WH PR AB 20055 Bk 48

WMERREMEMEIBRRIAREEZSH

EE AN SN L L

1. MAEHIER AR EAMIEEE, L5 100085,

2. BAHEE BARICE B 12N A PR R S8 E b 100085
F—{FE#, E-mail: zikangxiao@ninhm.ac.cn

*SEfEMEH, E-mail: xcl1111111@126.com

FH, friEm

2024-08-15 Wk ; 2024-10-16 1 [0]; 2024-10-21 $#%%
FEETH: N2 EISE R AR R E AR B ARIRL 45 % 1 (ZDJ2022-20; ZDJ2024-16; 2023-JBKY-57)
HE4y25 . P694; TP391.9 LEGS . 2096-8523(2025)04-0023-25 doi: 10.19509/j.cnki.dzkq.th20240454

i OB AL20aF, HARENEGEELREALFMRIX, BA) 2, EHFARENZRIK. FRAUERKE
WG E R K RIVK R AS AT, A8 TILH XA EA R EET LR RE R RS TI LR, RS,
FHEA, RAMFTKERBERHAHAR. AFRENE AR EDEFELRA LR, BET TR
BEREDEGEERHSAEL 6 MEHFERBRAZE —HTT IR XPBBE AR EN
RS ZWEHR. RKEEFEXAE LR P LATRAEGENFNB; KA G FHONHAT A
EEBEUERAGENTRE, ANBEGEL LY R EFETTARNGER, RO GEIALS RERRN, R
BB ENRBEFTAAREZRY . HARENEGELREAF I ZHRE LM, SRABEAR 1, M A%
BREMFBEREERMNTHAR, ZALREREEFAARBTEGNER, BEFEER YR RIK,
IMBGFEERERRAREF RPN ELEARER,

KR WEGELE; HARE; LRIK: ZH 4

Py PR B S I0 SR B b T AR AS TR R I A L 4
IRHL T RCESCRALHE R E T 1, SR T
AFARLA: B 00 5 2, R 7 2 e AR AL 8 (5 LA ek 3
7 Hb AR A 8] B AT, S RIS TR | KRS Ak 28 51
B b AR S A 9 e E ad RR A AR 1T
b J5T 9 T P BT FLB AR B £ B ST b T K
I SR, BT M 5T ¢ 3 B SR A AL
B FRMEE, g 4l S5 K AL BRI ST 3R AL T — B2 4
MERUIBEIE 5

AWM T T 350 fiaf 5 b ot 9 3 W BTy LS5
5 1o BEAH SC Y SCHR, R4 e S # AT DL BE, 1990
A 2 i A B A AT b T T B LS IR 6 K SCHK
/D, ARl K 1990 4F 2 J5 B4R & OB

BB, JUHIE 2010 4R 2 )5 (] 1) . HIKZEG 5 &
SCHIR & i LA K S BN A, B b B R
YIER O BRI KRR 73 3 BB S—BrBea
T4 % e B B (1980 4F Ko Z T ), 33— B Bty 1l 5 K
) BT LS DA TRT SR S S8 1 By R 2K R S
0 5 R RE AR Sy I, S SR ) S 24 Hb TR
Py BRA7 FLSE Y R AR AL 1 R A B PR SRR
55 B B oA PR R B B (1990—2010 4F ), Bl 4
BRI N G H AR 9 E KR B 38 2 TR A 3 4
et SRR G T T 9 T LB 1) S R
AR I 4R A1, i) 40 36 [ ) 5 b AR T R AR I 4%
(network for earthquake engineering simulation, f&j X

NEES) £ 4", 3% [ #l1 i 4 ¥ /7 (United States Geo-

Geological Science and Technology, 2025, 44(4): 23-47.

EZRER: U0 Vb, 225, % MR FYI5 LR R RIRBGEH AT (7). HuBRHR R4, 2025, 44(4): 23-47.

XIAO Zikang, XU Chong, LI Hong, et al. Development status and trend analysis of physical simulation experiments for geological hazards[J]. Bulletin of

© Editorial Office of Bulletin of Geological Science and Technology. This is an open access article under the CC BY-NC-ND license.

https://dzkjtb.cug.edu.cn


mailto:zikangxiao@ninhm.ac.cn
mailto:xc11111111@126.com
https://doi.org/10.19509/j.cnki.dzkq.tb20240454
https://dzkjtb.cug.edu.cn

Wi AR

20254 544 % 41

SRR

40
30 &F
L B
Tl amgEnE N
0 1 1 1 l 1 1 1
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
A {3

1 AR ST T B B SR AR O SRR R R B i A
Fig. 1 Statistical chart of the annual publication quantity of
articles related to physical simulation experiments of

geological hazards

logical Survey, faiiFk USGS) KA EL/K A H A=
4 ) R R 5L Ui (3D full scale earthquake testing
facility, & #% E-Defense) s 17, 38 [ AR s M AE
FoMEshE (1arge high performance outdoor shake table,
Bk LHPOST6)!"™ 25K A4 B ELR A I TEIX —Ffy
BRI A . JE T, HbTT o Ay LS
B APRGH R FRII BT B, (RIS, 1525 T3 — B Bob bt
BhoE 5 H Sh ik TR Y s o R R, B 5T ¢ 35 P B L
SEYGAHCH AR T IR PRE R B, S =BG
KIEHBL(2010 45 4), 2010 ALK, 28k [ ARKE
PN RE | R A % B S T S B A A A,
O BT I R LS R A R TR K,
RIS b [ 26 B A1 S e 4 P | R R ) B
&R R IR 5 P 4y 2 iy T B B LS
B PR T MK E YRR B T S 2R A
PER R (EA3 B, Y3 a5 1Y Bk oy 22
BLERMIZ T, SERATmEMEG. HA, £HE.
AR NG P OER ST od SN GRSy N 0,
WA B R I R A, 15 25 T b, S S R G A b I
KENH TS T F 5 IR, 29 T HAE D
JoT K AT U ) ] P S S A

FEIE 20 20 a v, BORBE 22 (0BT BOR W0 FH 3
by J5T 9 %)y B L ST v A b 5T K ) R
B O 8 WA — SRS S BT L TR
BTN o 2008 4F“5- 127 301 [k 7)1z
(R HITTCE, 3E T K N T M Br ik, 51k
T A N T LB E I AL A AR X
I8 7 7 25 1y T ) e BE AR AR i inpe T
b AH OGS g0 R A ZH T R TR b T R
Yy LA, AT DML BT ¢ AL B 20 T 10 B ) L
S P P KR 2 LR AR,
P 2 28 B oAy b 5 O 3 W R L SIZ IR A0 1) = )4
24

ASBIFFE R T R A SCIR R BIF TR 18, 59 78 DA b o K
F YL LSBT SRR MO B R A R 5
PEIATRU [R] IR, S F0I00 st o o 7 4y B85 LS 6 AR ok
AR A & 7 Ty, T g 6 ]t i 7 ) By LS 3
T MR RIBE K . SREEEOR BB B A i EAY
2% . RWGLAAE 3 RSy, S — AR e IR TR
Y SRR 5 ARG R R i ik
T 5 Wy LA ELSE g 6 TG HR R 1 R S IR 5
B = AR I3 AN 4 A>T T TN 5 R ) BT LSRR
KR FR SR ARIGABIE T R AT R RS H i
R ESL I A — 2D S SR — S

1 MBI Y P B e i 7 X

1.1 REHEEFHR

DASE Bt 5 0 S o Fml, 5 Atk 25 b A
AE [T, JAT 68 b fT A AR 76 5 LR AL s 43 SRy o U,
SIS M T T AR SR SRR R
{14 3R 2 2% 121 46 0 B A it Jir #3257 4% 12, Sk
FEY R TR, X T E A E AL —
ANEEE Y, HEETYIHO B AT R K FEY
e T AR S R X S 0 T 4 g AR o 6 B P,
B AR R AN I B W B A R BT
Vb 8 55 52 BRI PN 25 B 2 1 2 b T4 T AR R
LN N =802 N 1115 N s B A )
EH LA R A SEARARAE o AR ARG B S AL
TER SR A, 38 TR e 4 S8 ST,
SEEERT S o b 5 T P A B VA, T Sy e o
ST . BB IR K A T AR AR S5
1.2 BEHESH

i )¢ B LS B0 T DL i R N AR 2 A
J5 A R 3R, 8 s b JoT (A AR T A N RRAIE B LSRR bL
B, — AR dl R AN IR % . A
F5 B AR o0 AR R
s o F3 P ALK R SN R 2 A A b R
PRI ASR MRS R R B REAE o 55—y Tl 4 il b
JB 0 P R M T DR 2K 3 e b R A A B AR T B
HET AN TRFAE B9 S, A R A 2R
B st v LN N B9 AN N F 91 = e - U
RTR)AS FRERAESY 45 SRJ5 LT #A N R el N R fas il
G BT JEX HESIE G, 48 718 PR 08 4 S5 IR 36 7 b o 4R 2
Faad R R4 0
1.3 ERESWIE

i PR LS G Y B S A0 UE R
BRI 2 A5 . SR T P B S S



HFXF: R REDIELG L F I RIEIRBA H 5 HT

PRl S PSR A TR . 5 W PRy
LS T LU BB T S0 E AR RO 5 0G
SESRRCE A, IR A0 58 3 b 5T 9 5
AL 5 A i i ) BRI R, AT B T B v R
F I A AER AT AT SR S AT T i P B
7 FLLL A 5 LA 25 5806 B0 A, 52 X 3 ot K
FRUEAH T A A Yy ER B ST A 2
EHE B 5 S BB — AR Y, A2 2R 8K
(AR R A A 5 S o B TR A7 S o I E Y, T4
BTG BRI AR G AR AT 5 b o (AR AR P Y
— P R PO R, A A e T R
e AR B S A1 e RO B0 L S 6 o S0 R R {07 L
AR,
14 XBSHIRE

Wy B0 LS X T MK T AR PP A S S R
P B SCAT LUAERAE 2 D5, 58— D7 TR AR
R 20 5 R Y SRS, D B BUR R B R T
S BIELEPE ARG o nT LI o 0 iR 3 K 5 O
JEEM PR B, B MR A N SRR Sl AR, it
e 2 KR KA kB R T i
SR W ES RSB R AN, AETY
HERIL T P9 i 5 9 S DA T 41 B (A S (24K
TS AT R R L Y G B ER
PES B e W, T A S e 114 o i 2
(A0 ErE o BT 3 S 30 1 3 B )y LA
T, i X b A ROBAAER, 4R R DU I AY
TR R TR
15 R EE

I BT FLAARTT 8 b 5 ¢ 7 i A Ay
AT SRR 3 AT L. S — T3 T HE A Y
W AR S B R, A ML TR T T AL RAAIE, F A
J 9 A AR A AR AR 2, LAYI O Hb 5 9 A i
JETFU AN I T $2 L A HE o 3 5 T 1) T2 A
T AL 45 100 Bl R e A A Y e 2 300 35
AT 5= NS P Y =Ely S W N
BB A R AR 22 S5 8 Bl R, 439 AL
B B, DAL M o O A s g A X T T
ABIF ST N AR AL e A T A o T A 1 3
2y 55 DU U™ 8 U 5t e A U1 b
B AT 45 5 =7 TR X B AR T F A
MR A T8 S, J e ) By T BRI Ml 5 R
FHEOCHE S R S RO BTN, ST R
G ik T AR X, 91 0 5 - T ke -4 S UK
St RS R ) -0 A AL - A L S A

PR R 2T 7 - S 0 5t phe i e AR 5
Y,

2 MR ) P B G B R
- SRN

H 3t R AT AS BIF S 5 5 3 ) B LS
T I 6 A SCHEEAR S AR (1 HAL
ARLKME O AR RSB T HHAR | R HAL
A B O EEARREAL B . T 235
FTI 6 AN SCBHEH AR 4 % Jre IR, A 2 5 ¢ 4 3L
D L SLE R DT BUIR .

21 WEEHERA

R W) PR FLEOAR R 3 B Wy By LS
HR R Iz B — R R o Bl MR AN R Y
o SRS TY , WA RIAIE ST Ml TR B Y R A A, 875 51
PR SR B RASHLH o IHR 7 BB RUA R FH B S b1
FHHESE, BALBEE" A IR R AR 5y
B RONFE A BT T B (7 B R
TERG AR ZS (Al N T RS2, S2 AR RS [E] BRA, 1X— 285
B LRI N T i R AR K AS S R b b 3,
HZ BB ST Dy SR ) 320398, o fag B4 75
A AR TR T T ek 2 7 e o 28y 34
PRI RS B g 2%, A SR K AL T
E%BO, 103]\ iﬁ,}&[ﬁﬂ\ y[:“%igﬁé[ﬂ. 104]\ %‘E‘\H—LUOS-I%] %%Ejj
BRI B, BT Sh 8l R AR E PR AR AL
N ERFA A ) (SR I T LK P BT LA
ARUFN O, BRI R i M B R T LAt
e Y DIRRIAE > 1 AR SORE ST AR O LR
R B Ml R PSR K o3 8 MR, A% ST
NI 2 iR

ATLAFE BB O B AR n] DA S T R S,
L] LRI A A Bh i 4 I R T e 22 Wy B 5 ) 3t
JRK A FLe g, BATH A 2R RS AR L 223
Oy BT L. T EX GO, BT H
S 22 B R AL 5 A IS THT B L3, 9 AR U 22 i
B, RN BEMUA A . X — 2l T
Tyl g i, FESNT AT 5 TR, s
W Sy T, FELE Al DUBUS B0 B Y 07 B4R
LA, LA =7 ] AR R 7 B AR DL [ B
IRRFAE, WF9E A B S E gL

RERUAR 5 BEORWBATAE A B B, b DIAS
P S SR fu e G 0 SR S R 1
3 P AR R A Rk Y b R Sl A

25



R A’ 20054 Fask AW

i

—

W
4

>
L

a. AKAIIREN; b. BRSNS ¢ TRARE RN d. 54 IR S e, B IRS; £ IR SIIR S g WiRIREN; h IRGIRSL
B 2 IR[RIZEH M 57 9 E ) B AR RS L0 /n BB (Jsemk [53, 102-103, 107, 111]4&ik)

Fig.2 Schematic diagram of different types of simulation model box for geological hazards
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Fig.3 Schematic diagram of different types of flume for geological hazards
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Table 1 Major Chinese institutions and corresponding types of table-based physical simulation experiments for geological hazard
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Table 2 Major institutions and experiment types for centrifuge-based physical simulation of geological hazards in China
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Development status and trend analysis of physical simulation experiments
for geological hazards
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Abstract: [Significance] Over the past 20 years, physical simulation experiments for geological hazards have
rapidly developed, evolving into an interdisciplinary field with widespread applications and continuous
technological advancements. Analyzing the current status and trends of physical simulation experiments for
geological hazards helps researchers gain a comprehensive understanding of the field, design experiments, develop
equipment, and update technologies aligned with future directions, thereby promoting innovation in key theories
related to geological hazards. [Progress] This paper reviews a significant body of domestic and international
literature on physical simulation experiments of geological hazards, summarizes five key significances of
conducting such experiments, and analyzes the current status of six core physical simulation technologies. Model
box and flume are the most widely used simulation technologies due to their versatile combinations, low cost, ease
of installation, and simple operation. Base friction simulation technology enables coupling between the model and
the gravitational field in two-dimensional settings. Shaking table and centrifuge technologies, while expensive to
build and operate, provide controlled vibrational and gravitational conditions, playing an indispensable role in
physical simulation experiments. In-situ simulation technology, while facing challenges such as long experimental
cycles, difficult model fabrication, high personnel input, low automation, and poor repeatability, offers distinct
advantages by mitigating issues such as scaling effects, boundary constraints, and gravitational distortion.
[Conclusions and Prospects] Physical simulation experiments for geological hazards are evolving toward greater
scenario complexity, larger-scale testing, more scientific material selection, and intelligent data collection. These
advancements impose higher demands on experimental technologies and economic costs, highlighting the urgent
need to foster a conducive development environment. Doing so will enable physical simulation technology to play
an even greater role in geohazard research.
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