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Fig.1 Location map and photos of the Yaoheba rockfall: (a) location; (b) a planar view of the rockfall (referred to Sichuan Highway

Planning, Survey, Design and Research Institute Ltd. ) ; (¢) accumulation area of the rockfall (referred to Sichuan Traffic Broadcasting)
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Tab.1 Landslide events on the Ya’an — Xicang Highway
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Fig.2  Geology of the study area
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Fig.3 Geomorphology of the study area shown by a satellite image
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Fig.4 Zonation of the Yaoheba rockfall; (a) a planar view of the rockfall;

(b) the residual rockmass; (c) the potential deformation area
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Fig.5 Multi - temporal satellite images of the Yaoheba rockfall

(a) Quickbird image taken on December 6, 2007 ; (b) Worldview -2 image taken on February 4, 2013 ;

(c¢) Gaojing — 1 image taken on October 29, 2019; (d) aerial image taken on September 20, 2020
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Fig.6  Longitudinal section of the Yaoheba rockfall before failure
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Fig.7 Fragile granite rock in an aerial image
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Fig. 8 Main structural planes of the Yaoheba rockfall; (a) a field photo taken in 2011; (b) an aerial photo taken on September 20, 2020
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Fig.9  Stereographic projection of the structural planes
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Fig. 10  Evolution model of the Yaoheba rockfall .

(a) initial stage; (b) time-dependent deformation stage; (c¢) progressive deformation stage; (d) failure stage
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Preliminary Investigation on the Yaoheba Rockfall along the
Ya’An-Xichang Highway on September 20, 2020, Sichuan, China
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Abstract; In recent years, highway construction continues to extend to alpine and gorge areas in western China,
accompanied by minor geohazard occurrences taking placing along the highways with frequent and serious damages
to the highways. On September 20, 2020, a collapse of about 1 x 10* m’ occurred at the crest of rock slope
immediately close to the right side of the Yaoheba Bridge in the Shimian County section of the Ya’An-Xichang
(Yaxi) Highway, Sichuan Province, China. This rockfall smashed two spans of bridge decks on the right side of
the Yaoheba Bridge, causing traffic interruption across the entire line. This had been the most serious geological
disaster event since the Highway was operated. Through comprehensive analysis of multi-temporal historical satellite
images, post-event aerial images, and archived data retrieved from geological survey report at the stage of Highway
survey and design, the formation characteristics and mechanism of the rockfall were preliminarily revealed: (1)
The rockfall was a typical tensile-shearing collapse in granite. The steep free-facing rock surface, concave cavity in
the middle and protruding rock mass in the upper in the shape of cantilever provided favorable topographic
conditions for its prerequisite; (2) Strongly weathered and fragmented rockmass provided favorable geological

conditions for the collapse; (3) The combination of three groups of discontinuity planes (in the dip direction,
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reverse to the dip direction and oblique to the dip direction, separately) provided favorable slope structure
conditions for the collapse; (4) Slope-cutting at the feet of the rock slope as results of engineered activitiesy further
aggravated the deformation of rock slope; (5) Precipitation was the direct triggering factor of the failure of the rock
slope. Although this rockfall had been successfully identified earlier in the Highway route selection stage, it still
did serious harm to the Highway. The main reason was that the instability scale of the rockfall was significantly
underestimated, and the adverse effect of slope cutting due to later engineering excavation was not considered in
design. Currently, residual body of rockmass and potential deformation areas is posing great threat to the safety of
the Yaxi Highway. It is recommended to remove the residual body and the potential deformation area should be

reinforced by engineering treatment. Besides, professional monitoring for potential deformation is quite needed.

Key words: Ya’an-Xicang Highway ;rockfall ; failure mechanism ;slope cutting



