100 kI RFEFER(AAHFR) 20234 12

DOI: 10.19951/j.cnki.1672-9331.20231009002 XEHS:1672-9331(2024)01-0100-10
SIARE AT . AR RS R AR T R A R R 25 PR P ST (] A U B TR 2244 (1 SRR ), 2024, 21(1) : 100-109
Citation: FU Yawei.Stability analysis of planting concrete ecological slope protection under the coupling effect of earthquake and rainfall [ J ].
J Changsha Univ Sci Tech(Nat Sci),2024,21(1):100-109.

MEAMPEM AR TEERRE T ESPHR
TRE 5T

T4
O Pk TR A R AL )P B 545000)

[ B#R ST R AR R I 6] F T A B AR TR E AR R M i B RCR [ R DA PR R AR
DX ] b — R 22 1R s % R A AR TR BE AR A WO IFFERT & I T UKL AL R (2-dimensional particle flow
code, PFC? )43 M K AR I RN LI 5 B 24 B A 0 4, il ad PRCPP Sy 1R Az IR AR S 9 B BUE AR R, 31 DL sl
72 301 A5 A ABURL I8 DA [ A T PR S M R R T 0, AR S AR TR = 76 R[] 00 T X B i
IR [ R )EHFERAAER T A A S B A R BUE AR I % . (AEA RN
B T ASULE HP S RIRS S Hh /N IR S A T R BT BT R A A5 A A o A b R R A ] 4
TR AL L IR B R TR ARG E PR R RS T T RS R AR e A R B R R R
(S50 VA A TR 8 4 A 259 30 T AT AR ALK S0 T 7 b 7 R 9 T D O SR R 2, (47 B S s 0 R R A
B R AR AR I A A 3 A £ 1 30 S R AR R 0 A TR1 WM A MG A 25 0 i B 97

SRR A AR R BE s AR AP S R 5 TRORL GRS ; AR 5 R R

HESES:U417.9 AR S A

Stability analysis of planting concrete ecological slope protection under the
coupling effect of earthquake and rainfall

FU Yawei
(Guangxi Guizhong Engineering Consulting Co., Ltd., Liuzhou 545000, China)

Abstract: [Purposes] This study aims to investigate the protective effects of planted concrete
ecological slopes under the combined influence of earthquakes and rainfall. [ Methods] Taking a
planted concrete ecological slope on the Hechi-Du'an Expressway in Guangxi Zhuang Autonomous
Region as the research object, this study utilized the 2-dimensional particle flow code (PFC*)
software for granular flow simulation. The advantages of analyzing large deformations and real-time
tracking of cracks were leveraged. A numerical model of the planted concrete ecological slope was
established using PFC*, employing dynamic boundary conditions and the particle-flow-fluid-
coupling principle to simulate seismic and rainfall conditions. The reinforcement effect of planted

concrete on slopes under different conditions was investigated. [Findings] Under the sole action of
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earthquake, the slope with and without ecological slope protection has the phenomenon of cracks
penetrating through the slope body. However, it is noteworthy that the former exhibited only small-
scale unstable rock masses in the middle and bottom, while the latter formed large-scale unstable
rock masses. Under the combined influence of earthquakes and rainfall, the former experienced
shallow instability at the base, maintaining overall stability, whereas the latter exhibited local
instability at the top, ultimately leading to overall instability. [ Conclusions] Planted concrete
ecological slopes effectively reduce the extent of slope damage under the combined influence of
earthquakes and rainfall, preventing large-scale instability. However, localized fragmentation and
sliding may occur at the base of the slope, necessitating reinforcement measures in this area.

Key words: planting concrete; ecological slope; slope stability; particle flow simulation;
earthquake; rainfall
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Fig. 1 Schematic profile of ecological slope protection of

planted concrete
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Table 1 Mechanical parameters of slope rock and soil mass and vegetation concrete ecological slope protection
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Fig. 2 Biaxial test model and stress-strain curve of

carbonaceous mudstone
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Table 2 Mesoscopic parameters of numerical model
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Fig. 4 Particle flow model of ecological slope protection with

planted concrete under earthquake and rainfall
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Fig.5 Slope deformation and fracture evolution with or

without ecological slope protection under earthquake action
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ecological slope protection under rainfall after earthquake

T AR B K H M EK A B T
B 3 T T O AR S R AN SE A AR R AR .
AU 25 B 0T DL A A A 3 0 I AR AR e 1
BETCHE S P 0 S R AR MR 0 T b R RN B T
(S AR TR AR A i m % 394 1T TR ) A /B 4
REAR I TR

EEPOSab 81k 3 &3 Rl NSNE0F & AN K A £ 4
B 5 W R ] 2D 4 0 A8 A il £ 43 0l Gn &1 9 L& 10
Fr 7R

F T FIAT, A A 25 4 38 1 0 38 30 3 W T A A
IOV B A T A AP S W Sl 2B 2 Bl
T B R] 254 B 3, 3 T TS b 3 N S T A
Byt 1O R AR BE A A%, LA 3 I A 7 AR Y AL
RO o X2 PR S A AR TR T LA B 1k RN K R 33
TR F R, O DR HG B A R KA P ol T 7 A 3
AR A T ol 38 A A 5 B AR R, BT DA I A5 3 7
AT RN T I A 1R 2 B AR AR

Hy &1 10 ] 1, A8 AR TR B A AT DUAR G Hls 47 4]
A 8 ) S A% , HLTOUS Wl A 5 & A 6 A B i

i AR XU A s T W, R A
040r o we 1 o
035w fmli 2 4 ’
0.30 |- W5 53 s

P

0.25+ i

£ :
B 0.20F B
o 4
& 015 i
® i

LK /10°
(a) FAEAA I
55 —. Ill‘{jﬂu)ﬁl
-~ - M2
AT e W3
351 .m.-..-...w-r-.-o“.o o
= oy
% :
=20 ;
S $
H 15 :
s
! Z
-5 . . . . .
0 1 by 3 3 4
] 107
(b) AT B

B9 EJE Mk A T 9 3ok KT vl
Fig. 9 Horizontal displacement response of monitoring point

of slope protection surface under rainfall after earthquake
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