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Table 1 National geological disasters and collapse disaster
statistics in the past 10 years
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2014 10937 1860 17.01
2015 8355 1870 22.38
2016 10997 1905 17.32
2017 7521 1356 18.03
2018 2966 858 28.93
2019 6181 1238 20.03
2020 7840 1797 22.92
2021 4761 1746 36.67
2022 5659 1366 24.14
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Table 2 Typical cases of collapse disasters
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Fig. 1 Acoustic emission-microseismic research frequency
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Fig.2 Limestone similar material concrete test block model
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Table 3 Acoustic emission monitoring technical indicators
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Fig. 4 Typical time-space variation characteristics of the whole process of collapse under weathering conditions
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Fig. 7 Waveform characteristics of collapse signal in time-frequency domain
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Fig. 8 Typical time-space variation characteristics of the whole process of collapse under slope conditions
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Fig. 9 Typical time-space variation characteristics of the whole process of collapse under external load conditions
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Table 7 Characteristics of time-space variation of collapse

under vibration conditions
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Fig. 10 Typical time-space variation characteristics of the whole process of collapse under vibration conditions
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Table 8 Comprehensive initiation mechanism of dangerous rock collapse

ey b APSES JEhHLH AR,
k. TG R RS SRR %, SR O R A RS {12
el WK, fEATEOTIE, IR R E A fEg St
STk SN, G B R ELR B B i B bEE: SN
Rzl SERR TR A R A IR, AR R A L S 0 PO 45 1 T I R
R RBEBEBESAIRIFE
Table 9 Comprehensive precursor characteristics of dangerous rock collapse
fE e KA
FA[ISES i K A1k
HPgE & M iR B U ARAR (R 2 1300 ~ 500 Hz) o
Ak B AT (R ERTERI300 ~ 500 Ha)s fib 55
gt BRI ECIA0 ~ 0.921x10°%% FRERGRE AR
FIAETE, HBURORFEAERFE200 ~ 500 Hz)IR
A T T RO, RGN0 - SOHAIRE 0 oo H200 - 500 Ha) A i
Wi - e BRI 500 ~ 1200 Ha)JRA i e e N " .
B B SR R (R A R e e RS (RS FEIS00 ~ 1200 Hz)l B g5 5
(B R0 ~ 0.1.975x107)E %
HH AR A (% 1 280 ~ S00HZ) fe e i HEA AR (R T 1280 ~ 500 Hz)f g
B  HSRIHAEBIH0 - S00H2) 5 i ARG R
ST S (B0 ~ 0.910x10~) IR F W 35 5 5 i VU B 5 550 PR O 2R
IR (A 1500 -~ 750 He) e R H OB EE 55 500 ~ 750 Ho) BRI TR 355
s INRFE A TR P ANPGRS 7 HE A A B 180 ~ 450 Hz) INPG T8 7 A RN
T s S IRE(IRIEE 0 ~ 4.287x10 (55 (G180 ~ 450 Hz) B AE (55

223



Wi AR

20254F 44l B3

3 4 i

LG 2N ZR DR A R R 5 A4
BrEe, WG 2BUL BT RN B Rk sl N
PR BE, & 2L B s B B B fG S i
R T B A e AR ST B o TR I8 B B B P
SHE SRR AE AL R I O B 5 I 2 A i R
(15, HUH BUE fh R R R m iR (LRSS, Bl 7
H B 2 A 1 P R RS T, Ba B — BeoP
WIRES kA RIEIR

JE BIAILE: & 7 i 38 AN TR fish 2 52 W) IR 3R 2% AF
AR 2O AR AR 2 e i
JRSIHL BN RAE TRoa O kAW . o
5 WA (B RE e ) IR RO RR S 0T B, S fa H B AR R
TR B DU R R . Heh e s S i (el
BEE 1B B REES 17T Ko A% X M) e 44 oy 3
A A SIHL, fE s B0 K R R A T 2 ] X 35
AR ShAILTR, fE R AT 8 0 1 R LR o i
BR 3= 23 R A S 4R S o e ] AR E A
(5] i A M PR 2R A o R AR RS S BL BT — 2 1Y
FRALPEFIALAEPE, [ ISl DL — 00X 3 28 4
AR RS PR G A A 5 S LR A IR —

B IRAFAE: 55 X L 23 7 AN () fih 2 5 0 A 3%
SEAETR G A S AR RS I L AU L %
SRR o R T IR IR AL, 6 i 45 i i 2R
H RS 5 o5 H s ST AT IR AR AL, fa i
SR B R (ELE 5 b e 2, H R L 5E
BT ISR IR, fE A 58 Al B A S RE 1R
SR E . HEMADEX 3 S —Fi IR AE S A
CRARTIRIRAE, fEoa AR AT, 7 R AHE S 2 BT
ity p, B R, R R iR SRR (S
R Z o ] AR E S R il R SR D R T e
F B A TS RAFAE HA —E BRI E R . RiTJR
A 2 BT A e 2 7 A A i 88 ) A ROT 1 2 —, A
SEPR IR, JERRETIRAE S A AT RESZ Z R R
SN, A B — B IR AR AR A Sy AT AR 4 47 1 55
KIr B, INITTAFAE BRI o Bl o B — H B
FERAEI, S PR R A 8, 455 20l S4515

WA 2SR FIRTIRARE, AR, i i (E
TEWUH RS A, 18 X R G R I 2 A e ok 4
e FIWTHER 1

WIESELE R DR 75 K S5 5 IR G AR AEAE
IR XA G e 38 16 o e A i s RPN W b 2
—, DA AR S 4 I U R R 0 W s
224

U7, X 488 et i I K B IR e A 20

B B A4 B AR A LA B R

The authors declare that no competing interests exist.

S 3Lk

[11 HEERGIHR. hEZHEZ 2023: H5 5 FE X BHEEL [M]. b
At PEGET T AR, 2023
National Bureau of Statistics. China statistical yearbook 2023: Geo-
logical disasters and prevention [M]. Beijing : China Statistical
Press, 2023. (in Chinese)

[2] A, WHEESC, $ T, S5 A TR ICE R LS S R
FEEA [7]. &8 # 11, 2021(1): 106-119.

DU Y, XIE M W, JIANG Y J, et al. Review on the formation
mechanism and early warning of rock collapse[J]. Metal Mine,
2021(1): 106-119. (in Chinese with English abstract)

[31  BRBEHL, 3V, FELLME. faE i R E DR Bk S (1], FIR

T2 244 (A AR , 2015, 32(6): 53-60.
CHEN H K, DONG P, TANG H M. The status quo and trends of
perilous rock and collapse disaster[J]. Journal of Chongqing Nor-
mal University (Natural Science), 2015, 32(6): 53-60. (in Chinese
with English abstract)

[4] BRUEDL, 22, S aRE M AT S B B@ 3 [0]. H DAg iR
R (A ARBIERD, 2018, 37(10): 49-60
CHEN H K, QIN X. Status quo and trend of unstable rock stability
analysis[J]. Journal of Chongging Jiaotong University (Natural
Science), 2018, 37(10): 49-60. (in Chinese with English abstract)

[5] AR TR B SCLT AR BUR e A 4 R AL K s v B ).
DU 241, 2023, 43(4): 667-673.

REN E. Genetic mechanism and stability analysis of Houshan dan-
gerous rock in Mohongji Town, Leibo County[J]. Acta Geologica
Sichuan, 2023, 43(4): 667-673. (in Chinese with English abstract)

[6]  AE R SC. AR Z T T BIOMS SR T I 203 10 B v A3 Bl AR B XU
PHEBER [D]. KE: EhR, 2023
XIONG L W. tudy on the characteristics of rockfall movement and
risk assessment along the Yalu River in the south of Ji'an City[D].
Changchun: Jilin University, 2023. (in Chinese with English ab-
stract)

[7]  SRINER, BUE AR, FRE, 45 T8 T A S R IR A S

SR B B % SRATSE (7], 5K 3 S EREL AR, 2020, 31(1):
63-69.
GUO B Y, XIAN Y J, LIANG C, et al. Research on mechanism
and prevention countermeasures of rock slope collapse in Wuxi
Yuantouzhu scenic area[J]. Journal of Geological Hazards and En-
vironment Preservation, 2020, 31(1): 63-69. (in Chinese with Eng-
lish abstract)

[8] RTH, 228, SFRE, . 88 K0T ILE A 1 B B OB A 2y
B (3], ) PR F44R (A SRR#AR) L 2021, 46(1): 159-165.
SONG Z H, LI X F, QI F F, et al. Analysis of thetriggering factors
for dangerous rockfall accident in open pit mine[J]. Journal of
Guangxi University (Natural Science Edition), 2021, 46(1): 159-
165. (in Chinese with English abstract)


https://doi.org/10.3969/j.issn.1674-0696.2018.10.09
https://doi.org/10.3969/j.issn.1674-0696.2018.10.09
https://doi.org/10.3969/j.issn.1674-0696.2018.10.09
https://doi.org/10.3969/j.issn.1674-0696.2018.10.09
https://doi.org/10.3969/j.issn.1674-0696.2018.10.09
https://doi.org/10.3969/j.issn.1674-0696.2018.10.09
https://doi.org/10.3969/j.issn.1674-0696.2018.10.09
https://doi.org/10.3969/j.issn.1674-0696.2018.10.09
https://doi.org/10.3969/j.issn.1674-0696.2018.10.09
https://doi.org/10.3969/j.issn.1674-0696.2018.10.09
https://doi.org/10.3969/j.issn.1674-0696.2018.10.09
https://doi.org/10.3969/j.issn.1006-0995.2023.04.015
https://doi.org/10.3969/j.issn.1006-0995.2023.04.015
https://doi.org/10.3969/j.issn.1006-0995.2023.04.015
https://doi.org/10.3969/j.issn.1006-4362.2020.01.010
https://doi.org/10.3969/j.issn.1006-4362.2020.01.010
https://doi.org/10.3969/j.issn.1006-4362.2020.01.010
https://doi.org/10.3969/j.issn.1006-4362.2020.01.010

RATHF

AT AR YN AR 8 AR B B LR 5 AT AR AR F 1K

[

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

JEIBH. BB T MO a2 e i 9 R AR LA 1D —
S (RER) A B R ] (D). PG48 K2 K%, 2021.
ZHOU Y. Study on mechanical properties of foliated phyllite and
the mechanism of collapse disaster: Taking the slope of Wen
(Chuan)-Ma (Erkang) Expressway as an example[D]. Xi'an:
Changan University, 2021. (in Chinese with English abstract)
FRUERIL, FELLA. VL =K B X S 4328 Ko AR R ().
FhE BT F S BTG AR, 2005, 16(4): 53-57.
CHEN H K, TANG H M. Classification and identify of perilous
rock in the area of the Three Gorges Reservoir[J]. The Chinese
Journal of Geological Hazard and Control, 2005, 16(4): 53-57. (in
Chinese with English abstract)
W7 B, 225011, SR, 5. rE R R P ELBRTRER 5 0 5 R RHAE
MR IX (1], HBRHGE R, 2020, 39(2): 104-112.
LIUW L, YAN E C, DAI H, et al. Development characteristics and
influence degree zoning of carbonate rock collapse in Nanzhang
and Baokang Counties[J]. Bulletin of Geological Science and
Technology, 2020, 39(2): 104-112. (in Chinese with English ab-
stract)
kA, BRICH, B, 55, fan BT A Sk BUE R 5 R
FH: AR PR VEAG X JE SR A (7] A SRR AR B 1k, 2024(1):
35-41.
ZHANG Z X, CHEN K X, HOU J H, et al. Application of intelli-
gent monitoring and early warning technology mode of geological
disaster: A case study of Tangguo Road in Jiangbei District of
Chongging[J]. Natural Resources Informatization, 2024(1): 35-41.
(in Chinese with English abstract)
AW, SR, WL, AF. BRSO REAL I A SR BRIk R ).
TR R A= (FAARLARD), 2021, 52(7): 2118-2136.
LING J M, ZHANG Y, MAN L, et al. Research progress of intelli-
gent monitoring system for highway slope[J]. Journal of Central
South University (Science and Technology), 2021, 52(7): 2118-
2136. (in Chinese with English abstract)
FReIE, HE10 %, HH A, . = ARO AR ORI A I iy
L [J]. 7K SCH B TR 45T, 2016, 43(1): 124-129.
WANG Z L, PEI X J, DONG X J, et al. Application of a terrestrial
laser scanner to the study of rockfall monitoring[J]. Hydrogeology
& Engineering Geology, 2016, 43(1): 124-129. (in Chinese with
English abstract)
SRR, B2, = AEBO AR BORAE S DX 7 4 0 A g
] BHZ AT 5 2427 77, 2023(5): 128-130
ZHANG S G, HU Y. Application of 3D laser scanning technology
in scanning and monitoring of dangerous rock in scenic areas[J].
Sci-Tech Innovation and Productivity, 2023(5): 128-130. (in
Chinese with English abstract)
A, XU, 2R, . FET ANV R 16 5 18 SRS XUS:
DX S [9]. BRIE TREAR, 2023, 40(2): 6-11.
ZOU Y, LIU Y, L1J Q, et al. Simulation of dangerous rock move-
ment and risk zoning based on UAV model[J]. Journal of Railway
Engineering Society, 2023, 40(2): 6-11. (in Chinese with English
abstract)
BEWT. T TCANUEARVE FC 5 2 B 9 £ 4 W I R 5T (D).
FLBE: VUK, 2023

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

LIAO X. Application research on dangerous rock monitoring based
on UAV image matching point cloud data [D]. Lasa: Tibet Uni-
versity, 2023. (in Chinese with English abstract)

B2, BRMTT, # i, 4. hr A — BRI R R R e A
SRHMEBHIRIG AT ], A ARICE 40, 2023, 32(6): 58-73.
LIAO Z L, CHEN S W, YANG G, et al. Acoustic signal character-
istics during the crack-toppling rock collapse developing process
based on a simulation experiment[J]. Journal of Natural Disasters,
2023, 32(6): 58-73. (in Chinese with English abstract)

MINARDO A, ZENI L, COSCETTA A, et al. Distributed optical
fiber sensor applications in geotechnical monitoring[J]. Sensors,
2021,21(22): 7514.

PEAEEE, XAk, AERE, 45, 2T BOTDA HOGAHEIRH AR tE it bk
ASJE AN I SE (1] 224 5 REE T A2, 2012, 19(6): 28-33.
PANG W J, DENG Q L, XIONG J, et al. Application study of op-
tical fiber sensing technology to slope deformation monitoring
based on BOTDA[J]. Safety and Environmental Engineering, 2012,
19(6): 28-33. (in Chinese with English abstract)

XS H B, sk poAE, XUAR, 45 T IO B 2D 1R R SR AN Y
2 I 2% 1 0 88 5 TP [0, st BURREGE AR, 2024, 43(2):
186-200.

DENG R L, ZHANG Q H, LIU W, et al. Collapse susceptibility
evaluation based on an improved two-step sampling strategy and a
convolutional neural network[J]. Bulletin of Geological Science
and Technology, 2024, 43(2): 186-200. (in Chinese with English
abstract)

R, SR, 121240, 45, JE THLAR % > 103 B S e rsin)
BER TR [9]. HUFTRHE A, 2022, 41(2): 79-90.
HUANG F M, HU S Y, YAN X Y, et al. Landslide susceptibility
prediction and identification of its main environmental factors
based on machine learning models[J]. Bulletin of Geological Sci-
ence and Technology, 2022, 41(2): 79-90. (in Chinese with Eng-
lish abstract)

PAGANO M, PALMA B, RUOCCO A, et al. Discontinuity char-
acterization of rock masses through terrestrial laser scanner and un-
manned aerial vehicle techniques aimed at slope stability assess-
ment[J]. Applied Sciences, 2020, 10(8): 2960.

ROBIATI C, EYRE M, VANNESCHI C, et al. Application of re-
mote sensing data for evaluation of rockfall potential within a
quarry slope[J]. ISPRS International Journal of Geo-Information,
2019, 8(9): 367.

ABELLAN A, CALVET J, VILAPLANA J M, et al. Detection and
spatial prediction of rockfalls by means of terrestrial laser scanner
monitoring[J]. Geomorphology, 2010, 119(3/4): 162-171.
ABELLAN A, JABOYEDOFF M, OPPIKOFER T, et al. Detec-
tion of millimetric deformation using a terrestrial laser scanner: Ex-
periment and application to a rockfall event[J]. Natural Hazards
and Earth System Sciences, 2009, 9(2): 365-372.

ABELLAN A, OPPIKOFER T, JABOYEDOFF M, et al. Terrestri-
al laser scanning of rock slope instabilities[J]. Earth Surface Pro-
cesses and Landforms, 2014, 39(1): 80-97.

ABELLAN A, VILAPLANA J M, CALVET 1, et al. Rockfall

monitoring by terrestrial laser scanning: Case study of the basaltic

225


https://doi.org/10.3969/j.issn.1003-8035.2005.04.013
https://doi.org/10.3969/j.issn.1003-8035.2005.04.013
https://doi.org/10.3969/j.issn.1003-8035.2005.04.013
https://doi.org/10.3969/j.issn.1674-3695.2024.01.006
https://doi.org/10.3969/j.issn.1674-3695.2024.01.006
https://doi.org/10.3969/j.issn.1674-9146.2023.05.128
https://doi.org/10.3969/j.issn.1674-9146.2023.05.128
https://doi.org/10.3969/j.issn.1674-9146.2023.05.128
https://doi.org/10.3969/j.issn.1674-9146.2023.05.128
https://doi.org/10.3969/j.issn.1006-2106.2023.02.002
https://doi.org/10.3969/j.issn.1006-2106.2023.02.002
https://doi.org/10.3969/j.issn.1006-2106.2023.02.002
https://doi.org/10.3390/s21227514
https://doi.org/10.3969/j.issn.1671-1556.2012.06.006
https://doi.org/10.3969/j.issn.1671-1556.2012.06.006
https://doi.org/10.3390/app10082960
https://doi.org/10.3390/ijgi8090367
https://doi.org/10.3390/ijgi8090367
https://doi.org/10.3390/ijgi8090367
https://doi.org/10.5194/nhess-9-365-2009
https://doi.org/10.5194/nhess-9-365-2009
https://doi.org/10.1002/esp.3493
https://doi.org/10.1002/esp.3493
https://doi.org/10.1002/esp.3493

Wi AR

2025 4F 44 3

[29]

[30]

[31]

[32]

[33]

[34]

[33]

rock face at Castellfollit de la Roca (Catalonia, Spain)[J]. Natural
Hazards and Earth System Sciences, 2011, 11(3): 829-841.

REN W, WANG C, ZHAO Y, et al. Research on precursor inform-
ation of brittle rock failure through acoustic emission[J]. Mathem-
atics, 2023, 11(19): 4210.

TR, BBAE, TR, 55, Lat L DR R e A R T
BER [J]. MR AR, 2024, 43(6): 144-151.

YUJS,ZHAI S H, XU S Z, et al. Infrasound early warning model
for debris flow in a typical drainage basin in Beijing mountainous
area[J]. Bulletin of Geological Science and Technology, 2024,
43(6): 144-151. (in Chinese with English abstract)

AR, SN, TR/NGR, S, A ORI B DT 75 R SR AE K
SHLEIRESE [J]. TREHLR SR, 2023, 31(6): 1901-1909.

ZHAO Z Q, WU S C, ZHANG X Q, et al. Acoustic emission char-
acteristics and failure mechanism of rock mass with in situ direct
shear test[J]. Journal of Engineering Geology, 2023, 31(6): 1901-
1909. (in Chinese with English abstract)

W, S A, SRR, 4. BERTAE T 88 KA LA Bl e e
ST RO [J]. I8 11, 2024(5): 161-168.

CHEN J, MENG L DR, PU Y Y, et al. Study on the stability and
acoustic-mechanical characteristics of rock slopes in open-pit
mines under the influence of rainfall[J]. Metal Mine, 2024(5): 161-
168. (in Chinese with English abstract)

CODEGLIA D, DIXON N, FOWMES G J, et al. Analysis of
acoustic emission patterns for monitoring of rock slope deforma-
tion mechanisms[J]. Engineering Geology, 2017, 219: 21-31.
CODEGLIA D, DIXON N, FOWMES G ], et al. Strategies for
rock slope failure early warning using acoustic emission monitor-
ing[J]. IOP Conference Series(Earth and Environmental Science),
2015, 26: 012028.

SR, RAIGE, BB SR, 45, 05 A0 P R S AR B e o AL

226

[36]

[37]

[38]

[39]

[40]

IKYSAITTT (] 5 I S 5 B4R, 2024, 52(3): 96-106.

ZHANG K, ZHANG D X, ZHAO Y Q, et al. Experimental study
on acoustic emission evolution characteristics and response mech-
anism of damaged rocks[J]. Coal Geology & Exploration, 2024,
52(3): 96-106. (in Chinese with English abstract)

LM, HUE, IRWC, 5. AR SURE S HRAIE G R L TR
SEUERFSY [J]. A 1%, 2016, 37(38 T 2): 483-492.

JIANG P, DAI F, XU N W, et al. Analysis of correlation between
fracture scale and frequency characteristic of rock mass and its en-
gineering verification[J]. Rock and Soil Mechanics, 2016, 37(S2):
483-492. (in Chinese)

OHNAKA M, MOGI K. Frequency characteristics of acoustic
emission in rocks under uniaxial compression and its relation to the
fracturing process to failure[J].
Research(Solid Earth), 1982, 87(B5): 3873-3884.

i), X, TR, A5, R R AR T SRR T AL I 2
FHIEE AR 7). 4 0157, 2015, 36(1): 1-8.

HE M C, ZHAO F, ZHANG Y, et al. Feature evolution of domin-

Journal of Geophysical

ant frequency components in acoustic emissions of instantaneous
strain-type granitic rockburst simulation tests[J]. Rock and Soil
Mechanics, 2015, 36(1): 1-8. (in Chinese with English abstract)
HE M C, MIAO J L, FENG J L. Rock burst process of limestone
and its acoustic emission characteristics under true-triaxial unload-
ing conditions[J]. International Journal of Rock Mechanics and
Mining Sciences, 2010, 47(2): 286-298.

VRIR, Wi, TKEE L, 5. Mt SR B IR P B FSE 0],
RIS, 2011, 54(9): 2283-2292.

XU J, YANG R H, ZHANG J G, et al. A preliminary study on pre-
cursors of strong fracture in brittle material specimens[J]. Chinese
Journal of Geophysics, 2011, 54(9): 2283-2292. (in Chinese with
English abstract)


https://doi.org/10.5194/nhess-11-829-2011
https://doi.org/10.5194/nhess-11-829-2011
https://doi.org/10.3390/math11194210
https://doi.org/10.3390/math11194210
https://doi.org/10.1016/j.enggeo.2016.11.021
https://doi.org/10.1088/1755-1315/26/1/012028
https://doi.org/10.1088/1755-1315/26/1/012028
https://doi.org/10.1088/1755-1315/26/1/012028
https://doi.org/10.1088/1755-1315/26/1/012028
https://doi.org/10.1029/JB087iB05p03873
https://doi.org/10.1029/JB087iB05p03873
https://doi.org/10.1029/JB087iB05p03873
https://doi.org/10.1029/JB087iB05p03873
https://doi.org/10.1029/JB087iB05p03873
https://doi.org/10.1016/j.ijrmms.2009.09.003
https://doi.org/10.1016/j.ijrmms.2009.09.003
https://doi.org/10.3969/j.issn.0001-5733.2011.09.011
https://doi.org/10.3969/j.issn.0001-5733.2011.09.011
https://doi.org/10.3969/j.issn.0001-5733.2011.09.011

|

RATHAF: AT AR BN ANE 8 MR B uE 5 AT A 42 2 R K e

w

Summary for “ & PG TN 135 A5 A B0 A SBLH -5 BT IR RHIE 2 N

An indoor test on the initiation mechanism and precursor characteristics of
dangerous rock collapse on slopes based on acoustic-visual monitoring
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Abstract: [Objective] In order to effectively predict and prevent hazardous rock failure and ensure highway
transportation safety, [Methods] this paper carries out indoor modeling tests on the initiation of dangerous rock
collapse under four different operational conditions by means of joint monitoring of acoustic emission and video,
and combines the evolution characteristics of acoustic emission signals in the time, frequency, and time-frequency
domains, as well as the time-space characteristics of video images, to investigate the initiation mechanism and
precursor characteristics of the process of dangerous rock collapse under a variety of different influencing factors.
[Results] The study and analysis of the initiation mechanism and precursor characteristics of the process of
dangerous rock collapse under a variety of different influencing factors were carried out, and the results showed
that, in terms of the initiation mechanism, the main controlling factors of dangerous rock collapse include the shift
of the center of gravity of dangerous rock, the decrease of the adhesion between dangerous rock and slope surface,
and the increase of the overall downward sliding force of the dangerous rock of the slope and the increase of the
limit of the anti-sliding force. Among them, the decrease of bonding force between hazardous rock and slope
surface (or mother rock) is the common initiating mechanism of slip type and tipping type collapse, the shift of
center of gravity of hazardous rock is mainly the initiating mechanism of tipping type collapse, and the increase of
overall downward sliding force of hazardous rock exceeding the limit of sliding resistance is mainly the initiating
mechanism of slip type collapse. These three types of main control factors can be used as one of the judgment
criteria for the initiation mechanism of actual slope failure. In terms of precursor characteristics, before the collapse
of dangerous rocks, there are precursor phenomena such as localized falling blocks and small rock avalanches on
the macro level, and the acoustic emission signals mostly appear in the middle and low frequency bands and the
main frequency band is wide, and at the same time, the middle and high amplitude and energy signals account for
a large number of the signals. Therefore, when multiple single precursor features appear simultaneously in the
comprehensive precursor features, it can be used as one of the judgment criteria for the occurrence of actual slope
collapse. [Conclusion] The research can provide scientific basis and technical support for the monitoring and early
warning of highway slope dangerous rock failure, which can help to improve the effectiveness and reliability of the
prevention and control of dangerous rock collapse disaster.

Key words: acoustic-visual monitoring; dangerous rock collapse; triggering mechanism; precursor

characteristic; indoor test; slope
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