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Constitutive model for damage of invasion surface of heavy
metal-contaminated rock
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Abstract: Based on the acid-base proton theory, the erosion mechanism after heavy metal pollutants infiltrating into rock is
discussed. The extension performances of lead (Pb ), cadmium (Cd), copper (Cu ), zinc (Zn) are analyzed by using the
convection-diffusion model. By way of combining the viscoelastic model and the damage monomer model, a 3D
extended-fissile model is established for heavy metal contaminated rock. The deformation rules of invaded surface are
discussed under different extension rates. The model fitting results are verified by the data of axial static load tests. The results
show that different heavy metal pollutants have different invasion and extension performances in rock, and there is a good

agreement between the experimental stress-strain curves of contaminated rock with different lithologies in the same test

conditions and the fitting results of the combination model.

Key words: heavy metal-contaminated rock; invasion performance; extension rate; combination model

0 35l

FEEERTTRA A PR RO U, X
IRV RE A IR PERE . DA T T EEBOR AN,
X RV AR NG AN LB T A T
—E RN BRI ST R, AR
PIEG IR, LS K . A%
REAEAEMAZERE . ABLER H AT, X FES)EE
FEYHZN T G AT A O R R GEIBE T R
Rb. oy s MR NS IE RIS 2] T E4 )R
TR AR NSRS — 28 g5ie, X Heiaf
(K198 BERFIE S AR N AR TR R (A G 2R, i
DLARIE,

H b, AETREDSORE. AR,
A =R O3 e O A B i A AR i T

jillf3

N A T AR, WA BN A SIS
LB B3 iGN . ZRLRa N Ay R ot 2% 3 B AR
RRAS, KRR s 91 BT AR B4
JE TS R AT (R ) 5 R AR N AR TR, e AR
SE MRS A A PP BoAT E I TR X
RERFFCE REWCT, 5 AR e &
AR K BRI AR R AR TEAN U T
Pz N JPIRZS, i HLAS 2RI R S R AT 0. BATE
% REAR N AT (AR RE IR EAT HURRE Y L it
ML AR 3 Bl L BARRER BT £ (A

BEEW B m SR 2SR S L IR 4 T H (20120162110023);
IR RHE T E SR  (04SK2008)
Yrks BER: 2014 -04-23



ERVE Fe W, 55 BEEGEG R

EAVER N T (KA R 2275

125 SRS B e AT DG B — B0, B RSP i
A R AR AR R Bl AL s SO AR AT T
oSk, BT S PRI B AR R AT A S e A A
T AR A TR N D A IPIRAS s (HANRE R BRI
TN 7 45 (R E RS o Dk, ASSCR A RABLE Ao
B A 4 AP AL A R, SRR
AEE SRR N 5 R B E A 1A TR

1 BEERESEMRANIEHIAE
1.1 EERRTHERFEANE

A R AR KA RN AR 4 B AR AN
TP [N o PR AT 1 PR D T L N FE N IR NS R
BT IIBCA 4 15 A0 T BRI A 1 R A 9% 52 S i)
JE BB T AATRET e EE T, R/

M(H,0);, + H,0=M(OH)(H,0);"}" +H;0 . (1)

X (D mAL SJEE 1 5IALK ST RNV ETE
BT M-OH 8, MRCAI /Ky A2 T HyO . Pril&)E
B KRR ) 3 B GRT M-OH IR BEREI K. |
THAZAIO - H A2 E N, #3252 WX BT RE
FERT SRS T AGERE, WM. B2
. BTER. BTAE,

G B BT KR RE I IR/ N K il s ok i 2, %
M PKm %78, PKm 58148 r . WT)25M .
W Z - EWTHZr KRB, HRIAMAR 2~
AR
PKm=19.04r —3.65Z+3.56M — 0.74(Z* / r)+1.16 . (2)

FH 2 C2) AT A 2 7K A o BRI 4 ) oo 28 (W P
Cd%) BNEAE, WMo S5WALKS T RERZ K
I, JE OB M-OH B, I T 2 A2 A RZK g
PIRAE, AR IR SRR RO, S ECH A 58
BRI S Ty PR REFRAIR
1.2 BAMRIEH AR

H T A RN E RO, AR NS AR 2218,
Wi 2 2 AL TR R DR HORE I - B G JB V 5 RN
A I FER ] i A T ST i SR B R R, B
6_C:K62_§_v6_C ) 3)
ot ox ox
L, R AAEATIBRNG REL X T —MRUTBUA KRB
AR, =1:25, CHPLARRS AT I ES TG Y
WEE, kB ARy BRE, o HzE R
BRERAENE, v A AP O .

R

d

HT Ry 55w A AT A8 I i B B ELA 3 » wT LK

wEL WX (3 AfEth
oC L.0°C .oC
— =K 5 -V —
ot ox ox

’ “4)

L, « =x/R, v =vI/R, .

FITCe A (R B < e 7 eI JRE AT e s oA S
H, LRI CAME, 1 G, R BUE SR A
MR N BE A 1, e AT A T 5 v )

(EUNCIEIL SR S RSB E S e

C(0,n=C, t>0) (5)
C(x,0)=0 (x=0) (6)
AR S B AR N R B2 R AR A i, HHR

NEEB AR, i

C(o0,1)=0 t>0) . (7)
X (4) ~ (7)) [ RGESEG R A
) S A T 6 5 I ) R B4 O R o AT AR 1 2R 5008

C(x,t)zﬂ erfc(x_V*tj+exp[v—fj-erfc(Lv*tj o
2 t K 2kt

2Nk
(3)
N T R Z R R, eIV H LI J LA

GBI Y BAT o TREIR o A SO IERGE L B
SIMER ) P A0 B (R A
Bk g RN () WitHES . T At AR
HARNERE
ZeFto A TAETUE, AT HSHIN 3 Mroa ik
Kra R FIME, WK 1.

R KICH S

BIBETEREANE, WS 45 RAFAE €I

F1HESH

Table 1 Computational parameters
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Pb 1.72 1.12 2.2 1.7 5.44
Cd 1.41 1.18 1.8 2.8 21.9
Cu 1.41 1.18 1.8 2.8 39.1
Zn 1.41 1.18 1.8 2.8 160.3
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R 8 c b oo K o " *
/(107°s7™) /GPa /GPa I /GPa /s /(GPa -s) /10

PHREDO 1.15%X10° 23.8 24.7 39 017 12.49 35.00 0~500 3.7 0.5
EXZE10) 1.15X10° 23.8 26.9 39 025 17.81 35.00 0~500 3.9 0.5
KIUHES 1.15%X10° 23.8 31.5 39 0.21 21.36 35.00 0~500 5.2 0.5
PHREDO 1.24X10° 24.1 25.7 41 0.17 12.49 40.00 500 3.7 0.5
EXZE10) 1.24X10° 24.1 27.9 41 0.25 17.81 40.00 500 3.9 0.5
KIVHES 1.24X10° 24.1 345 41 0.21 21.36 40.00 500 5.2 0.5
PHREDO 1.33%X10° 24.7 23.7 43 0.17 12.49 38.00 500 3.7 0.7
EXZE10) 1.33%x10° 24.7 27.6 43 025 17.81 38.00 500 3.9 0.7
KIUHES 1.33%x10° 24.7 31.5 43 0.21 21.36 38.00 500 5.2 0.7
PHREDO 1.48%x10° 25.2 24.8 38 0.17 12.49 45.00 1000 3.7 0.7
EXZE10) 1.48%x10° 25.2 26.4 38 025 17.81 45.00 1000 3.9 0.7
KIVHES 1.48X10° 25.2 32.6 38 0.21 21.36 45.00 1000 5.2 0.7
PHREDO 1.52%x10° 26.1 243 39 017 12.39 37.00 1000 3.7 0.9
EXZE10) 1.52%x10° 25.2 26.9 39 025 17.61 37.00 1000 3.9 0.9
KIUES 1.52X10° 25.2 33.2 39 0.21 21.46 37.00 1000 5.2 0.9
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