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Fig. 1 Photo of damaged slope model

(modified after Dong Jinyu et al. , 2011&)
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Fig. 2 Preparation of interactive layered specimens from

different materials ( after Zhang Guimin et al. , 2012&)
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JE 45 4 6L R K 8 RN A B B AR AR AR DL A 5 K
W e R A W2 P S A BT R TR Pk i
FRTEZ RS T B R L 72 DL S S kB e,
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BERl )2 R (U5, 20105 5K T A1 55, 2020)

Fly 522 D A 2 5 A o5 3 L

BRI 2B A3 IE L 5 . "

T, AEHEH R TR By P A

B B AR Db — A LT g% |-~ Do

B TR SR R, %ﬁ?’—*&g B
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Fig. 3 Schematic diagram of model test( modified after Liu Jian,2016&)
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[l 4 S4B R IBEEAH (F5 Zhang Long et al. , 2014)
Fig. 4 Simulation of jointed rock mass dam foundation

(after Zhang Long et al. , 2014)
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PR & D R 25 4%, TR A R 1 4y 3
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{ZREAE, 20135 1 855, 2015) , #8548 A R TR AR
PR} S ILIEA Y )2 SN 3R | s IR
FUAEH LA B AOLURE R A M R O B bR, A4S 1R
CHBE BEEET) (R 25 AR Y LU AE (s A
L E B LA ) Sl 2R AT IR AR S, O AL
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BRAEAD R BRLT 4E 200 ORGSR HRL, SR T U
BT R SE T 5 S ARy A ERD DL B B AR
RSB EA T bR BC R, B3R
AT HERD S I A Y EE R A AN LB RN
s A A R B8R 38 5 T Ay S 3 T L P A N
RBIW RN FE T4 F & (R EYE,
2019 BRESE 2022 fF /%, 2022) 5 e Ah, LLiZZE T
RHAC B AT RR AL DL 25 BN A8 g bR A A 1k 57
POERF K — MR AE 7 RULE (F 05,
2022) , SE/NEIAE(2015) S 45 R T oRAR Y S 3
PEREAARHC L O 26, LA 25 ) B SR B R,
IKVE A R IREE T, LA I LY KR LG R A
O R VAT IE 2SI, K B R L
5 S B 2 D e e 2 ) A7
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Table 1 Some rock mass analogue materials and the model physical and mechanical parameters

i BUE | BLBL | B HE]
Eadh FARL 2% Lo | BREE | BREE | Bl N BT 0
(&em ) \pay [(MPa)| (MPa) |
W KR - Bb=1:5 KK 0.8 2. 14 21.1 | 1.36 0.2 | KL TR0 (B AR5 ,2018)
b LI ¥ KV A8 =B Rk 1.73 11.49 | 0.7 3159 0.2 | AEIHEZy 5 ARk (X4, 2016)
W oRE WAk AE=8.8:5:5 1.43 0.703 JREE TR (B L ,2002)
g Kok - EAAR « AR RIS g 0.2 PSR (5 2016)
=1:1.2:0.38:0.6
Wt W IRV A B AT 1.6~2.4] 0.4~7 0.4~1.6{0.2~0.3 WIHRBCRERS,2019)
A JEA K s A =1:211 5.38 780 0.25 FRIE A (VT4 ,2017)
Tk ROk ANERRY R SR AR
HE BIREAN e AV LE A 12 0. 04 2.3 0.4 |0.02| 360 0.3 R PR (iR R A 2012)
HHAE R 6 ¢ 4
Boh (b W KR=6:3:1 2.8 iR OB B H5F,2018)
16 A A AR KR AT K 2.7 4.73 | 0,37 | 3450 0.29 W) B (k% ,2010)
=50:20:5:2:6
BRI PRSIk A 2.65 TS ki 8l ( F E SR ,2014)
WA AR =73, BK(AE.
T R R IR H) b=30:1, | 1.812 | 0.193 78.9 W ERE TS ALas 3 (1T 9 45, 2021)
R BRI & 10%
FFECABERD « KU - AER K o et e X
B ST | =613 30 2 BRI ELL D ¢ LR R el
KIE  FEH  K=1:0.5:1:1 (RAZ,2019)
RTAQIDE =R ——
@ﬁiﬁfi)ﬁ JUAATARBL LR 6 ¢ 1 (J50 = AR ) 1.7 2.266 [0.218| 5.5 0.19 %g;fgﬁﬁi
4

HEn A1 b DI BRI H R [ (P Sb) 5 it
Hb AT — ez 35 F) T X SR RIS A8 i
0T PR A KR g P 4% (9] 81 ( Huang Yanhua et al. |
2015;Yang Mengze et al. , 2021)

ST AR GER AR AT 4 BR B 245500 40 43
AR BRUKE— A BERE SRR, XaE
FBAUAPRINT |, BT AR 1Y) 58 B 5 00 B L AE AR AR
MR R X TR AR & W 2 LA
TR RRAR, MBI S 1R 55 . ML/ T 3
IF, APRLAT BB P25 B 4 H 5 B AR TH 23 38 i 1
K5 BRPIE LN 3~ 8 I, ARk 3 BE AR D T 5 24
L RT 8 ), PRI 3 A i 5 bl A il 5 TA
A EL 3 TR A, A L 8 B 10 I, IR
JITREIR 52% ; 5 VA i 72 Al e 4 5 5 B AR {0
(Prudenci et al. , 2007 ; #{ # %,2013; ZE 01 5,
2018 ; Wu Tianhua et al. , 2020) , ¥ F/KIg—AF
KEGHAUM RN | BiE 0 LD $ s i
AR I 38 ka3 5 0 8 2R R, 75 2
LI, WS ER A 8 T B AR R TR R AR
FERIWP I L BRI FTR T, B AL E R 10% 1Y

AR R T LA S0M0 R D, IR B R Tt 25% /2
F (RIS, 20145 B R4, 2015 P B 12 55, 2015,
Wu Tianhua et al. , 2020; 254 J¢,2020) , & (K
5, DS S50 M R 1 i B D I L 1 1 R
/N B RRRLAR (18 15 T3S B R T B AR AR
PR R R AR K/ INFETE— B BRI, Abh, 28
F A APB AT AR BT AR E | H— AR B AR
BB EE 5 AORERR AL B I M A B KRR R
( HBE2E45 2012 ;X it 5 55, 2016 ; KT 45,2020 55
YA 2022)

AR, B A RHE AR AT & R, 37 RUB LA
FA At 2 5 R A RS ADL S S A 9 1Y) — > A
WOk KL NGE S O 2y NN N R RN &
FESRBEAE Ty A8 b, Bh AR #EAE (1997) Bl T MSB
CHT RSB J5T T A RURRE) AR} DUGR T e o s Ak 3t
R AR B R RS A TR A R e 45 77
JE S AR RO B A/ (m+ A ) B T
BEFUR B 25 B, B S A B/ B RE TR R I 5 R (T
J& i) BGisTsREsebr (FR 1 N R ) B E
BLEHIVE R, I AR 3] T 55 R FRAR ) A (B )
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Fig. 5 Sensitivity analysis of rock mass simulation material properties; (a) Analogue materials for slope engineering (' modified

after Wu Jinhua et al. , 2019&); (b) Analogue materials for underground engineering ( modified after Shi Xiaomeng et al. ,

2015&)

5K 50 55 45 (2008 ) 7£ MSB A F 1 LAl E A A b
PHATGES AL LAVH AT SR B T — Rk
WIS B 5 A AU R 5 o 5 R 5T 300 B A 7R G
ORI Ot G P A R, | T2 2R VK A (2020 ) 7Bk SR i
SEET IR ERE L, TS 0/ b B - LA i A
IR BBVE N ff DAL e A5 R A Rk X000 A6 75 A
B AR R T A R 5T S KR 1 ) 5, 2=
TCIEAE (2015) LG RlATDERD (H) REHS DA R B 3
SRR, DATSLAR S T T LA B 0 Sk s YRR R B
AR A 40 bR R AR S i T e A R
(RS TR BB LR T S 2 1 A AR A5 R 3R
P EC L, a2 B ASE LR ) | 22 it ek i A e M
B3/ 8 W VA R e R ] 45 s 9 I AR B
SR IR A RR W AR R R S 25
BIFMXKR, TR FPCE AL G
MR Y3 ) 2 8 AR R BR Y R ik 7 | 11 e 2
MRERT LU T HCA I BRI S50 iR AERR A
LS 11 375 B RSS20 6 e FH - 1 T TR 6 ) 4 3
RSB (P 55,2011 5 /0 dh 2021)

PEAh , — BB 5T N BLIE TF K H B A 1 3%
3D FTERBARE LA B R AF AT Ak A A A & 4% P93
ZEMJFIN F153 45 . Ju Yang %5 (2014 ) 2R 135 B 16
HREY) Vero Clear 24 il 3 T, % FH H G AN 15 1H

HICEER G Vero white Plus A BT 78 A4 i 2
4% o SRR BB R FHAS FFA L 375 B R AR AR 3/
[ lite 78 4R S £ 44 8L Fulleure 705 JE B (] 6)
ko2 SCRRE R 8 AT . PMMA (SR20 (T4
TR IL IR ) FORR AR IX T AR A I B A5 A0 e 14 A 1 Al
oA X SRR BB HT R BT SRR T E
I PERe 5 IR AA A #508 (Jiang Chao et al.
2015;Zhou Tao et al. , 2018) ., MWFFE R /K B
Sl FEART FUA R (CIRM) 19 g 27 3800 B oA e 1k
Xia Yingjie %5 (2020) J& FiZ 2 A K B 45 H FR1E ,

& 6 3D FTEMAAE (H8 Ju Yang et al. , 2014)
Fig. 6 3D printing sample (after Ju Yang et al. , 2014)
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121" W % % 38 ¥ peak intensity(MPa) BB FH B 2 IR ML L
I -ﬁififﬁ‘:E elast?c mod}ulus(GPa) T 2 DU 7 32 P T A0 A B g i

| | putkdensinem) 1 B AT R IS
: L A 2 K 8 Y

. ARSI, BB

_sr . — e T B P
5 B ERE B TR A
Bl oA g K BRI ) (1 8b) I
o BT SRR T AL G BB R i

- HLUE SR TR RIS AT

4t AR, 4k D I 4%

g”‘ PR R T 9 P D B A A
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104 LT R A B K

Coo R ey Y mm sk 30 $TED

[l 7 CIRM B AHA A 0 J1 2= et £ (4 Xia Yingjie et al. , 2020 f&ik)

Fig. 7 Mechanical property curve of specimen made from CJRM materials

('modified after Xia Yingjie et al. , 2020)

FH—FOCIOR i (A B 5 B ) #1RE, 454 3D
ITENEORAG R EL A T AU B CIRM £544, dnps 7
JIe7s A5 AE BAT WS 04 JE P A R ik EL IR R 1Y
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FEZ g 50 MPa, HR 435 AH DL i DR JHC 480 53 g Ao
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KIR CIRM 194 B ) 2 2 B0 R IR A8 5 e BE AR
L, HA A A s Sesead e nl gl e, N, i i
Mo BRI AT BRI R = 4k CT 455 7 ik k15 A
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ORI al UL, 3D FTENAEAH SC B FIR LAY Hh
B, AT ELZIN | 2 A ) B DRI R A0 B Y
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(1) L GERE AR A 14 B a5 i 9 2
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Fig. 8 Statistics on the use of traditional and new rock analogue materials( the ordinate value indicates the number of times

the analogue materials appear in this text) ; (a) traditional analogue materials; (b) new analogue materials
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A review of the selection and application of experimental materials in
the study of physical simulation of engineering rock masses

SU Zhandong"* , ZHOU Sizhe" , WANG Chenghu , SUN Jinzhong" , ZENG Yangnong' ,
ZHANG Jianyong' » |, ZHANG Minglei" > | WANG Lei'"** | ZHU Zhuohui'*? , LI Xiaorui' *
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3) Key Laboratory of Crustal Dynamics, National Academy of Natural Disaster Prevention,
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4) College of Engineering and Technology, China University of Geosciences, Beijing, 100083

Abstract; Engineering rock mass physical modelling is an important method to study rock mass engineering
problems. The selection of the model materials is essential to the quality of the experiment. Accurately determine
the physical and mechanical properties of rock masses in civil engineering requires a large number of experiments to
determine the types and proportions of materials. This is troublesome and inconvenience to the modelling process.
Therefore, the application of experimental materials for different types of rock mass engineering problems is
comprehensively evaluated. River sand and quartz sand are the most commonly used aggregate of traditional
materials when modelling soft rock. On the basis of river sand and quartz sand, more barite powder is added to
adjust the gradation and strength of hard rock. The cementing agent is usually cement, gypsum or a composite
material mixed with both. Non-traditional materials are chosen to address the engineering problems. They include
iron powder, molten quartz sand and ceramics acting as aggregate, and polymer, alcohol and rosin acting as
cementing agent. In general, the larger the particle size of the aggregate, the greater the strength will be.
However, aggregates with significantly large particle size are not favored in similar simulation. The strength of the
material decreases with the increase in the sand—binder ratio. When studying rock mass with significant joints and
fissures, auxiliary materials such as pulverized coal, crushed mica, perlite and foaming agent should be added to
control the joints, micro-fissures, structural planes and holes of samples. The conclusions from this review are
expected to provide reference for the physical modelling of rock mass engineering problems.
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