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Beishan Cave 168 roof reinforcement project and construction process
tracking monitoring analysis
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Abstract: After more than 1 000 years of unloading effects, the roof of Beishan Cave 168 at Dazu Rock Carvings
is riddled with intersecting cracks, posing significant structural stability problems. At present, the cave roof is
temporarily supported by materials like steel plates and pipes, but cracks continue to spread, and the steel plates
are severely corroded, leaving the cave at risk of instability and collapse. Emergency reinforcement and protection
are urgently needed. Due to the cultural importance of the site, the reinforcement process must minimize
disturbance, necessitating continuous monitoring throughout construction. This paper uses numerical simulation to

analyze the deformation mechanism under existing support conditions, guiding the placement of monitoring

Y s H 87 :2023-12-22

EE£ WA : &R SR 51 5% W5 H (cste2021jxj100005)
Supported by Chongqing Special Program for Performance Incentive and Guidance of Scientific Research
Institutions(cstc2021jxj100005).

EEE N XFIR(1997—) , 5, L0 A, E2 N5 £ T AR5 17 B BESE , (E-mail)lky0313@163.com.

BEEE PYER, B, ##2, 114 50, (E-mail) taozhigang@cumtb.edu.cn.



62 TR K F F IR %47 %

points. Monitoring data from the entire construction process are analyzed to evaluate the engineering treatment.
The results provide valuable insights for monitoring and protecting similar structured grotto roofs.

Keywords: flat-top grottoes; monitoring; numerical simulation; consolidation project
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Fig. 1 Overall view of Cave 168
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Fig. 2 Stratigraphic structure survey profile of Cave 168
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Fig. 3 Distribution map of cracks on the outer cliff wall of Cave 168
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Fig. 4 Distribution map of cracks on the roof of Cave 168
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Fig.5 Average monthly precipitation in Dazu Rock Carvings area for years
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Fig. 6 Seepage diseases in Cave 168
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Fig.7 Surface weathering diseases in Cave 168

KA M T5 Y - i N B 20 3 1 URRA 2B 15 G i A0 XA 7= 0 1 30 B T 5 00 o T SC W R T TS
MG . K0 B DU 200 B E# A B KRR P2 075 e, A B &, T S T A R SO R A
WKl 8 TN o



66 TR KF FR % 47 %

B8 XSERMEFEEIK
Fig.8 Air and dust diseases in Cave 168
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Fig. 9 Water seepage diseases in Cave 168
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Fig. 11 Reinforcement project for the lining of the northern wall of the concave cavity
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Fig. 12 Construction sites for the reinforcement of the lining of the northern wall of the concave cavity
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Fig. 13 Reinforcement of anchor rods on the north wall of the concave cavity
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Fig. 14 Anchor rod pull-out test
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Fig. 19 Binding and pouring of suspension beam reinforcement
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Fig. 20 Maintenance of suspension beam
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Fig. 21 Removal of the original support steel plate
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Fig. 22 Reinforcement of cave roof
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Fig. 24 Cloud map of cave displacement under natural working conditions
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Fig. 25 Grotto displacement cloud map under rainfall conditions
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Fig.26 Displacement of crack contact surface under natural conditions
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Fig. 27 Stress of crack contact surface under natural conditions
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Fig. 28 Displacement of crack contact surface under rainfall condition
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Fig. 29 Stress of crack contact surface under rainfall conditions
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Fig. 30 Layout of monitoring points of grotto roof and cavity
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