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Experimental Study on Influence of Adsorbed Bound Water on Strength and
Permeability Characteristics of High Liquid Limit Soil

FU Ceyuan', ZHOU Shijie’
(1.Hainan Transportation Engineering Construction Bureau, Haikou, Hainan 570100, China; 2.School of Traffic & Transport

Engineering, Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: In order to reveal the influence of adsorbed bound water on the strength and permeability
characteristics of high liquid limit soil, the initial adsorbed bound water content of the high liquid limit soil
specimens from Hunan and Hainan was controlled by different concentrations of sodium chloride solution, and
thermogravimetric analysis method was used to determine the content. The direct shear test, unconfined
compressive strength test, and permeability test were carried out. The results show that the adsorbed bound
water content decreases with the increase in salt solution concentration, while the strong bound water content is
basically unchanged. The adsorbed bound water has a high viscosity, low activity, and certain solid-like
properties. With the decrease in the adsorbed bound water content, the shear strength and compressive strength
of the specimens decrease. In the process of permeation, the permeability coefficient first increases and then
decreases with the decrease in adsorbed bound water content, but the final permeability coefficient is greater
than the initial value. The research results can provide a reference for the use of high liquid limit soil as
subgrade filler.

Keywords: road engineering; high liquid limit soil; adsorbed bound water; strength; permeability

characteristics

Y& B HA:2023-06-20(1& P i)
BT HEARP ¥ ESEIIH (455 :52278432) ;1 1 4 H 7 bR bl 51T 50 3 (45 :2021-2043)
EEB A AR, T KEAR, SR LA E-mail : 26316948@qq.com



20 ¥ 4k

A S 2024 5

0 7l

m\\A

e VB A — PR BR K T 50 % 19 £ L 7E  E R
o W ) R T ML X Tz A A . HERARIRE T K
AR REAME SR R R BT B R, R T
R RRER £ Bl B B R R R A
oK TR [R) Ak A AN W7 22 3, A AT] & BT LA B 42 A
FH v VB SR AR F R R PR £
1776 K 5 B W B 45 A K o P T R PR R 2 I
5 AR far T BOBUREL J2 BN, E K TR g Uk 25 W
KBS AR, HB 5 454 K T B 4K BT 32 51 ) %
JIN T 85 B R B i X R R BR A T 2 R R e R
T AW B 25 A kO T PR iR B KB B R
B SR T IR BF A R BR b B A A K
10 588 T 35 8 R v, b o R O e DX A I R L
HEEE L,

N T g Hb 4 s W B 45 A K R TR TR RR A R R
BB A It R RN, B A
GBS T KB MIWFFT . Zhang 5553 i #4843 M7
0 LA B ORI T AR 4 55 G oK AT, & B
W B 2% & K % FE 29 4 1.3 g/em’ s Morrow %5035 i
b L A NI R /B4 s N O N = 7 N I e o R
AR B RN D52 ) A R () B BT 55 B 5 9k KA
B o 5 A o BB, B 9T R TR A kT SR R
R R A A R R R IR VR ) A
W B X B B S A — s R, (E X R R AR
K, 7 A — B it AR kU VR A B LB K AR
A AR AU /N T UH JE TR B A 43 R - A A AL
B R A FIGE R, DA TR AR B B ARl
i B K 560 W 9T B K R 4 B B BT 5 B A 5
48 S 3% W B K R B0 2 6 A Y 55 U R R e
PEAR I 55 S W kAR 5 T 4R A 405 i B 0 ALk
T R B He 5% B2 3 56, A 57 45 4 A K A A R
JE 18] 1) 56 2, 48 7 7K 43 % AR 1 BLAE 5 Santana 55 B
7% LB 5% K Y 0 R 5 R A 2 e AR 2 AR R B
JC A R 40 e 588 32 Wit 2 L R 23 1 AU T 385 0 5 o 4
AU I O PR 0 i R 08 B AR K VR ek R
S RE AR AL AR 45 R R B A K TR BE A RO Kk
R 5 B, I 42 0 T R AE K e o B £ Jo Ml R Bt e
5B AR A Y £ R AE S 80 2R 4 06 o G I PR

Js 58 2 45 6 X AN () K 3 5 28 i iR AT 0, BT T
AN T} 7K R 26 PF TR 1R 9 iR B AR AR, 4 2R R I
BE A AR 1.500 I J0 N FR BT 5 e K5 58 R T
S5 RS G KON B B A R R RO S I, X KL
kit 5 3 R R AT T IR, 15 B NS
MTRLNBERLER AL HKESF Vg
BAX K, BB A e 0 £ X b K 98 98 8
F 52 T ML, 25 2R 3R T O e e - BE 09 9 UK 8 - B 4
BERE, H B A G 3060 W 508 ROR et 5 BRok
PRV 3 8 B I BIF YA 1) NaCl s W) BT
Uk I 2D R RS 1B A R B S e
L 45 R R W £ 45 1A 35 A NaClL¥ )
i o e A v B BE R IR TR B R 2 8 R R

BT UL B b, A SC LA e A R e R 1
WFFE XA 8 i X AT S5 (XRD ) 38 56 1 41 48 WL B2
(SEM) i %6 2% 74 5 W BR = A9 67 ¥ 20 1l A st WL I
A R AN R Wy 5 9 S e B A NaCl i 08 ] XA
P04 25 A K S Rl B o A Rk AR 45 S K
5 I 0T e R R AT BT g L TGN PR BT s 55
B LA KB i i, 7 — 2 4 7 T R 445 A K R R
BIR - 56k B2 195 128 RV 1) 5 o R

1 ##

T 56 = B 0 e A CBA D gk (I &7 3828 R
MEF G360 [H{ i , 2 (A K - TimARE)JTG
3430—2020) X H I Ji JE A< 4 BRE 1 3 4 L XRD K
By, 0 AR Y B E KB R R LR .
&1 AT 0 P PP PR A ) R AR K R K, Al
k0 F o 5 W R K T 50%, MR CA B+ Tk
5 HLEE ) (JTG 3430—2020) b + 59 43 2 5 o, 91 /9
TR RWR RS R A SRR .
) - A fo 08 25 A4 ok 4 B R A R ), R 4 R R
I, T R O E SRR, 2 RO R T4 0.5
mm i J5 K g . B 1 R e v R A R A R
R N AT 0 R PR Y R A R
wERRFE LT Y, B R E 02 R R
WEZ fLREDS BT s ERE. &AW
R B PR R B A AT A AT (SR 1) L AT
1o VB v R R, R SRR P R, R
SR K R .



% 3 HERR 5 B 4 K XY B iR TR R A B B A PR 00 B R iR R AT R 21

®1 IHEAYMEEREGSERT YIRS SE

Table 1 Basic physical property indexes and mineral content of soil specimens
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Figure 1 SEM images

2 RKIegix

21 BMEHHE

K H STA 449 F5 Jupiter [d] 2 #4 2 #7 AL 2 17 38
B, SR e PR AR B OB AR L 3B 0.075 mm (1)
i, PR A B A2 MR R 105 CCRYBEA P 12 h, £F
HAHEZEE ., WGBS E S & WSS K R
P52 2 Sk [ 20 v NaCligs Wi 9 Jo 9 = vk JiE B9 e B,
it i 0.1 mol/1..0.5 mol/L.1.0 mol/1..2.0 mol/L 3t 4
Tl AS ] 490 5 f 4 94 8 A NaC LV I . AR 5 KR — ik
VB BRAF 1Y 0.853°, O T LR TIE W B 25 45 K AR, o B
B 7K I T U8 BR A 19 0.900, 343 Wi BE 1 45 % (I
A e TR B Ry 42 ) i 3006 (il rE = BRI R ) &K+
FE TR MCANAE SR 5 R AR R B R 100 %6 i B
g 25 CHIFR I v, 45 B 24 h FHKS 2 0.1 pg i K
PEATRR I, B & R i R R A AR KR T
W5 FBO A e 1 8 TR 5 °C/min, 50 R
&R 25~200 °C, & J5 i sh 2 )7 FF 4R il 50 .

22 EHERE

A 36 B v PR R B Sk Ak AR R A B
TAR B HFL) (JTG 3430—2020) , 5 JH 0 1[5 25 e 5
R I R e VR PR R R e R PR B A R
IRy 5 B RE R 4596 A1 30 Y0, R S BERE R 90% .
R R T AE ) 20.0 mm, FL A% 61.8 mm, & FL 60 mm’.
TEHRET o AR W, (8 A 2L T, 45 31 38 3] 1
W KRR RE o 4 IO 50 LR |, for 284K W R 100
kPa. 200 kPa, 300 kPa.400 kPa, 7 fif 2% 1F Fi F #47
24 W R E 45 )5 , L 0.8 mm/min 1Y 55 1) 33 % 3 47
P10 s A e R ST U Bt 4.0 mm I 45
W #KPA R R — R B
e L 11 300 42, DI 35 U457 B8 o0 6 mom B 455 1R 05
2.3 EMRIERERXRE

AR 56 BT FHRRE 0 & KR RS E S B BT I 5
() — 3, 30 56 15 A A AE A2 39.1 mm, 5 80.0 mmy;
BT B 5 7K 2 S I T T T s el AR R
HEATH R ol 0 A At N R R 296 /ming Y
TR RE A4 18 1) R AR /N T 3.0% B A 7R AR 0.5% fY R AR
HEAT — BB YRR N AR R T 3.0% Je L BT AR
1.0% RN AS SEAT — U I E . 16 405 o A 0 e v dn
T2 R AU BT T RO DR B B
S ARSI, 4K SR B 2 min J5 45 1k 5 25 0 06 {E B
TR B BN AR A B 20 %0 B AT 45 kiR 5 .
24 BERRE

A 56 i H e PR B S Ak AR A B
TARE AR Y (JTG 3430—2020) , 3R 28 7K Sk ik 5
i 56 21 T FE 1 40.0 mm, B 42 61.8 mm, il £ 3 K&
WAEEEHKRE RLESHT AR . 288 F
B BRANTT R AT 23 R 5 SR I R A% K
A1, I 7E A AL B b U A LA AR B 3R TR A B B
B, LR HGE KA m TS E B S AN
HEKAE AR KSR A R KR TR By 5 A O] B B X
HEK TR, (6] I AT IF i A7 K G 1T 5 722 Kk 8 45
il F8 5 1 A8 K Sk A5 PN Y KGE IR L B E U K TR



22 L S - 2024 4
U ¥ KA A e SR AR K SR A KA & B a5 T IR B JE e BRBE R - PR E DU 11 5545 B AS [A] W B &5 A K
) 70, 2 152 B[] ] gy 00 5 A8 7K Sk 45 A 8 B 5 ] i TR RN P B AR AR AR, N 4 TR
W% B &5 A K it /%
SR £ ) o169
& | ——13.1
i 3 AT U A 445 5 K kR R IR 00 O L 9F 20 s
4 = ——11.0
HAR AR (1), 75 B A5 K 1815 R 5 A S ool oo
2
L h -
k—23a14{> (1) . | | |
Al —n) 2 0 100 200 300 400
A s a AR AR SRR I A Y AR TR 5 L ok R 1 s T B JE /1 /kPa
A iR K AR (a) 7 o5 Y PR 5 1
3 RBEERLE 200 [ g s 28 43 0k 75 88 1%
——25.1
£ 150F —o0-24.0
31 BMEEKEE b —4-20.1
s b = - I —o—194
SR FHAA TR A3 H7 0 0 BE 00 02 B 205 45 K 7 ikt A7 3 A T
L aERIME 2R B 50t
- 20 E;@ﬁ’””’k % 00 200 300 400
mﬂ ) T 11/ /1 /kPa
&
® (b) 5 85 PR
<z
HO
= I B3 FAERMESGKEETXNENRTEE
0 0 2.0 Figure 3 Shear strength of specimens with different
I BB B/ (mol + L) adsorbed bound water content
(a) 17 = W PR B+
S oL 1?
O e /K [ e N JREE ]
B2 Aok 4 s sl N JEE 45 £ 20 -
§ 20} 115 @
® 15 110 ﬁ
®& 10+ z
LD d K
0 or 05 10 2.0 % 10 12 12 16 18°
RV W) A R /(mol - L) W, B 225 2 K B e 1%
(b) ¥ F = W BR A 1
(a) 1w = W PR 2+
B2 AEBBRVRHNERBELETLEEGKkNEE
Figure 2 Content of bound water treated with different Br N 125
: . 30F e Lr
concentrations of salt solution s 25 o~
i) =
WAL 2 LA th ik B 0 25 45 K A it Bl 5 2 -
. W oI5F 10 ¥
S VA VR R I T B K T R ARG, X o T R E 10l o=
2 T — 2 9 T 5 P B B S T o 5t ’
. ! 0 ‘ ‘ ‘ —1 o
AL AH AT 25 A K 09 & RIS, BLIE 5 1 00 19 o vk 3 0 17 19 21 23 25
KB H KT ﬁ*%%%ﬁ:;mlﬁﬁéém W HFE K /%
AH R T W B 25 G 7K 52 30 0 A 0K W B 51 0 B s (b) 57 5 W UM
T2 FEE D B RO PR He ARBHEAKERSHEN AERBNLR

3.2 MEREREER
B3 4t T AN ) 3 R AR R MR A9 0 B 6

Figure4 Relationship among adsorbed bound water content,

cohesion, and internal friction angle of specimens



% 34 B ROR R 25 ok ot B i TR R 3R E Ae b B 4 1 69 ¥ K B AT R 23

MNTEL 30T LA H - 1 B e A BR s = 4 B9 ik 2
P b KT 1 e s R PR s 6 T e e VR PR A - 7
W B 25 G K B iR 16.9%0 BRARE 9.1%0 Ayl F o, ik
BE BB BY 58 3 B 22 N B 5 TV R R R BR R L FE R
BiF &l A K i el 25.1 00 FRAR 2 18.1 06 ik B v, il
BB BY ik BE Bl =2 T A Bt o T L 2 9T AR I, W R
S5 A KOG RE T Y 9 A S e R R . X TR
VS W AE — 7 T2 B L BE Rl /N R B &5 A /K IR 3, 3 B80T
B 245 G 7K 5 ot B AL 22 1T A AR R 0 B R B B 5

F &1 4 1T 65 0 B 2 IR 25 K e Y R AR
M FEAIG , 32 1 T 35 43 4 6 7K 32 31 B0 H J2 2400 FE
TEAE Ty AR R, R B A Ok 2% 1, PR o B AT A
W R T 1 5 A K i A a2 AR R R T BRI
T PR B 8% ffy Bt 5 W A 285 5 K k1 o8 AU T o1 2% 1
K, IR T AR W Y BH B b R Ok 3 T Y
W NI e o R A DN R RN DA B o N o
TR =2 [ B A0, DT o R A A R 25 4 L T AR
SRS R, 6T 5 PN R AR R g KO
33 EMRMERE

i 1 G B B R 5 R R A5 BAS [ B 2 A
K R A T B BT e 5 B, ] 5 BT o

180
150 -

120

JC M FRAC R 58 JEE /kPa

90

8 10 12 14 16 18
R B 245 5 7K 5 8k /%
(a) 1R 125 W PR £

2401
2101

180

T B 70 < 5 3 /k Pa

150 1 1 1 1 J
17 19 21 23 25 27
W B 5 5 K /%
(b) TR e TR B L
5 AERMESKESETHHRERE
Figure 5 Compressive strength at different adsorbed

bound water content

M S HLLA 2%k T 350w s o BR B e, 7R
BF 45 K & i 16.9%0 FEIRE 9.1% pd v, ik
R B T 0 R T 1 55 32 B 2 T B 5 0 T T T o U BR B
Ao, TE W B 2 G K S i 25,106 RBEAR ZE 18.1% 1 it
Ferp AR B DO M BR P e o ERE 2 B B . X Rl T
b VA BE A R B A S K B R BRI, A5 S KBS, b
UL 8] 51 338 K, NI 5 5 T 4, 5 350K N BR 90 1 56
JEE R AR
34 BERHE

AR (1), 75 2[5 400 o 1% B 205 5 7K 25 4 ke
8 7 R B AL 2, &l 6 s .

6
5
4
3L
2
1
0

BB RE/(10°cm-s™)

8 10 12 14 16 18
I B 45 K /%

(a) 173 o VB 286 1

BB RE/(107cm-s™)

WY iy W 445 5 K A%
(b) TR e IR FRB
E6 FAEMEBMESKESETHENESERY
Figure 6 Permeability coefficients of specimens at

different initial adsorbed bound water content

MNIEL6 1T LLF R e v PR 2 - 8 B R BOR
T 1t T o T PR A 6 T R R R B - 7E A
BKGEB16.9% BEEIIY WL ET . BBERK
S B KT I /N 5 6 T T e R - 7E B S A K
SR 251 % FRACE 18.1% 1y v, 8 1F &R BUR
JESe KRR /N H B 208 8 R B R R (E K.
Xt 0 B 45 A K & RN BB RO KB B,
F W B4 A K B K B B A2 BUHL 2 R B R
M W BRE 7 S B B S B B BT ML 45 A
KBS 5 4 T AR E G RS T K BB, T



24 ¥ 4k

N

2024 5

B & 45 5 K & B RRAR 98 08 2 B0 R 7R WM 25 45 0K
/N B AR BN B B B, T R R
R Y K, S T A e A A UKL [R]JE B -
T 530307 TR T SRR A R 2R B A
Hay el 45 - JORE rp B R ROIR AT A AR AR BN A2 %, AT
T AR B 1 E A S A, R B0S O R B0 (3
A BB R EWIIR R

4 %

(1) AR A 73 A 3 00 oA v R R 45 5 7K
B AR A B B IR P T ) o v
B, W B A A K S REREAR, SR A4S B K iR AR
A

(2) 38 3o Xk A [ 40 4y 82 R 25 45 K 5 4 R 0 R
T Ji& B 8 A B, Wit 35 TR S 405 5 K R I A, 3
DI JBE AR R R T R AR LN B AR R

(3) R o5 A [ 400 iy 0 Bf 45 45 7K 5 T AR R
O T T A PR E s 5 A0 e B, B A R 2 S K
A FEAR , 25 5 K B AR, £ W0RL ] 51 0 5 0K, AT
B 5 R4, 5 B0 IR 55 3 I

(4) 38 3o X A [ 4 4 W82 R 245 45 K 2 2 R
TR 5 2 X 0 B, Bt A s WU B 45 5 7K & & Y
fiX, &5 5K SR 7B E I, RS E REOE K
W A 8 7 VR JoT 4 ek R Y G OOl e JBORE 2 T E A
N HIR RS R B E R

S E LWk

References:

[11] WANG J Z,WU L J,FENG R L. An experimental case
study of a high-liquid-limit lateritic soil with its
application in road construction[J]. Road Materials and
Pavement Design,2017,18(6):1423-1433.

[2] SR 7 S AR A R e v R O B 1 OB AR T AL ).
A 1%.,2013,34(0 T 2):351-355.

WU Lijian, ZHENG Jiajia, DENG Jie. Settlement law of
high liquid limit soil embankment[J]. Rock and Soil
Mechanics,2013,34(sup 2):351-355.

[3] IS . 53N w5 o K 3w W PR 8 b T S A o O vk F 5

[J]. R AMA B ,2023,43(2) :31-35.

XU Shuliang. Research on compaction control method of

(4]

(5]

(6]

(7]

(8]

[9]

(10]

(1]

high water content and high liquid limit clay in Guizhou
province[J].Journal of China & Foreign Highway,2023,43
(2):31-35.

ZHANG C,LU N.What is the range of soil water density
critical reviews with a unified model[J]. Reviews of
Geophysics,2018,56(3):532-562.

FRBL,H T, LA R B K R e B e R
i e e S B 4 A R A (D] b A B 22 4R, 2020,33(1):32-
40,50.

ZHANG Rui, XIAO Yupeng, LIU Chuang, et al. Control
standards for degree of compaction of high liquid limit
soil subgrade considering effects of adsorbed bound water
[J]. China Journal of Highway and Transport,2020,33(1):
32-40,50.

e RUFE Kl 1 W R 445 5 A DN 098 T ) L 2 R
[0]. %A - T 224 4,1984,6(6):84-93.

WU Fengcai.Some characteristics of adsorption combined
water measurement and seepage of cohesive soil[J].
Chinese Journal of Geotechnical Engineering, 1984, 6(6):
84-93.

KRB, BT A AR AR R K 2 R Ty
WS LEIR[T]. AN A, 2022,42(3) : 1-10.

ZHANG Rui, SHEN Xuning, YANG Xiangzhan, et al.
Review on classification and testing methods of clay-
bound water[J]. Journal of China & Foreign Highway,
2022,42(3):1-10.

ZHANG R,XIAO Y P,WU M L,et al. Measurement and
engineering application of adsorbed water content in fine-
grained soils[J].Journal of Central South University,2021,
28(5):1555-1569.

MORROW C A,MOORE D E,LOCKNER D A.The effect
of mineral bond strength and adsorbed water on fault
gouge frictional strength[J]. Geophysical Research Letters,
2000,27(6):815-818.

3K TR/ PG S A, 5 % R X AR TR R R T DY R
R I HE ST (0], B 47,2014,54(6):162-164.
ZHANG Fei,HU Xiaoqing,LIU Yawei, et al. Experimental
study on the influence of salt content on shear strength of
sulfate-soaked soil[J]. Railway Engineering, 2014, 54(6):
162-164.

R Ve 4 = R A NI VRN R L 1 R
S0 [J]. FE AR B TR 2 2% 42,2017,37(1):88-93.

YAN Rongtao, LIANG Weiyun, YANG Dechuan, et al.

Strength characteristics of clay saturated by pore sodium



24 BRR 5 R 2 A K xt B iR TR 3R Ao iR B A 00 B v X R AR R 25

[12]

[13]

[14]

[15]

[16]

chloride solution with different chemical states[J].Journal
of Guilin University of Technology,2017,37(1):88-93.
PREISF X 28, 0 55 & K 30 70 P B0 09 i 3 e
SR BA ROV AR RE (9], 75 MROR S 24 (B BR B 52 i), 2021,51
(3):792-803.

CHEN Jianping,LIU Jing, WANG Qing, et al. Microscopic
interpretation of water content influence on shear strength
of dispersive soil[J]. Journal of Jilin University (Earth
Science Edition),2021,51(3):792-803.

TR A Bkt W] 5K 57 AE K U8 B0 R VR - B K 43 AL A
KO iR A R 0R [9]. W 2R B Tk R A 44,2021, 53
(11):136-144.

YIN Zhenhua,ZHANG Jianming,ZHANG Hu,et al. Water
transformation law of cement improved frozen soil and its
effect on strength[J]. Journal of Harbin Institute of
Technology,2021,53(11):136-144.

SANTANA T,GONCALVES J,PINHO F, et al. Effects of
the ratio of porosity to volumetric cement content on the
unconfined compressive strength of cement bound fine
grained soils[J].Infrastructures,2021,6(7):96.

Wk 4 8 4 25 K D¢ B0 R D - JE ) BR 0 R 0 56 AUF
FE[I]. AN 1,2019,39(6):188-196.

CHEN Weichao, YANG Weijun. Experimental research on
unconfined compressive strength of cement improved sand
[J].Journal of China & Foreign Highway,2019,39(6): 188-
196.

2 g e R ER 5 4 A L W 5 T PR BT 5 91
W5 [D]. KA 35 MR 2%,2020.

LI Jinfeng. Experimental study on influence of water and
salt on suction and unconfined compressive strength of

unsaturated soil[D].Changchun:Jilin University,2020.

[17]

[18]

(19]

[20]

[21]

ST XA, A R T A LB L R 8
BRBAK AKX A0 S TR ,2015,34
(9):1909-1917.

DANG Faning,LIU Haiwei, WANG Xuewu,et al. Empirical
formulas of permeability of clay based on effective pore
ratio[J]. of Rock Mechanics
Engineering,2015,34(9):1909-1917.

WK 58, MG 2, E MR A5 b XK PR RS 138 i
B 52 IR AT 5T [0]. HP A0 2 #6,2018,38(6):232-234.

YANG Yongliang, WANG Pengyun, WANG Linhao, et al.

Chinese Journal and

Influence of metakaolin on permeability of cement sand[J].
Journal of China & Foreign Highway,2018,38(6):232-234.
MRk 5,5 &L B A R -4 8 RIR A £ X NaCl
WV 5 3 DU BT 5T (0], ' R RS 2 4R (A A B2 ),
2018,49(4):910-915.
CHEN Yonggui, LEI Hongnan, HE Yong, et al.
Experimental study of permeability of bentonite-laterite
mixtures for salt solutions[J]. Journal of Central South
University (Science and Technology),2018,49(4):910-915.

M BTG R A R R R A NaCLIA T B R 412 £ SRR &
7K AR A {3 36 BIF 5 (D], R R 2 A A (A AR B R R,
2021,52(9):3314-3321.

XIAO Guiyuan,ZHU Jieru,XU Guangli,et al. Experimental
study on change of limit water content of red clay caused
by NaCl solution[J]. Journal of Central South University
(Science and Technology),2021,52(9):3314-3321.

WefT i, 5 B E S L AE LB RO K 2
I A J1%,2017,38(38 ) 2):116-122.

YAO Chuanqin, WEI Changfu,MA Tiantian,et al.Effects of

pore solution on mechanical properties of expansive soil

[J].Rock and Soil Mechanics,2017,38(sup 2):116-122.



