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Effects of pore solution concentrations on shear strength of clay
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Abstract: Pore solutions play an important role in the shear strength of soils. A series of shearing and microcosmic tests are
performed on the samples saturated with NaCl solutions with different concentrations to investigate the effects of pore solution
concentrations on the effective strength of clay. The experimental results show that the pore solution concentrations have strong
effects on cohesion of samples. The cohesion decreases with the increase of pore solution concentrations. As the concentration
approaches 0.1 mol/L, the cohesion decreases to below 0 kPa. The cohesion depends on the block effect of physical and
chemical forces between particles on the interparticle sliding. The repulsion decreases with the increase of the pore solution
concentration which makes the interparticle sliding more easily. Due to the development of real pore pressure in the samples,
the cohesion decreases to below 0 kPa. The environmental scanning electron microscopy tests on the microstructures confirm
that clays form flocculation in NaCl solution and form aggregation in water.
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Fig. 3 Relationship between cohesion and NaCl concentration

06
05
o4
03 —e— NaClEWw IR £
—s— LEFKIFELR
0.2 1 1
0 05 1
NaCIZEIHK B /(mol- L)
(a) +¥1

-—

=N
=
0.3 —o— NaCRABAEE LR
—s— LETFKFLE
02 1 ]
0 05 1
NaCI Ik B /(mol-L )
(b) L2

4 NEEFBIEVESBERRERXR
Fig. 4 Relationship between internal friction angle and NaCl
concentration
2.2 R
C1) OGS Rl ORI BOW 454 [ 5
RO T- BRI, R RO O £ 3
T, W 5 FoR. X 3 FEEAG AL SR K
HIRL, TR AR o 6 R SREX T P Al A [ P 61
BT, T RIRAR AN, TR T AN R 1
KL, il 6 frak. F NaCl ¥ #E LAE,  Na'#i%h
LRUREI R AR, A TS0 RURE R 1 1Y) D LA
J¥ 30N G TGN, ALAFRURL BEAG LASEL,  AEEhs 50

Fig. 6 Structure of clay

RIR A [ 2502 87385, LFF 1 gk
100, 200, 300, 400 kPa, ifj4fLERLLAHRINS, e
SRR SRR AR A AR I it o DRI A [ 25 56 1
Jeis LB F/KIAFER A NaCl S 1 LA
B, USRI R R BN, T A 2 7R
SRR 25 s 7340 4 400 kPa, Ak [ 45 780k, [
Gl 4 IS R R S R 2 e AN R T A LB LA [R] 1
LI AR (1) DR L LU SR SR S5 MK, P LA A 270, FH NaCl
TR PE LRI BRI b 2 B KA R I — L,

BT LIRS L, b FESR FE 3 Rk
TR AR, R 1 FLBRIR A 0.05 mol/L ¥ L
TEBT VNI FAy 1Ok g 22— 26, P12 v 1)
FERSRIRN R R I T 25 3 oK R B R R 2R
I T BRI R L FEEER 1, WK 3 (@) Biw.

H TR UE LR PR R g, R MR
R, w7 s, b 7 (@ 2 0.01
mol/L NaCl ¥ HEHIFE, A1 0.01 mol/L NaCl ¥
18, B 7 (o) A LB F/KRFESIRE, H 0.01 mol/L NaCl
WO, A RE R 0 [ 4 il . sk IR )
JBOK T 2000 1%, AFauismskE sk, K7 (@
HH TR LN, T 7 (b)) TR ETRER K . R A
7 (b) PREE B W EREE R, MAER 7 () ik
AP Fh A, AT FRL SR . A BB PR
TR TRRTLLE Y, AE NaCl ¥ WH i ke B
i WS MBS D SRR, AR g
TR BRI Jls A5 25851 7K v DU DA TR 17 %) Fr
RHER N, TR EZE RS TR A R



568 " + T

i 2015 4F

4

E7 BEHERE
Fig. 7 Photos of scanning electron
(2) FLEETE AR FE AR AL 35 58 1 )52
R L A% SR T L RORE 8] ) % b A AL
i, BAEPEE ) TuEEET) . XURRESEF 4SS
TEBTUI R, B2 D) S R ROk B PR L R 1)
ML, RIFREER )02 kWil o BHAG & R
SRR ik 8 gl T HAEAE B DIl R P BY
DINLEL, eSS ERTR, SO i AR E BT )
AR BT DI, BY D) T T R i 2
JER A BTG . 7E 8, dn RETE By Ui,
RIURL a K B JSORIMAL &, TTTRTRL a 249K 52 3] Ji [ ot
RLE 31 A IR E RS 3, sl e sl 51 . 3
DIt EJCER BORLR HEAT FaR VR, BORL . R)AH .
R Wesl, FHASBTOIMIE M, o RBLH - eAE Y
DI RE IR R
Ji4h, BB EBNRG FT A R R R AR L
FORLIECSERG R )y, Mt TB@EE NIRRT .
Weil *H H B F LUK B A, I LA (g 2L
FUBRAK R 7 e A A s, BT T A S 2 I A5 1) LBt
IKHE I R533 s )
p,=u,+I1 - (D
A p, WISEALBUKIE ST u,, A8 BT ) FLER
KISy, SRR Tl A A AT T AR s
WISy, AR Kk, EHERIEEA
RO ITIE, FErP ALK s 0 Bk IR EL AL UK
J1, BIA
c'=c-p,=0c—-(u,+I1) - ()
XFFACE R AT 2 [ 2512 BTk, [ ahd e
FLBUKIE TG B, 0, ¥ (20 AAZIES
s e A A
t=c+[o—(u, +[1)]tang
=c—][tanp+otangp , 3)
A, e—ITtang K EH BRI I RIRR ), WKL
ACRTRAE a6 Frill KRG SR )BT Pk, 56—
Wi hEE LA SRRy, T sz A A
SEFLBRZK IR ) 5 AR I R A ). 2 NaCl %9l
RS, BOR T RRLI 2y 10, TS24
ERIVIEEEE 2 PP

\@EEﬁ

SR

_______

e
e

8 LI E
Fig. 8 Mechanism of clay shear
H TR ULt B, (L R AT RO
Gk, BRI RE 2 B FUB 1] . NaCl il
AR AR R 1 286 UL A SR S (R JEERE DR 2
JERE T A 2 R U

1
1 e"DkT )2
? - (2n°e2v2 j ’ @)

s %%ﬂ%%@%;&%ﬁ%%ﬁ;D%ﬁ%

Wk ONPURBERERG TOEIE: n® LB
WEE: e AHITHAT: v B FHIM

M (4 B, XH)Z R R RO FE 1 s
PEOCER, MR BESG IO J2 S )y, TR [R] PR T 9k
o RN T LB I h A BH 25 1 A7 e, Al T Rik:
FEM IR 43 T, HIURE AT R Iyt 2 kN, iAok
W51 ST, S FH R A gl o,

ARIH, T NaCl ¥, 58080k ]
T J198 s BRAGHURLRS B0 (1 RN BRI, T B K56 P
5301 ¢ — [Ttang {E B NaCl VWM BB i,
WK 2 Frone MIRIERE] e REEEI, 0k [A] 1)
FHREWA, SEFNASEE N T [1tane ,
AR 3 Al LLE B AR 1A 2 BT . (HE
R AR T AT VSR = YN 3 P SR SR 23 1
W ok e, 900 T B B OHE R VER,
WREILE] 0.5 mol/L i, &2 A T 245 . NaCl
TR REER T A — AR, (R 3 TR LA
L WE KT 0.5 mol/L J& , FiZR SR T PRk A

TERURLRS BN, ROk ) X0 H J2% 5 P2 A, 36 21 e (1)
ER . SXCR)ZERERCD, H B iz hs4a Gk
Wb, RIS, NEEERMBE G . XUz
JEFEAFAER R, BT DAERAIR L, P BRI A Bl
VOO PSS G, Tk BRI P AR AP R

3 & it
ARSI 547 AN R TR 1 (3L AT 1 P



53

TR, A LB O AR AN B R (5 R 569

BPRKE, FAANAIREE NaCl o LA TR e, 13
HEL T LS E:

(1) Hy TR I B AT PR A AE AR A HE
BOE AR, A2 T HEA 5 A2 23R BT ) 5%
Wiy, B EON BRI S, AR R S S T
8 S AL S 7 AL R A

(2) HLFEFLEVEMC NaClLVEI, FLERVE M
WX T3 L IR R AT B sm . SLBV A
JESGINEL LB IR B, P ERSE A —
BRPZ,  EIVRIURE 0 5 A7 AE AR A -

(3) 03 LA s D IAE A, s BT
PEAFRINRTR Sy B BB IR T AR 5
FESMARR, %A 2 AL 08 1AL .

S

[1] FhEA. BN LA T ) 24 B s (7). 4+ R
224k, 1989, 11(4): 89 - 93. (SUN Zhong-chu. The effect of
acidizing fluid on the physico-mechanical properties of red
clay[J]. Chinese Journal of Geotechnical Engineering, 1989,
11(4): 89 - 93. (in Chinese))

[2] NAGEL N. Ekofisk geomechanics monitoring[C]/
Proceedings of the International Workshop on Geomechanics
in Reservoir Simulation. Reuil-Malmaison, 2010.

B] £ L. KA B A LR A ) A
M AT ] O E AR (HARREERR), 2007, 46(1):
128 - 132. (WANG Yang, TANG Lian-sheng. Effects of
water—soil interaction on mechanical strength of residual red
clay[J]. Acta Scientiarum Naturalium Universitais Sunyatseni
(Natural Science), 2007, 46(1): 128 - 132. (in Chinese))

[4] SPAGNOLI G, RUBINOS D. Undrained shear strength of
clays as modified by Ph variations[J]. Bull Eng Geol Environ,
2012, 71: 135 - 148.

(5] T, KA T 2R S B LB BT (D). A oK 22

REREE/R), 2000, 39(4): 104 - 109. (TANG Lian-sheng.

Mechanical effect of chemical action of water on soil and
analysis on its mechanism[J]. Acta Scientiarum Naturalium
Unversitatis Sunyatseni (Natural Science), 2000, 39(4): 104
- 109. (in Chinese))

(61 £ %, B P KGRI ARS8 5k 1 5w ],
W R AR CAARBRSERRD |, 2010, 41(1): 245 - 249.
(WANG Jun, CAO Ping. Influence of chemical action of water

on soil shear strength[J]. Journal of Central South University
(Natural Science), 2010, 41(1): 245 - 249. (in Chinese))

[7] NAEINI S A, JAHANFAR M A. Eeffect of salt solution and
plasticity index on undrain shear strength of clays[J]. World
Academy of Science, Engineering and Technology, 2011, 49:
982 - 986.

[8] WARKENTIN B P, YONG R N. Shear strength of
montmorillontite and kaolinite related to interparticle
forces[J]. Clays and Clay Minerals, 1962, 9: 210 - 218.

[9] STUDDS P G, STEWART D I, COUSENS T W. The effects of
salt solutions on the properties of bentonite-sand mixtures[J].
Clay Minerals, 1998, 33: 651 - 660.

[10] PI MAIO C. Exposure of bentonite to salt solution: osmotic and
mechanical effects[J]. Géotechnique, 1996, 46(4): 695 - 707.

[11] RAND B, PEKENC E. Investigation into the existence of
edge-face coagulated structures in na-montmorillonite
suspensions[J]. Journal of the Chemical Society, Faraday
Transactions 1: Physical Chemistryin Condensed Phases,
1980, 76: 225 - 235.

[12] SL237—1999 |- Tk %6 K #2 [S]. 1999. (SL237—1999
Specification of soil tests[S]. 1999. (in Chinese))

[13] MICHELE C, MARILENA L, ROBERTO V, et al
Compressibility and residual shear strength of smectitic clays:
influence of pore aqueous solutions and organic solvents[J].
Italiana Geotechnical, 2005, 1: 34 - 46.

[14] SANTAMARINA J C, KLEIN K A. Micro-scale aspects of
chemical-mechanical coupling: interparticle forces and
fabric[M]// Chemo-Mechanical Coupling in Clays: from
Nano-Scale to Engineering Applications, MAIO C D,
HUECKEL T, LORET B, ed. A.A. Balkema, Lisse, Maratea,
2002: 47 - 64.

[15] WEI Chang-fu. A theoretical framework for modeling the
Chemo-mechanical behavior of unsaturated soils[J]. Vadose
Zone Journal, 2014, 13(9): 1 - 21. (in Chinese))

[16] JAMES K. Mitchell and kenichi soga[M]// Fundamentals of
Soil Behavior, MITCHELL James K, SOGA Kenichi, ed.
New York: Wiley, 2005

[17] LAME T W, ASCE F. A mechanistic picture of shear strength
in clay[C]// Soil Shear Strength Confence. Boulder, 1960:
555 - 580.



