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Stability of grotto eaves in the Sichuan and Chongqing area
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Abstract: The grottoes in the Sichuan and Chongqing area are mainly carved into cliff walls where alternating
layers of sandstone and mudstone are exposed. The natural rock eaves in the upper part of the cliffs provide
protection for the sculptures in the lower part. To assess the stability of these eaves under natural conditions, this
study investigates the stratigraphic characteristics, rock mass structure, dimensions and mechanical parameters of
the eaves. With using FLAC®™ for calculation and analysis, three main failure modes are identified: cantilever
tensile failure, toppling failure and soft foundation crushing failure. The study also identifies the damage
characteristics, key factors affecting eaves stability and their effects. A stability evaluation reference table is
provided for field investigations and stability evaluation of grottoes eaves in the Sichuan and Chongqing area.
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Fig. 2 Section view of the north cliff at Dafowan from Liubenzun to Guanjingbian
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Table 1 Rock mechanics parameters of grottoes in Sichuan and Chongqing

w2 PREUI R /GPa B PIME/GPa HFE/(KN-m”) PR/ MPa B J1/MPa W EESE AR /()
A 6.80~10.60 4.20~7.30 22.1~25.4 0.12~0.29 1.500~2.300 35.7~46.8
AR X 4.70~8.50 3.40~6.20 21.5~24.9 0.10~0.20 0.900~2.100 26.9~40.6
ogsde 2 0.15~0.43 0.08~0.24 17.3~21.7 0 0.009~0.033 14.1~26.3
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Fig. 5 Simulation results of cantilever tensile failure
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Fig. 6 Simulation results of toppling failure
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Fig.7 Simulation results of soft foundation crushing failure
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Fig. 10 Stability analysis of soft foundation crushing failure
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Table 3 Field survey of eaves in Sichuan and Chongqing
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Table 4 Stability evaluation of eaves in Sichuan and Chongqing m
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