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Stability analysis of soil-rock mixture slope based on 3-D DEM

JIN Lei'?, ZENG Yawu®, CHENG Tao', LI Jingjing'

(1. School of Civil Engineering and Architecture, Hubei Polytechnic University, Huangshi 435003, Hubei, China;
2. School of Civil Engineering, Wuhan University, Wuhan 430072, China)

Abstract: To investigate the stability and failure mechanism of soil-rock mixture (SRM) slope, three-dimensional
discrete element modeling method (3-D DEM) models for meso-structure of SRM slopes were constructed based on
the basic principle of geotechnical centrifugal model test and the developed 3-D DEM for irregularly shaped rock
blocks and SRM. Then, particle flow code strength reduction for slope stability analysis was introduced and a novel
identification method for slope failure based on the energy evolution was developed. Finally, effects of rock block
proportion, rock block shape, spatial structure, and spatial configuration on the stability and failure model of SRM
slope were analyzed. Results show that the safety factor is increased with increasing rock block proportion. Multiple
zigzag sliding surfaces by passing the rock blocks occurred in the SRM slope model, and some big rock blocks
located in the slope toe caused an obvious shift of the shear outlet. The safety factor of the SRM slope is gradually
increased when the rock blocks changed from spheres and pebbles to gravels. The failure mode of dual structural
slope model with a thick overburden SRM and a low gradient or single SRM slope is mainly the cambered sliding
that occurred within SRM, whereas the dual structural slope model with a thin overburden SRM and flat bedrock
generally have wholly sliding along the bedrock surface. With the spatial configuration of SRM slope from strip type
and outlet-open type to outlet-locked type, the safety factor is gradually increased, and the outlet-locked slope have
significant arch-supporting effect, which is more obvious when the rock block proportion is larger.

Keywords: soil-rock mixture slope; irregularly shaped rock block; 3-D DEM; particle flow code strength

reduction; slope stability analysis
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Tab.1 Meso-mechanical parameters of SRM slope
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Fig.1 3-D DEM model of SRM slope with 40% rock blocks by

mass
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Fig.2 Initial numerical model of homogeneous soil slope
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Fig.3 Energy evolution of the soil slope model after reduction

of the friction coefficient by 1.1 times
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Fig.4  Soil slope model after reduction of the friction coefficient
by 1.1 times
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Fig.5 Energy evolution of the soil slope model after reduction
of the friction coefficient by 2.0 times
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Fig.6  Soil slope model after reduction of the friction coefficient
by 2.0 times
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Fig.7 Particle displacement distribution of the soil slope model
after reduction of the friction coefficient
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Fig.8 Energy evolution of the soil slope model after reduction
of the friction coefficient by 1.2 times

2000w
- - - Bl AR AR

1600 —— e
@ 120} B
pr R
2 80t e
& e

40—‘/¢_’T/ ____________________

0 10 20 30 40
HHEL/100

9 EMBHBRAEIR 1.3 BRI R RL

Fig.9 Energy evolution of the soil slope model after reduction
of the friction coefficient by 1.3 times
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Fig. 10 Safety factor calculated by simplified Bishop method
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Fig. 11
of SRM slope numerical models in the initial steady

state

CAWFE R R WA B V) (3 3 ) 9 B ORE
iR e Y S AT AR v JHAt DX 3, e o R e e [
A DL EDUL I R B AR o AR T Jey A R BT D R
fIEN 20 St K5 A R AR A R R R
T 2l v ) TR ) O E A 1 2 TIAD 10, X LA
R OB Y Y 23R

WLEEIE] 12 AT -

D &S i AR a Wl R R R # R B



- 46 - oK

T

e

A

g,
¥

¥ it 52 %

N

R SR R A [k W B

2) ¥ A A 32 5 v Y 0 T L AR 3 R
LR W BhIR A AE R S TS A B AR AR A
43 3% 1 U R R S AR N

3) & A fl 40% F1 70% 1Y A TR A R rh
SR IE A er TR SR RSl BT =~ <l R AL
GEARFIE SR AL 038 43 R P A 45 55 1 1 iy 4oz
BORAT W AR, T b I AR RN R AR
. X R a Py M B R R R 06 % 1R SO
AT BRI A A BR 22 20 B LAT Y % R R —
.

4) ARG R I AR B S B3R R A
AFIAT W03 P B AS7 1) 38 - ORI e 2, sk 10,
B VR T B Ay B SR g P B o S A s 3 7 T
—E MM, X AE & A1 oA T0% 1 A TR A AR 2 3
RIS N 3.

(a) 4k

() FHENT%

<1° 1%~3° >5°
B 12 +HRAENHEKIREEIE P E R E LA
TEEE (Y 5 8)

Fig. 12 Particle rotations on the intermediate sections of SRM

3°~5°

slope numerical models after sliding (Y component)
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sliding versus step number ( gravel rock blocks)

K15 g AR HA TR A7 R A PR e 1 2
2N WLEE S A KT 2. 0 A7 5 OB K e R Y I
ARA, X Z r AR S Y i EEA A [R]. f
PAR Y, B B AR kAR B0 2, i3
UL ISP BT s AR Uiy, HLBEAE 35528 19 58 n
= Z[A] 22 S AOR R

FAEN 40% 1) AR A b BT R B0RL S
B ORI PR Ak, S R A7 UKL -5 B A 0K (1] 119
e AT BRI , BR8] Sy 513 42 i, 2 fioh 3 2%
I it B, I G T sh 1, 5 S tE
FHEL T Sl RER , R A B, X oy A i1 35
Fe s P 22 . TG A g 08 A I, LR T U1 AN,
TETE VR REA RO AR L A&, BOHAF- 2 i
RN o IO PR T A P AR

G, S ARG IR S T = 4EBUR BS BOT - 47 -
100 —gmhma
=~ -oHEANE -
C gl hEMERE -
m]mﬂ ‘/",/ ”"’,
336_ ,/'/’/ ,/’/’/
B 4 /,-/’//
B 277

0 20 40 60 80 100 120
HHEB/10°

E1S RESREMAREE T+ EREE DB T

HMEEENTH(Y HE)

Particle mean rotations of SRM slope models with

Fig. 15
different rock block shapes versus step number after
sliding (Y component )

WA BRI B AR, A BRI, &
TN 40% 1303 AR AU 5 RH A8 o AR 2 ) 22 4
FRAOAAIR]. 33X F 2R PR A RN 2 e 4
FAE I AEIHI B A DR A - R BE AL, ik S A
THI L 4 R BRAR, TEA SO ZR5 A T BRSO 2
AR BRFAL.

5 EHBAMWIH (A LA

A IR A AR Y A (R S5 R 7T DL i — e 25
I JCLERE . — TS M T FE B 2 B A S AT 2
AR RA R, D R EBGR T AR AR A
SR onsS i MR B IR A R B A
RAWERURRTH R, BRI T 5 2 AR A1 A
BRI AN, 1 5 R IR A 7R RN 5 -
FUR R L T ST Y X R R — T4 H
T AARA R, AT X T oe s LA IR AR
e HPOR R 25 2 R8T 1035 BB Bt A 7 T 22 1)
53HT.

DL A 40% 1 AR A R R ], 5 5
8 A A TR A AR RN A SRR A S O, AR L
b S5 A R AR AR ] < L -7 A1 kg~ 1, AW A ok 309,
WA A 450, 3 0.3 m, JEEERD Y 5 ] K AT
0.3 m, IR E R 50g. i T A — MR EE AR
5 B AT RIS B IR, B4 R F T 5% R AR U
S -7 B, L B EE 45 2 R e Uk UM [
. PIFhE 5525 5 10 A IR A R oo as /i i B 4
(HBAL NP 16,17 Fi7R.

18,19 Sy Fp s 55 2 5B 1 E AR Ak — o0
G5 K 17 AR A U 20 L FEE 45 22 BT R AR T B
IR 255 AR AR B S BB i R84, R 1 O L0 Ml
F W 1 AR A HE VA R T RSSO, 4300 7R w0 b
DRZS R A 33 TOURN B BEIA T T — 7K SF T A — A4~ 188
HAE 2%, B b Bos B35 .



.48 - %R

S N A NI I

552 4%

0.3m

30°

o1m

(b) SLAARLE

(a) AL
E16 Z#EEFBETAREENZTERIDIFRE
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Fig.20 Space configuration of the accumulation body
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