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Stability Analysis of Slope with Fault Fracture Zone
Under Micro-seismic Load
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Abstract: The influence of frequently-occurring small-magnitude micro-seismic action on the stability of rock slope
cannot be ignored in the prevention and control of geological disasters. Moreover, the fault fracture zone
characterized by special physical and mechanical properties directly affects the dynamic stability of the slope.
Therefore, it is of great significance to study the dynamic response law and stability of bedding rock slope with fault
fracture zone under micro-seismic load. Taking a bedding rock slope with fault fracture zone as the research object,
shaking table model test and discrete element numerical simulation were carried out to explore the dynamic
response law, deformation and failure characteristics and dynamic instability characteristics of the slope under
micro-seismic action. The results show that the dynamic response of the slope under micro-seismic action exhibits
elevation amplification effect and surface effect. The amplification coefficient of ground peak acceleration(GPA)
decreases with the increase of amplitude and increases with the frequency. Meanwhile, the higher the elevation,

the greater the amplitude of PGA amplification coefficient with amplitude and frequency. The greater the intensity of
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the micro-seismic, the less the number of micro-seismic corresponding to the failure of the slope ;

the stability

coefficient of the slope gradually decreases with the increase of micro-seismic intensity and micro-seismic times.

Under different vibration times, the relationship between slope stability coefficient and micro-seismic intensity

follows linear attenuation. When the number of micro-seismic events reaches 4500, the micro-seismic intensity has

the greatest influence on the slope stability.

Keywords: Shaking table model test; Fault fracture zone; Dynamic response law; Discrete element numerical

simulation; Slope stability analysis
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Table 1 Similarity constants of model test

LEL Ny ARG & AR H L
B p C, 1
KEL C, 250
TN EE o c, 1
HIEIE g c=C, 1
SRPERLE E C,=CC, 250
HER /N AT C=1 1
i S e C=CC,C, 250
MRS o C,=1 1
NS o C,=CC.C, 250
RiE & C=1 1
1] ¢ [=gz 15.81
C(ll/2
W f f=6?f 0.06
M u C=C, 250
M C,=C*C'"? 15.81
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Table 2 Main physical and mechanical parameters of prototype and test model
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M TR 2.82 134 0.35 5.83 37

. PR i1 2.63 3260 0.18 340 25
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Fig.2 Schematic diagram of model box and test model
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Fig.3 Schematic diagram of layout position and number of acceleration sensors
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T.8 EPIE WRiEe S s T MBI PR R fH FE o/
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S % 0.05 2% 10 o EFZ 0.2 2 10
6 25 20 25
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Fig.4 PGA amplification coefficient variation curve of slope monitoring points
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Fig.5 PGA amplification coefficient variation curve of monitoring points in fault fracture zone
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Fig.6  PGA amplification coefficient variation curve of monitoring points in horizontal direction
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Fig.10 PGA amplification coefficient variation curve with frequency at slope monitoring points
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Fig.11 PGA amplification coefficient variation curve with frequency at monitoring points in fault fracture zone
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Table 4 Calculation parameters of PFC2D discrete element model
i W)= a4
UKL BE (g + em ™) 2.36 2.57
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Fig.14  Distribution map of slope force chain after gravity balance
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Fig.15 Distribution diagram of slope displacement

measuring points
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Table 5 Comparison of acceleration of each measuring

point between model test and numerical calculation

IS e FGER, AR
VA S (m-s7?) (m-s?) (%)
Al 1.45 1.54 7.59
A2 1.28 1.33 6.25
A3 1.32 1.46 10.61
A4 1.52 1.64 7.89
A5 2.44 2.57 5.33
A6 1.71 1.58 7.6
A7 1.58 1.71 8.23
A8 1.64 1.75 6.71
A9 2.09 2.22 6.22
Al10 3.15 2.96 6.03
All 1.18 1.31 11.02
Al2 0.96 0.87 9.38
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Fig.16  Variation law of slope displacement
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Fig.17 Variation law of slope cracks
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Table 6 Statistics of slope stability coefficient under various micro-seismic times and vibration intensity

AR Tl LR 588 B () ™ 9 A 3B R R P AR

PhHLRR UCR/(R)
0.05 0.1 0.2 0.4

750 2.100 2.000 2.000 1.900
1500 1.997 1.900 1.831 1.571
2250 1.900 1.800 1.720 1.300
3000 1.898 1.758 1.630 1.014
3750 1.800 1.650 1.430 0.780
4500 1.752 1.515 1.192 0.528
5250 1.350 1.250 1.100 0.500
6000 1.416 1.155 1.047 0.482
7500 1.250 1.020 0.910 0.480
9000 1.133 0.955 0.867 0.498
11 500 1.080 0.920 0.840 0.460
12 000 1.014 0.888 0.814 0.445
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Fig.18 The variation of slope stability coefficient with micro-seismic intensity ( NV is the number of micro-seismic events)

RT BERENREMRYERMEREXRNUSER

Table 7 Fitting results of the relationship between slope stability coefficient and micro-seismic intensity

T ER R B A B R?
750 -0.1 2.13 0.88
1500 -0.24 2.13 0.95
2250 -0.34 2.11 0.9
3000 -0.5 221 0.91
3750 -0.59 2.17 0.94
4500 -0.71 2.16 0.98
5250 -0.49 1.67 0.9
6000 -0.51 1.68 0.94
7500 -0.43 1.46 0.96
9000 -0.35 1.32 0.95
11 500 -0.35 1.26 0.94
12 000 -0.32 1.19 0.93
750 -0.1 2.13 0.88

T RACERACHE R A WA A 208 Y=AX+B, Y IR @ Ve R E X W UBRE SR A B LG S8, A i Zme

H 2 6 FIIE 18 AT LU Y, M iR i M R 4L
b 2 O T R RGO AR OB R RN s S A5 IR
A TATLUE L, RRRSIUECR , ket 7
O O AR R BE 2 1A A R I L B K (LB A v 452 TR et A U1
HOFE YRR 4500 KN, R VE R A A gk GPABOR R RO o 2 30 52 B e ol /e 3
BRI A, BAWISLI USRS Tk RREICRLEE . BR DRBUOIR, HAER R
Ve SR R s 7 O R BB N e, ) RARIREUSRAE, BA R 0 R RO 5 AKF
AR IR A R, VLR o e e 0 T I S GPA TR ZR B A R 3R A 2
B P S TS L T 9 — 2 9 R DA A7 T RS BN, FLITJ2

o



148 % omo M E 4%
BHEHEAT N B GPA IR SR EOR T4 By 8112 B4R 50K B % . T IRBEE R AR T 3 2
(2) A [a) W T 7 1) | 4% W 0 253 1) GPA il e 2 8K BRI 2 i B BRI ). B A12%5%4i, 2018, 35

B Ty YOy N TR 4 N TR b NI by NS |
B e R A, PGA T K 2R 50 I et R0 2% A8 £ 1Y)
WR BB, 6B PGA IR R K/N S ¥R IR . J
RAEFEA K.

(3) Jiek BE WA M 0.4 g, #HF K 20 Hz B, 18
PeRIF U G 2s T, 2448 SR iR ey s A
RK 25 Hz ), TSRV W E R m IR, i
Yot RAFTURIR, WiZmar e A Wi, i
PRlE 0.4 o, TRBNIE Ny 20~25 Hz I, 1 A6 00 5
Ba 7RI

(4) b R om BB R, T3k & AR R R I X 1
V) i b, R R BSCRR /L 5 3 4 i A T 5 5 B 9 348 o
TG BRI SAAE RGN, I FLZ B TR A
I, BARLRE G HIUBEAAT & h M — 1 R — 3T W = B
AR

(5) 301 3k ) e e 1 2R Kt 2 ol 75 i 5 R ol
VB SE Ige d/N s ANFESRSIRECT , R
FETE R B O R R 2 R A A R I OE R
T M R YR B 4500 YR, T A2 5 X T gk
R R R i K

S 2 3k

(1] 220 . il bk Fae W] S MR 9E (D). R : R TR 2%,
2009.

(2] W . M far 8 R 3038 0% 8 0 e R 55 e AT o & 321
PR MEATDL. )M R, 2021.

(31 8 &, P, XA, 45 . R AR T 2 KT 51055 e J2 bk
B Sy BRI A+ 12 ,2016,37(01) : 133-139.

(4] 5554, XULT, F 0 . MR AVE FH T & 40 e J2 2 25 o
13 R T BCORAN W 5E )], Bl JE Uk K T A2 4, 2014, 34
(01):96-100.

[5] HERAT . & K59 I 2 )22 o i B i i 20 & AR U3 [ D).
PO K2 KA, 2022.

(6] B8 &, ATAA L, AR, 55 . bR AR T 5 Ml 3 KRR 8 &5
SRIGHTFT R RE(T). HBRARE,2022,47(12) :4498-4512.

[7] TS ANES , Z2 0 0, Sk 20l , 45 . 55 0T 10 3 b s oy 4R 2 5 38
YSAFFEII). IR 30 . i 51281, 2018,38(03 ) : 575-582.

(04):762-768+931.

(91 XU Fr, PFsi, J&l 6, 55 . 4R55 e )22 Rha Hb 7 3h g iz 4
PEMIRSh G IR AR )], A A 2R S TREEA], 2015, 34
(05):994-1005.

[10] R4, i A%, R E, &5 MR AR T 20 )2 H i 2
T 78 T2 i IR B BT 5 (D). b TR 2% 41, 2023, 45
(02) :296-305.

(1] e e, M 2E vk, S, 45 . 5 S 2 W b 7= 3l i
N K AR I W SR ML AT 0], 4R A, 2022 (12) - 214-
220.

[12] XUBEFRT , XULLE . MhARBVE N LA IR A R R e e oA
FFFELTL. By 9k TRR2#4H, 2022, 42(01) :224-230.

(131 ABART-, 225 X e . MR AR A T i AR e M 2 B i 40
W R D). e K ( ABRBRE AR ) L 2014, 45
(10) :3578-3588.

[14] Jath it , ARG JBRT5 5 , 25 . M= fmr 280 FH 1 i e a0 38 g A
EMEITN. 2 E TR 22 M (A SRBL£T) , 2014, 15
(02):81-85.

[15] SBEEZE, FAR7S . MR AE T R mis + 8 & ket
SR AT PR 38 38 R 2 2 (H AR BR2E ) L 2023, 42
(01):74-82.

[16] fa] ZR 45 . HRIR B2k R Y B4R 1244 T Ry SR X AR 2%
Y sh ke MERFSEID]. HR : PR K2, 2018.

[17] RS, BV, 0 A B, 45 . A6 B T 300 Ik 1 738 3t 7 i )3
B RARAE KRR 3 G 5 (0], 5 1+ 12, 2022,43
(04):918-931.

(18] AR IEE 4% . Y VO 7 b X o S0 i B i 1k BE e 2 B L g F
FID]. P4 KR, 2015.

[19] XD, JEIR €, ZRIR . SR A e A 3t sh T Rk 2 b
R N R AR 3h B IR IE ). A A0 12 S TR,
2021,40(04 ) : 676-689.

[20] YR, gk 2e A I0E, 45 . & IR Ak I 22 A Bl 3 3
M R K R R 2 S iR B B AR (). 5 A 01 2E 5 LR AR,
2015,34(09) :1750-1757.



