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Fig. 1 Schematic diagram of flat joint model and smooth joint model
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Table 1 Macro-mechanic parameters of rock mass
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Table 2 Micro-mechanic parameters of rock mass
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Fig. 3 Relationship between numerical test and fitting microscopic parameter calibration
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Table 3 Geometric parameters of structural plane of rock mass
i £ i (1] B
5T 44 — — — —
i PR i BRUCF. ERIER) S P EE(Rm)
RE N EA 82.26/2.83 ozl 2.5/(0.15.2) ) 8
JZ T EZ 3.12/0.16 / el ¥5) 4

AR FNSR B ITT AR, FIWT T — B 2L S mr oo MR &
PRI o AU I T, T T A ARE 2 ek R B A RS
AEREI]

F 2R R A R T U BB B O
S X B T R, R T Tl 5 IR B M ROK T LA
B, SR ) B AR B ROK R R
AL £ (dip) & U

0.9, dip>D (%)
Py = f(dip) ={ %9, dip < D OKF-1i) 13)

s dip FEAG B (©)5 D B ) HIK -7 7 5
FRE (), ARYGAER D BUEH 75; R, D9 B i ik 5K
SR AR L (U 3)

e R I e T R S Rk v BLIE AR
5, B: Al BUBURL 1A T E A 5 AT s 3 SR,
oA G ARBUBORLA hE AL g(n) E (e

P=gm=(%) (14)

e n 55 0 M ASURE AT H2 filk 1) €V Do JURE 280 N
k5 0 M SR A B i ) A B R ¢ AT TR AL,
AUARK ¢ BUE R 6.

h T AR R R TR, 52 ST R T R
fahr .

il e

S
k= ?k x 100% (15)

e S, o BV DiUBORL T S S A ELA R R B2
T
DR SR R DX UL AL R, AR E T
Tl R B r(h) W (16): b {EATF 0.1~0.3 Z[8] .
S A FLIA ol S R PR S I Al LR A ok Rl R AR
20% P B=0 B R K, MOT R a=0.2. IF
Tl 3R HUE I L [0,20%)
r=ae™ (16)
WIS 2 0E X
TRARTB T 2 4 i Vs IR B R 40 A AR )™,

Nl BEVR EE B I DA SR A A 22 S, S EE Ik
SR B KA, 1 R B R . R
TR Tl SR R A AN 24 50 43 A1, 38 ok 42 1) Bl ALV ol -
(LR AR Py, FE I AR T S SRR
Py=u, (17)

o T IREE u BTSN [t U, FIAHIEI2) RRAL
u B

— a8y
KN tpin N 5%; Uy N 30%; 35957 R EL u (H I N
[0,1].

VS B8 5] B /DN, 2 B AR il 24 BB 4
TR oy WA REGER, U Y
BRAE AR A4 5] . (4 BT k=20% I, /s
KBS ZBOREE )

Vo iR S B R

()P A AR A o g = B )23 1 A B0k G 3k
P A ST JWT ), $EAE R (P, =u, ) 76717 BRITOARE AP G
7 A — R B R T T R (A Vs TR ZS T D)

(2) 3k I3 5 AV b R 285 JURE AT 422 ik 1) 80k 5K
(AR50 7 )ICHE No Hi 2 0k Sy JE 2L B ks, H
SR A B o ) L Y T R BOCA n, 7N — AR
P, FEHER CIRASTE AL P = g(n)) F2 40 A i etk
ASIORE 5 T A A ok 1 2R st U M 3 IR 2 fR R )
P = f(dip)) ¥ Jy i 1iUBoRL

(3) WL — R EE M R &, B 38 2%
SE R, IR AE A BRI T TR A R, VS Tl
R ST SE . WAL R T R 2.

3 BMEEERRIFTRE

3.1 BHEMKERT

7E PRC™ rhEAT B 5 4 U, 7 iaURE T
JEE R ST A, BE R A MR OCLATH B 1056 ) i AT
FEEE) o R FH L AR ] B AL ] Sl s At Jon ik ) 7,



Fak Holl

VPRI AR FRIBMEI R A PR S TR AR ) A R 5 1263

EL L

I =20%

ICINHLIEEES VO Z LSS

Z [y Bl (
ZApR AR ) i) sy
(t) AR () AR
- 3y h b > TS e

S (dip)
LV o s
GRmZ S)
1/

£ AL 5
, n=2 ;i
v
,/‘J/’V

g

HFORL

JE R AL
N=6

rpet PO 0 B o —— VAR
2 el g 2o
| ESSWO
N L]
44 T—'[r—-’*- 31
' § L ¢ I
TTE < h"‘l‘rﬁ
1 "’\h_,—l__liﬁjiﬁé
i e
~— T e 3
; 1' l’ ’“‘
] ! ,; ! I‘lT" EE
oy 2] J-J—Qh_lni_,‘ I_
i ! 4 )
Ll

B4 RuEEIRREN KEMASREREE

Fig. 4 Karstification and the minimum and maximum of dissolution uniformity coefficient
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Fig. 5 Stress-strain curve and acoustic emission characteristics of karstified rock mass on loading
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Fig. 8 Relationship between uniaxial compressive strength and dissolution rate in terms of different dissolution uniformity coefficients
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Numerical simulation on uniaxial compressive mechanical properties of
karstified rock mass in epikarst zone

LENG Deming"’, SHI Wenbing*’, LIHua', LIANG Feng™’
(1. Key Laboratory of Karst Geological Resources and Environment, Ministry of Education, Guizhou University, Guiyang, Guizhou 550025, China;
2. College of Resources and Environmental Engineering, Guizhou University, Guiyang, Guizhou 550025, China; 3. Mountain Geohazard
Prevention R&D Center of Guizhou Province, Guiyang, Guizhou 550025, China )

Abstract The research of mechanical properties of karstified rock mass is helpful to the study of slope stability,
foundation bearing capacity and mechanism of karst-induced disasters in karst area. However, it is difficult to obtain
suitable rock samples for mechanical tests of karstified rock mass, or there exist experimental results with large
differences. Nowadays, many scholars have studied mechanical properties by numerical simulation and have achieved
greatly. In this kind of research, the stochastic method to simulate the karstification process is mainly adopted, whose
algorithm is relatively simple but with less accurate response to the kasitified characteristics of rock mass, thus leading
to the limitations of the results.

Relevant literature shows that the epikarst zone presents characteristics of negative exponential relationship
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between the dissolution rate and depth, uneven distribution of dissolved pores caused by the difference of dissolution
morphology, and more vertical karstification than horizontal karstification. In this study, two parameters of the
karstification characteristics —the dissolution rate (the quantitative index of dissolution degree of rock mass) and
dissolution uniformity coefficient (representing the uneven distribution of dissolution fractures)—have been set to
analyze its characteristics in the epikarst zone. According to the characteristics of limestone joint in a typical karst area
in Guizhou, the equivalent model of jointed rock mass has been established by using the Flat Joint Model (FIM),
Smooth Joint Model (SJM) and Discrete Fracture Network (DFN). Based on the cellular automata algorithm and the
dissolution of the equivalent model of jointed rock mass, the kastified rock mass model with different dissolution rates
and different dissolution uniformity coefficients has been obtained. According to the numerical uniaxial compression
test and the acoustic emission events in the process of loading rock mass. A total of 48 groups of test samples were
collected in terms of 8 grades of dissolution rate and 6 groups of dissolution uniformity coefficient.

The results show that the loading process of karstified rock mass can be divided into six stages: (1) stage of
compaction; (2) stage of elastic deformation; (3) stage of stable fracture development; (4) stage of unstable fracture
development; (5) stage of post-peak strain softening; (6) stage of post-peak rapid strain softening. The karstification
reduces the cementation between rock masses and destroys the skeleton of rock mass, which leads to the following
effects. With an increase of dissolution rate, the uniaxial compressive strength decreases. The curve shortens at the
stage of elastic deformation. The number of acoustic emission events decreases significantly when the rock mass is
damaged. The failure mode of rock mass gradually changes from brittle failure to ductile failure. The strength after
failure mainly comes from the locking effect of rock bridge and the friction between fracture surfaces. At the same
time, with the continuous increase of dissolution rate, the compressive strength of rock mass declines from rapid to
slow rate. The higher the dissolution uniformity coefficient is, the smaller size the dissolution pore and the more
uniform distribution of dissolution fractures may become. Under these conditions, the formation and penetration of
macro cracks need to go through a longer process, and the curve of unstable fracture development increases. The
internal stress of rock mass is more divergent, and the rock mass changes from local failure to overall failure. The
fitting of uniaxial compressive strength and karstification characteristic parameters (k, U) indicate their negative
exponential relationship, and the exponential constant C is related to the uniformity coefficient u. The relationship can
be used as the basis for determining the strength of karstified rock mass. In practical engineering, the deformation state
of karstified rock mass can be judged according to this acoustic emission characteristics, and thus corresponding
treatment measures can be taken. In the evaluation of rock mass quality, the dissolution uniformity coefficient can be

used as an auxiliary evaluation basis, in addition to the dissolution rate as the main feature of dissolution development.

Key words epikarst zone, karstified rock mass, numerical simulation, karstified characteristic parameter, uniaxial

compressive strength, mechanical property
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