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Abstract: Similar materials in the physical model test of avalanche are the key to the success of the model test.
However, the strength of similar materials is high at present, it is difficult to be fractured within the scope of the
experiment. The materials can reproduce the clastic process of landslide in the scale model experiment. Thus, we
choose five raw materials to formulate similar materials. The five raw materials are barite, quartz sand, gypsum,
sodium carboxymethyl cellulose, glycerin and water content. Five influencing factors are analyzed, including the
ratio of barite to quartz sand, the ratio of aggregate to gypsum, contents of sodium carboxymethyl cellulose and

glycerin, and water content. The aggregate consists of barite and quartz sand. The results show that (1) in all the
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experiments, the uniaxial compressive strength ranges from 0.12 to 1.47 MPa, the elastic modulus, from 25.51 to
148.12 MPa, the cohesion, from 1.63 kPa to 87.39 kPa, the angle of internal friction, from 22.70° to 35.89°, and
the brittleness index, from 0.033 to 0.145. (2) The ratio of barite to quartz sand has the great effect on the angle of

internal friction. (3) With the decrease in the ratio of aggregate and cement, the cohesion first increases and then

decreases. Sodium carboxymethyl cellulose has the greatest influence on the parameters of the similar materials,

especially the uniaxial compressive strength. Therefore, it is important to control the sodium carboxymethyl

cellulose, glycerin and water content and adjust the mass ratio of barite to quartz sand and the mass ratio of

aggregate and cement. The obtained similar materials can be used to simulate the clastic process of avalanche

when the similarity ratio is approximately 1 : 600.

Keywords: rockslide; rock similar material; fragmentation; low strength and high brittleness; model test
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Table 1 Ratios of the key parameters in the
similar materials production
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Table 2 The mechanical parameters of the similar materials

SRS PR IR/ MPa B3 J1/MPa N EEHEfR/(°) MRS /GPa TR LY
A 100 ~ 250 30~ 50 45 ~ 60 40~69 0.1~03
AR 0.17~0.42  0.050 ~0.083  45~60  0.067 ~0.120 0.1 ~0.3
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Table 3 Matching schemes of the model materials

G WA HRC RMIEA AR NS %0 PEERE% HHE %0

S1 10:0 30:1 1.0 22.50 0.5
S2 8:2 30:1 1.0 22.50 0.5
S3 6:4 30:1 1.0 22.50 0.5
S4 5:5 30:1 1.0 22.50 0.5
S5 4:6 30:1 1.0 22.50 0.5
Ss6 7:3 15:1 1.0 22.50 0.5
S7 7:3 20:1 1.0 22.50 0.5
S8 7:3 30:1 1.0 22.50 0.5
S9 7:3 35:1 1.0 22.50 0.5
S10 7:3 40:1 1.0 22.50 0.5
S11 7:3 30:1 0.0 22.50 0.5
S12 7:3 30:1 0.5 22.50 0.5
S13 7:3 30:1 1.0 22.50 0.5
S14 7:3 30:1 1.5 22.50 0.5
S15 7:3 30:1 2.0 22.50 0.5
S16 7:3 30:1 1.0 17.50 0.5
S17 7:3 30:1 1.0 20.00 0.5
S18 7:3 30:1 1.0 22.50 0.5
S19 7:3 30:1 1.0 25.00 0.5
S20 7:3 30:1 1.0 27.50 0.5
S21 7:3 30:1 1.0 22.50 0.0
S22 7:3 30:1 1.0 22.50 4.0
S23 7:3 30:1 1.0 22.50 8.0
S24 7:3 30:1 1.0 22.50 16.0
S25 7:3 30:1 1.0 22.50 20.0
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Fig.1 Part of the standard specimens
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Table 4 Experimental results

VURSRIL/, SV BRI B/ R

WIRIFEH MPa MPa kPa () (gem™)
S1 03238 7949  25.16 33.02 1.729
S2 0.279 5 113.90  40.56 31.49 1.812
S3 0.2832 11526 5845 22.70 1.861
S4 0.2920 108.15  29.20 28.45 1.881
S5 03383 84.06  26.08 35.89 1.855
S6 0.3357 5002 20.93 24.92 1.809
s7 03578 6486  46.42 31.82 1.800
S8 0.369 9 11739 58.00 33.10 1.818
9 0.3818 10479 79.10 30.19 1.800
S10 0.3190 92.67  46.95 27.98 1.804
S11 0.1154 52.28 1.63 32.50 1.859
S12 0.193 7 7895  31.29 32.41 1.812
S13 0.3699 11739 58.00 33.10 1.804
S14 0.748 3 12622 50.20 29.86 1.832
S15 14727 14812 61.99 32.13 2.220
S16 0.440 8 53.10  87.39 30.51 1.844
S17 0.344 6 8745 6121 30.29 1.803
S18 0.2952 11739 58.00 33.10 1.818
S19 0.270 4 5132 48.12 28.77 1.779
$20 0.2779 4182 41.04 3271 1.815
21 0.243 6 116.41 50.70 28.76 1.804
S22 0.2019 5935  65.63 29.86 1.843
$23 0.1316 58.18  47.91 30.95 1.805
S24 0.1167 3502 41.63 33.65 1.837
S25 0.164 8 25.51 54.82 28.88 1.885
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Fig. 2 Sensitivity analysis of the compressive strength
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Table 5 Sensitivity analysis of the compressive strength

7K A B C D E
1 032376 03357 0.11542 044076  0.243 55
2 027947 035778  0.19366 034457  0.201 90
3 028315 036988 036988 029523  0.13162
4 029197 038184 074828 027044  0.116 72
5 033831 031899 147266 027786  0.16476
W2 0.05884  0.06285 135724  0.17032  0.126 83
P2 002620 002547 055552 0.07047  0.05185

(2) SRS B AU 0 B
Y P 3 AT, SR AR Y o A YE F D 25.51 ~
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Fig. 3 Sensitivity analysis of elastic modulus
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Table 6 Sensitivity analysis of the elastic modulus

IR E A B C D E

1 79.49 50.02 52.28 53.10 116.41

2 113.90 64.86 78.95 87.45 59.35

3 115.26 117.39 117.39 117.39 58.18

4 108.15 104.79 126.22 51.32 35.02

5 84.06 92.67 148.12 41.82 25.51
e 35.77 67.37 95.84 75.57 90.90
PrifE2E 17.08 27.95 38.47 31.54 35.33

(3) 2R J7 BB S By

&L 4 mTAL, 2638 153 A #E 1.63 ~ 87.39 kPa Z [],
Bl 25 R B AR fb a4k OBEE A L P iAo e
WIS, R R Sy KIS W/, FTEE AR 6 ¢ 4 I RE R
JIIR B KAE . QW& B LBk 3R, 2
RIS KGN, 7B B LR 35 0 1 B IR B i K

Ho @R M AR5 R TE 0.0%0 ~ 1.0%0 1978 [Fl
P, B3R 77 B R P L 1 2 2 B 3 i 22 R 3
s R R LR 4 R A 1.0%0 ~ 2.0%o 13 [l 7Y,
RN TRE, HARGET 60 kPa &£ 4. DREE T
BB IN, ZER BN o @B H I A
i, FHER H ARSI &, AT ETE 50 kPaZi £ o
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Fig. 4 Sensitivity analysis of cohesion
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Table 7 Sensitivity analysis of cohesion

KPUE A B C D E

1 25.16 20.93 1.63 87.39 50.70

2 40.56 46.42 31.29 61.21 65.63

3 58.45 57.99 57.99 57.99 4791

4 29.20 79.10 50.20 48.12 41.63

5 26.08 46.95 61.99 41.04 54.82
W22 33.28 58.17 60.37 46.35 24.00
R 14.03 21.08 24.79 17.70 8.94

(4) DY EE 82 11 ORI 23 AT

Hi P S AT, PN R 48 A 09 4 AT 3E FRL R 22.70° ~
35.89°, B R R AR fb itk : OEE AL 10 0~
55 MY N, P EEAE AR Bl A E A L A LY
/N SR N JE HEK, FEE A N 6 1 4 S B R/ ME
QR A5 I Eb b RE 7 E S R, N BRI A el R R
/N o ¥R F LR A AN . PR K S I H X P R 4
F I SZ M 557N

R P JBE 2 1 SIORR A 43 AT T 0 (3 8), T A Lkt
DAL JBE JB2 11 110 5 W) B R, 22 PP L 2T A 23 ) 5 it ok ) B 4R
PRSI i /N o 45 DR 2R T PR JBE 48 A SRR S i DA K
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Fig. 5 Sensitivity analysis of the internal friction angle
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Table 8 Sensitivity analysis of the internal friction angle

7K A B C D E
1 33.02 24.92 32.50 30.51 28.76
2 31.49 31.82 32.41 30.29 29.86
3 22.70 33.10 33.10 33.10 30.95
4 28.45 30.19 29.86 28.77 33.65
5 35.89 27.98 32.13 3271 28.88
2 13.19 8.18 3.23 433 4.89
hrifE2E 5.03 3.24 1.24 1.80 2.01

4 g
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i N BRIIF T B, 328 H 3 i B WG A 1 4 P SR ST A
B BA RF f e P B, T LA S ST A £
T BRI AR E KNSR B, BTSSR
By = (1,—71,)/7, x1gK/10 (3)
Aot By—— bBHSE S 7
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T BRI 5
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Table 9 Sensitivity analysis of the brittleness degree

KR A B C D E
1 0.101 0.076 0.058 0.054 0.045
2 0.088 0.093 0.074 0.145 0.060
3 0.090 0.118 0.118 0.118 0.053
4 0.097 0.080 0.132 0.094 0.071
5 0.085 0.097 0.033 0.084 0.065
bRz 0.007 0.017 0.042 0.034 0.010
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Fig. 6 Sensitivity analysis of the brittleness degree
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Table 10 Standard deviation after normalization

IH—Ab 5 R bR 22 A B C D E
PRSI R R 0.036 0.035 0.761 0.097 0.071
PR 0.114  0.186 0.256 0.210 0.235
TR 0.162 0244 0286 0205  0.103
AIBEBE S 0377 0243 0.093  0.135  0.151
Ja kAR 0.061 0.153 0381 0314  0.092

X BB B B W i A 0 5 e /DN 5 3 R A 4
S0 D PR R B A L P R A R, i
FE b SRR 1 5 B N G I, A S b BORE 22 [1] 1) W
VG 58, DA 52 i 3200 1) DN R 2 41

FEAS YA B8 TP B R B 32 2 R A R A LA A 1
R 1R BERE A, BIVEIEY AR LA R A BT B 5 B . X
TR YA AL AR Y At g 27 e M S e AN . oy
AL i BRI N R AR IS W A5 2 A R R 3R
1o AHSEBIE bR e bl s AR R AR LA R ) B
e I o i Y, Rt 6 4 AR S e R — B R
s — 7 TSR AEA YRS B B S A 15 2 1 ~
40 = 1, RIE R L35 Y 0 T /DN, DRSOt B L %o B Al
PO 5 3 1 5 M SO R R AR B ks S — T, R
BE T 2 R BAORH S ARARURA L Y Bk B R iR B S i 2
R, 8 TR I B A AR LR R Y R

2 W JE 2 A 2R B = A AR LA R A L b A TR
B LR 5 2, B SR R M A R BB R Y B e
B2 RS R BRI MR AR E I R . R
FE AT Y 22 A RE 08 ) 35 3 ST AR AR DL A R SURL 22 ] Y
Fhassm B, R F 0B g 22 Rt VR FRICR 1+ 0 ]
o (HRTER WAL 4E AN 1 2.0%0 i, Ji k48
bl 25 N B AR R, X R TR P A 4 R
St E e, AT R R, RESIE )2
WRAH H B K <R32, PR3 2 2 B R
HBIK 4> 2% K%, TS BOZ 4R B (B 53 %«

PG K 32 A TR AR ADLRE R Y B M A, X T
ALY A AR AA 6 A Bl T e i P R e AR D . 3E Y P
G IK T RE S 78 53 J ¥ 25 W0 (R R 25 R, DA T 5 i) A5
AU LY T 22 ek o i3 & B, 20.00% ~ 22.50%
HPEG K i FAEFE G K & i, BUET A PG 7K 57 (1
FE R 2, [] IR R A ARURA R e 4 8 A 18 31 e KM

o R AR (R R Y B A i
B Hm S E R, AR W TR R S
AEABLRA Ak 1 2ok R b H T B B ik R 0.5 %0, X AR T L
FEAN RZ W MR ) 2 R T B R, b S iR AR T i

b R SR, SR BRI D SR R
4.3 BB AR B Ul

A YA (4 H A LR T T R T e s e
Wt 8 Ak ik A = P Wy B R 6 ) S R LR R
FRABLAA A o0 20T i 2 A R 3 6 v AR B BE 9 285K, % 11
B H T AR A AR BLEG BT  E BAR RLRT R 5 R S RO
{E LI ] FE U6 Hh B Rk B S0 4
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Table 11 Theoretical and experimental values of
similar materials

" w DURIRE/, BRIy NEESEf/ SRR
b o el B i S
ARARUBE k38 E 22 MPa Pa ©) MPa
LI 0.17~0.42 50.0~83.3 45.0~60.0 66.7~115.0

SEMAE 0.12~1.47 255~148.1 22.70~35.89 25.5~148.1

HI 2 11 Rl %0, AHALEE M 12 600 A, 525628 B P
TG A2 AH AL 2% 10 19 bF L i B L 0 ) O - BT i R
0.17 ~ 0.42 MPa, % % J1 50.0 ~ 83.3 kPa, N JEE % £
45.0° ~ 60.0°, FPEAR B 66.7 ~ 115.0 MPa, i i % i /F
1) A ARL A BE 1 45 A 5 BE 48 AR R 2 73X — & BELIX (]
P o (EL P R4 A S A PR (B AR 22 K, AR I
SR NIE, FE A T T AR A ) P EE 4 A 5 e 3
T, 25 L T30 v P PEE A A 1 S (B 4 B AE I /)N, T
DA 3 35 4 9 5 F A EOR BT AR D B A (A
A BRI DA JEE 48 £ 6 I BRI (E

Sy —J7 T, M T o R s s R, A
F 1 T B ) A B P R AE , LA B o B,
PRI, Ay B ST b S LT 3B R O b A AR, A A A LA
LT T A2 D SRR, BB TR SE IR = RUE T AR
PERE R o 38 2 5 R IR Rl A A A 5 1)
BB, o EC M E A 7 3, L 30 0 1. FRH
R RS B 1.0%0 . FEB K 22.50%, H & &
0.5 %o fie 243 78 FH T30 1 AR, RIS ARC L

e e AR BC LR AR 98 A R AT T = N R R R
5, 5 LIE 7, RTRLE AR RURE R E A e Al
PN WE, B R ARG PR, AR R 4k S8 B I 45 AU
Me o 2 AR 56 5 A A BB A A 1 R AR A S A
A1 B WA B — S0k, B SR e, TR i
AEARURE R AT AAE S 28 P S BR300 A1) 2 41 AR LR ), B
FEARLLE R 1 1 600 B, e BC L AR 00 T i 4 i A AU
RS H % B B A T e o s AR T 3 . IR A A
WAL AR 7 L T2 P RE R I AR U i 48
S AR KR B 2 R AR WUAE DRI AR AR R AN i
A KAEH T AR R 5
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Fig. 7 Picture of the crushing effect
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(1) IR B0 45 5 & B0 T A B H A% 0T 45 AH LA R
BT 2 800 TR 43 00 O - BB BT R B B AE 012 ~
1.47 MPa 2 [i], B PEML & 7F 25.51 ~ 148.12 MPa 2 [A],
BT IAE 1.63 ~87.39kPa [, PNEESESI#E 22.70° ~35.89°
Z I,

(2) T A L 3 B9 6 2 A R ARURE RE Y P EE 45 £
ME A 6 0 4 BT, PYEE A B /IME 22.70°; B G
Fb BBk BRSO R 75 SR 0 R P R A A e G K
JE /N, B R 35 1 1 B, 3R 1A R RE 79.1 kPa;
SR 40 = 1 IR P BE A A R B0 KM 33.1°; R AL
2T 2 BN AR SR T SR R R B R
SERE LY 1 2F R R i 2 A A, H v o Bl T 5
JE Y SE ) e K . o, BER F R AR 4 R 1 ML 0.0%0
F| 2903 I, A4 kBB R 3 B TR AL 0.12 MPa B
I 328 3G 3| 1.47 MPa, 3V & DA 52.28 MPa HLiH 28 1
F| 128.12 MPa, % 5 J1 M\ 1.63 kPa it b1 B0 3 36 344 5
63.99 kPa; H i % 1 A9 34 111 (0.0%o0 ~ 20.0%0 ) W] I 2 1)
il T A AR R B AR

(3) AHALLAA 1 G 1 4 b 2 22 /0 AR 7E 0.033 ~ 0.145
Z 0], Horp R F AT Ak 22 A DA KRB K X A Rk i
PEFE b3 52 M B K

(4) JIr e i B9 25 A AR BUORE Rk B A I i B v M 2k oy
i, T 2 4 RO 50 9 AR AL LG 2K, 58 T e ol O
PR A A B 0 P BB AL
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