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Abstract; In order to conduct more practical stability analysis for soil-rock slope, it was proposed to use Fortran language
in a slope model to randomly generate rocks, based on which a soil-rock slope model was established. The stability analysis
was conducted respectively for soil-rock slopes with five kinds of rock content. It is found that as the rock content therein
increases , the slope stability gradually improves and the potential sliding surface of the slope also changes. The plastic zone
penetration presents three typical modes: rock detouring, shunting and rock inclusion. The displacement in X direction is
always the largest at the foot of the slope, and the maximum total displacement starts at the foot, moving to the middle of
the slope and finally back to the bottom of the slope. The simulation results obtained by this method were compared to the
calculation results of models with two typical equivalent strength parameters, and it is concluded that the safety factor
calculated by this method is quite different from that obtained by the other two models, and also different in changing trend.
In the future, this soil-rock slope model can be further optimized for other complex working conditions based on the
mechanical characteristics and laws, with the influence of joints and cracks also taken into consideration.

Key words:; slope stability; soil-rock slope; random distribution of rock; strength reduction; safety factor; slope

deformation ; displacement

EARARRE R i LAYCRY BOR AR E X TR A AR R I Ak 2 2R
SRR —E NCHLBR A A 2, Hh ey e, SRS AR AR3h A AR T
SR REREAR , ITHCR Y T s B s, I HO SRl R R AT ARSI 1 22t

© WimBH . 2024-07-16
ELTH . HEKARPIAIEEE (41861134008) ; B4 A & HRITH (202003AC100002) ; 5 B Be -+ & K TAES BRI H (202405AF140045) 5
BT i AR 2 AR AR Sk ABHE % 10T (202405B040035)
YEE® N EAE(1999—) 5 ACABEN BT H0F8 2k, BN SE A T 558 . E-mail : 1203273668@ qq.com
EEESE. HMR(1986—) , B, =g RN, Bt @9 TR, FENFT 1 HA 2405 TAE, E-mail : fujun7@ qq.com



8 7R

T 545 %

T ARE S BT 0 12 R DR R HeA YR A
A 39 B A Mk 0 5 I R AT T — &R 51K 5 S R
TR ARSI g R, S R G BORE T i 4 7 #
TRA W UL K /NG5 A1 52 il DT 32 350 24P RE R B
25 BAN, RIRBUREOL B T BE 2 5 BUBUR KN i
(10 26 5, 1T 52 M 3 00 5000 P R s e 3 AR (AR
WF5E S 8 T A TR A A 0 A A i B Ry
YRR T, SR, e r 2 AR AR b, &
TR AT AN B A e AR B 22 0 1 24 R AR K
FERE I N BB OSSP B RFE TR 3K BEARRAE A 4
Yotk k2 18] 43 A FHES Oy 2 AR B2 5945 LA S
b2 A A E A AEWTSE LA IR AR 24k
I, 75 BELEA 7 P S SOULZE A8 R 45 A T T, LA A
A 24T AT R B0 DGR RIREAR 1

fEHARA R, Aol 2R mIRIER, —
HERERHUASRE 58 &2 R AT YOt + A TR A TR 3 (4 5
M) | A7 AE— 2 JRy BRI = 248 B AR 400 0U) B o 4= 1, {HL
YA BRICAI M AT A AR R 2 G XL, PRI O T = 4
AR E ISR TE R A hy il e —HfE A AR 3
P T —FhE 3 9 BEMLAE BB A G T vk, O i
WG ) 7 2 AT A Rl 4y, BE BRI 10 m, Bk A
30°, % A (R H0 43 5128 0,10% ,20% ,30% |
40% 1 A IR A R I I BF 5 X 52, WSS B A 4 A K
B I AR DL Gh S RIS

1 B FEbLAE R 50

TR A Y

A = A TR A AR 30 3B A s 7 A 3 R 24
T B HEN SCER 14138 8 T — RS AT
PR TR A A e, JH 20 R B 3 0 1.5 A% 3 i
BLEAE NN P RS T 2.5 A5 3 i o7 AR
AN TR R RS o B 3 e 1 2 A, IR
AR SCEEST B PRI 10.0 m, 3 £R 300, i A2 0
SEEE BN 15.0 m B TRE AT A ES 25.0 m, A3
FHABEES 10.0 m, WA 1 R,

1.1

B higRE
Fig.1 Slope model

1.2 BRAEBEM

By i A il 32 B Fortran 15 5 B0 & ANSYS/
LS-DYNA A BRICHAF#A TR AL BRAT .

1) B JeH o B e R R & = S5 S8 R
Fortran 1 5 #HAT RG9S | WA S BGHETRAR

2) BN I EE AR A WA P BE LB B
£ A RS 0.05~0.1 m?, BEAILA: i He A 1570
S BREE — P BLO S DAS, S R AR A s AR
L5 Hof s TR BRI e O AR A AR Y
Yo Rebit A on SRR, B 2 O A4 lies RiHRH
FIRBIBOEE . P A il fE v oA #E1 T R A K
FE R SCH T Ik B ALY ez
FRTE N 5 ARSCRAB A E BT .

WRTE =4+ AR A WL N 2 24 U Hen
B0 AR BR-5 S HIE TE AR A A R By RO AR FR 22 8] (1 I 5
It 2 AN PR Z L B4 2 S HeA B AN
A RZ, RIEE/NTET 2 MRz,
M5 2 N A=A I P iz A AW
Favg /(1]

[ Xy = X)) ® + (Vg = Vi) ® +

(Zyaii = Zyrn) ]% = Ry + Ryy (1)

A X OHATE X BAER R Y MEATE Y BindEE
B 7 WYCATE Z SRR ES s R S Ha AR

3) i Fortran &2 iy B A7 10 B0 A6 4, o
AR AU Y 2 21 ANSYS/LS-DYNA 5
HyperMesh {4, Az s 35 i A BROGAR AL, IS 1k k
SRR, RIS RZAR S A FLAC™ i 4 S
JeE AbER LS A A TR A AR 3 1 0 BT
2 HAREGESEER
EHTRBEEERESE
FRAE I 1 N TR ARG | HOe T 48 1 S50 14
SR 30 Lindquist F275107 1 Kalender A7)

Lindquist i

T, = Coarn(1 = b) +otan(@ .+ A@ 1) (2)
KPR AR A R e B AR AR
R EER T 0,0 N B AR AR H RN EEE A b
FEAR Ay a N EATRA RBEE B A7 38 J i 34
TN BRI, 24 b>25% b BR8N 10% , Ag,,,,.0 8
Jin 3e,

2.1

Kalender Fi7Y .
t
1000[t ane 1] )
= an atrix
gDhimrnnk - quatrix 1 + (pmd 0 ( j
1000 +55 b+l

(3)



o551 T A I T AL A B ) A TR A AR AR e P AT 9
A - A )
— 100
T bimroc k=A_10-mt (4)
1 = singy, o
Chimrock — O bimrock (5)

" 2008000
@ A AR B RIS 5 o BT B
JJ:% 5 O Limrock ﬂ?ia{ﬁsé’{$%$‘%}£%§§ 2y T atrix ﬂ‘]
AR AR AR IR A R 6 SR B 5 A A R R
E%%ﬁgﬁﬁ%ﬁégﬁ(lt%%ﬁﬁ%% %éﬁ 5 Chimrock ﬂ‘ji
AIREIERT
2.2 SREIEE

N T ARSI AR AR R S IR L, SR o
JEE YUk A PPl 1 S ARG RE IR B, A 5 AT DA
S S RTE TS R AR B X4 ) 5070 7 sk 55 e E
TE SN E AR ST RN

wial _ €
- el (6)

Ti tangp
@ = arctan

il (7)

o™ o A i R AR E RE R T P
s FUURPTIREG 0 oo 200 A R RSTIEET  FE 2R
J1 EE
23 ARAERELIRABREGBBERSHILE
B R RIR PR TR HOA 1) SRR TE S B AR
M, RS G R ARSI 2 iR,
AR FHBR-ECAMBRL, T 541 534
B BEIRIE X e, AR SC - AR A R e ) 2 Al
B RHE 72 R e T A B I 25 S 5 T A2 PR A o
E /E __ >2fltang,  /tang, . >2 BARITESHNFE 1,

3 AN AR T AR EE R A

3.1 THEBEAEBFEREES

FIFHA BR 22531, MR TR & A 30 AR A R
e ATRRE PEVTAN , B 58 e B B BL 53 A B % = AR 4k
XRRENERE MR, B R A A BB
BN T 25 DAFIR = e ATRA WY, 7ERREEL
Wijg 6 D HARE RN AEARF A0 M & AR AT
f) b TR RN 3 R, Soit 45 5 4 (E
W2,

W 3(a) ATLAE B A FEM 10%34 N2 20% 10
I F R4 R B RA B 3 (A5 % 30% 0, i
Yo IR R A T AR A TR — i W 225
/N URBH B £ 3 30% I3 U ERRE , 2 B s/,
AR A AR YT R e 4 R AU AR AN
B A BT R (E A FEN0) S T

(a) 05 (b) 10%; (c) 20%; (d) 30%; (e) 40%
B2 FARASAELTRESEDE

Fig.2  Soil-rock slopes with different rock content
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Table 1 Calculation parameters of soil-rock slopes
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Fig.3 Safety factors of soil-rock slopes with different rock content
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Fig.6 Numerically simulated shear zones
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Fig.7 Location of monitoring points
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and total displacement variation for slope with different rock content
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Table 3 Models with two equivalent strength parameters
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