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Numerical simulation of shear strength of rock-soil mixtures by using PFC?P
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Abstract: The soil-rock mixture widely used in high-fill projects is characterized by significant heterogeneity and discontinuity.
The engineering characteristics of the mixture depend on the mechanical properties of soil and stone and closely relate to the
relative proportion of earth and stone, particle composition and other factors. Based on the PFC?P discrete element numerical
simulation, the change rules of shear strength of the soil-rock mixture with missing intermediate particle size under different
opening widths are analyzed, and the force transfer path, strength formation mechanism and deformation and failure mechanism
of the mixture skeleton structure with missing intermediate particle size are deeply disscussed. The results show that the width
of the opening between the upper and lower shear boxes has an important influence on the shear strength. The peak strength of
the earth-rock mixture decreases with the increase of the opening width, and the shear strength-horizontal displacement curve
shows strain softening. The opening width also has a significant influence on the skeleton composition of the earth-rock mixture.
The larger the opening is, the less the number of the skeleton particles is, the larger the distribution range of skeleton particles is,
the closer the shear band is to the upper shear box. Although the distribution of shear band is different under different opening
widths, the distribution of normal contact force of particles on the skeleton is basically uniform, which shows that the stress of
particles on the skeleton is relatively uniform, and there is no obvious relationship between the stress of particles on the
skeleton and the opening width. Under different opening widths, the shear plane is not a plane at each shear stage. With the
increase of horizontal shear displacement, the distribution of contact force chain and shear band on the skeleton also changes

constantly, and the stress inside the samples is extremely uneven. The phenomenon of void inside the samples is related to the
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skeleton composition, friction coefficient of particles and
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gradation of the earth-rock mixture, and the opening width also has an important influence on them. The wider the opening, the

more obvious the void phenomenon of the sample during the shear process.

Key words: high fill; soil-rock mixture; shear strength; influencing factor

o 31 &

JZ N R TR AR ARSI
LRI R AT 280 R - A R S A 2 1) R Rk TR
MRk, BB REAIESR. JEESE,

ARG R — M R B S, 4ERIE A
FUBR, F R FERHEAO R T LR AR 5 1) 73 5o
W5 AR L] . R R A SR S
RIS Irfan 50 AN R B0R & & AR A
RHOE BRI R R 5 2/ N F20% 500, 58
J& B P M URL AR A s R R B R 20% ~ 30%H
PUBY 9 B T U6 A /> 3G s RO 1 B I 30%
FERRL P AH EL0 A4 38 5E, PUBY 9 B IRGE I . Xu
SRHHAT I AR AR R H BRI R, AT
(1) B A AR AR P BY 5 A EEL M . Khoiri
LB OIRR A T R UIREG R A, N EE R A AR X B
ALFR T BN 2 N3G 3E . Wang S MBLIAN R 2
T Bk i i A A B BTG R B, P B VA [ AR B B A
JEE P O RIGK, WA R B ) R v 5 TR
FHIG o LinZEBNa i 7 b B B3R 00 i B Rk 1 22 VRN
WO 1224, 1 TE IR R R /R R R sy 5t
JEE R 4 A A B A6 LA (35 KT 3G K . Vallejo 5 ST
FLRM, RN 5 B AR A RIT5%EA b, BUBysRE
FE AR RO RS, RN 5 EE N T-40%E, 0] 3=
B DR AR R A okl . RS U R RIS
AR AR R E R RS R B e
TR N T30%, BUBY o HE A E G T4l R
FUEL S 8 oN30%~70%0), HUBTs@fE B T4l 4ik)
FIFEFEVER s MRS B R T70%K), PiBy 5z £ EH
YRR, FYLE SRR AR RN ERN, -
FR AR ST Y 50 5 2 EEYRT P AR AR A EL R
WA S EEBE AR, B A R A TR A R 1
FEREE.

FIREFFEERE, EATRA BHPUEY SR S AR
B REC AR SRR, BT HARAR R
RPEAT N 2, BRI AR LRI G R ES §
BT DMEBTUIRFAERR AL E AL 4if, ASRITAE 5
ETFH s E A RAZESR . Fik, AE IR
ARG RIBIOIEEAL T, AL iy AR e K
PRAUE 5 T84 B B IS 3

BT, AU APFCPE BT, £ Al
7N R [E1D VK ol s B w3 &2 W15 LR 7 RS SA LK b A A K IE

B, WIREEBITI R SO BAT A B, AR
HRHE R AT TR TR R 5.

1
BEATPRC? PO BN, Ry AR A e g A
BRI RARLAR, B AL, R ORIA220 mm.

2100
I 90

oo . . "
ES 10 1 0.1
+ AR /mm
1 R FERZET AR SRS Lk

Fig. 1 Grain-size distribution curve of gap-graded rock-soil
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Fig. 2 Composition of meso-simulation shear box
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Table 1 Shape and distribution of particles of samples
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Fig. 3 Relationship between shear strength and horizontal

displacement of samples with opening size of 5 mm
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Fig. 4 Distribution of skeleton particles and force chain under
opening size of 5 mm(peak stage)
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Fig. 5 Contact normal densities of skeleton particles with opening
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Fig. 7 Distribution of skeleton particles and force chain under
opening size of 5 mm(residual stage)
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Fig. 8 Contact normal densities of skeleton particles with opening

size of 5 mm (residual stage)
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Fig. 9 Normal contact forces of skeleton particles with opening

size of 5 mm (residual stage)
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Table 2 Composition and distribution of skeleton particles of
samples under opening size of 5 mm
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Fig. 10 Relationship between shear strength and horizontal
displacement of samples with opening size of 30 mm

(1) 30 mmfF4% 58 L W E B BT 545 R 0 it
TFEETERE30 mmakfF T, WRFEAEBTYIMA21.7 em
LB, a1 R AR R, R AR
FE LB A RRORIIE B, BT 96 Rt 2 b UK ] 4
B iR pt, Jrmiy AR T, R A A R
FIFETT83 4 AR B B B b X R Ak T 46
el A N7 A, B B IR E A DT 4840 v,
TR A L T R R E S R TR ETAR
A BT TR 1 . 52 S A HESNI Y

Mg b A PR B T R I A AR ) B

11 30 mm FF4EFERE B IRMALK 5E5 15 IEEMED)
Fig. 11 Distribution of skeleton particles and force chain under

opening size of 30 mm(peak stage)



H T 2

HdE, S5 BT PFC? [ R ARk BT U9 B B AR ) 127

P12 B BRI B i 1) 5 P e v mT L
U AP B A 1101 2 R 2 2% ) A A B 6 32
], N145° ~155° . 175° ~180° M0° ~10° Ffih
FERER AR . 13 H R SRR ]2 [r) % A ) 350 B ik
WK, 7E85° ~115° Ya [ Y- B R0RE ] (135 ) 4 )
K, 157.1 kN,

90

g mc s
o
®o3 ‘-.. 30
S,
S W/}»mﬂ.’"‘
. 177 ‘\’, )/,
& o- 180 m””./l:‘l.é";:ﬁgyl/z@g,’nm 0
0.1 Beflk ) B

12 30 mm FF4EFERE B ZRMALRMIA R 2 E (IEEMER)
Fig. 12 Contact normal densities of skeleton particles with

opening size of 30 mm (peak stage)

0 'r’ég.
2 0

— ki

13 30 mm FFEEFERE B ZRFALE EIRA 1 EERM D)

Fig. 13 Normal contact forces of skeleton particles with opening

Pl AN

v

size of 30 mm (peak stage)

(2) 30 mmJF4E 58 BRI Beit 545 R bt

BIYIIF25.70 e, IRXFERE TR AR B, LA 4
nEN AR SRR, BB BOCRURL IR (i #2fih /)
IFTHNTRFAYS], iR T TR E AR,
RIURLFE 9874 o

14 30 mm FF4ETEREH ZRFALE D557 GREMERD
Fig. 14 Distribution of skeleton particles and force chain with
opening size of 30 mm (residual stage)

(e SRNip i et - Si s R 1T S TR Eh T ]
BT AR I T S8 2 A0, RO B B T IR
A, HEfh B BT ), NIRRT B
KRB R g, A RHE B S e A &
NEMA T ARG .

P15 rp R v (0 B ZR UKL 6 i V25 1) £ 7 1), AE
145° ~155° Z A3 EROR, FERRRHIBG %07

[EIRER O 7] A 61 el S 7 B S D U ke bR T 2
il )7 PV AE AR A BT/, 2T 4% S8 B K M Re ), 78
75° ~85° [ Rl P R SRR R] V2% 1) B2 ik 7 A R
K, WK N4IKNEF

15 30 mm FF4EFERE B IR MALRMIE R R E CRRMER)
Fig. 15 Contact normal densities of skeleton particles with

opening size of 30 mm (residual stage)

P Befil 1N

—— Al

16 30 mm FF4E3E B & ZRFURLE Bk 0 GREMERD
Fig. 16 Normal contact forces of skeleton particles with opening
size of 30 mm (residual stage)
R3BAFETES0 mmIT 2215 00 T U8 S B AR 4 BT
VPR L5 28 B KA I H , SRS E R
RS BRI 83 FNRT o LU 44 58 S mmAE V(.
FIERARES T 43 2871494, Ui A [ S5 1550 5
TFEE 58 e LA ZR I BORL A B0, JTEEETE, +
B4 BB D
& 3 30 mm FFETEE IR B R D FRER KT
Table 3 Composition and distribution of skeleton particles of

samples under opening size of 30 mm

K oA

oy 20 17 14 10 5 15
£/mm
vk () (o OO OO O O
VAR IRAS T
S K 19 17 17 4 1 31
e 15 20 19 2 0 39

1.3 RXIEIE

N T R BT RRIG 5% 58 B AN R 273 i 2 i
B SR EAIRE . Cai AT H AR & IR N
S, PRV T AT SRR A IR A R TBY SR
M, AR,

SRR T BV G 2 1A T 4 08 R B R A
HEEGOM , VA 5 i T 4 T P M i AL



2020 4F

128 H +t
500
05.0 mm
400 010.0 mm
i‘; A15.0 mm
R 300 4 x 20.0 mm
=
& 200 *25.0 mm
©30.0 mm
100

0 100 200 300 400 500
1ERE F1/kPa
17 FEFEEEBEATNIEESERN XA

Fig. 17 Relationship between shear strength and normal stress

under different opening sizes
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