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®1 PREK 22 feEERFHELT
Table 1  Statistics of the basic characteristics of 22 dangerous

rocks in the study area

it i iRk wBY IR

Y% Bm (Kx3ix%) /m* m’ R
W0l 697 ~703 6%6%2 72 RE-EE
w02 705 ~707 2x2x1 4 PH-ER
wo3 718 ~720 2x1.5%x1.5 45 FE-HE
wo4  718~722 6xd4x4 96 TH-MWE
WYl W05 738~740 4x4x4 64 PH-WE
wos 723 ~731 8x8x4 256 HA-ER
wo7  718~722 2x3x1.5 9 fH-WmE
wog  725~729 5x4x1 20 hR-EE
w09 720~725 6x5x1.5 45 RIE-WE
w10 775 ~780 4x5%2 40 RE-EE
Wil 777~780 8x3x1 24 hE-WE
w12  802~814 3x12%2 72 hR-E®
WI3  840~843 3x3x2 18 HE-HEE
Wi4 843 ~845 1x2x1 2 RE-EE
WY2 W15 843~846 4x3x1 12 fR-EH%
W16 840 ~843 6x3x2 36 HH-EE
W17 885~910 5%25%2 250 iR
Wig  885~910 2x3x2 12 liEE=2
W19 820~832 5%12x2 120 PR
W20  820-~825 5x5%2 50 PR
wWY4 W21 760~765 4x5%2 40 B
wWY3 W22 760 ~763 3x3x2 18 PR

B, VISR BUE A PR .
22 eEYIBEHE

PASG A WY LSz B DA 9], ARk T8t Jo e an
Pl 4, m] UL BES M Bz th B Broc il A LR BT R A
( Zd )HA =%, KA, RS BEH, Yok JRZRA

T, O AR AR, SRR, R WL v il
MG, ML T, A OB, O, Al 75, 2
it s XA BE RN, SRR 7002770, i
FEB TN B o PG R T A
S0 R AT I RUAR Q) B iR A R+, )2
JE0~2.1m,

loed PNINJEELS HRE
% N ST+
;10 I \V\VYI A
o HRRT
g\i Zgg I PP 7] penserrwm
L I Zd ? PP A
I M ;
670 | Ty Q" B
00T 2om 7
650+ L, HIRFIR: 70°£77°(65.9°) g

642

0 20 40 60 80 100 120 140 160173
B 25 /m

4 b T AR b R
Fig. 4 Engineering geologic profile of the slope

23 BERTHFE

G WEIE XSG o A R IR S W) ST 20 B, - f
FRER I A DIRER 3R 3 AP B, HARUNR

(DEEH R WK Sa, g BT EIER T,
FENZRE 2~ 10m, R EF 2 HIr EsC T HE, 11
160° ~ 190° £ 67° ~ 86°, 5 ¥§ [n] 3T F 1F 385 J2: 224° ~
288°£.59° ~ 82°, ¥k TF17. MAh, it
BUR BB J3: 115°£79°, ARSZ 1 H J1, J2 K
by S0 fr 2L B4R, B D H R ST RS 1~ 10 m A5,
JEE 1~ 5 m, i ) AN BRI Bl 246

(2) B B A2 AR A&l Sb, 225 KUE/E
HE, 32285 e A i i 1625 2 T AL o, 7EAH
X SRR R FE S AR B, BRI T G RS R 2

107



W B RAB 2005 G4k 2

TR

BIEfEH

J27 T PR

WRILK BT

a. JEAI BB b. fE A RUEVERIRE BE c. A bR IS B B
K5 BIFE DX B R ALRFAE

Fig. 5 Damage formation characteristics of rockfalls in the study area
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Table 4 Simulation calculations of rockfalls in the study area
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Rockfall damage evaluation and treatment suggestions for mountain
highways based on three-dimensional kinematic simulations

ZHANG Le"?, CHEN Pei', XIANG Bo', ZHANG Junyun’, HE Yunyong', YE Shangqi',
GONG Zhen' , XU Hongbiao' , LI Ying'
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Abstract: [Objective] Three-dimensional kinematic simulation, which takes into account the characteristics of
slope topography, serves as a crucial foundation for assessing rockfall risks in mountainous highways. Additionally,
its computational outcomes can significantly enhance management strategies for rockfall mitigation. [Methods]
Leveraging field investigations and Unmanned Aerial Vehicle (UAV) aerial surveys, we conducted a detailed
analysis of the distribution, material composition, and disaster characteristics of hazardous rocks within the study
area. Using RocPro3D software, we simulated the three-dimensional kinematics of rockfall to evaluate the disaster's
impact and assess the effectiveness of engineering interventions for rockfalls of various particle sizes, complemented
by protective measures. [Results] Our findings indicate that joints formed due to tectonic compression and stress
relief from unloading segment the precarious rock masses, while weathering cavities at their bases diminish stability.
Hydrostatic thrust exerted by trailing edge cracks, along with water seepage through these fractures, are identified as
typical triggers of rockfall events. Post-collapse, the velocity and impact energy of falling rocks initially increase and
then decline, while bounce height exhibits variability before showing a decreasing trend. Hazardous rock zones
within the study area pose a significant threat to management facilities situated at the foot of the slope. An effective
remedial measure involves clearing areas adjacent to dangerous rocks with diameters less than 0.8 meters and
implementing a passive protection net measuring 5.0 meters in height, designed to withstand an energy level of
1000 kJ. Localized concentration areas within the spatial distribution of rockfall movement traces should be
appropriately reinforced. [Conclusion] Three-dimensional kinematic simulation provides detailed information on
rockfall movement traces, velocity, energy, bounce height, and unit density. This approach transcends the spatial
limitations inherent in two-dimensional cross-sectional analyses, proving immensely valuable for evaluating disaster
damage and enhancing geological disaster prevention efforts.

Key words: mountain highway; rockfall; kinematics; three-dimensional simulation; RocPro3D; damage

evaluation; engineering treatment
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