.

(LIN Lusheng, JIANG Gang,BAI Shiwei,et al.
Statistical analysis method of taking value for
shear strength parameters of soil mass [J]. Rock
and soil mechanics,2003,24(2) :277 —280. )
MR, E5e 5. B ALK Y1248

[15]

[17]

[20]

[21]

[22]

[23]

FRGE T or A7 [J]. BRGE TR 2 i, 2009,
26(3) :1-6.
(YANG Guolin, WANG Liangliang. Statistics
analysis of physical and mechanic parameters
about red clay along passenger dedicated
line[J]. Journal of railway engineering
society,2009,26(3) :1 -6.)
ZENTRE R B, S A . Uk b ) 2 M RO
RES TR Bk (VR NN = )
2#,2012,33(4) ;1173 - 1177.
(LI Shunqun, GAO Lingxia, CHAI Shouxi.
Significance and interaction of factors on
mechanical properties of frozen soil [ J]. Rock
and soil mechanics, 2012, 33 (4). 1173 -
1177.)
HFE, X AR 45 URAE PR O
Iy B e R SR B [T, A A T
5 T F 2% ), 2014, 33 (7). 1496-1502.
(CHANG Dan, LIU Jiankun, LI Xu, et al.
Experiment study of effects of freezing-thawing
cycles on mechanical properties of Qinghai-
Tibet silty sand [J]. Chinese journal of rock
mechanics and engineering,2014,33(7) ;1496 —
1502.)
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.
GUO A G,KONG L W ,CHEN J B. Influential
factors on free swell test [J]. Rock and soil
mechanics,2006,27 (11) ;1949 - 1953.
ZHANG W L,LI Y H,DANG J Q, et al. Study
on improving the accuracy of free swelling
ratio test [J]. Journal of northwest A&F
university ( natural science edition ), 2015,
43(9) :203 —208.
WANG L L, WANG Z T,DING Z P, et al.
Factors influencing accuracy of free swelling
ratio of expansive soil [J]. Journal of central
south university ,2022,29(5) ;1653 - 1662.
Esgse, Rk, H-niE I K T % ) Tk 0 5
HRE [T, B2 ,2014,36 (1) :94 - 99.
( WANG Liangliang, YANG Guolin. In-situ
tests of vertical swelling pressures of mid-
strong expansive soil[ J]. Journal of the China
railway society ,2014,36(1) ;94 -99. )
Wk g Bt SRR A B M. AL
FEl B B R 7 R, 2008.
(QIU Yibing. Experimental design and data
processing [ M]. Hefei: University of Science
and Technology of China Press,2008. )
Fress, TR D5k, 5. IS 2 Ik
R ARV RE R ROE R 9 (LR [T ] TR R R
R (HARBMERR) ,2022,53(1) 1288 —295.
(WANG Liangliang, WANG Zhaoteng , FANG
Wei, et al. Deteriorating law of strength
properties of expansive soil in climate marginal
zone with freeze-thaw cycles [J]. Journal of
central south university ( science and technology ) ,
2022,53(1) :288 -295.)

(TUHESE kA PSR XK ZE )



