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However, a systematic and in-depth understanding of its mechanical properties, particularly when considering
the effects of rock block morphology, particle breakage, and the coupled influence of rock and water content,
remains insufficient. This study systematically investigates the influence of rock content and water content on
the macro- and micro-mechanical properties of S-RM by integrating large-scale laboratory direct shear tests with
Discrete Element Method (DEM) numerical simulations, while also accounting for rock block morphology and
particle breakage. The results indicate that: (1) As the rock content increases, both the shear strength 7 and the
internal friction angle ¢ increase. The cohesion ¢ first increases and then decreases, peaking at a rock content of
approximately 40%. The particle breakage index BY increases progressively, but at a decelerating rate. (2)
Water content has a significant deteriorating effect on the strength of S-RM. With an increase in water content,
the shear strength r, internal friction angle ¢, and cohesion ¢ all decrease. Under low normal stress, the
inhibitory effect of water content on shear strength 7 is more pronounced. The particle breakage index BY
decreases non-linearly as water content rises. (3) The morphology and orientation of rock blocks govern the
distribution of force chains and the patterns of stress concentration. Particle breakage is prone to occur at the
angular corners of rock blocks where stress is concentrated. This particle breakage is identified as the intrinsic
mechanism responsible for the non-linear behavior of the macro-scale strength of S-RM.

Keywords: soil-rock mixture; discrete element method; direct shear test; rock content; moisture content;

particle breakage
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Table 1 Design specifications for large-scale direct shear

testing
FFs 56 25 5 A/ % RN
1 R1IW1 23.33 5.7
2 R1IW2 23.33 7.7
3 R1IW3 23.33 9.7
4 R2W1 38.33 5.7
5 R2W2 38.33 7.7
6 R2W3 38.33 9.7
7 R3W1 53.33 5.7
8 R3W?2 53.33 7.7
9 R3W3 53.33 9.7
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Fig.3 Gradation curves for specimens with varying rock
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Fig.5 Field measurement plot of rock orientation statistics
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Fig.13 Calibration and validation results for uniaxial

compression simulation parameters
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Table 2 PFC2D uniaxial compression simulation parameter summary
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Fig.15 Calibration and validation results for large-scale

direct shear simulation parameters
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Table 3 PFC2D Large-Scale Direct Shear Simulation Parameter Summary (Pure Soil Specimens)
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Table 4 PFC2D large-scale direct shear simulation parameter summary
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Fig.16 Results of R2ZW2 numerical simulation

W] J2 7 — P RE GE B9 BEHIL > Al A B B SR 5 3) B
bR, B BT S Mbn s & — A2 A st fe 1 it , 3
A S BOR AR 2R WU 1 TR B R AR L DGR AR BT A
A0 B AR SE SE VLA s 4) 1 B R 22, & N R R B BT
B AR By A7 A5 i AE A8 4 T S PR Y 2R G2 M AL
W
4.2 FAEXHYIHERNRE

3 EE 3 AN ] A e R B R A DL Y
I A 2R, o A R A TR SR B D) A A R R



% XX #

NpAE L E LRGN AR ERAN RO ATHRAR 11

&5 PFC2D KRB EFKKAIIRER
Table 5 PFC2D large-scale direct shear simulation

relative error summary
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Fig.17 Variation in shear strength of soil-rock mixtures

with rock content under different moisture contents
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Fig.18 Variation in shear strength parameters of soil-rock

mixtures with rock content under different moisture contents
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Fig.21 Shear test results of R2ZW2

R EL A8 B 5 ), S8 ek 1 U0 1R A3 oK UKL L 5Y 1)
8¢ U TR0 1) T 30 36 B D) 5 32 A IR B 75 22 e IR 3/
e MR &R . BIRLR R /R T 55 Ul 19 & B
2,2 59 ) P& AR 8 2 Bl 2 AT 5 90 07 1] i ARCIR B
A7, 5 1A A [a] TS84T 5 0 B 3 5 AR e A B
BSP-AT T BY D) 7 i B s R B A T 4R
JFH HA) B T BUBE

FE fih i 2 RAFJIURE W] g B A% 356 B A% RN
LR E WA AR . I 21 TR e LUE ) 4
AR A RE P 2 fl 0 4 1 B S AR AL mN
2 A D RO T B AR AL B . X 2L iR ) BE A
AT EEE A R AR 2R R T R A Y A B )
I o FEBY YA BT, 58 ) BE 0 % B W AL X
BB R T R AR R miPea RS R
J7 X B A i R s A B S ERM . Y
Sy 8 B T L T 5 5 ] 9 e F- AR B
ATBF 8 b % P A BT e AT R LT W A fE A
S TR A B RESEAT , R EUR A STY)
[T NPT ) K S| B i i (Y o e R ¥ i
] B A, BT (B R B ) N ) 25 S TE B AT PR g
5 55 A AR 1 422 fuh 504 L B D) A T ) T D)
B A 5 R R JE U R B A Ak 2 R
KA RATEE E A RIS, T BE N
ST AN FE DU R B8 e RE B A AR AR R . By
R I 7 A% 38 1 1 SRR 2R B A N ) A 3 45
Bl 1) A A 0K, 538 5 At B T i g 09 R
B Ak L R, B AF 7R AL T RE BHL A5 ) 6 Y
2L Je , ml o A H R U BN 7 B X
4.5 BRIEEEES T

R 5 1 X6 2K A Y 07 A R v B OBUE R )
—J5 T, FURL AR R 2 85 V) i A b — A B0 B i AR
BRI, T DA 58 B i A R ) 38 K AT A sk . g
— 7 T, B AR R ORI [n) B4 Y 1) R R X
£ AR U [R] F) A7 A5 i, DA T AT BB 2 5 30 1k 1)
N 7T i A 4 2k R AR Ak RN PN R A R AR Y
P AE S B

R 3 57 Y 32 R S cluster fE % A5 101 B A 76 57
Yl R g mewedr b (K 22) . B 22 8ok THETT )
56 RUG B BRI Bl B B LG SR ] DL
B e R R B R A A B U A A 4 X
I, MR K (TR 22) , B T e TR B R
Ry VR R X — R b A P A, R R AR AR N )
AR TP R B AR AL, R N E B
IR B E DL B R OE 20 TR R AR sk B 5 1) e
24, Y P VR s ) B Y OGBS R, RS2 BB )
o 5 N Ak e R A B, 2 AR BRI



% XX #

NpAE L E LRGN AR ERAN RO ATHRAR 15

K — DRI 7RI LA N

(a) R2W 2 BT Y1 52 Wi &

0 i e B {4 OTOIHTR

\‘@'Y//&)‘ | “ ¢:./]‘“‘:/ )
W o

(b) P e st I
22 R2W2EIYIHAR4E R
Fig.22 Shear failure results of R2ZW2

DN T S G AT R AR A, SR B A K BY
KEACI T (1 23) o AR — ik 10 B S K B
TRBCE R BB S A R BT X
TR N A A Y 0 T R A R R R v R e
KL B R R, BURE (8] B 32 fih 5 22, A 5T U0 5
XS BB A S At M AR PR AR B I
STL AT I, DTS B o A B AR R

Hi P& 23(a) ~(c) AT LA Y 76 3 K R AR AR
0 2% AF T, JURE 594 8 A4 i 80 A 5 0 0% A 2
B RERE KBS L ARG R SRR
AP H R T BRI R BEE S A,
B Ay Ok 22 18] B4 e fioh (4 AE S R IR 4R T R R T 1%
1B ZI TR AT 200 0 B o IS EOR N ) 7 AR OULE T
B b T RO A7 B ik L TR RO S 24 R g K
S 1 Jm 78 v L A3, 220N e e A SURE B 5 R
BRI 2= 5] kb A RO 4 ORI 28 o T I i A

A TR A BORL B 2R A e BAE R . A Y D)o
P, O v I 5 A B, OR8] 0 00 A D
S I sh MR BT I o X R e R AR s
SR T A BORL 1] 59 AR AR AT BT
O B TR A [ I L Al R R R S o 2 (A A A
BERARL MR R, RN & A AR
DI IE SR S W R TR A L R AR BT RN
[ eh O NG LR O O s b IR o e
IS, R A0 148 45 R A 3 R BT b o X — B4R
TR BB AR B4 39 1 R IR AR B S A SR Y
TEH— G AR X EA B W E )5 8 T 8%, XN
A & A R E, A RS R N R ) R 3
GEM KR T MR E S B R E SR

i & 23(d)~ (D) "] LU G, 765 0 B R A E
(25T TR B4 B R i 80 3 5 7K SR A 3 2 B
T B T R K o A BUREL H fih THT BRSO 2%
T B — J2= 9 B0 K S 2 R AR AR W) ) T Bl B
B BN AE IR 0K 25 B il i A LT RS
MR K TE AT o [R) I T8 5 A P A5 0K A5 32
77 5 RE f% 5 e A%t R AT A0 I B AN HE S, U AL
—ANTERRRE I T o3 A B 2 4 2 e ok 38 TR R H Ay
B X ALAY BE B FE IS I ) HE A 7 5, e A
T )RR 5 e e v, BT A T PR g 4 T R B
F1og UL T B 140 & A o OB, T e i 50 i 5 K 5 110 4
TN £ BRAR P R AR (e 34

25 A I TR UL 56 B Y AB0RE T 4 A i T AR
AR AT REAY LN 2 — 2 e 3T UK e ), S it
Fr i o3 o Bt K O A9 35 KRR 2E AT B AT
S, X A i v AT RE X — S 58 I AR B A T L
LT 0 ORI AN ] s B Y B RE

5 #ig

N R A s AR AR (SRMD) B 85 471 ) 27
Ph, RGUIT R T % I8 B4 IR 5 0K B I 1Y %8 K
UENERULREVE S SR R IER A E VR0 D Bt U
T 57 VR 2L 45 A T8 A R ORE B8 e LA B 25
B, TRAE T X S 2% 25 AR A R A e 5 DDA IR BB
UR/NARS

DR T — R 4% W] I 25 1 By 092 B
T 25 15 T0URE T R A0 A B T AR Y il o R T
L 5 0 5 2R 0 20 O LU B IR A UL 4 R SR ] A
RUAE 52 B A A TR 5 Rk 25 0 g 2 Wi o A 8 WL A IR i
T2 75 T A B PR AN DI B, O e R A R T 2 AT
et ToRA IR B E T A

2) T AW L AR SR ST R E
PRUER, D00 56 B2 15 PR JBE 488 0 B & A i = 4



16 T ARE Fx ¥ TREFIROP E L) % XX A&
18 14
[_]200kPasz pik%: = B= 200kPaXifi Kl [_J200kPazzpyika: = B- 200kPaBii{t it
16 - [ 400kPaz 4ik3: = @= 400kPaX{fiifiiill [ 400kPazz ik = @= 400kPaXi({H f5ift)
[_J600kPazpyikle = A~ 600kPaXiftifititl 121 [ JeookPazzpyitde - A~ 600kPatfifiifil
14 | [EEEl800KPaz yikse - \7- B0OKPaXLfiifill [ 800kPazZ ke = N7- 800KPa¥ifi il
Iz Iz
i) o)
= =
e z
= =
23.33 38.33 53.33
THE (%) TAHE (%)
(a) HKZES.7% T R4S %L (b) F/KZ7.7% N W 46 4L
12 12
[J200kPaz pyikle - - 200kPa¥ifii Bl 11 B [J200kPasz: pyit% = B~ 200kPati{E M
[ 400kPaz: ikl = @= 400kPaXifi il L [ 400kPas: Pyikls = @= 400kPaXifiT il
10 b [_]600kPaz ikl - A- 600kPaXifiiisiiil 10 [_]600kPaz ikt - A- 600kPati{ti i
[ 800kPazZ ikl = \7= B0OKPaXif il b [ 800kPaz: ik - N7~ 800kPafi{E kil
9
g g
Iz =z 7
fis) o)
= & 6
3z £
£ £
= B o4
3
2
1
0
5.7 7.7 9.7
EAE (%) BIKE (%)
(¢) TIKZE9.7% T HyBEivTE %L (d) &4 23.33% T AW w48 4L
14 18
13 - [_J200kPaz:pyiks: = W= 200kPa¥iCfs fhidt) I [_J200kPaz:pyik: = W= 200kPatiCf fhidt)
[ 400kPas 4ik%: - @- 400kPaXifH il 16 | [ 400kPazz ik = @~ 400kPatiC{t fhifL)
12 [_J600kPazpyitds - A~ 600kPaXifiifiii I [_J600kPazpyiti = A= 600kPaXfii ik
11 [ 800kPaz: Pyikle = \7- 800KPa$ifif il 14 L [ 800kPaz: Py it = 7= B0OKPa¥{H i,
10 I
S S
w8 =
® 7 By
il =
g ®
= =
4
3
2
1
0

77
BIKE (%)
(e) ¥ & 38.33% T MM +8 %L
23 WHRIEHHMAEAEMEKETULERE

Variation of breakage index with rock content and moisture content

Fig.23

9.7

75, T 6 2R 0 D) 5y ) e 3 s i L TR
A 4000 ZEA IR B . (2T A AR T 4000

I 5 BE R I T 5 T 4000 i, BB AR A

BrKE (%)
() &A1 53.33% T BB A48 %L

2y

AR TN 8 NI e SR e S I NI DR R AN e RS



% XX X BALF R DY SR BAARA N LD RSA AT R 17
e . (3] 4Mm8, JR2E 5, Do, 55 . HEFRJZ - AL B fl 1o v 38 1 0
3) A K B A TR AR R AR I 2 Ak JRCHLER: AR U Jii 8 35 0 [T, 35 AROR 27 4l (Hb BR L2
HUHE B0 SR DA EE A R ) R K R i), 2017, 470) 14711479,
ibﬂm%ﬁ% ,%ﬁ*ﬁ@iﬁi?gﬁ%ﬁﬂ(%%ijJI][Tﬁ'ajziJnL LI P, SUS R, MA C, et al. Formation mechanism of
9 N P landslides  with accumulation layer-bedrock contact
jiiggg?;ﬁii%zfﬁggﬂjzféiifj;;j;ﬁi surface: Taking Zushimiao landslide as an example [J].
° ¥ ’ Journal of Jilin University (Earth Science Edition),
AR G R BT Y 9 R 32 RO T 0RE 8] 1Y 2 2R 2017 47(5): 1471-1479. (in Chinese)
I3 EE T VA BBURL ] B e A AR KRR IIRY (47 LIANG S H, XIAO X L, FENG D L. Study on large-
HIl 55V A oA 25 A5 e g il . scale direct shear test on soil-rock mixture in an

4) B 55 DI 07 2% /A FE d R T BT U0 1 ke immersion state under water [J]. International Journal of
W T He 1m0 25 5 05 A S0RE i e S 9 Ak Geomechanics, 2023, 23(2): 04022294
T 74 Y I 7 A R R B A A A X [5] ZHANG Z L., XU W J, XIA W, et al. Large-scale in
WEoE 25 B F2 0], 5 T 25 02 12 ) I 0 Tl 3 % 7 1 2 situ test for mechanical characterization of soil-rock

o w s Lo e S e . mixture used in an embankment dam [J]. International
Ezigsg;g&% i T?’fﬁﬁ@%?ﬂ EP*)EH W%Eﬁ/ Journal of Rock Mechanics and Mining Sciences, 2016,

86: 317-322.
6 MnEE (6 20, BEBOH  BFALDT, 5 . 704 R T A5 0 T
kg s ). & A J1 28 5 TR A4k, 2007, 26(12):

ARICEIRBAG T — LA 45 19 4518, (B A7 1E— 2377-2384.

PR B FIE ISR AWESE 1Y J5 1 - LIX, LIAO QL, HE J M, et al. Study on in situ tests

1) ZYes W ARSI T e B R T A oY, R of mechanical characteristics on soil-rock aggregate [J].
S ] R R R B9 4R T A R R Y S 4E B BT Chinese Journal of Rock Mechanics and Engineering,
R T L S A 4L 2 e A 2007, 26(12): 2377-2384. (in Chinese)

2V KA A R I o s D BT AR T R R

. ) . ‘ PR R[], A £ 12, 2018, 39(1): 93-102.
A A RO BT 5| AT T8RS sl R A O g 3 TANG J Y, XU D S, LIU H B. Effect of gravel
*ﬁﬁl} ,Eiﬂ?/\ﬂﬁ%frmﬁiﬁﬁéﬂﬁiﬁiﬂE’M’E content on shear behavior of sand-gravel mixture [J].
B, fI:jT: Ij_:"IJ 2 % L& TR A IR AT AL Fﬁ 7J( J& T Rock and Soil Mechanics, 2018, 39(1): 93-102. (in
BN o Chinese)

3) 3N 1 S far 4 S BR TR T ARG RE [8] Xgroe, ¥ s, EMS, 5 BT KRB H i3 iy 1
KR ACEEs e E R, i & TR A PR OB B R AR A 52 (0], 5 + TR 24, 2017, 39
R85 708 T o B e S oA R T 5 e T 7 1 (8): 1425-1434.

D)V 5 R PR - 7T 3E— 2 R Ze WF 9% o 55 1 LIU X R, TUY L, WANG P, et al. Particle breakage
5 T 95 BB R R AR S S - 17 IR Ry R R R of soil-rock aggregate based on large-scale direct shear

N . tests [J]. Chinese Journal of Geotechnical Engineering,
Rl ek 2017, 39(8): 1425-1434. (in Chinese)
[9] Rbig, a0, Bl ay, & . bR a et sy oI gL Kt
& 3Tk 3 S BRI FE L], 4 b TR, 2019, 4108 T
(1] AR3Cs, WIE bR . L iR 5 R 23 26 i T, K 2): 230-234.

SCHB B T AR BT, 2009, 36(4): 50-56, 70. WU S F, CAI H, WEI Y Q, et al. Study on shear

XU W J, HU R L. Conception, classification and signifi- mechanism and shear strength component characteristics

cations of soil-rock mixture [J]. Hydrogeology &. Engi- of earth-rock mixture [J]. Chinese Journal of Geotechni-

neering Geology, 2009, 36(4): 50-56, 70. (in Chinese) cal Engineering, 2019, 41(Sup 2): 230-234.

(2] PR, ¥ S0, MR SE, &5 . 7 iR & W 3098 A K [10] ¥ Lo, X, AEH B, S & Ak FUBURL B X 1

SR AR PEE S R R [T]. #0725 A 5 AR AR 4, 2016, 12
(4): 1135-1144.

ZHONG Z L, TU Y L, HE X Y, et al. Research
progress on physical index and strength characteristics of
bimsoils [J]. Chinese Journal of Underground Space and
Engineering, 2016, 12(4): 1135-1144. (in Chinese)

AR A RHE R RS2 I AT ST [T]. A 01 %, 2020, 41(12):
3919-3928.

TU Y L, LIU X R, REN Q Y, et al. Effects of rock
contents and particle breakage on strength characteristics
of soil-rock aggregate [J]. Rock and Soil Mechanics,
2020, 41(12): 3919-3928. (in Chinese)



18

T KRE5x3 £ FROPE

% XX A

[11]

[14]

[16]

TS, BT, e, A IR R T DR
B m W AR AR [J]. A £ %, 2018, 39(3): 899-
908, 916.

LEI X D, YANG Z P, ZHANG X J, et al. Shear
properties and rock block breakage characteristics of soil-
rock mixtures [J]. Rock and Soil Mechanics, 2018, 39
(3): 899-908, 916. (in Chinese)

LIS Q, YANG Z P, TIAN X, et al. Influencing factors
of scale effects in large-scale direct shear tests of soil-
rock mixtures based on particle breakage [J]. Transporta-
tion Geotechnics, 2021, 31: 100677.

AN N, WANG G Q, WANG D, et al. DEM parameter
calibration based on multi-objective Bayesian optimiza-
tion and prior physical information [J]. Acta Geotechni-
ca, 2025, 20(3): 1379-1401.

-, mRS, B, % & A X R A AR
i P 2 W) Y AB0RE B HICOC B W S ] TR M B A
2017, 25(4): 1035-1045.

YANG Z P, LEI X D, WANG L, et al. Impact of
stone content to shear properties of soil-rock mixture us-
ing particle flow code simulation [J]. Journal of Engineer-
ing Geology, 2017, 25(4): 1035-1045. (in Chinese)

Wy O, W, WRESE, % AR AR BT YRR
IR 2 08 BoOT BE AT FE )] TR 3 B2 4R, 2020, 28
(1): 39-50.

YANG Z P, TIAN X, LEI X D, et al. Particle discrete
element numerical study on factors of shear strength char-
acteristics for soil-rock mixture [J]. Journal of Engineer-
ing Geology, 2020, 28(1): 39-50. (in Chinese)

B, ARk, IRSC, LSRN ARG K-S
U YO g AR s 0], A £ AR, 2021, 43
(8): 1443-1452.

YANG Z P, L1J, JIANG Y W, et al. Influences of
stone content on shear mechanical properties of soil-rock
[J].
Geotechnical Engineering, 2021, 43(8): 1443-1452. (in
Chinese)

M, D, BA, &R FPRCT AR AR
By U1 BERUE AU Br (7], 5 = TR 24, 2020, 4204
il 2): 123-128.

XIAOJZ, MAY Y, ZHOU J, et al. Numerical simula-

mixture-bedrock interface Chinese Journal of

tion analysis of shear strength of earth-rock mixture
based on PFC? [J]. Chinese Journal of Geotechnical En-
gineering, 2020, 42(Sup 2): 123-128.

SRR, VEANK, B, A ORI E U A
1R M2 T8 IR DL URL i B 4D BT 5 (V). A & TR 2
i, 2018, 40(11): 2051-2060.

ZHANG Q, WANG X G, ZHAO Y F, et al. Particle
flow modelling of deformation and failure mechanism of
soil-rock mixture under different loading modes of

confining pressure [J]. Chinese Journal of Geotechnical

[19]

[20]

(21]

(22]

[23]

[24]

(26]

Engineering, 2018, 40(11): 2051-2060. (in Chinese)
WA, ER BT EEIATE S A RS WA 7
S EUE B KRR ). A e 5 LR,
2016, 35(10): 2152-2160.

XU W J, WANG S. Meso-mechanics of soil-rock
mixture with real shape of rock blocks based on 3D
numerical direct shear test [J]. Chinese Journal of Rock
Mechanics and Engineering, 2016, 35(10): 2152-2160.
(in Chinese)

S fh, W . IR A AR AN R A AR T IR
BT 1) = 4 B BOTRT LT ] B % 5 TR,
2018, 37(6): 1540-1550.

JIN L, ZENG Y W. Refined simulation for macro- and
meso-mechanical properties and failure mechanism of
soil-rock mixture by 3D DEM [J]. Chinese Journal of
Rock Mechanics and Engineering, 2018, 37(6): 1540-
1550. (in Chinese)

SRR, TEANNL, BT, ST EFE MmN A
TR TR K2 = Al B WOC BB 5E [T]. A 1 TR 2
2. 2019, 41(8): 1545-1554.

ZHANG Q, WANG X G, ZHAO Y F, et al. Discrete
element simulation of large-scale triaxial tests on soil-
rock mixtures based on flexible loading of confining pres-
sure [J]. Chinese Journal of Geotechnical Engineering,
2019, 41(8): 1545-1554. (in Chinese)

+ T8 7 AR - GB/T 50123—2019 [S]. dt s o
[ 3R R Rk, 2019,

Standard for geotechnical testing method: GB/T 50123
—2019 [S]. Beijing: China Planning Press, 2019. (in
Chinese)

XIAO Y, WANG C G, WU H R, et al. New simple
breakage index for crushable granular soils [J]. Interna-
tional Journal of Geomechanics, 2021, 21(8): 04021136.
KL, BEME, 8K SO ES AR LARE
WA R E AT R SRR U] TR AR5 AR, 2022, 29
(6): 43-47.

ZHANG X J, JI S T, DAI W J. Summarization on
shear strength of soil-rock mixture with rock content and
water content [J]. Guangdong Architecture Civil Engi-
neering, 2022, 29(6): 43-47. (in Chinese)

X e, BER, MW, 55 3 ACRX PR B
ok 59 U e 5 i 8 B 5 (0. b LS 2 4R L 2020, 33
(9): 126-135.

LIUL Q, MAO X S, XIAO Y J, et al. Effect of water
content on shear characteristics of landslide deposit sub-
grade fillers [J]. China Journal of Highway and Trans-
port, 2020, 33(9): 126-135. (in Chinese)

BEWLAR , 6%, ZE00AR . B KRR R A R ) S R
R P F[T]. TR A, 2015, 23(1): 21-29.
XUE Y D, YUE L, LT S B. Experimental study on

mechanical properties of soilrock mixture containing



% XX # )RR ARG B E T ERARY LGRS A TR 19

water [J]. Journal of Engineering Geology, 2015, 23(1):

21-29. (in Chinese)

(27]) XUHr o, i Lo, B, 4 iR A A 95 O] i 4y
T R AE B3R BE 7 AR HLWII). A e S TR A,

2017, 36(9): 2260-2274.
LIU X R, TU Y L,

WANG L F, et al. Fractal

characteristics of shear failure surface and mechanism of
strength generation of soil-rock aggregate [J]. Chinese
Journal of Rock Mechanics and Engineering, 2017, 36
(9): 2260-2274. (in Chinese)

(/3 XXX)



