doit10.3799/dqkx.2025.126
SR RRAREENRERERANRE
BN ELTH
REE, SOk, B, HER'. BHE BAOR. HEFT

1 % B B RAR LN B FF R IR A TN 8], WIRAR 610072
2 RERFRFIAZLMNEFER, BROBHE 710054

TR Dol vl DXCEE R TR T ) 1 BB o RSB TS 1 AN g Bl e s () R (O fl s oS5 AN B AL 3 A

JERPEIA R . ASCER Y T — MR G AN ST R S 4HE 35 i K& R 18 A
AL AE AN AR E SR U e AL SRASAR AR B L R S T I 255 20 BT HESE o LRI XU K HE
UL 70 R — TR A R Sk B, I HESAT SO 92 AT E AN AR B, B FLTE LR AR S U 1
WIR R . A = LEIE Z ANl AE R R AR E ik A8 5 ek R U - G IR S, o ig 3l
B9 845.6 m, Xt 7K FESH X AL IX BN /N o ARHIE SR T AN AR HRAA 4 DA HE 5 (X A 9 26 IRy T s
PRI BN, XX AR ERE AA B TR

REEH: TN, SSMTRE: WEAREIUE, =23 i, A Eshii

HEEE: TU4ST WeRs H B 2025-05-11

Identification of potential unstable blocks on high and steep rock

slope and quantitative analysis of hazard effects
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Abstract: To address the bottlenecks encountered in major engineering works in mountainous regions namely, the
difficulty of spatially locating potentially unstable blocks on high and steep rock slope and the insufficiency of
quantitative analyses of associated hazard effects. This study proposes an integrated analytical framework combining
unmanned aerial vehicle (UAV) photogrammetry, discontinuities interpretation algorithms, three dimensional (3D)

kinematic analysis, and rockfall numerical simulation to identify and locate high-elevation potentially unstable
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blocks, determine their failure modes, and analyze associated hazard effects. Taking the high-elevation rock outcrop
on the left bank of the Shuangjiangkou Hydropower Station dam site on the Dadu River as an example, the
framework effectively identified 92 potentially unstable blocks and determined that wedge failure is the primary
instability mode. The simulated 3D rockfall trajectories show that, after destabilization, the blocks exhibit cyclic
acceleration-deceleration trends, with a maximum runout distance of 845.6 m, posing minimal impact on the
hydropower hub area. In addition, this study emphasizes the importance of precise spatial localization of unstable
blocks for improving rockfall hazard risk prediction accuracy, which has important implications for rockfall disaster

prevention and control.
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Rockfall numerical simulation
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Figure.1 Technical roadmap
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Figure.2 Unmanned aerial vehicle (UAV) flight strategy. (a) Regional terrain-following flight route,
(b)Multi-angle nap-of-the-object photography of key rock outcrops
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Figure.3 Schematic of manual planar segmentation method. (a) Extraction of planar discontinuity,
(b) Extraction of linear discontinuity
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Figure.4 Plane fitting of discontinuity. (a) Locations of feature points, (b) Extraction of feature points and
centroid calculation, (c) Fitted plane and Baecher disk
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Figure.5 Overview of the study area. (a) Slope model, (b) Slope lithology map, (c) Lithology and typical
discontinuity of key outcrop, (d) Optical model of key outcrop, (e) Point cloud model of key outcrop
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Figure.6 Interpretation results of discontinuities. (a) Distribution of discontinuities,
(b) Clustering Results of discontinuities

2.4 RGEBETFHITER

AR TR T = R SR T % F8 kAL 2T ) (160°.260°), f£4EI83) 7 Hrés
RIE 7. GERETH], BUBARBIR 1%k ke 1 BRI, SRR TTIE 21.09%. 1~
TV 3 55 AR R, 0508 2.88%1 2.13%. HHESMTHAL G LR AT, I3 Nochss
I, 5 I M J4 A5 5 TE BEARTEARBIR . [RI,  H n) 5 3~ AT RO~ Th
54 AR FRE A B RFERIER, 78 13 R AP IS SRR 11.07%, & ifiaiR

FINEZR N 6.57%. JRE 12 NIZIX WAt 12 WSS, (H HGE # Sk s ma R 5/
: () : . . (©) :

I

T ) BRI = iy
(2.88%) (21.09%) (2.13%)
K7 EBEHFSIER (a) FEIES) (b) BUBARBIR (o) BB

Figure.7 Results of Kinematic analysis. () Planar sliding, (b) Wedge failure, (c) Flexural failure
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Figure.8 ROKA results. (a) Planar sliding, (b) Wedge failure, (c) Flexural failure, (d) Representative planar

sliding, (e) Representative wedge failure, (f) Representative flexural failure
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Figure.9 Release points locations. (a) Distribution of release points, (b) Representative rockfall block, (c)
Typical ROKA results
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Figure.10 Numerical simulation results of rockfall trajectories. (a) velocity distribution model, (b) kinetic

energy distribution model, and (c) jump height distribution model
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Figure.11 Profiles of block trajectories and dynamic parameter variation for release points 5 and 11
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Figure.12 Optical real scene outcrop models. (a) Terrain-following orthophoto derived imagery, (b)
Multi-angle nap-of-the-object photography derived imagery
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Figure.13 Statistical results. (a) Shape categorization maps (Palmstr&m., 2001), (b) Block volume

statistics, (c) Block morphology statistics
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Figure.14 Comparison results of numerical simulations. (a) Different release points locations, (b)
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