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Table 1  Direct shearing tests number under different concentrations and different normal stresses
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Fig. 1  Distribution curve of particle of testing clay
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Table 2 Mineral components and percentage composition
for clay minerals of soil sample
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Fig. 2 Shearing stress displacement of clay saturated by salt solution with different concentrations under different normal stresses
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Fig. 3 Variation of shearing strength with concentration
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Fig. 4 Variation of shearing strength indexes with concentration
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Fig. 5 Sketch structure diagram of clayeds

BELIR — JoE A VR DU 2 i 0 i P A Al . A
ZMEMEN] . EARTE A MU T A R R AR R
JIFINEEB AP R B2, Horp, iR
PR EYEAEAE S wE s wER . AR
TR Sy A=A 4 55 A2 1 i R AR,
5 ARy Ak FLBUK A S N R A



92 (Z N N D N (4

2017 4¢

TSI A . RS TR B T 0T B T 2 1) 1 6 ¥
TR, DYEIT R ROLYE, PR AR, 2R
SR, BRI, P I ARSI . AL Fit
ST, SRR KL FH 2 L LI
SECRL R B Bk, WSS T DR 1A 9 %
FRGE F1, AT R (G b P R 38 7, b R 2 ol
F B A0 — M 5 R B K S A A B K e R, 0
FLASEI A O B0 A B £ T, U
B T AU, R B 40 2 ol T
PAE A1 — BB/ o U/ G 7K A 2 R 5 A A A
Som B P A S, AT 2 B 38
SRR L RBTOIIRIT AR SO £k T L
W BRI, R T AR — i
W, KA PR R RS s,
R A IR 1] P8 55 35 B I /N, TR T g R
B AR
i

3

E6 X£HEFK (a). 0. 10 mol/L KA RE (b)
ikl + R REREEaE
Fig. 6  Micro-structures photos of testing clay saturated
by distilled water(a)and NaCl solution of 0. 1 mol/L(b)

M4

4 5

ASCR ) NaCligs i s 1 £, F58 17 AN )
YR RE SR LA R e 7, DR A R 7 O 2R
B G RS PE L 5 BE R M AL, OF HAR TR
VEIBOERE P 8 R R R LB 220 B ST AT
FHE T AN EE

(1) ALBRAK A~ R 08 B AL XK M - 98 B2 AT
WL (AR 1) IE AT, Mo B B £h v T
YRS OR MR /1 s T 7E AR X AL ) T R, &
(AR E REER PR L AR A

(2) BEERE B R4y, 108 LA BORS
BRI INER, TN EEEA AR

(3) sk A=A AR AT AT LA AR R A 4 i) FL R
ASMZER IR B U A A TR IR TE 2
S BERFE o

(4) A P xR AL 2R A AL R B 1Y
51 RE AR At AT AAR G SR P W82 B R XU 3
TERIEATIRRE, AER W25 18 R LR IR

SE

[1] FER. R L R S KA AR R e 7 [T].
JKSCHBJE T AR T, 1987, 13 (3): 1-5, 12.

KA, XD, . FRUTS e 5 R v 1 == I
gt [J]. AL TR, 2011, 33 (7): 1146 —1152.
Nguyen X P, Cui Y J, Tang A M, et al. Effects of pore water

[2]

[3]
chemical composition on the hydro-mechanical behavior of nat-
ural stiff clays [J]. Engineering Geology, 2013, 166 52 -
64.

[4] Warkentin B P, Yong R N. Shear strength of montmorillonite

and kaolinite related to interparticle forces [ J]. Clays and

Clay Minerals, 1962, 9 (1). 210 -218.

Di Maio C, Fenelli G B. Residual strength of kaolin and ben-

tonite; the influence of their constituent pore fluid [ J].

Geotechnique, 1994, 44 (4). 217 —226.

Calvello M, Lasco M, Vassallo R, et al. Compressibility and

residual shear strength of smectitic clays: influence of pore a-

[5]

[6]

queous solutions and organic solvents [J]. Italian Geotechni-
cal Journal, 2005, 1. 34 —46.

Spagnoli G, Feinendegen M, Fernaandez-Steeger T. Influence
of salt solutions on the undrained shear strength and the clog-
ging of smectite-quartz mixtures [ J]. Environmental & Engi-
neering Geoscience, 2011, 17 (3): 293 -305.

Modifi, ERI4E, £, 4. & RE ke xh @i
USRS R [T]. T EBRIE R, 2006, 27
(4):1-5.

AW, RER, KE. BB LBESESEHRE, FK
BRAMBE [J]. WITESREDIE, 2007, 33 (5): 98

[8]

[9]



13 BRI IRORRG 1 5i B2 52 )

93

(10]

-99, 109.
RigpR, mEIAE, FNE, S ANE MR BT £ PLEY
SRIETRARE I AESE [T]. WEEd AR K 2E20R: B
Rl2hR, 2012, 33 (2): 159 - 161.

[18]

saturated porous media: elastic — plastic behaviour of homoi-
onic expansive clays [J]. International Journal of Solids and
Structures, 2002, 39 (10); 2773 —2806.

Hueckel T, Hu L B. Feedback mechanisms in chemo-me-

[LL] SRS, X, ki, BRORIS YLtk A8 M iy =%h chanical multi-scale modeling of soil and sediment compac-
s [J]. & TR, 2009, 31 (10): 1559 - tion [J]. Computers and Geotechnics, 2009, 36 (6): 934
1563. —-943.

[12]

[13]

[14]

[17]

Spagnoli G, Rubinos D, Stanjek H, et al. Undrained shear
strength of clays as modified by pH variations [ J]. Bulletin
of Engineering Geology and the Environment, 2012, 71
(1): 135 -148.

Anson R W W, Hawkins A B. The effect of calcium ions in
pore water on the residual shear strength of kaolinite and sodi-
um montmorillonite [ J]. Géotechnique, 1998, 48 (6):
787 - 800.

Anandarajah A, Zhao D. Triaxial behavior of kaolinite in dif-
ferent pore fluids [J]. Journal of Geotechnical and Geoenvir-
onmental Engineering, 2000, 126 (2). 148 - 156.

Di Maio C, Santoli L., Schiavone P. Volume change behav-
iour of clays: the influence of mineral composition, pore fluid
composition and stress state [ J]. Mechanics of Materials,
2004, 36 (5): 435 -451.

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

Loret B, Hueckel T, Gajo A. Chemo-mechanical coupling in

[19]

[20]

[21]

Deng Y F, Cui Y J, Tang A M, et al. Investigating the pore-
water chemistry effects on the volume change behaviour of
Boom clay [J]. Physics and Chemistry of the Earth, 2011,
36 (17): 1905 -1912.

Wahid A S, Gajo A, Di Maggio R. Chemo-mechanical
effects in kaolinite. Part 2: exposed samples and chemical
and phase analyses [ J]. Géotechnique, 2010, 61 (6):
449 -457.

Gajo A, Loret B, Hueckel T. Electro-chemo-mechanical cou-
plings in saturated porous media: elastic — plastic behaviour
of heteroionic expansive clays [ J]. International Journal of
Solids and Structures, 2002, 39 (16) . 4327 —4362.

Gajo A, Loret B. The mechanics of active clays circulated by
salts, acids and bases [J]. Journal of the Mechanics and
Physics of Solids, 2007, 55 (8): 1762 - 1801.

Arasan S, Yetimoglu T. Effect of inorganic salt solutions on
the consistency limits of two clays [J]. Turkish Journal of
Engineering and Environmental Sciences, 2008, 32 (2):
107 - 115.

Strength characteristics of clay saturated by pore
sodium chloride solution with different chemical states

YAN Rong-tao, LIANG Wei-yun, YANG De-huan, ZHANG Qi-hang, ZHANG Yu-dong, XIAO Yu-long
( Guangxi Key Laboratory of Geomechanics and Geotechnical Engineering, Guilin University of Technology, Guilin
541004, China)

Abstract; It is demonstrated that the chemical state of pore solution affect the mechanical characteristics of
clay, in which mineral is mainly smectite. However, few researches performed for general clay soil. In this pa-
per, clay soil from Yaoshan of Guilin, in which mineral compositions are kaolinite, vermiculite and illite, was
selected to study the effect of chemical state of pore solution on mechanical strength. The experimental result
shows that chemical state of pore solution has significantly influence on strength for testing clay soil at relative
low vertical stress, but negligible influence at relative high vertical stress. In addition, with the increasing of
salt concentration, the cohesion decreases, while the frication angle almost keeps constant. It is the reason that
exposing clay soil to salt solution could change the deformation and broken mode by increasing the pore void and
changing the structure of pore. In other words, electronic double layer adsorption theory can be employed to ex-
plain well the changing rule of strength for testing clay soil, but the variation of fabric structure affected by
chemical state of pore solution should be considered at the same time.

Key words: saturated clayed soils; salt solution; strength



