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Experimental Analysis of the Strength Properties
of the Heavy Metal Contaminanted Soil
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Abstract; The samples contaminated by heavy metal were taken from tailing pond and landfill site of wastes
The different heavy metal contamination samples with different incorporation ratio are respectively mixed
with the undisturbed soil. The content analysis of heavy metal, direct shear test and unconfined
compression strength test are carried out in order to study the strength properties of the heavy metal
pollution. The results of test and analysis show that: the heavy metal pollution has a very strong impact on
the strength properties of soil. With the increase of concentration of heavy metal pollutants i, c-value
gradually increased and ¢ value decreased. Under the same water content, the unconfined compression
strength is reduced with the increase of heavy metal content. The strength will decrease by approximately
35%~60%. The characteristics of the diffuse double layer and the thickness of the water film between the
soil particles will change when the heavy metal contaminants the soil, the balance relationship between
cationic and anionic on the soil surface will also be broken. Therefore, the strength properties of the
contaminanted soil will change.

Key words: heavy metals; contaminated soil; shear strength; mechanical properties

W T R T R RN R AN R TR L AE 30 ZREA B RS B E L2 A2 hm® K H
kb EE R RFASR EAE2g . CHE P ED IONZ B ESE . H LR ERE AT

W #s B #A :2014-03-15
ELWB ) AR S (2011GXNSFB018002) 5 I P4 & T BHIF 15 H (200103 YB194)
TEFR PR (1964, 55 B ey 1 2 BN FOK U8 TR BB b % 8 ¢ 18 5 9 R T E 5 » (E-mail) 563883836 @ qq. com,



http://gks.cqu.edu.cn

%6

Fm R EEAEG 1200 5 t R B E SR TG YL,
HIBELPF A M 20028 . A T @K ELEG
Qe ak sl MR TREE & T(EE RIS LA PiA
B s TS/ 1 D R e [ A 0 N R R o e o R
YL LR A B I6 T A XOR 138 A5 5 B 36 X 80 45 46
BB ORI S R B S e E . TP
g U ANHEEGEGRPGIEEAERZ —. T fE
M EESAEOSREX SRR EE
04 J8 1 PR WA i AE 4 1 T 8 TR R R R G
Y [F) B 0, T I 2 B 4 T e IR R

BB HRFMHENAM L, CagIEEH]
P4 e BE T R A 2 22 2 A R T 4 R T Y T R AL
IRBE il B LA S A T R U T
CIR=:0)'® Y ER ¥R n i N & Ea s MW i TN
TR PR A O 4 R VS g A R )
HAh FE KT 20 thad 70 4EHF R T R B Y L3RR
5 TRE )8, 45 v 0 e 0 i R R L A R
205 Y e A R R R A B i R X T
T R AR TR L BRI VRN M ) B
J12 M RS O T 4 e S Y R B 5T
T R BG4 R AL By T 55 Y
38 B X LR R R e AR R AN T
PR T E S AR T A et & SR R aE Yl )
S — Ly s st B X T A A S A X L A
Y5 R IX R S X DL R 7 R R I AR A R
FEE M A £ TR, FH, A TR
BT E 4 B TS e 1 ) R 0 T 4 R B
5 TF SR AN T X TR R i S e 4 T R s B
XA R A R B 3 . A S i Bl
WORE  HEAT WA 23 BT B3 5 VDI 5 T8 M BR Bt s ik
JER S 43 A RO 58 A [R) 46 R TG e Y ) Rk
5 TR
1 R 5REHE
L1 X3

I T R AR ok B R AT R ME S X, B H
HWFELTF 0.2 m ML+, HOoREC 3 Fig 4y
RO QTP L HRE TS I T 5K
QOF LR AT N THREY E.
1.2 #amide

O QTG Y LA X R T& ™ & Al 5
Y £33 K MnO, \MnCO; \MnSO, # ;@ 55 +
J R BRI P Zn 5. B R0 U4 060 B
P TR E &R S MRS R R 1 R

%GB &5 . kTELBENSRREIR 95
x1 BSRIBEEEAENWE mg/kg
Fedh 5 Mn Pb Zn Cr cd
0% 49.2 190 40 0.2
OF= 105.3 40 90 30
% 1760 220 50 1.0

1.3 HMEEERE

SR BE A A A e AR Ak X b AR B Y 5
e RE AT AR AR & MR E VAR, 4
XD @ QIR SEAT AP, S XA FEFE 105 CHE
T IR K AL 5 mm G & . ISR+ 5605
YL+ e REJTT A LU E AT IR A AR URE S F o 45 4 0
BB Y0 AR 10%.30%.50% .
80 Y0 Wy it 15 A B ¥ L, 48 W] — 5 3 R A7 ) B4
URIIRENL a7 =
1.4 FTMBRHEREIRE

R E AR T L R R T E AR
15 Yo W A5 6 A P R 25 A B — 1 IR AR
F S DL RO S T 4 Ja 5 g - SR TR A L 2R 47 TS )RR
o s . a5 AR S P oy o B il g A —
. LA g 4 5 T T Yl v 4 45 BE 0T i LG R AT TR A
VEIRRE F 55 I 1 T & R 15 4 2 il e S i £ 1
1026.30% .50 % [ i 48 A B £ b 7E A ) &5 K &
FAE 0L T AT OO BR Bt vk il g . i AR
100 mm,

2 RRERSHH

2.1 MEEERE

Wi £ s e R E R 1027,
3020.5020 .80 40 W LL Il #8 &, B K B 2000, 1 %
BER 1.9 g/em®  JEERE 3 dSIRE . RIS RNk
2 PR, IR S B AL R WE 1, WE 1
W LA L B T Y Wk B A B, ORGSR ) e B
KN EERE A o RFEIGESE . OF LMY S
AR RTIR T c dBEZ 1K R IR 20 36,506, Y
FEVESR o W2 FRAR MR IR 208 53.520: @515 Y 1
KTy c (ERMEAR L 2900 1A% R A o B Uy
23N ATV Y R IR R T) IR 210 85%, Y
PEVESR o BEIRZY Ry 312, M 4@ V5 e & A%
NS YR o I L A P ) R L
T RIS o B U B AR A AE — A A AR L B 218
AR R A T — R .



http://gks.cqu.edu.cn

96 P RAEHRERKRE IR

% 36 %

R2 TREBALHREREERER

O 0% @

BALL/ %
o/kPa /() c/kPa /() c/kPa /(")
10 60. 1 22. 8 50. 5 24.3 48.9 28.7
30 66. 0 18. 8 75.5 22.3 69. 2 26.8
50 72.1 14. 6 93.6 20.1 79.2 22. 8
80 82.2 10. 6 105. 6 18.7 90. 3 19. 8

110r
1001

0 20 40 60 80 100
BAHY%
(a)

30f
25t
15}
10}
0 20 40 60 80 100
BAHY%
(b)
e —DF ~@% ~OF

1 BEERSBALXER

o/kPa
S

2.2 EMRHMEREXE
58 B Y 5 95 YW B L 10963006
5096 i LU B & WA &5 7K Sk i A i V5 e sl

EOKE 17 %3846 5 27 %0 B E R 1.9 g/em®,
REFMEARES BT R &S &5KENAE
b, Hoam e A AL LA . IR0 25 R L3R 3L Bl K
AR AL AN TR T 4 V5 Y o AR i R A 2 TR
N 3 AfLLE e — S K BB 6L R W B R4
J& SRR R SR AN, B
FrK BN L B R AR LU B SR B A
Y18 o G AR ARG e 3 Y 84 A, AR R 3596 ~
60% . B 2(a) . (b) (O HINEEEIGRY & RN
106,30 % .50 %0 [y 5k i Bl 5 K i AR A i 4k . Bl &5
KB BIEIT AS [RHB A FE I RE (0 B0 RS 58 5L ek /N
POHEZBALTH 3 M LFE. % Pb.Zn T4
BT Y A R S K 5 B B AR R K A2
Mn B F 95 4 R Y B RS OKE RN 8V i . O
F R B REAL 60% ~T75%, D, @ + FE B AL
20%~45% . IR ER T A [F] K R IR AR
M IRTE 25« e AR SRR I B IR I an il 3 B R
Il Ca) iaRE i SR T 2B 2 S [l F e IR A L 1] ()
RFEZ NG B 8, RN BRI, XS
HEks BEeRgEft. B . (ol EE

WP T R U 2 (45T + 50 B 2k T

DIWEIR . MNIEL 3 AT LAt B & K i 135 KL 1A
RAEGMBIR . I 3 AT UL, 24 5 R Y 3 o
— B LIS RV 0 W] A B v 9 B A W R AT

3 AEBAETHRERELTHKE kPa
10% 30% 50%
ok w/ %
) ©) ® @ ©) ® @ ©) ®

17 649. 4 713.0 611.2 585.7 560. 2 547.5 738.5 585.7 407. 4
20 623.9 649. 4 509. 3 560. 2 483.8 394.7 700. 3 420. 2 127.3
23 573.0 598. 4 445. 6 534. 8 343.8 191.0 662. 1 369. 2
25 483.8 483. 8 254. 6 445. 6 305. 6 127.3 496. 6 280. 1
27 420. 2 445.6 127.3 331.0 254. 6 292. 8 152. 8

2.3 ESRSFYFIE LS ER R EALIE
KRN 1R 18 52 5 T R B T R K
Bl FEESEE T AR UL LR, LR

52 A R G Y W) s S R i T R TS e W)
BN S e S N A R R A R S W NI S (DS

F o B0 - BORE 3R T HL 3 5 55 A0 RURE R 9 A L% 4
AT 5 | RS A TR B A B

DE 5@ B 7o 1 ORI 9T BOSOE =
5K R JEE

U L7 i/ N S R G S R YA R YA N

SR BT DT R e AR BT 2 T A R S At
PR RS BH S R RS, W R 2 P
FE Mn®" (Pb*" . Zn®" L Cd*T L Cr* g A
%, - UL 2% 18T W B A OE L AT 3 2 L 3R T X I B
(18 W2 BEEAE T o A58 45 47 HOBL S J2 BOR - 3 1 7K Ak g AR
T UK R) 2 Ml B A8 N L B 45 R ) B 5, DT e
15 ARATRE R T o (EBETS G W & 0 i K
AN TE 6 1 5 5 B A v g 22 /0 o A X Y s [ I
fif 22 /0 H 5 W BUHL 2 5K R B, 2 AR P T
JERAR AT B A JORE 2 18T T W RS F R D T i 2



http://gks.cqu.edu.cn

% 64

[ P o R S ) & X o7

BT AR AR B0 » DT BIOBCH J2 5 B A8 e /N T
ra L P g R . TP SRR S —
MR P B IF LA T AR L RAEA TR pH
PRI rp 2 B A 58 S R SSOR AT DX 1 o R Bl 0 1
BN G RG22 S IRIEY B R PEE R T
A AR R TR

800

700
= 600}
500
= 400F
%300—
200}
B 100k
517 19 21 23 25 27 29
w/%

(a)

A

—_

7

17 19 21 23 25 27 29
w/%

(b)

w T T T T 1T

s
= LEEEE

Il Il Il 1 1 J
15 17 19 21 23 25 27 29
w/%

(e)

: -0 =-Q% «—0%

B2 AEBALETHEETLME

(b)

3 HMEZERFE

2)H 4 B U T URE R T R 3 e
KL 8] 9 AH L 3% 12

R 15 Fr) A LI 45 L AR L 2 SRR R O UKL
[E 14 Fi 37 1 T UL 3% T F 3 5 P i G 90 5 7 R
pH (AT AZ AL o ¥ b kG & LB W) S AR 254y
AN AR A R ) Al— OH e E &8 {5
PR IR T 2 Bl O B 97 8l £ 0RE 3% 1
FL 37 V- A UKL 2 T I LA 22 3 SR S T Y
W B P 2 140 T e SR 1) 51 0 3% ¥ 5% 8 O T
T o RUHLJZ JEEBE PR 2 T A2 O ] 32 i 3% 5« A
SERIE St 2 B 22 B T8 O Bk B 2 A AT T

Qe L ARAORE R AR . Y R R T e AR i
JE SR Sk B A E B AR A AR R —
AR T B R S KR O UK (8] A A
JE o B 4 S T IR A 2 ORI

i b G R TS Yy A b AR 3 T BT AT K
AR A AR L

3 &g

i 2o SR BOAN [ 2 4 Ji 95 e ) S B £ S LAAS [
B S IR AT R B il 175 Y kR, AT
oAk o A | LA Y U1 5 TG R e 55 3 U5 L AT
AL RCE SR NPk SR R 3 el D oo

DREHE SR B mis L1 ¢
EH R o HERAUES . 3 FRAESE LYW
o fH .o L EH—EL,

2R KRN, e R Y R SR R
Wik o 3 TP 28 B 4 R 5 e b Y 5 EE T B R AR

3D 4 R 15 Y - Y 50 B8 B A 5 AR B 3 g R
W . HLBEH B s 15 QW48 AL i, HR R
AR i B K

A4) 4 R ¥ Y ) g A A BORE A] XUHL 2 K
5% V2 JRE 5 1 T TR ROV, ) ) P 5 S A 5 DT B
AR 1) 588 JEE P 5

SE K

LIy Eamim R RIGEELAIN]. S2HHA,
2011-02-28(16).

(2] 20 RMESET5 Yl B B0 8475 44 1200 J7 R
FOND. A 2 5 A 1)L 2011-02-22.

(35N, DA PR H & . 4. EAEE RN L ELER

BU Y5 S I B S LT ], ol 2 37, 2013,43(4)
92-97.
Rao W G, Ma F R, Chen R G. Research on the
mechanism of the heavy pollution and its effect on soil
compaction and shear strength [J . Industrial Construction,
2013,43(4) :92-97.

[ 4 ] Prasannal R, Meegoda J N. Shear strength and stress-
strain behavior of contaminated soils [ J]. Geotechnical
Testing Journal,2006,29(2) :133-140.

[ 5 ]Silva E, Pacheco D, Rogério E E. Copper chloride
contamination influence on the shear strength of soils
used as liners [J]. Solos e Rochas, 2005, 28 (3): 283-
294.

[ 6 ] Maaitah O N, Tarawneh S A. Effect of treated and raw
wastewater on the behavior of unsaturated soil [ ]].
Journal of Applied Sciences,2003,3:360-369.

[ 7 ]Singh S K, Srivastava R K. Settlement characteristics of



http://gks.cqu.edu.cn

98 P RAEHRERKRE IR

% 36 %

clayey soils contaminated with petroleum hydrocarbons
[T]. Soil and Sediment Contamination,2008,17(3) :290-
300.

[ 8 ] Sedman A, Talviste P. Geotechnical characterization of
Estonian oil shale semi-coke deposits with prime
emphasis on their shear strength [ J]. Engineering
Geology,2012,131/132:37-44.

L9]Du Y J, Jiang N ]J. Experimental investigation of
influence of acid rain on leaching and hydraulic
characteristics of cement-based solidified/stabilized lead
contaminated clay [J]. Journal of Hazardous Materials,
2012,225-226:195-201.

C10] AR ARMS . XU . ¥5 4% - my TREVE R OF R e ). & &
J12£.2007,28(3) :625-630.

Zhu C P, Liu H L. Study on engineering properties of
polluted soil [J]. Rock and Soil Mechanics, 2007, 28
(3):625-630.

CLLT SRAMS XV Pe 4. BRI Y b ik B e 1 10 = 9 i

WgEl)]. A L TR, 2011,33(7) :1146-1152,
Zhu C P, Liu H L, Shen Y. Laboratory tests on sheat
strength properties of soil polluted by acid and alkali
[J]. Chinese Journal of Geotechnical Engineering,2011,
33(7):1146-1152.

(127 MG R« 5K B . FR 75 U2 4 F 40 1 1 19 = 79 3
AFET]. 4 2 TREAE 4 . 2008.30(10) : 1477-1483.
Zhu C P, Liu H L, Zhang X L. Laboratory tests on
compression characteristics of soil polluted by acid and
alkali [J]. Chinese Journal of Geotechnical Engineering,
2008,30(10) :1477-1483.

(137 25, ftoat , A 0. 240 0K TS J MR 4 - 1

FEFFELT]. B TS Y 5 B - 1999.19(5) : 16-18.
Li Q, Shi B, Wang Y C. Environmental-geotechnical
properties of soils contaminated by waste alkaline liquor
from paper mills [J]. Environmental Pollution and
Control,1999,19(5) :16-18.

(147 228K kAR A% - ARk, B ma S0 280 il X b, 5 + 75 e 3 1ok
MEFAR S gE[]]. A4 S5 ,2004,25(8) :1229-1233.
Li X R, Yao Z X, Cao Z B. Study on physical and
mechanical property variation of polluted erosive
foundation soils in typical district of Jinan [ J]. Rock and
Soil Mechanics,2004,25(8) :1229-1233.

(157 i 2. PR TS e LW 8L 0y 2 Ve o i &= IR i 52 [T .
1R B R oA A AR BRI 2012, 27(2) 1 60-65.
Cao H R. Research on physical-mechanical property of
soil contaminated by acid in laboratory [ J]. Journal of
Hunan University of Science &. Technology: Natural
Science Edition,2012,27(2) :60-65.

(160 55, 0 3C . i SO 458 A2 0% S0 ok b 15 e X vk Lok
R R s L), Tl #E40.2013,43(9) :83-87.
Wang Y, Cao . W, Wen W F, et al. Effect of domestic
sodium and ammonium salt pollution on hydrophysical and
mechanical properties of cohesive soils [ J]. Industrial
Construction,2013,43(9) :83-87.

(1770 F oA X b B AT 550, 45 7K U 1 Ak A e o 4 TR T

LR TR R P[] ] Tk @5, 2012,4211) .
74-77.
Zha F S,Liu J J,Cui K R, et al. Engineering properties
of solidified and stabilized heavy metal contaminated
soils with cement [ J]. Industrial Construction,2012,42
(11).74-717.

[18] ek [, sk AR £, 1 FR I 3k 95 e U5 ik 3 B BF 1) 3 s 119

TG Y E AT L) ], dE a5t 28 K 2% 2 4, 2011, 35
(6):102-106.
Rao W G.Zhang Z H,Xu Z G. Contamination transport
model of soil considering contaminated source
concentration attenuation with time [ ] ]. Journal of
Beijing Jiaotong University,2011,35(6) :102-106.

(190 SRARLL V7 HENI A& T W AR S K (] 45 48 B %) Bt i

BN pF s [, AR TR 4Rk, 2013,46 (1)
104-111.
Zhang Z H,Xu Z G.Du X L. Study on the effects of
adsorption modes and consolidation deformation on
solute transport [ J]. China Civil Engineering Journal,
2013,46(1):104-111.

(2070 SR XA T » R W AR 55 )7 00— A S ALl B3R 05
oG R S S A AT LT DL b E PR W, 2008, 24 (4) £ 79-
83
Zhang X Y, Zhao C L, Wu H D, et al. Situation of
heavymetal contamination in a typical mining town of
Guangxi.South China [J]. Environmental Monitoring in

China,2008,24(4) :79-83.

(4 E 535



