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Experimental study on quantitative physical-strength relationship of
heavy-metal-contaminated soils

Wang Jing s Mou Cong, Zhao Hanrui, Ding Jianwen
(School of Transportation, Southeast University, Nanjing 210096, P. R. China)

Abstract; This study performed a series of laboratory tests for understanding the role of heavy metal ions in
the physical-mechanical behaviour. Different kinds of soils, including kaolinite, illite clays and sodium
bentonite, were mixed with different concentrations of heavy metals Cu’", Zn®’", Pb’" to measure the
changes in the Atterberg limits and the undrained shear strength. The testing results show that: the liquid
limit and plasticity index of low active soils increase with the ion concentration, but sodium bentonite
shows the opposite trend; the undrained shear strength of low-active soils increases with the ion
concentration, but conversely for the high-active soils; based on the existing quantitative correlation
between physical and mechanical properties of non-polluted soils, the quantitative relationship between the
undrained shear strength and liquidity index of contaminated soils is investigated. It is found that the
changes of undrained shear strength caused by adding heavy metal ions can be attributed to the

corresponding changes in liquid limit and plastic limit. Such a result indicates that there is almost no
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chemical reaction caused by heavy metal pollution. The physical-mechanical quantitative relationship of

heavy-metal-contaminated soils is consistent with the existing empirical relationship of non-polluted soils.

Keywords: clay mineral; heavy metal; Atterberg limit; undrained shear strength
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Table 1 Basic physical properties of clay

TR MR/ IR/ W BRER/ 0 BYRL/ 00 BORL/ %

MRt 52.1  24.2  2.72 3 39 58
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Table 2 Mixtures constituted by original clays and

heavy metal g/L
TR Ph2t Cuzt Zn? "
mMat 5.10.6.31.8 4.8.9.9.30.9  4.9.,10.1,30.6
Eat 4.8.9.9.30.9
T+ 10.6.31.8 4.8.9.9.30.9
s+ 5.10.6.31.8 4.8.9.9.30.9 4.9.10.1.30.6
MRt 5.10.6.31.8  1.1.4.8.9.9.30.9

2 EZEARAEEERNSRETE

2 ARSURE L K RT3 5 43 4 B Y = A
R, B K30E F e oy A LB K Y T i
5 WORL Y 5T i Y O AE , — G S 7E 105 CHEAE
BEFORAEATI AT T B R A, X T LB
A TR AR BT R R A
HR IR T 1 A SR AR A [ AH A A Bt
(=051 e o L AV 1 A R e g A TR N e
Flo BEBE 25 SR R LA 20 (D T R 5 K o
AR 25 BEXT AL B T AT R O AE AE R A AR )
PREFR X — 8] 31, Noorany™ '™ \LASTM DA4542 $2 1 T
WX — & ISR ARk, KR ES
JEG Y )E Tl s T E AR Y S +
A rp K o 0 A8 ARCTR 25 T AR A TR RE SR B S TR w
MR Tk W2,

m m.,

wy = ¥ = v D)
my my + My,

w — M M T (2)
mg mg

A cwo  w g mg s me s my om0 O R K
RS WCR LR R R TR AR R L
FEFL B A o B L A A K R R DL R AL B U A v AT
WESENFE,
3 LR
3.1 ARREBETUNE

TR Y8 4 K S W BRFS bR 2R & TR T
BhHE, 140 Tel+ AR LHERES
J& B TR T PR B vk B R AR fb h £k . Bl L

B R b G R T VR RE A R, T e A AR PR
W M AR LA O . X T g T g dh 2
fi e £, NP 2 AT 05 3t - p W PR BE 3 o w1
Y R 1IN T O/, 5 B B A8 A R

25.0

10 15 20 25 30 35
BT Bl (L)
ok E+Cu> g iR +Ph o T+ Cu?
- ERHE L +Cu® o FE F+Cu> - FR L +Zn>
1 ESRGFEARRT AAALFLIRAREEFRE
TR
Fig. 1 Change of liquid limit with the heavy metal ion

concentration: kaolin and lllite clay
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Fig. 2 Change of liquid limit with the heavy metal ion

concentration: sodium bentonite
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Fig. 3 Change of plasticity index with the heavy metal ion

concentration: Illite clay and Kaolin
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Fig. 4 Change of plasticity index with the heavy metal ion

concentration: sodium bentonite
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