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FEASIBILITY STUDY OF WAVE METHOD FOR DETECTING
STRUCTURAL PROPERTIES OF SOIL-ROCK MIXTURES

ZHANG Yanan, FENG Chun, LI Shihai
(Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Soil-rock mixtures are seen as the macro-density and equivalent homogeneous medium constituted by
soil and rock under random distribution; and the explosion effect of deep explosion source is replaced by
equivalent impact load. The platform of continuum media mechanics of discrete element method(CDEM) is used;

and the uniform random technique is adopted. By studying the impact of internal structural properties of soil-rock
mixtures on stress wave propagation process, the relationships between internal structural properties(including
percentage of rock, feature size of rock block and distribution of soil-rock) and wave responses are established.
The study results show that in certain of the same loading and material properties, the maximum amplitude and
dominant frequency of acceleration wave have regular changes under the effect of percentage of rock and feature
size of rock block. Under the uniform distribution, the impact of different distributions of soil-rock on wave
response is very small and can be neglected. The fitting surfaces of wave response(maximum amplitude and
dominant frequency) with the variations of percentage of rock and feature size of rock block are given; and the

maximum amplitude and dominant frequency both meet the testability of actual project. Taking an assigned wave
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response for example, percentage of rock and feature size of rock block are given easily on the fitting impact

surface by means of the assigned maximum amplitude and dominant frequency. The feasibility of wave method

for detecting structural properties of soil-rock mixtures is illustrated from three aspects of regularity, testability

and handleability.

Key words: rock mechanics; soil-rock mixtures; wave method; percentage of rock; feature size of rock block;

distribution of soil-rock
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Fig 1 Sketch of impact factors of soil-rock mixtures
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Table 1 Material parameters of soil and rock
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Fig.3 Simplified diagram of impact load

33 ARXREWHHES SR

I WLEE I ) W AE A7 T A TR AR SR A
K4 pnlgrhiai -t ARG ML 3 MG LK
Pt e HUR—HBFZ 5.5 ms WA 18], T e
B B ARG AL IR A AR AR5
Wi, AR SRS, eI RRIE AR KN
ai b<t AR A<, BN A P A i
KT LA, EARa ) —H RS
P, AR A T a0 LMy 3 22 1A

= A = T A A = A = A - =
g8 288888885888 8388
L3 d & LIl LI

$P0EETICIEE3 2T ML m
(a) 4it (c) 4lif
Bla git, baRGwmaia 3 MEareg s
Fig.4 Nephograms of displacements in soil, soil-rock mixture
and rock

KRS AZE woRisasd DaRA R Ak
DAIONET oz S (L 10 e SR 4 I Des oA aL S 1
JFL=05m, &AFBERN 0%~100%, A
[F & A G ol € 5 .

AU DLR, I TE R R SR ] AR Ak
X ELIE LA PE 6 BTz e LA A 116y 1) (i i 78 e

(a) W=20%

s AR AR R

Fig.5 Sketches of variation of different percentages of rock

gl 2 7 P BTN i o G S <ioF: | P s MR N
(RT3 e R 82 I TR W e At o IR — I ) B 0.4 s
WIB B 2k, sl RFEEIF I N 0.22 s 224LF)
0.12s /itio

B 7 2850 AR I R Kl s £, 3
Ze M 3 AN RIS DL, JF AR 4 i 2okt
T T 20, HIRAE S A RAZG O 9 1
AP AT A, R R I8 2 2 RTS8
{H, JFHARG I B sy iRzl A8
—OEMEMEBCRT AR T, B 7 TR (1)
P E)ATEBL T IIAS ) A0 20 A AR DUAE R4 5
P FERZET ] L, iRV T N T A R A
I PR RS RIS, SR WA IR A A A X e
PR R ARME R WA K, AR 8540 SR A5 i 1

2 -
~ Ir
|
E o
JE(
b
= —1t
72 1 1 1 1
0.0 0.1 0.2 0.3 0.4
I ] /s
(a) W=20%
3
e
AT,
g 0
=
B —I1f
_2 -
_3 1 1 1 1
0.0 0.1 0.2 0.3 0.4
i ) /s
(b) W=30%



$30% H9H SR SR T VAN A IR A AR S KR P R AT PERIT A

* 1859 «

3~

2

—_

DI /(m » s %)
()

72 1 1 1 1
0.0 . 0.2 0.3 0.4
N [)/s
(©) W=40%
4 -
3 -
—~ 2 B
T'w 1k
E o0
= )
)
= 2t
_3 -
74 1 1 1 1]
0.0 0.1 0.2 0.3 0.4
I al/s
(d) W=50%

Kle AEEAHREN ARSI h2kx L E
Fig.6 Comparison diagrams of typical vibration curves of

soil-rock mixtures under different percentages of rock
24r

0.0
0.0 0.2 0.4 0.6 0.8 1.0

HHEW
BT 5 A0 R T3 P e R 5 i 1 2
Fig.7 Impact curves of percentage of rock on maximum

amplitude of acceleration wave

T PTLAZG s (2) IR AN R T A R PR e A
DA S, 0 R PR R i ) AR B A,
B KPR (3) BEAE & A 2 i 3b I, nod B i
(P KRG 0, 2 W<60%Hf, _LTHEa#-r2,
1 W=60%I, e KRR 0 o

B 8 45 Hh B A0 Ze R B M s, [ RE
3 45 M2y B N 005 1, 2, 3 =AM S
HHRLMESH T 2 EMRERE. BE 8
ARAE (1) SO AN Ao A R
AT TR e () A AN, AT R R
W 5, AT LLZES; (2) Wl jifr B ARG, EAAR
AR (3) Bl &4 Z 3N, s B v 1) = 4

0.08
0.07f Wri2
0.06
0.05

< 004
0.03
0.02
0.01

0'0%.0 012 014 Oi() 0i8 le
THEW
B8 A0 o0 in gt P e A i ith 2k
Fig.8 Impact curves of percentage of rock on dominant

frequency of acceleration wave

Hahn, 4 w<60%Mht, FFHEFRTLE, HEATLE 15 Hz
Fika, 2 W=60%I0, s KARIEIGEIG 0, 1431 700 Hz.
34 RAFERSTENBNITESSH

W] B A AL T, I RE RS R A
H0.5~3.0 mo ZFTUFRAPAREIE R TR
B G KT ARG, AL 2 T He SR I My
ASPREIR AN, 206 11 J5 R S B RS %
K, R SRS —Hon ]R3 2 . AN
PR RHIE RS AR s B A B 9(W=20%) 7 o

(@) L=0.5m (b) L=10m

(©) d) L=3.0
B9 ARPCARE RS R R I (0=20%)

Fig.9 Sketches of variation of different feature sizes of rock
block(W=20%)

PURRE RS SCR G O R, B L 11y 7
I PRy IR By T e, 3k 8 B e 82 N ] PR AR A6 B
THOLWE 10 = 20%) 7. SEARHE RS i
0.5 m 2% 3.0 m I, Ui EERFSEN R 0.12 s 224k
F 021 s, BUREFE PR R ST 80, I £y
S5 1) TR 4 00

] 525 A1 % W= 50%, P& 11 43 345 B R AE
RS T 38 e R Wi AN R AT S, 3 4 ik
PEERM S 1, 2, 3 =/MNMSEeL, HFHSHE
AT E T 7 23 A RS ) P S B R 22 Y6



* 1860 A TREER 2011 4
4 - 5.0r
5L 45
40r W2
2t = 3sf ;
‘ﬁm b = 3.0 o 3
. 25T \I\
g 0 I A< 20f
2oL Sl Tsh ﬁ\I\I\\{
g — L 1.0+ I
0.5¢
r O'(()).02 004 006 005 010 012 014 016
—4 1 | 1 |
00 ol 02 03 04 oo
—— bo10 (a) DN BE 5 K HR
) (@) L=0.5m 0.009 [:
b I 0.008 -
10 0.007 -
— 0.5 ﬂ J = 0.006 WA
.00 W\/\AA/W . 0.005 |-
g 057 0.004 -
2 10t 0.003 |-
§ —15 0.002 -
—20 0.001 T
s . . . . 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
0.0 0.1 0.2 03 04 LiH
B il (b) I3 e T4
(b) L=1.0m P11 AR ST T 38 55 U3k e DI H M A1 = A3 5% 1)
0.8 £k
061 Fig.11 Impact curves of feature size of rock block on maximum
o 04r amplitude and dominant frequency of acceleration wave
2 02f
g \ = = S , 2 /,
gix_ I PN FLEV DN A RS SE SR (AN AL
2 ol A5 (3) BEAEHATRRAE R ST B8 0, s FE i 1)
—o06} S5 KRR AL AFURES T35 A 2R IR AR A S
7048 1 1 1 1 Z:j(o
0.0 0.1 0.2 03 0.4 e .
WS M 11(b)nT LA B F Y, 76— MR TR iy
. ©i-zom BT, 2 (1) BRYATRHE RSB,
' BB EIAER N, BAGEAECN A (2) M
o 02r X TP AR RS R s S0 A s, I i
A MR (3) A1 A R IR 47 4 A B
§ W X T EREMAAR 7N o
8 O AT AR, TR INd S I8 ) dpe KA i
T oaf A, RV A, A0 R, TR SR e S
Y L ] 53 T Lo B I DA A0, 2K e
00 0-1 uﬁ/ 03 04 LB IRA M Ze vl AE Y, S5 KR MR R T AR i 5
N [H. N, > \. N — N
@ 1-30m FESE I TR GBI 1) 1 3 AR 2. 533

B 10 ASFHAHFE R K SRR i Zext EL I (7=20%)
Fig.10 Comparison diagrams of typical vibration curves
under different feature sizes of rock block(#7=20%)

HE 11T LUEH, £ e fr 4 Sc
RN, A (1) UIHARSAEAR R, 3550 A s o
N PRIAN ] A7 43 A R 0 P R S KR 1 5
U3 E S A S 1A 1 == 21 5/ N D B2
(2) HbERI 2 O T KRR AT B B g, B
I i B b T AR AT A M T b A T B A B

13 ELIUE BB
4 ZEHERIER T /9K B R

FESZBRTG OO, A TR A R I B N 52 DY 3
gEfRFEI Z A R R I AR . Y 3.3 R 3.4 43
XM T A RN AT R AE R~ 58 v A 1) 5%
Wi, & T SR P BN 5 9 1) 9% sl . AR A R
A, JEHLY 3.3 Al 3.4 (iS4 R, 5504
LR FIAN ] 3 A AR 1 I 5 30 () 5 AR /N



305 FH9 M SR SR T VAN A IR A AR S KR P R AT PERIT A * 1861 ¢

ATLLZMS . UG, AR SR R R B 12 AT, AR = 0% AR
ARAN MG ER TSP, PP AT < = 0.5 m N, Sl A AU BRI s 45

30m. ik, HYEAEAIRENG S g,
=l }/ﬁj}‘\a/\ . é\ R %,

BT IE 2 MRSy IR (EEAE W 60%A, i

W, ) 12 0 LA A R i ey ORISR ARBHAE PR, AL,

SR A 3 A% 1 (T Ay s BEBCA S AT RS2 AN 2L AR5 R W<60%
Hit I, A AT R AT R ) i A Al 2,

LB AR,

&5 H BRI T v e KRR R AR AT L 1~
60 m/s>, EAIARAL Gl 20~250 Hz, 76 S2hR
TR R A P, DRk — M S s T A
SEM IX10 4~ 1x 100 my/s® (16 sk & 00 v LA Ao
M 0.1~20.0 kHz Yo P 3zl s 0t i) 4 F 22
SR, BRI ST Hh R S e T A 30 3 g ) 1
AR AT PES A

PR TRRE, R4S TR AR AR A
TSSO s R sh a7k, fEIsm N
TR A A WU A B M SR PR I S T, i S nid
FEB B R AR (AR A0, F LR 2 AN gmifl &
fH T304 7 R E T DA o - A TR AR I S SR A
FRIERSE . lan, 56 FIRE AR R ff 8 45 1F
A I 5 30 1) e KRR A 20 mys®, BMH 120
Hz, LSRN — 85350 1.0x10° Fi10.012, i 2
AN AR 2 AN g o A 2] 2 4l

(QWIEIES & A i)
B 12 AR ARG R R P o) 0 PR R e NI M AR = A i)

i Ze, WK 13 PR, A O ARKRE BN A A 5
Fig.12 Impact surfaces of structural properties of soil-rock WL/ H(JZ =20 m) W, Wk 14 5w, hits

mixtures on maximum amplitude and dominant

frequency of acceleration wave BIE AT W = 68.5%MBATRFIE )] L =0.72 m.

o

%00
i
(a) Spe KRR 52 ) (10 (1 AN




* 1862 ¢

HA D1 TRER

2011 4F

ST
(b) T AR e T ) AR 2
S T PR S A

Fig.13 Intersecting line of impact surface intercepted by plane

i
Kl 13
o.161
0.14 ]‘ |N
} I'I
0.12f I
lll
o 0101 ‘; o
~ i i
0.08 - i’ ll
! !
0.06 - K J
' ."I
0.04 iﬁ%f ...........
""""""""" R
0.02 . L L 1 1 1 L )
0.64 0.66 068 070 072 0.74 076 0.78
W
Kl 14 PhEeAtss s
Fig.14 Intersecting point of two curves
A
5 4 it
ENSR O W SRS X 1 S8 S ES G IR Ve ke
T, R RS B F O SR S5 b e B AU

HAE @M BRI 351E T, Wit Lk
VR B EEFRS PE N T AR I RE (R 5, 35T
TR W N R RRIREL, M Y B R
BATRAE N Z IR B R R, FFRHR T gkt

SXoF 98 25 W) I S (R R S sl (1 R
B TR A IR RS AR A AT, A5 3
Fakig:

(1) L RRNY], 65 A YA R IR RS
ABHIEDL T, ¥5I0A0 N BIAS R A7 A A,
TN JSE 9% () S M AR /N, AT L 2206

(2) BRBRBIF T A 2 R W S o FL AR Y N
0%~ 100% N, I 5 5 1 dme X i A 3 A bt 4 5
AR IR N BRI AT R RS R e I
Pt AL Y 0.5~3.0 m I, 03t f5 ik ity ek
I M 0 3 AT A B R RS BB I T s/

() LB A RRYCHRHE T 2 ANkt
DRI ZR RS20, 4 H T D0 8 P e R s R A3 11
e, EL BRI AT AT A S B TR
AP DA B sl A B oA 9, IE A T8N
YRR A VR B i P 4l R R S T AT I

T FH K A VR RN R 2 B . S5
SR, N T ANHRE AR A R LR AN 44 4
AR LA AT s, DRI S g8 LS T o
(W IS AR A, IR At



30 %

%591

SRV R RN PS I VAR AR A AR G R PR R AT

PERFSY * 1863 ¢

ARG A L EZ AR DT

2 %@k (References):

(1]

[2]

B3]

(4]

[3]

(6]

(7]

RSO, WK, R, A ARG RS B R R
{EBURE[T]. A4 )% 5 TRE44R, 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))

JRORA S SRINEE, BREEZR, 5. ZIREEX AR LR R AL BOE R
PR ALHIBEE]. TREHL B4R, 2000, 8(3): 265 - 271.(YIN
Yueping, ZHANG Jiagui, CHEN Baosun, et al. Formation mechanism of
large-scale loose sediment at the relocation sites of Wushan County in
the Three Gorges reservoir area[J]. Journal of Engineering Geology,
2000, 8(3): 265 -271.(in Chinese))

A%, WEAR, WA, A RBWORAE A R AR A R ET AR
WSHWEII). HA %S TR, 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 - 1 277.(in Chinese))

TR
D). Jbxt:

R DX AT RS AR AR S WAL RIRI S 2 A1
HE Nk K%, 2004.(HE Jianming. Study on
deformation and failure mechanisms of rock-soil aggregate in the
Three Gorges reservoir area[Ph. D. Thesis][D]. Beijing: China University
of Mining and Technology, 2004.(in Chinese))

FEL 5 r o ) PP I B T . e T R BT B 00T K
Jr AR ER]. Kb B Sy ) v s 0 v ok 5 e
1999.(Zhongnan Investigation Design and Research Institute, State
Power Corporation of China. Design and research report of the way of
stepping exploitation of the Tiger-leaping Gorge on the Jinsha
River[R]. Changsha: Zhongnan Investigation Design and Research
Institute, State Power Corporation of China, 1999.(in Chinese))
WANG Y, HUTTER K. Granular material theories revisited[M]//
Edited by BALMFORTH N J, PROVENZALE A. Geomorphological
Fluid Mechanics. Berlin: Springer-Verlag, 2001: 79 - 107.

LIUS H, SUND A, WANG Y S. Numerical study of soil collapse

behavior by discrete element modeling[J]. Computers and Geotechnics,

(8]

(]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

2003, 30(5): 399 - 408.
XU W J, YUE Z Q, HU R L. 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.
LI SH, ZHAOM H, WANG Y N. A new numerical method for
DEM block and particle model[J]. International Journal of Rock
Mechanics and Mining Sciences, 2004, 41(3): 436 - 440.
OB LR A R R L5 R 25 e G I 19 2 7 18
D] dbxt: db A K %%, 2001.(YOU Xinhua. Stochastic
structural model of the soil-rock aggregate and its application[Ph. D.
Thesis][D]. Beijing: Northern Jiaotong University, 2001.(in Chinese))
YUE Z Q, CHEN S. Finite element modeling of geomaterials using
digital image processing[J]. Computers and Geotechnics, 2003, 30(5):
375 - 397.
LI X, LIAO Q L, HE J M. In-situ tests and a stochastic structural
model of rock and soil aggregate in the Three Gorges reservoir area[J].
International Journal of Rock Mechanics and Mining Sciences, 2004,
41(3): 494 - 499.
LANARO F, TOLPPANEN P. 3D characterization of coarse
aggregates[J]. Engineering Geology, 2002, 65(1): 17 - 30.
AWRA, MR, R, AR AR BEON R R ST, R
#4F, 2005, 34(4): 1 - 6.(LI Xiaojie, QU Yandong, YAN Honghao,
et al. Acoustic detection of blasting effect in rock mass[J]. Explosive
Materials, 2005, 34(4):
TR, k. BB T S TR B
S5, 2009, 37(4): 61 - 63.(DING Baoguo, SHEN Yuejia.

1 - 6.(in Chinese))

Rayleigh wave detection technology used in in-advance geological
detection[J]. Coal Geology and Exploration, 2009, 37(4): 61 - 63.(in
Chinese))

BREAgRAE, A=y, s Jops LAaRE

FUI]. SEE S1%, 2010, 25(1):

kit
61 - 67.(OUYANG Zhenhua, LI

A5 Wi

Shihai, DAI Zhisheng. Study of the influence factors of mechanical
properties for soil-rock mixture[J]. Journal of Experimental Mechanics,
2010, 25(1): 61 - 67.(in Chinese))

PR, ARIE%, FrieZE, A RIEM T EAEAR A
M B[], IR3h 5 oldi, 2009, 28(7):

TP AL R e ik
115 - 117.(LI
Shunbo, DONG Zhaoxing, QI Yanjun, et al. Numerical simulation on
decay spread of blasting shock wave in different media[J]. Journal of

Vibration and Shock, 2009, 28(7): 115 - 117.(in Chinese))



