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Abstract; In order to establish an efficient calibration method for the microscopic parameters of soil-
rock mixtures with different rock contents and improve the accuracy of the discrete element simulation of
direct shear tests, numerical model samples of soil-rock mixtures were constructed based on the particle
flow code in 2 dimensions ( PFC2D) and Python programming to realize Monte Carlo random generation
of rock blocks. A cluster particle aggregate was used to simulate irregular rock blocks, and a systematic
study was conducted on the calibration of microscopic parameters between rock blocks and soil particles.
A microscopic parameter grading calibration process based on uniaxial tension, uniaxial compression,
biaxial compression, and direct shear tests was proposed. The influence of rock content on the shear
strength characteristics of soil-rock mixtures was investigated. The results show that with increasing rock
content, the cohesion of the soil-rock mixture initially rises and subsequently declines, peaking at 60%
rock content, while the internal friction angle increases monotonically. The study has clarified the
influence of key microscopic parameters in the contact model on macroscopic mechanical behavior, and
the simulated internal friction angles and cohesion values are very close to the results of in-situ tests.
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Fig. 1 Random rock block simulation of numerical model

2 RAMTHMEANSEHIERF

2.1 EMAMERENERS®Y

UKL IAE 77125 108 o 422 fih A AL A B ASE AL A R} 2
Rt PFC2D it 10 Ffr P i 42 i B A | BE A 42 fi
AFGEBIAT 3 28 (1) He ) B A B | 455 2 PR A
RIFR 22 BB, R 5 1B/ b 28 3 & R 4
PEREAILS S (2) W AR 5 (3) RELE RS 4 45 45 firh
RO B AT RE G5 BERY, S0  Be T 98 R 22 R
AT B st

ARWFRIE LR AT FEAT R S5 BRSP4
FRA R ] TR A OR8] (A7 -47) 42 s Ze bk
R ] T ARAU A BORL [] (4- 1) | 0K 5 B
RER] (A7) 2 fih N2 ORL 5 355 A T ( BR-335 ) 422 fk
Horbr) A - RN B - 4 Al T 19 2B ], 35K -
BRI T 0 S BR-BRAZ R[] 95 S 2B
ZHAL 8 A LM S R HE A U & emod | 12
1] W B 5557 1] ]I BE L kratio JEEHEE R BN fric ,Bﬁﬁiﬁéﬁ
WAL FE R4S A R pb_emod (W H pb_kratio
B FE4E R pb_ten VI ZEZ551 ) pb_coh,

FEMIGE T 2L BRANR (1) X A 2 fid 22 k3~ 2
PERERY I BETE W BE A 5X 107 Pa, AR Y EF T 70
&, ﬁ%ﬁﬁﬁiﬁiﬁﬁﬁ B (2) fiE ] cmat
default” iy 2>, X} “ ball-facet” W T BR-5% 22 fh 2 %
T ball-ball ™ 4 fill Wt 3 -1 £ il 2 8 (3) ]

“cmat add 17 #52, XT“ rock ™ YHURLZH N 19 “ ball-ball

FEMIR T A A S (4) < cmat add 27 1y
A < soil” JIURLZH P 1Y “ ball-ball ™ £ filt It 7 +-+
Pefin 240

2.2 BRABREIRHANSEIRE

240 WS BO BORL 22 WL 7 24 B8 A
{EEZMFEREANE] o P17 2 A AU 2 B0 2 Tt
FRANE - (1) Z3 B ADL Stz A 3 4 | PPt e 24 1K

IRy, 300 3 3 10 -0 A2 2 ) R B 43 i)
FRAE pb_emod emod ; ( 2) AL F 45 056, B4
XEAE 1/2 AR HAR E 1S BRI L LE kratio
H1 pb_kratio; (3) & X ik 1] 5 U] [n) Zh 45 5 & HUAE M
R O A 1) i Sl PR 4 106 45 3 10 Bk
YU AR E pb_coh F pb_ten; (4) f V8 41 W =
B, R WS HO 20K

HAREWSES MM S AR AR L R
ME— RSN OC 2R TE 48 8 —2H H AR 25 WL ) 2 Mk
B, AT REA 2 20 4 2 804 & 7T 52 AR IR 19 2 0
JO7 3T AR A R, BRI TE < 22 e T R, Y B (e
AR5 10 B 0 B 22 I, AR SO DL 22
R (1) AR S IR AR (il 2 57
DI MASTAU S SR LR RE ), 75 181 v 1) 5 400 1) 66
SEUREE LU 5 (2) # VE (A 0 B 5 3 P R o i R, A
SE A i 1 )R] [v0) 2ot 45 5 86 e A 400 1) e 0 5 B 3K
S EBRA, P I8 5 422 il A RIS A 9 P AR i Gk 3|
HARE ; (@%Hfzﬁfﬁﬁﬁiﬁ RV 5 £ A Al it
PR, DUV 3 2 AR B 45 R 5, DA R R R 5
RETRAFERL; (4) B YA e XF H b o 10 f U
1~2 DSE RS TR IR

PO 5 A - 2 fioh 32 22 40 2 4K pb _emod |
emod .pb_coh .pb_ten BUE 4351 A 1. 2x 10" 3.0x10°
1.5x107 1. 5x10 Pa, kratio BUEH N 3.5, Z4IS4K
ARAE AR YA 1 ) 2 e, 52 5100 H: Al 240 WL 2
B8 SRM HHUf R AR RN, 1 A2 A% 5% ], A e
TN Ry B U

2.3 THRLEHNSHAIRE

50k (] A 4 S50 3 A4, Bl emod | kratio
*ﬂ fric, 38 SRM ELBY X045 . Hrd emod 32

SR B 1N -0 USRS i 2 s v B B ) B D) A
& ,kratlo KR Z5 T BN | R RN fric T8
SO NEEREAR . D341, BRAT Y pb_coh FEEL 5N 5Y
I STURAE RN R 53R 7, B4 H 32 28 52 i iU 1Y IR
FEa, ARE B A B 8T 056 45 1 1Y 200,400
600 kPa & [m] i T (BT R 1 -5 D57 B il £ A bk
AR EL, b 1 0k A S5, S B b
SEAMSE, VG AW S BB E INT AT R AR
AU emod Fl pb_emod #H[A], pb_ten 1 pb_coh #H
7] ; BR-55 2 Ml Y emod KT 1 -7 32l

SR FH A 1 AN U R R A% 2 Ml ) ) 4 0 2
B, B e g5 RS A 5 45 R GA B e KA
RLRE s 58 OB A o 2% 42 ik 1] 1) 08 2 B0 an & 1
N -t - BRI T A [ Y emod



74 LCI | A = N S S SR S = 1))

2026 4F

AR AR TP A DL 2, RO R B A SR
AN R i SR A4 1 it A R emod
R 1 PFC HEAN S
Tab.1 Microscopic parameters of PFC model

251 24 SR
emod/Pa 5.0x10°
BR-h i kratio 0.0
fric 0.0
bk emod/Pa 2510
(- i) kra.tlo 1.5
fric 0.6
emod/Pa 3.0x10°
kratio 3.5
fric 0.6
pb_emod/Pa 3.0x10°
GhGES pb_kratio 3.5
pb_ten/Pa 1.0x10°
pb_coh/Pa 1.0x10’
pb_fa/(°) 60.0
oo R
I 250408 W :
3.0e+09
5.0e+09

2 BAERR A A Y emod
Fig. 2 Emod values of each contact in the numerical model
3 MEERSH

3.1 HEXESERERMREERIIE
B 5 I AL A5 R X L W 3, BUE

600 —=— 200 kPaJFALREE —o— 200 kPaBUF IR %

—=— 400 kPaJFifLiREE —o— 400 kPa$i{E X%
500 F—a— 600 kPaJEALIRH: —o— 600 kPaYifE k%

I~
=y
S

BYR F3/kPa
oW
S S
S 3

100 [

0 1 2 3 4 5 6 7
BIYIHL S /mm
(a) BY B 77-BY VI AL i 28

TR R AN SR 1 5 7 -5 VI A 1 48 4k B i
R KEOH [, WA 5 0 7 FURE R Ay e 1 55 437
FEIEA 0, WA BY R ) - m) 7 g h 48 R e A
AL, RN Fy K, ok [A) 25 45 b 5 2%, e A1
FHERRR | 3007 1 7 -55 VI 7% ih e i 2 i M Be
o, WEAE B 7 3 B % g 9 B YDA RS ik R, X —
FUE 5 HA SRM B 59056 B BOTH 2SR — 3,

B 00 A7 3 0 4 2R 25 S T BRI AE
(1) 52 B HOoT A A v B0y 42 fih 9 R 1 22 5 sh
AR ERZ I, BOE 50 5 1 07 -59 D) 467 % ih Ze b
Je BRI By 5 (2) BB IORE 7 e I 422 ok 2 3, 454
PGS = GBI TR R A A1 o N o <R )5
PRI PR A J5 3 Sk 1T 2 R AR AR B, ih 2Rt T
275 (3) BUE S Hh 2k LA B Ak R o 35 K TR
R, FN R ) N ) T ARbRZE S E N, X2
Jy PFC2D A7 2 %) SRM 41 W8 50k 11 2447 Sy 1) 15
FEFAE , BUE AR I S5/ NIRDRE AR A 1.5 mm, MELA
5645 BRI AR v A A% ) b S IR 2 1 S 45 4
TR s B0 0 A 20 S S 0 0] L o 285 1457 i J
(AR S e s S U NS W DS §) | =N L A VA R A
ARAERI S A3 AT (SR IR 1 AR I BH T B A 2 5 B
(BB ALL X A0RL 2 fioh S 500 % R AR,
JFA I SRM 1 J1 2+ S8 e I 22

3.2 SAEXTAEAEREEERNEN

A SR SRM U5 AR R R A
Z0Y ) gt BB, vOKHERU R RIAZE R T 5 mm
UKL & I A 509% ~85% 2, RIRIT &
X SRM Pt BY 58 B 1) 5% i), AR SCHL AR B A i ol
40% .50% .60% ,70% .80% K BUAE XKL (K 4) , IF
J BRI BRI 5T, R R IR T S R A Y
XL S

S YT
o FUERE

400 F—— RO 2 Pl »
3 BEARANRS
& /
= 300 P

200 F 3
@ ."/
¥

100

i 200 200 600 800
YL B F/kPa

(b) VAAE B N2 -3 17 2y 2%

Pl 3 BB R S S i 4 50 L

Fig. 3 Comparison of numerical and in-situ test results
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