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Research status and development trend of soil-rock mixture//XU Wenjie, ZHANG Haiyang ( State Key Laboratory of
Hydroscience and Hydraulic Engineering, Tsinghua University, Betjing 10084 , China)

Abstract: Based on research data on soil-rock mixtures at home and abroad, the research status of soil-rock mixtures was
analyzed in terms of meso-structure properties, shear strength properties , macro-elastic parameters, permeation properties,
the relationship between meso-structure properties and shear strength properties, and the numerical tests of meso-mechanics
of soil-rock mixtures. The deficiency of studies of physical and mechanical properties of soil-rock mixtures were summarized
and its development trend was also analyzed on the basis of the research status of soil-rock mixtures. An interdisciplinary
technology integrating geology, geometry, computational science, image processing technology, and morphology was used to
three dimensions reconstruct and to randomly generate the meso-structure of the soil-rock mixture. The numerical structural
model and new laboratory equipment applicable to the complex geotechnical media should be developed. The macroscopic
deformation and failure mechanisms of soil-rock mixture should be studied in-depth at meso-structure level and the trend of
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development should move toward the establishment of a structural constitutive model.

Key words: soil-rock mixture (S-RM) ; rock and soil mechanics; shear strength; meso-structure; review

Fe B S — A TSR A O B A I 1 5K, R
FAERIE A K T AR 2 AN S 4, i 8
W Ve AR AR AR MU TR SRS T A Y
T O AR BRBUZ UK AR S
AN ORI e B ) iz oA, S — e AR
[F] , ¥ I et R 1) = W) 5O 5 B TR
Yy, Horh B APRIAREOR , WO LR BV EORANSE A 1
FEEMIEHCTR, BT SE o B e
Bt 1 sy mE Ve O 25 B, AR AL L T
VR SRR B — ) L R ECE R () A
AR R 22 5 (L) o KO T oAt — e A

LI

0 20 40 60cm
1 THESGHTARTER
Medley 20 H Ay 44 M Bimsoil (' block in matrix

AT H . HE ARRF IS T ERF RS (51109117) R B ERIFT R (20111081125 ) ; 15 5 F B 16 5 Hb 5t 6 55 45 57 [ 5 T 5

SEHGE T 34 (SKLGP2011K015 , GZ2007-10)

FEB A ARCAR (1978 —) L35 IAR H B S0, {1, 28 A ok & B TR AERTSE . E -mail ; wenjiexu@ tsinghua. edu. cn

- 80 - KA K A B ,2013,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



soil) , 7E B IR AR5 P R Z o0 < H AR AR
(‘soil-rock mixtures,S-RM)

T AR A EAMBAE R —Fhew UL B A AE T
HARF b L T B A R i B ) 2 B T
PAER—Fhs + TR Z 0 T2 TR R
Hr, MR AR A AR B e 4 TRk S
JRd 53 FAEAEW S ) 22 0], HLP TR ) 2k T
PRBRER” (B ) s (R Ak WA i Y 22 55
PE, X2 SR A IR A RTEY By 2 2
IR B AN 127 Jo P o A i 1) A 2k MR, R L)
BTy 25 1 5T B A8 T B IR R AIE AN BB T 4 R A
(“7) B AR, T HAEAR KRR B A Bk
TP By & g S A 40 A B3 DR 2H A
HMEEFRAAE, PRIUL, Bk Bk, + ARG A R4E
SEPUZE LIRIE ), B — o TR R SR
AT AR AR K FLBRAS B HBAA —E & A =
Wi A4 4] (inhomogeneous ) AR A E AR AL,

ARG MR E 2 R RIBS T TR
Fe WK RS R S I A =i o
YR SR ALIR o [ T HA 3 7 27 o e
GRVERNSZ R | B T S B MR A8 4+
J12EBe R ZME DL AR A IR B AR 1547 0 FE
PE AGGE R AR By P T i o Pk K

R TRV P A A B B S e
DAHAF A 5 T4 28 T AR ik, [ N A AR 222 3 38 U
FFJe T — RN TAE, ARSCHEBE5E AR
ARG SCRR LA b X H R A TR A R ST B
RBAFTEIA R Z AL AT T 5381, X Rk 1 & S it
AT T

1 THEAKEREEETR

[ AR Z 2738 AN #f BE T A TR S RN
FRHCA I 4> A AT T RRSE, LA R Medley ! 3 F
RS 5 e th T — R R T LA O i s e 1y
LR SRAL T LB & A BB s IR TR kR
B & A B 5 S PR 2 ) A 1R 22, A R 22 L
T HAIEAR & A Jea R 5 a] i 5E RE R
ANEERIER A I R AR BRI 8 e = 2 D 1 1]
TGRS H S bR & A s AT
Ab B IEXT Francisca #1IX 4340 B9 X FR & A RN
A o A i B R O A SR R R G E
5%, Medley"* TA Ry P 38 B A7 7 B 3 A LA BL A 114
FABUEE , JF 48 T L 1A B % T 0. 05Lc
(Le MRAAE TARRUE) o RSORS00 3 i
3 BB A R AT 7 3 B VR A AR L
JEA R BT B - G P R B2 2H B B A B R 1 03 B

SYUERFAE , IR AR 5 < DRI A 0 RE BE 43 A A5 (RD
{E) 4 0. 05 ~0. 07 Le s INFPHCAFEIE A (25 (8] 40 A
SO L &E R R AE S P WA B AL, Coli
SN G Pl A A KR IR AR AR
BV U 18D 5 K PG A R PR R H A B A N 2 (] 4y
S T AR A SR E S S R AIE s
HZS B R M E R S BRI G R

AT JE 1, M S A () T Ml SR AR A 5 L P
TRIRERE 40 A VI SE R | Casagli % 255 R
PRIZ I 7 CRELRE ) + 0743 ( 4k ) 45 b 3
3 b7 X b R KR WS G Y 42 A HE ZE A
() A TR A R PR R AR 2 R AT T R 5T,
F 3 P 3R AR () B (AR B A3 A ok — 3, I BRI
JEE 43 A7 S B G (8 U RRAE

R 4z AH 8] 1 HL A B B 2RSS M 1) AR A
)2, — HZ RIS I I ETE, Harrs %7 1
XK Yukon DX Bz LU B 19 33k 200k + A TR A
PRAIFFT B LR TA Sk T 3t X A HE R &5 4y L AT 1A
W AARRIPE 33X 5 A0 A A AR A 5 R i R PR T
XK, Hea I R/NS A A HETE G AR AR R I
T A TR

i 2 Hb 2R P B PR B2 AR (R W R, i b Bk
Yy BRERINF AR E T G TR A A 3 PR b+ S
LG AR 5T S T B AYRIR . Sass -y
TR 75 3 R 0 7 AR Ko B el R ] SR B 30 1 X 4 A Y
23 SRR R R 1 A TR AR 0 30 PR 45 R AR A
Yom A R I URAEIEAT T 204, 3R B R
2 ELA B 2 I, LR B T LA T Y
% W EEESE

2 TREAEANFFHERR

2.1 THEBAERIEESFIE

TR A AR P 1 A s L A R 1 AR T
MR &R | D5 M o FL 7 L ) 2R g, X4 & A i
I I — Il AL A TR A R Y e Wi SR K Bt
Ay s GRG0, 0 By 5 AR 2 8] () 42 fk
R AR A AR B 55 R A

WA 1 ZAE TG KA IR AT 5 B9 L6 | A
SRR A7 BT IR 1 RSP 1T, A R R
O R THT Y PN EEAEE 7, BT B DT kR BEL Y 5
I A E A EE R AR B T (AR R A 58 B R
FESR T, BRPE T A 22 H ORDRE - 58 B AR
WFFE A FERE 1, 5 HHDRE - 55059 50 B 2 il 4Rl A
B 5 I RDRL G 3 B L A Y o F8 AR
30% S 70% (it o4k, T [a]) A2 ARE A i A 4 i
S5 TSR 10% J2: S MR ARb v Jo o LR £ T A5 4

KA K A B ,2013,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn - 81 -



TESZ e B RFAE A

Miller 450710 5 ot Xof 28 - FUHLAD BT A4) B AG TR &
P =B A g0 R0 TORLUBURL & X 20U R SR
1 R NS B s e, W SRR S = N E 50% ~
70% HSF oA JEE F52 £ K T3 A0 170 265 3R 3 D) ot 2 KA
ErELI G T AR, Patwardhan 5517 58 3o %55 0
ARG R R B SIS T A O 5
SR EE YRR, 6 WY B s BT (<40% ) $i 8 5
JE B 25 A 1 15 I 2 G0 1 i A T >
AL 40% B HAT 5T 58 FEK 2ORI3E N, Shakoor
S0V o X WA 8 B R R T B R 00 R W b
A 1 T ) B BT o R R S BRI
Savely ! 3 i KIUBLIABBETE T OWHRA 7 T % 5
T 5 58 B2 A 520, TA R 23 R R Y 2 2R 01 5 DR
AR TG, HAE I o045 T B SRR G 5 7 5 T
PAEE 452 £ U) B A 5 o A 1S OI0IT HE m, H K
225 1 N = R I AT T 2 A% 1 [ 1 TR e
R R AW T 2517 TR 22 H AR R R
JIB A He AR B 0 1S I AEG P R A A U 2
T

Lindquist %> R AK I + 5 VE A TR
PUrAE R B B — e 1 B i B 1) M R
AT =H By YR BT 5%, IR X 55 4 o N B
AL G b 125 1o S X L 2 Ui J3E S A8 T AR ik 1Y
SN Fragaszy 25272 0 53 FE 8 SR B HF 58N 0
FRBURLIE N T WA A FL B L, 2 17 52 e A X 4%
JE , ELIRAT 4 B B2 2 A AR B R A8 TR A X 285 B 1Y)
PRES 5 38 2 A 9B AR URE 1 /N IR 5 SOk
JEE 53 AT A 0 W A0 5 D TR G W B BY 5iR BE R AR 1 52
M), 22 T A A AR 1 5 i A2 5 Wi LT B 5 B R AIE 1Y)
FEME, Kim %7 AEX 1996—1997 45 & AL TE
FIHEJE N Francisca Hb X 1Y 1= A1 1R A R 15 3% 32 Ik
O O TR R 2 S~ S s Vi s B
TP X S 5 5 AR Ty 27 9 2 800 S iy
o Vallejo 552 W5 00T T AR AR E
A NPT B 5 BE A fL B EE 19 52 T, Bagherzadeh-
Khalkhali % R FECE A= 4 BB E BT T A
[F] RLUJRE RN IE 1l 22 Ak B 7 125 BHLRE 4= ) 27 4 AE
AR ORE RS WKL 40 5 5 B A B 2252 ), B
SO ST B3 R PR JEE 4 £ I RORE 1Y B I I G 1
TR FRUBEB4 fin ol 459 2 B 2B 10/, Dondi 257 R
FH =I5 0 1R 6 W vh i B AR b A 1 AN
FRSF 53 A X SE SR ) R AGE 1 52 i DA kg JBORE e £ 1P 38
I Bl 1 Uk () B 4 M £

FEARM AR B TR BT ) A AE S A
TR AT PN 470 B 5 3 R T 1R FBR 25 40 07 1) e B9 i

J¥ . Springman %57 i Bl A TR WK B
H RIS = N KA =R X Gruben ( B i) FEyK
IKHERUARTEAT TR, 80 T 3 28 HE FRUAAE B 7 4%
PEFRFRALEE, i TR AR R 5T 3 46 F
WA LR BTEY IR S A i S OK R SR R C R AT
THEIE, SKICA AT 3 xR A TR A+ PO
i B2 1) 3 = Al e WY, 3 I AR R BE X HE Bl i
A BB, HLBEA & K R R84 bk 1L 5 B
W RRAIG . 2R AR A5 3 TR XK ik 5 1k +
ARG SRR R 2 S TR & A T
PUOT9R B SR 5 K R AR S A A 50, TR R AR
SN ORI (1 7 5 HE 31 A [/ xR +
fR ) S Ve AT T2 R, O HLA OV 22 TR REURR 3 e
SRR - 10 2R ) R0, 9o 7 A 5 0 SR T B SR K S
BRI =00k P DX 43 A 1) A R A AT TR
W5, HEAM, 2R AR SR AR A IR B R
IEFRIEAAE R AR SR N EESE A

RSCARE W T K F AR A R B Ah K
P BTIR M RUEE 1 8 36 1 O i, 7E R i IR
B LA 1O R IKE T K A E DR P AR 4 s 20
3 G A LR 5 ) A AT T A JEE 458 £ g S 1 R
B T ARG R P S 5 B AR AR R AR B T
HNER S A BRI, BE A 5 A0 S A0 14 I 9 EE 45 4
S RIS IFTEE A 30% ~T0% I 5B
AR PSR FA T 2 2R ) Bt 5 A 1) 8 52 3
AR Yo e — E R AR N T EE TN
FRARLZE 43 s D PR er 280 PE FH T 1l T 5 D07 B 30 1 B
A Tiel e 1 RS 3 R A R A B B B R
i AR
2.2 THREAEGBEMXE

TR BRI T — B2 2o
FERCEAT TR, [l N AMIFIE A AR T 2R AR
PR (EE AT X AT IR S R A A F BB AT 5 B
ARSI T A IR A A R A K A R A 2 -
ROV vY i B il v £ 0 = 1 Y 7 2 A RV
FECA) Z ARG X -5 BB (06 E-v A
TN E-B KA ) (K-G RERS A 1584 4y 0L G T A 2
SEARR MR PSR B HERERY  h TR - TR R
HATZHU> Wy BE SOV 25 5 HESK O RE RS S
FEL MR AR ST A o 30U TR 53 b B T ey
Iz JEPIXB - SRR AE AN BE S e - i BT K14 K
PCRFE A5 T S SO ) 0 TS B A8 2 7
SR TR 22 | [ N AMIFSE & X I
RIR 5 TR T T A A
2.3 THEAMEEVEYES BT

U 3 5 A AR A W35 A A A S BCHARH I )
T AT IR 2 — VORI R 1Y

- 82 - KA K A B ,2013,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



AL, 1910 4F Voigt K 52 & B4 RHA D — 4 I 1K 3
PRI T AR W AR R Y 1 BR R IA A
[, 1929 4 Reuss K¢ &5 MOBHIR Ry — 41 HREK L3
P& TR AR MR R R TR R ERIA

Hashin 21" SR AR 73 JEOMUfE S 1T 004
] [l HERURL ISR B2 AR ) 20U S50, B H-S
R, HIl R AE A AR AT — LA i 52 IR
DUAT USRI BN TR BT A SR B 52 TR BT A% &
HUREAH EAEI BRI T S T 2 SR
PR 2800, HIV Self-consistent scheme 325

HI T 525 WPRHI 50 3 2 AR AT L3RS S N
&5 (1) iR 8L, Mclaughlin'™ AR 38 4% 1] 5 v 61 R
A OCERIS S LD T A ORI 5 2 5 B4 i) 2 W 3
PR 220 T AR, HKER A Sl i X R
KA RATIRA A R AR = ) =l i 45 R b
FEH . B2 Fe A 0 R R 2 O L A (B A T H-
SHIZLFFRIE S Reuss S BEAR 2 2Z 18] 5 38 1 = 4l
B ARG 75 LSS B U] — B4 T Melaughlin 2553
X5 H-S BT BRAEZ )5 AL LE DL Reuss £ K
BT RAE B A5G o Hashin'™ AR 48 900 0k 1) fi
INSRE K fe/ AR BE BB AR T AR A WM RURL 1 52
AR S HOT AKX, h TR S AR+
(clay-rock mixtures ) [ 3 P 2§, Vallejo 257 4
Hashin A 318 R W T3-S 10 F0 2 e q 0 i
PESHGRIL, Il K = W ge i e g it o
Mr2 AR Hashin 75 AT LA R o i b 3R BB e fy
LA SR

AN [ NN Be22 35 R 7 T ORI SR AE |
% ARy AR X A TR A A B A
(520, Kokusho 55 AN ZE AR T WA RHE
SEIEJIT  TOURL [B] 4 fioh 25075 2 WA | S J i ) R
a3, AT b Y IR i K T 0 Aok}, B A
AR [) 8 B T Bt 1 HPRDREAR 28 /N) 4 B DDA it
A TGS

3 THREAEESEFHIERAR

BB RS £ TRB R h AR HE AT
B ARFR RN A A R — N S
B, Sam LN R MR E AR
BERBERIEN EERE, WA BT ARG
() e BE AR B i BB B e 1 2, FE K AR
ST AR Mo B EWIR . X e
BB E TERRIE R E BN, H 25 TR i Al
W R B2, 4025 E Teton WA HR 2R Fontenelle 1)
BB, ARG RIS B E M ) B B
T HRAEBBREN 57— A HEFE br, 8% R
TR ISR BT A8 i Foe M 2 B 1 4T

3.1 THRBRAEKHESERY

X TORURL 4 28 R AECRFE AT, P4 J7 [ 54k
TAR ey, T E R A A Rt fERT A TR
S AT A L 5 PR O 4 DR i P
CRAR KT 5 mm OB BT i 53 400) <30% I, HLURE
FERURE A v BRI 78R T, MR 2805 R 32
TR 5T 1535 2R ARG 5 A i ks A
/N B TRART S IRV E T 2 Py >75% M HURLTE
RERE A v BB 280 F, H T 200k 49 o B S8 A 0l iy
ZRIA] LB, (A58 05 AR B AR B I, eI HDRE 4= 1Y
Bif Z S TRURME BT B T AR S FE AT
HINTUER

Bolton' ™! @ 1t %t &6 + SR &9 (clay/sand
mixture ) BEVERE R R %A E R B
BB S A ROV A O, 101 HA AR [ 45407
KA T 52 75 b L (LB AR R 77 ) 38
KM RA K, Borgesson %5 V5T T H T3 T %
SRt P B S5 AR AW, W T
BEIBE A S50 IR B A 53 R A& BB Y I K )
LB R R A

JE 4O SR 2 PN IR SR A T R W, B
B3 RBOEOR, FLB LB E 7 R A
RIS B 3 B8 3 RN IR T AR A
BIERES =B RFAR, FEBE R
BIRGETH I ik XA B B R HEAT T B it
9%, e WIREE A B & ALY RL Bk Sk 4k
)& B A 1 B3 RECE Wi B3 A T
BF ZRE A R PR A N £ AR TR AL
FUAERE A B+ /T 0.1 mm REAR 4R+ & 5 1
W EARFEBORA AT, B R A O R N E
I e PR DXt e T 39 DX A ) A TR A AR AR RN
B R AT 7RG IR AT a5 A X by
T RSB BRI A R R e S s

TR SR X R TR B A e S TR B 2 B
ARIPATE S AR G A& HEEUE IR A R
B, £ ARG R Z WS 3 R BT Maxwell-
Eucken BUBF L1 ko e, 500 BRI BLRL 3
%:ﬁ kS—RM(EMT) ZI‘ETJ ’ EI]

kCy + kyCy %
ko = ks ruomp) = 3]; - (1)
Cs + Cy m
kg = ks qucenn) (2)

Kbk, by, o0 EAIR G R MBE R T
FRAE ;& C iR A 115 8 R BUAR B 4L,
TR S-RM S R 435t E AR A, < £k K&
A" kg e 1T B R RRAS

KA K A B ,2013,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn - 83 -



ko-k k. — ki
C sThsrM(eMT) C R S-RM(EMT) _ 0(3)
: ks + ZkS-RM(EMT) ! kR + 2kS-RM(EMT)

3.2 THRESERSEREL

N TR I A B S B e YRR AR,
IR Z2 2385 705 A R K BRI e ) 5 0 7 T
AT TR B AT SRR A K
WS SO0 RAEENNCR, Y08 KT
70% AR - 1) 7 3 B PR35 I 8 25 i s, JHEi8
PR EE B, REMEESYOR L1
IR et 55 AN ) 1 FL P A A 37 20 80 i 3 2R 8
FAAEAFIE AR SE 1, F B T & A — %€ 4k 41
o3 HOHE R4y B RURE B8 R R LU R AN R
RELAE 92 15 BR3P ot 3 20

4 THRESEANNFHEREHR

BEAE AT HOR BB R s + 2
FRIAN BT 5 JR , i T B M 0 A BOR 19 A S 4 )
FARIAE R — TR 4 IR0 07 IR 52 [ N AMIE ST
AT R, AT ST IX 38 5 290 o A AL )~ AT o e A8
TR HLEAR A T4 S F B,

Kaneko %54 B BT XA BRICHESTHE A 6257
T T RLARE M08 72 000 B 40 X0 7 o R A 5
S3RT T SR HORH I B R AR 3 5 U0 B RRAE
PEAT TAHNL B E . Kristensson 5517 & F 115541
FATHARXHS 1 5 A R A AT (stiff gravel ) )
A £ (soft clay) PRGBS PN 38 8T Uty 19 & & 4
TEHEAT T AW ) A B R S A 5 Ay e (5Zh
A RIUREL ) TE ROGT JHE 7 0 3 2 el 1z 5 T A K H X 3k
W2RIR A7 197 5 ( sand-gravel , sand-clay ) PN A8
JR A & B R A AR R 28 S 5

TR BEBORR ™ 3 31 R FE R DU L AT 4 (
W IEZHIE) X AR SRR LA AT T
HEBEALAE I, FF00H T 27 5t N 78 e SR AL B kA7
THIKWE, 25t 7 B F B HoCBUE 0y
PXF FEALAE B A TR G AR = 425 A A (T
BOE) 47 T B m Bl AU A AR

' 118cm |

B AR A HERIE A7 B EE /N R M HAE RIS
R A E R

TROCARAED M0 SRR PR AL 21 BEHLA: 7%
BRI BIE R T AR A ARREALANL (5] 2) L5
ORI (I 3) T AT T — RS EUEIER I IT
ZOREY A TRA WA BT U L AR KRR 1
W T H AR R A 25 (] o3 AL, I AEAILE IR
3 B DS (AR X B Se SEPEIX 70 22 3 XL )
o0 MIBVEIC AT ) 5 AR A AR 2 UL s AR i 2
SR T A, IR B B AR I S
b AT PR A TR A PRI L) P RE A I
AR, JEHR AR R 26 P R S 3%

N
%@i@é
9y
o20 DOD
@ OO
SO

(a) Z4ERENLE 1 ’ (b) = HENL 4G
B2 +ABAGHEHNEHER(SAEAHS0%)
Mollon %57 J~F( HL - i [ F Fl Voronoi £
FERNEE BT AT BT AR B AR A A A 2 S B
BRI T A0S 2 BRI 5 . Lee 27 R Z
T A BA AR B L S 0K, 24T 1 AN [ BB AR [ )
GRFLBRART A =4 e 240 B 50, A5 22 1 7 i
2R AR R AR R E W T 22 1 A B R TR A A
SEES AT,

5 TREGUHMRARED

T ARG IR 54 KRR T R B &
H IR INR A RS M i AL G s LA B o)
BRI —RE A N ARG, ARG

(@) Hr B

(b) ~frfk %

(OF o[t

B3 ETHFEGHNIERESEESLERRE

-84 - KA K A B ,2013,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



FAIDRIAR (A7) BOHDRLAR (< B ) T 3 27
PR L HAT W 4 22 S P, AT e A FL ) B )~ 1
JERAE AL RE 1 BAT B A Y 2% o) S5 4 | 9 17T 52 W 5
HR LR S AT R HLEE

YL 5 4[5 A AN AR 2 27 X A TR A PR B T
I, BIRIUAT T —E R gt T ARG AR
— BRI A B, B L B SE R Y P R
RZ, Bl T H AT S T Ber BRI, b X 2
A BRI R AT TAR IS A AR

a. T AR A R P B S A R AR RO o
B HA B I T BOE T 10 R B R U B
J1 B EOR DU 38 RO I TR W
W BB TEROE R A& HE R TR
KW, T RIXEE I A B 2 SRR R AR
WCERHTHAR BT ik (2 B AN ) B kil AR N i o
VIR FE HAE SRR T (R 2l ) B A AR A
S5 AP B ) SV R, O A S LA AR A A A T R
I R % AR e DR PR TR AL

b, HATHE R 252 T PRI B K B R AR
RESAWr & JE, JEHIE CT B2 F9 i BOR 59 & e
TR = AEH AR 2 T2 BN, O AR
B = AL RE RO BT SR AL T AT AR R HOR SR
BT B ARA W CT BRI EOR 1 = 4E L5 R IR
WE9E =L AR AR R SR R SRR Y
VLT 2R W TE R A )2 B R IR

c. FAT A RS A BE 7 A M T A F 58 K
HRBA B R P BYBRE O, T AR SE PR TR
H T B B AR o 1 B i 2 s, B
AR R AT WK o B vh AN B A B B A O %
NG Sy NTTNER Y o SR P YU 3 L E SN
PR AR S 2% P A G TS o + A
RAE I AW 27 0],

d. ih T EARGHHAEBRAIE SR 2%, b
AT 1A R A T A I AN W il K, SE o A
oo B USRS REE R BEOR AR
W BB EZ RS SRR LB £ A1 7R
BT ELSE A R R BEAIL A B, X T A T A A2
WA 12 TR AT S0 AT RS

e. BEETHA 1B BT HOR A A, 5
T ARG RGT B IR R 1 AULES 1 1 24 B 5045
IR LR IR AGAPLH S 24 B S AR TE BRI Ll
MR, IRRIE G ARG RS )y 2 1
RUBEEGSHY 1270 W AT OB R D7 25 (A BRot
% BHOTIESE) |, RN E A B TR R M 4
AROFFTHHE (GPU 45) |, I KMLBE 22 RUBE /RS 40
R AR B R R R R

£, AR A A AR R R A Bl A A B o

JEE b 4 i 2 L LAY AR T R IR, 2 J v s R
RN th AR S PR B B (i AR 4%
AEILES 1 (JE H2 B RSB A I 25 R s e o )
PEATRE 3T, R IR RE 23 M L 8 4k B H AR B oA
HEE L,

6 & iE

TARAEWIE ARSI AR R TR
WOLI) — AR B ARL, TR AR IR Y e A
JRTE 25 ) S5 Ae) b 2 B w8 J3E B AN K 53k, 45 A TR
AR S BB TS R TARK B IRIME B
B RRMUE TR B AW R g | BOR 2 1) TR
[F) R A7 TR A R A TR T 2 DI AR G, 330K A W
e oy b TR Bl o TR T JR 4% A G5
TAE, BARG R TR B = M B 5E, E A
N 4 TR B R o i R 1) )AL, R 40+ )
A T REM TS A R R b 9K

ARSCAERIT A+ JLAFRR B N AME AR A X 2
A BT T I ST R 0 A B At L, R AR
Fr A AULES R BT BT 5 BERAIE 2 s PS8
FHIE BB PERAE  A0LZS Y 5 50 B2 5 28 S 4 g 2
BUEILER S 6 AN J7 T BB FE R HEAT T R SR 73
A, IF X H A A B [T T PR, BE AT H
H AR S AR IETE R, OF45 5 BA IR T
B B AR A RS S VAR BT TS T T8k

S Xk

[ 1] MEDLEY E, GOODMAN R E. Estimationg the block
volumetric proportion of mélanges and similar block-in-
matrix rocks ( bimrocks) [ C]//Proceeding of the Ist
North American Rock Mechanics Conference (NARMS).
Rotterdam ; Balkema, 1994 :851-858.

[ 2] WA, AR & 1A it Bl BIL 205 ) A Y K HG o BF 52
[D]. dbat: b7 sCii K2 ,2001.

[ 3] WK, AR BRGNS 1 ) 2 e H D B RG E PEF
FELD . AL b [ RE 2 B BT 5 b BR ) BEF 5 BT,
2008.

[ 4 ] MEDLEY E. Using stereological methods to estimate the
volumetric proportions of blocks in mélanges and similar
block-in-matrix rocks ( bimrocks) [ C]//Proceedings of the
7th  Congress of the International Association of
Engineering Geology. Rotterdam: Balkema, 1994 . 1031-
1040.

[ 5] MEDLEY E. Uncertainty in estimates of block volumetric
proportions in mélange bimrocks[ C]//Proceedings of the
International Symposium on Engineering Geology and the
Environment, IAEG. Rotterdam ; Balkema , 1997 ;267-272.

[ 6 ] MEDLEY E.Estimating block size distributions of
mélanges and similar block-in-matrix rocks ( Bimrocks )

[ C]//Proceedings 5th North America Rock Mehcanics

KA R A H B 2013 ,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn -85 -



[7

[8

[9

[10

[11

[12

[13

[14

[15

[16

[17

[18

[19

. 86 -

Symposium ( NARMS ). Toronto: University of Toronto
Press ,2002 :509-606.

] SONMEZ H, MEDLEY E, NEFESLIOGLU H.
Relationships between volumetric block proportions and
overall UCS of volcanic bimrock [ J]. Felsbau, Rock and
Soil
Geomechanics and Tunneling,2004 ,22(5) , 27-34.

] MEDLEY E. The engineering characterization of mélanges

Engineering: Journal for Engineering Geology,

and similar block-in-matrix rocks ( bimrocks ) [ D ].
Berkeley ; University of California at Berkeley,1994.

RSO AT AR. PR Bk IR I A R AR A AR EE 3 TE
FRAERF T [J]. AR M 50241, 2006, 14 (4) : 496-501.
( XU Wenjie, HU Ruilin.

characteristics of the soil-rock mixtures in the right bank

[

Particle  size fractal
slope of Jinsha River at Longpan, Tiger-Leaping Gorge
Area[ J]. Journal of Engineering Geology,2006,14 (4) .
496-501. (in Chinese) )

RSO B ImAR I Ay, 5 TR0 R B 1 AR
BRI )], 10T TREARKRF %M. AR
Bl2£ M, 2008,27 (1) :51-53. ( XU Wenjie, HU Ruilin,
YUE Zhongqi. Meso-structure character of soil-rock

[

mixtures based on digital image [ J]. Journal of Liaoning
Technical University ; Natural Science,2008,27 (1) :51-
53. (in Chinese) )

] COLI N,BERRY P,BOLIDINI D, et al. The contribution of
geostatistics to the characterization of some bimrock
properties[ J]. Engineering Geology,2012,137/138 :53-63.

] CASAGLI N, ERMINI L, ROSATI G. Determining grain
size distribution of the material composing landlside dams
in the Northern Apennines: sampling and processing
methods[ J |. Engineering Geology,2003,69 :83-97.

] HARRIS S A, PRICK A. Conditions of formation of
stratified screes, slims river valley, Yuken territory: a
possible analogue with some deposits from Belgium [ J ].
Earth Surface Processes and Landforms, 2000, 25 . 463-
481.

] SASS O,KRAUTBLATTER M. Debris flow-dominated and
rockfall-dominated talus slopes: genetic models derived
from GPR measurements [ J ]. Geomorphology, 2007, 86
176-192.

] Wi V1 HDRL T 58 B 5 ey IR T [ 0], TR
F12%,1994 11 (4) :56-62. (CHEN Xizhe. Research on
the strength of the coarse grained soil and the interlocking
force[ J ]. Engineering Mechanics, 1994, 11 (4) ; 56-62.
(in Chinese) )

1 SRPRHE. KA Y AR AR S i B [ M ] B . BRIk
HIZKHLH Rt 1998.

] MILLER E A,SOWERS G F. The strength characteristics

of soil-aggregate mixtures [ J]. Highway Research Board
Bulletin, 1957 ,183 .16-23.

] KAWAKAMI H,ABE H. Shear characteristics of saturated
gravelly clays[ J]. Transactions of the Japanese Society of
Civil Engineers,1970,2(2) :295-298.

] PATWARDHAN A S, RAO J S, GAIDHANE R B.

Interlocking effects and shearing resistance of boulders and

KA K A ,2013,33(1)

[20]

[21]

[22

[

[23

[

(24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

large size particles in a matrix of fines on the basis of large
scale direct shear tests [ C]//Proc 2nd Southeast Asian
Conference on Soil Mechanics. Singapore ; Indian Institute
of Technology Kanpur,1970:265-273.

SHAKOOR A, COOK B D. The effect of stone content,
size, and shape on the engineering properties of a
compacted silty clay [ J ]. Bulletin of the Association of
Engineering Geologists,1990,27 .245-253.

SAVELY ] P.Determination of

conglomerates

shear strength of

caterpillar D9 and

ripper

comparison with alternative methods [ J ]. International

using a

Journal of Mining and Geological Engineering, 1990,
8(3):203-225.

FH A, SBIG R U5 1) [ MR VR i 5 T 2 e
PERICRBETE [T ], b TR, 2006,28 (3) :364-
371. ( TIAN Yongming, GUO Mingchuan, GU Zhijun.
Mechnical properties and behaviors of macroscopically
isotropic mélange [ J ]. Chinese Journal of Geotechnical
Engineering,2006,28 (3) :364-371. (in Chinese) )
LINDQUIST E S. The strength and deformation properties
of mélange [ D ]. Berkeley: University of California at
Berkeley,1994.

SONMEZ H, TUNCAY E, GOKCEOGLU C. Models to
predict the uniaxial compressive strength and the modulus
of elasticity for Ankara agglomerate [ J]. International
Journal of Rock Mechanics and Mining Sciences, 2004,
41.717-729.

FRAGASZY R J,SU W,SIDDIQI F H. Effects of oversize
particles on the density of clean granular soils[J].
Geotechnical Testing Journal ,1990,13(2) :106-114.
FRAGASZY R J,SU W, SIDDIQI F H, et al. Modeling
strength of sandy gravel[ J]. ASCE J Geotech Eng,1991,
118:920-935.

KIM C, SNELL C, MEDLEY E. Shear

Franciscan complex mélange as calculated from back-

strength  of

analysis of a landslide[ C]//5th International Conference
on Case Histories in Geotechnical Engineering. New York
[s.n. ],2004:1-8.

VALLEJO L E, MAWBY R. Porosity influence on the
shear strength of granular material-clay mixtures [ J ].
Engineering Geology,2000,58 :125-136.

VALLEJO L E. Interpretation of the limits in shear
strength in  binary granular mixtures[ J]. Canadian
Geotechnical Journal ,2001,37:1097-1104.
BAGHERZADEH-KHALKHALL A, MIRGHASEMI A A.
Numerical and experimental direct shear tests for coarse-
grained soils[ J ]. Particuology,2009,7(1) :83-91.

DONDI G,SIMONE A, VIGNALI G, et al. Numerical and
experimental study of granular mixes for asphalts [ J].
Power Technology,2012,232-138 :31-40.

SPRINGMAN S M, JOMM C,TEYSSEIRE R. Instabilities
on moraine slopes induced by loss of suction; a case
history[ J ]. Geotechnique ,2003,53 (1) :3-10.

Ip LR R 53, XSO, A5 Ik PR XA e Y
TR BE ST [ T]. B RS, 2005, 17 (2) :30-35.

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn



(SHI Weimin, ZHENG Honglu, LIU Wenping, et al.
Experiment research on shear strength index of gravel-soil in
Three Gorges Reservoir Area[J].Chongqing Architecture,
2005,17(2) :30-35. (in Chinese) )
[34] BRI, A, FELA. = X A LR L RSR S
Boz A B w7 (1], 2 #2006 (11) :32-35.
(ZHAO Chuan, SHI Jinxu, TANG Hongmei. Test and
research on influence law of soil-rock ratio in Three
Gorges Reservoir Region on soil strength parameters[ J |.
Highway,2006(11) ;32-35. (in Chinese) )
BRLTAR, XL BR/IVBR, 5. BT G B M e AR A
DY RREE S [ 1], PHERR S T2, 2006, 119(3) - 22-
24. (HOU Honglin, ZHAO Dean, CAI Xiaolin, et al.
Analysis on the dilatancy of the gravel soil on the

[35

[

secondary alluvial terrace of Yellow River[ J]. West-China
Exploration Engineering, 2006, 119 (3 ). 22-24. (in
Chinese) )

[36] o, ARG EREREMRIIIE[]]. & L%,
2007,28(6): 1269-1274. ( DONG Yun. Experimental
study on intensity character of rock-soil aggregate mixture
[J]. Rock and Soil Mechanics,2007,28(6) :1269-1274.
(in Chinese) )

[37] 33 [ B 2% SEHBELIRA IR kAT 1 sl B I g AT
5[], UK 5 & B, 2003,22 (1) :66-69. (ZHANG
Wenju, HE Changrong. Tests study on the dynamic
strength of the gravel soils formed by debris with wide
grading[ J]. Sichuan Water Power,2003,22 (1) :66-69.
(in Chinese) )

[38] Z4ERf, T, SPETE, 55 EA =W E X L ARG
PR TR B SR SRR EE DT IR [ )], 45 1715 ,2007 ,
28(7) :1338-1342. (LI Weishu,DING Xiuli, WU Aiqing,
et al. Shear strength degeneration of soil and rock mixture
in Three Gorges Reservoir bank slopes under influence of
impounding[ J]. Rock and Soil Mechanics,2007,28(7) :
1338-1342. (in Chinese) )

[39] RREAR, TEIT, R R MR R ge st se ()], A LT

27 e, 2007,29 (8) : 1151-1158. ( CHENG Zhanlin,

DING Hongshun, WU Liangping. Experimental study on

mechanical behaviour of granular material [ J ]. Chinese

Journal of Geotechnical Engineering,2007,29 (8) :1151-

1158. (in Chinese) )

BT, GBI, ARG P17k P e 5 8 T 5

[J]. A J1% 5 TR, 2002, 21 (10) :1537-1540.

(YOU Xinhua, TANG Jinsong. Research on horizontal

push-shear in-situ test of soil and rock-mixture [ J ].

[40

[

Chinese Journal of Rock Mechanics and Engineering,
2002,21(10) :1537-1540. (in Chinese) )

R, SR TR , X E . RO A M B TR R S
ROEPEFAT [ T]. 41 155 TR, 2006, 25 (3 T
2):41264131. ( LI Shuwu, NIE Dexin, LIU Huijun.

Engineering property of a large-scale clastic accumulation

[41

[

body and its stability evaluation[ J]. Chinese Journal of
Rock Mechanics and Engineering,2006,25 ( Sup2 ) :4126-
4131. (in Chinese) )

[42] XU Wenjie, HU Ruilin, TAN Rujiao. Some geomechanical

[43]

[44]

[45]

[46]

[47 ]

[48]

[49]

[50]

[51]

[52]

(53]

properties of soil-rock mixtures in the Hutiao Gorge Area,
Chinal J ]. Gotechnique ,2007,57(3) :255-264.

RSO TR RIS, 45 PRk R G A B - AR A
REPSMAS T [T ]. a0 0157 5 TR %441, 2006, 25
(6) :1270-1277. (XU Wenjie,HU Ruilin, TAN Rujiao, et
al. Study on field test of rock-soil aggregate on right bank
of Longpan in Tiger-Leaping Gorge Area [ J]. Chinese
Journal of Rock Mechanics and Engineering, 2006, 25
(6) :1270-1277. (in Chinese) )

TROCAS W AR B AT, KR A TR A A 1 i o K Y
ACFHEFFAE T[], A+ TR0, 2006, 14 (4)
496-501. (XU Wenjie, HU Ruilin, ZENG Ruyi. Research
on horizontal push-shear in-situ test of subwater soil-rock
mixture[ J |. Chinese Journal of Geotechnical Engineering,
2006,14(4) :496-501. (in Chinese) )

TROCA I B bR, DR AT 80T ARG A 2 R A1
WREEHFFT[T]. TR 244 ,2008,16 (1) :63-69. (XU
Wenjie, HU Ruilin. Field horizontal push shear test for
mechanical property of soil-rock mixtures under cyclic
loading[ J]. Journal of Engineering Geology,2008,16(1) :
63-69. (in Chinese) )

RSO AT AR 5 ARy | 45 BT R 43 B B oK T
LTI A TR A R A 5 B0 5T 3 OC R AT
[I]. a i 5 TR 2241, 2008, 27 (5) = 996-1007.
(XU Wenjie, HU Ruilin, YUE Zhonggi, et al. Research
on relationship between rock block proportion and shear
strength of soil-rock mixtures based on digital image
analysis and large direct shear test[ J ]. Chinese Journal of
Rock Mechanics and Engineering, 2008, 27(5) : 996-
1007. (in Chinese) )

XU Wenjie, XU Qiang, HU Ruilin. Study on the shear
strength of soil-rock mixture by large scale direct shear
test [ J ]. International Journal of Rock Mechanics and
Mining Sciences,2011,48(8) :1235-1247.

B, TR [ ML e st b E KRR i R,
2007.

COROTIS R B, HASSAN M, KRIZEK R J. Nonlinear
stress-strain formulation for soils [ J ]. Journal of the
Geotechnical Engineering Division, 1974, 100 (9) : 993-
1008.

SR i At B HUISURE - (4 I AR R S R 4 i
g [J]. & + J1 2%, 2004, 25 (10); 1587-1591.
(ZHANG Ga, ZHANG Jianmin. Study on behavior of
coarse grained soil and its modeling[ J]. Rock and Soil
Mechanics,2004,25(10) :1587-1591. (in Chinese) )
HASHIN Z,SHTRIKMAN S. A variational approach to the
theory of elastic behavior of multiphase materials [ J ].
Journal of the Mechanics and Physics Solids, 1963, 11
127-140.

HILL R. A self-consistent mechanics of composite
materials [ J ]. Journal of the Mechanics and Physics
Solids, 1965,13:213-222.

MCLAUGHLIN R. A study of the differential scheme for
composite materials [ J ]. International Journal of

Engineering Science ,1977,15 :237-244.

KA R A H B 2013 ,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn - 87 -



[54] HASHIN Z. The moduli of an elastic solid reinforced by
rigid particles [ J ]. Bulletin Research Council of Israe,
1955(5) : 46-59.

[55] VALLEJO L E,LOBO-GUERRERO S. The elastic moduli
of clays with dispersed oversized particles[ J]. Engineering
Geology ,2005,78 :163-171.

[56] KOKUSHO T, ESASHI Y,SAKURAI A. Dynamic properties

of deformation and damping of coarse soils for wide strain

range[ R . Chiyoda-ku ; Central Research Institute of Electric

Power Industry,Civil Engineering Laboratory,1982.

B MR TR R RIS TSE [ D). R R

TR ,2003.

XA, BB RARE SBR[ M ], JEsT KR K

H AL, 1992.

BOLTON A J. Some measurements of permeability and

[57

[

[58

—

[59

—

effective stress on a heterogeneous soil mixture ; implication
for recovery of inelastic strains[ J]. Engineering Geology,
2000,57 :95-104.

BORGESSON L, JOHANNESSON L E, GUNNARSSON

D. Influence of soil structure heterogeneities on the

[60

[

behavior of backfill materials based on mixtures of
bentonite and crushed rock [ J]. Applied Clay Science,
2003,23:121-131.
JAHR AR, X R, 4. S ARARBBEMRERN IESS
HIEHEFE[T]. A+ TR, 2006,28 (9) :1134-1138.
(ZHOU Zhong,FU Helin, LIU Baochen, et al. Orthogonal
tests on permeability of soil-rock-mixture [ J ]. Chinese
Journal of Geotechnical Engineering,2006,28 (9) :1134-
1138. (in Chinese) )
[62] VFPatild, W54, B A 138 0B Rp I X i B e M 1 52 T
(1] A 2 5 TR 4R, 2006,25 (1) :2264-2271.
(XU Jiancong, SHANG Yuequan. Influence of permeability

[61

[

of gravel soil on debris landslide stability[ J]. Chinese
Journal of Rock Mechanics and Engineering, 2006, 25
(11) :2264-2271. (in Chinese) )

BEES XS TR, A6 T S AR A A A
AR 1 S B W IR (1], 17,
2007, 28(2) :327-330. ( WEI Jinbing, DENG Jianhui,
TAN Guohuan, et al. Field tests of saturated and

[63

[

unsaturated hydraulic parameters of gravelly soil in Xietan
landslide[ J ]. Rock and Soil Mechanics, 2007,28 (2) :
327-330. (in Chinese) )

[64] iR R MR 18 & LI B MR [T]. T K,
2008,27 (4), 254-255. ( JI Lingmin. Dicuss on the
seepage deformation test of the gravel soil [ J .
Groundwater,2008 ,27(4) ,254-255. (in Chinese) )

[65] AE:ME, FHaut, X442 B MR £ )18 % 0 IR B B 5
RERICHY R WFTE[ )], E AR K FK L, 2006 (3)
72-74. (ZHU Chonghui, WANG Zenghong, LIU Junmin.
Study on the relation between the permeation damage slope
and the grain composition of coarse-grained soil[ J]. China
Rural Water and Hydropower, 2006 (3 ). 72-74. (in
Chinese) )

[66] JIANG M J, LEROUEIL S, KONRAD J M. Insight into

shear strength functions of unsaturated granulates by DEM

analysis[ J ]. Computers and Geotechnics, 2004, 31 ; 473-
489.

[67] SHAMY U E, ZEGHAL M. A micro-mechanical
investigation of the dynamic response and liquefaction of
saturated granular soils[ J ]. Soil Dynamics and Earthquake
Engineering,2007 ,27.712-729.

[68] POTYONDY D O, CUNDALL P A. A bonded-particle
model for rock [ J].
Mechanics and Mining Sciences,2004 ,41.1329-1364.

[69] SITHARAM T G. Discrete element modeling of cyclic
behavior of granular materials [ J |. Geotechnical and
Geological Engineering,2003,21:297-329.

[70] KANEKO K, TERADA K,KYOYA T, et al. Global-local
analysis of granular media in quasi-static equilibrium[ J].
International Journal of Solids and Structures, 2003 ,40 .
4043-4069.

[71] KRISTENSSON O,AHADI A. Numerical study of localization
in soil systems[J]. Computers and Geotechnics,2005,32;
600-612.

[72] BERAR. AR A A ST PR 5 A A AR I g~ e e
TREFSEFFENTFE[ D], Abat: b E R B 55 sk
PyEBFE BT ,2006.

(73] ZEtitif  VELARE. = 4R B loT A RS A HIL T F AR
L By B BAERA [ T]. A £ TR A4, 2004 .26
(3):172-177. ( LI Shihai, WANG Yuannian. Stochastic
model and numerical simulation of uniaxial loading test for
rock and soil blending by 3D-DEM[ J]. Chinese Journal of
Geotechnical Engineering, 2004, 26(3): 172-177. (in
Chinese) )

[74] B3 BATmAR, EH0E. T HERBWAES S
FHRATLEE PEC™ BE00 1y 1 30 46 1R [ ). BB R,
2007,32(4) :358-362. (XU Wenjie, HU Ruilin, WANG

Yanping. PFC*” model for mesostructure of inhomogeneous

International Journal of Rock

geomaterial based on digital image processing[ J]. Journal
of China Coal Society, 2007, 32(4). 358-362. ( in
Chinese) )

[75] W3O, SR I e, 55, A IR B AR AL ZE 4G 1 )
SFRMERARAIBTSE )], A 5 5 TR, 2007,
26(2) :300-311. (XU Wenjie, HU Ruilin, YUE Zhongqi,
et al. Mesostructural character and numerical simulation of
mechanical properties of soil-rock mixtures [ J ]. Chinese
Journal of Rock Mechanics and Engineering, 2007, 26
(2) :300-311. (in Chinese) )

[76] XU Wenjie, YUE Zhongqi, HU Ruilin. Study on the
mesostructure and mesomechanical characteristics of the
soil-rock mixture using digital image processing based
finite element method [ J |. International Journal of Rock
Mechanics and Mining Sciences,2008,45(5) :749-762.

[77] MOLLON G,ZHAO Jidong. Fourier-voronoi-baesd generation
of realistic samples for discrete modelling of granular
materials| J |. Granular Matter,2012,14(5) :621-638.

[78] LEE S J, HASHASH Y, NEZAMI E G. Simulation of
triaxial compression tests with polyhedral discrete elements
[J]. Computers and Geotechnics,2012,43:92-100.

(Uick B 12012 -04 -09 gkt REZKOR)

- 88 - KA K A B ,2013,33(1)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



