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A mesoscopic numerical method for simulating soil-rock
mixture based on cohesive zone element
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Abstract: The soil-rock mixture is a heterogeneous material consisting of high-strength rocks and a low-strength soil matrix, with
complex interactions among its mesoscopic components under loading. Considering the mesoscopic structural characteristics, the
interface between soil and rock, as well as the interior of the soil matrix, are identified as the material’s weak points. Using the
cohesive model, the initiation, expansion, and fracture of cracks at weak points are described, and a cohesive element insertion
program is developed. Subsequently, using the results of direct shear tests, the material parameters for the cohesive elements in the
soil matrix and at the soil-rock interface are determined. A mesoscopic numerical method for soil-rock mixtures based on the cohesive
model is then established. Based on this, biaxial compression numerical tests on soil-rock mixtures with varying mesoscopic
structures were conducted. The influence of different mesoscopic factors on mechanical properties was clarified by analyzing the
failure state of cohesive elements. Results indicate that the maximum nominal stress in shear direction of cohesive elements can be
determined by the peak shear stress of the load-displacement curve in direct shear tests. The maximum effective displacement is
determined by one-fifth of the maximum shear displacement, and the tangential friction coefficient is calculated by the ratio of
residual shear stress to normal stress. The numerical method based on cohesive elements can effectively describe the mechanical
properties and deformation behavior of soil-rock mixtures, particularly for the strain softening behavior under low confining pressure.
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Fig.3 Insertion program of cohesive element

AN RS IT
RRNSESE SIL ST

A A
AVA AVA

4 WENBTAERRE

Fig.4 Insertion principle of cohesive elements

(a) HEREHE
YA PR CASE Y

5 AERIRTHEALER

Fig.5 Results of cohesive element insertion

(b) AR
R

(c) S
WER S8



55 3 gk A BT NER T TR SR EUE T i 1623

32 ARNETSHHE T

T 5 AR Y S AT O T 6
BEAT IR, FALE LR B AL BOAR E B B -
X AR B S AR B, PRI A R T ot W
LRPEARMBBY AT RAE: X TRUERT B, JLARAR Y
DR 3R] SR A 3R 0 B 6 2 R0 P S B 1 JBE
BATORRAL . XA A AT 8, aTaia+
I S Hon BRI WA 0 T AR o A R
T A15AT N, ATEs & R 5 B BT 6 1

g

2 BT 9117 =

S - ’

2

5 A

T B
OIS PILES ul mm

B6 o 5k A 2 5 BRI 8- B 4%
Fig.6 Shear test load-displacement curves of the soil-rock
interface or soil

3.2.1 BRSNS

BYY) 75 0] e K AV 44 UL T 60 RS2 177 1) B
KI5 SN T 10 72 KL 1t AR R A58 28 1) 19 1 O
ZH.

X SRR AR R SR s, HETY)
J7 1) B K eV 44 U35 52 4i 77 Tn) e K Fe v 44 UL
71453 5K A R T ik o T BY U177 Al Bk e
1N 1B 0 [F - S e o S 1 Tz A ny s I E B =
M B BTG, SR A7 A7 A2 ih 2R R V(B B D18 0
JE o W TP MR RV N ), Al A
S R RS E 5 B BB, Rt B
F i 28 (I WeAE S8 S e
3.2.2 VW NI EE S 9] NI EE

PN 5R 77 BT I NI FE AL Sk I WU BE &, SO0 TRl
&k, BN

KT EMRIEE, BN R 3 Fiife
Jiike OFEFTHALFE YIS, 58RI RN 5t
THI R POL B Py 1l W AT T 4R, /38 T I
FERI BRI AR s @3 T FRTH B0 RS AR SRS,
Turon Z523155 SR B IG (1 B MRS 1 5 I A R ST
SEA R RECE W AT s @ Willam 55120
I\ P 5 07 B0 T v I 5 T4 S A B e i P A B T
K1 000 FEHEATHE . 5 R AREFE BT N &R ALFS P

WYL, A SCEFETTEOX W B Te ik
[EBATHAE, TR RN Prs:

P Gy DI 7
b+ ) (1-2p)

X E NSRRI  u SR BT
WML CONEEL, BUETEEN 10~100; b RHIT
TR RN B

KT UIAWIEE, [E 722 0w L 51 MR
FEMI LM BN 101, BP0 BE 45 T 92 15 NI
E[l?—w, 27-29] .
3.2.3 KA

Mk (6) FIAL, HRKE S, &N TSItk
IR RS S UMM AS R4 4355 IR F D = 1 i,
HAEEBIHR K S o T HARE MR, 05w
s REE R R bR R E R T 0, SN R IH
JCHNEMAI IR T 0, S KAMNEE &KTY)
MRS . kb, BRBIUIN 4R A R 1ot
K BIBRA BN S BT A . R T A AL ER
TR EE R B EYREE,  SOKBY YIRS AT R A 207 A%
LR B B S A B S 2 R AT e . 475 %
FEIE A RS X A A DR - s, A SR B KA U
MU R K BITIAL RS 1/5.
3.2.4 BRAREIYIN

B AR B YN Sy o, S A N Ek - B T T 45
ik, B TRER BN IR MR IHRIG
RAT MRS, FEP U S A4 570 570 R AR B
2, PR R, RS, AR Abaqus HH
ek R AL 2R AR BV 7

TE B0 A RE, YR ) 5k A
JIH AR 15 B 9 e R R 2R B R R AT 45
A HL BI04 AR AR B VI N S 51k ) B 1 EL AR A
H o BT AR A AR SRR S o WA S,
[N o e (S e AL S
B A5 R BR R R TR A S

_ An, + An,

A (8)

n

i ANERUEHE R A R BU A A
BEEREG A BRI BRI R ARG n N
SR ITCEEG n, NEA IR O n A
L Jo J T TR

4 AWBUE TR L

4.1 TAHBEEMANE R uER
FF 95 BT R ) A7 TR A R R B = Ak



1624 A +

71 e 2025 4F

5o, PRSI RE N IR BT A TR A R A
EINERATIE . EHBURE S AEN 0%, 40%F
59% 1) ARSI Tol, RS AE TR+
FREEBR R L& mE 7 Fin. Bk~ T
5 mm RN EARZERT, FRAAKT4ET 5 mm
BRI A o Horr, B BHREAR R 73 4[5 mm,
10 mm)-~ [10 mm, 20 mm)- [20 mm, 40 mm). [40 mm,
60 mm]3t 4 AR A EAR N 300 mm, SN
600 mm. X5 KA L5 HKRL, R AA N
773 B HE oy 705029 100 200, 400 kPa.

100 1
80 |
60

40 |

20

NTAZRAR I L RE 8 %

0

102 10! 10° 107! 1072

1%/ mm

K7 =MERELARGEBREE LR
Fig.7 Grading curves of SRM with three rock contents!*"!

TEFSL AR A R EME YR, 53CHR[30]
M, BREKTST 5 mm BFRA G, K
F Uniform pR %3550 A5 BOMH IRLZH (1 Hof ks, 3
T 255 T SRR R 8 7 V2 O BE ML AR A R R
Mo B8 s A& 40%F1 59% [+ 47 VR & A4
MEEAR . TR I B R U, , FRR R
JEG R ] 7

03

DR X
B Yo ik
(a) FAE 40%

B8 T HABEAIEIMEEEE

Fig.8 Mesoscale numerical model of soil-rock
mixture

A
(b) FHE 59%

4.2 HMA S MBS HEUE

YT ARE T, SR A RE IR e AR R AR Y R
HIJEAT N, SRS N EEEE A . T3 DT e B
PERE E ANARA b e Horhr, o o ERHA R K
N AR = e A5 RS R B e, 192 R
BAMEER I 58 31° F1 21.38 kPa. L =4k
56 1 O 1827~ o) 82 2R OB AE AL 2, 49 AN T
HlE oy FoptEie, sty SUEHN 030, %
JERb BT REE, Yo RARRIEI K Ay ol 5 .
MRYESCHR[30], TARIEEFZEAN 1680 kg/m?s

XFH, AN REILHEERRE, R & A
FIMEHEIR L 1547 M JETF25 A BRI B,
e P BaERE B 3.53 GPa, JARALEL N 0.20. R
PESCHR[30], HUATE N 2 490 kg/m® o 4HALLL 5344
B2 1 s,

®1 ARADPHESE

Table 1 Material parameters of mesoscale components

o E c
gy P > p ooV
/(kg*m?) /kPa /MPa /kPa /(°) /(°)
100 8.48
RN 1 680 030 2138 31 5
200  17.33
el 2490 - 3530  0.20 - - =

43 ARNBTHESHEEE

BT L AREL 5T N IR T BT RS EL, B 100 kPa
BRI N AT ], FET Cai SRIT R AIR + H iR
RS, FIAJLIEE RN 18 1.22 kPa. HETHK
J7 BT R RS B BT ARG, #A LG BT b M
71°M 80.82 kPa. 4i# 3.2.3 Wi KA RN ME N
%, BRHE KA N 0268 mm. 4id 3.2.2
I EERA E T, EAREE BT R E = 8.48 MPa,
ARt = 0.3, ¥ CBUE N 10, THARFLFR MK
B/NRSE b N 1.560 mm, MM AE B ek NI 5
IR EE N 73.18 GPa.

DGR ER N TTIAE WAL ST b S5 R s e o 1
FHTH BRI AR B D, ARSCR MK B2 R
FURH D E 1 B B0 45 R AT e, 193 HIEE
BUYIN S8 54.97 kPa, KA BLIFEN 0.124 mm,
HAGUEE RN 5 TR R BUEASE . 456 3.2.2
I EERA E T, EAREE BT R E = 8.48 MPa,
ARty = 03, ¥ CBUE N 10, 07 FH MK
BT HR/NEES b =2.187 mm, MIHRE AR
T R NI EE 5 TR I EE D 52.20 GPa.

ANFE CHLHI N BRI BT B S 3Nk 2 Fos .



55 ik AR BT IR R e ) R A AR A U T 1625
x2 TAHBEENRIETHEISH
Table 2 Material parameters of cohesive element for soil-rock mixture
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40 100 73.18 1.22 80.82 0.268 52.20 1.22 54.97 0.124

40 200 149.53 1.22 153.80 0.318 106.67 1.22 135.11 0.132

59 100 73.55 1.22 80.82 0.268 51.72 1.22 54.97 0.124

59 200 150.31 1.22 153.80 0.318 105.70 1.22 135.11 0.132
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