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Abstract: The long-term stability of stone cultural relics is a key concern in their preservation. This study focuses
on the Bodhisattva statue in front of the reclining Buddha carved on Dazu Rock Carvings. Using bilateral filtering

algorithm, the point cloud data from a 3D laser scanner were processed in the PCL platform to remove noise,
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preserving the surface details of the cultural relics. A refined 3D model of the Bodhisattva statue, including its
fissure structure, was established. The statue’s stability was analyzed using the strength reduction method with
FLAC3D software. The findings include: 1) The denoising method resultes in an average deviation of =5.0 mm to
4.0 mm and a standard value of 1.1 mm, which completely retained the artifact’s surface characteristics. 2) Under
gravity load, the statue’s neck compressed while the top stretched, with cracks in the head redistributing internal
stress, and the peak tensile stress moving from the top to the crack end. 3) The statue’s head displacement
correlates positively with the reduction coefficient, sharply increasing at 1.28, indicating a tendency to tip. 4) The
failure surface extends along the crack and neck into the relic’s interior, with the plastic zone and maximum shear
strain increment forming a parabola through the two regions. This method offers insights for analyzing the
stability of small stone artifacts with complex geometries.

Keywords: Dazu Rock Carvings; stone relics; bilateral filtering; strength reduction method; Hoek-Brown criterion;

stability evaluation
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Table 1 Statistics of the fissures of the bodhisattva statue
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Fig.1 Status map of the bodhisattva statue
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Fig. 2 Development diagram of cracks in bodhisattva statue
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Fig.3 Flow chart for modeling stone artifacts
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Fig. 4 3D diagram of the normal vector of the point cloud
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Table 2 Parameter settings for bilateral filtering
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Fig.5 Comparison of the point cloud denoising results of the bodhisattva statue image
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Fig. 6 Resampling of bodhisattva point cloud
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Fig. 7 Deviation analysis of bodhisattva model Fig. 8 Three-dimensional finite element model of the

Bodhisattva statue



% 10 4 R, F R T RABIER B R Lh# ey AR A AE T M5 A7 53

26 NESHHE

F T SO A P HORE TR A, BLIE R 20 D0 Z2 A 52, P9 BB A7 A ek Ak 22 1) 235 A0 T sl 0 R A, R UL A AR
PEAT IR0 A7 0 20 RO, 3 LASR A nT 52 69 ) 2 2 8. I 4E ok, W98 N 50FF Hoek-Brown NI 51 A ) 2= 2 500y
Brad R v, L2 A g~ e oy SE v, 3 i o A B R P D ) 5 2R 08 ) 2 SR AT A IR

AR 3l 15 25 B 1 ) B ) 2 8 205 R (AN 3 3 7 7 )™y i of il o x5 % 4R i 67 o A7 3% T s R S0 3
(Equotip3 (D %) ) Kl 75 I 4 I AL 4R (Proceq Pundit Lab+) , 4% %% 4 R N 24 50 1, JFXF ) 4 0 06 25 R E 718
B H T AR Sk B A R AR A Al TR A A B A TC Yk R T AR SR T, AL B AR e ) B
X IO 30 R 45 AN P 9 BT o

x3 MRHMBHAESH

Table3 Physical and mechanical parameters of materials
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Fig. 9 Wave velocity measurement points and results of bodhisattva statues
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Fig. 10 Hardness cloud map of bodhisattva statue
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Fig. 11 Analysis of the initial state of the bodhisattva statues
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Fig. 12 Analysis of the existing status of bodhisattva statues
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Fig. 14 Stability analysis of bodhisattva statues
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Fig. 15 The displacement of the monitoring point of the bodhisattva statue
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Fig. 16 Destruction pattern of the head of a bodhisattva
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Fig. 17 The displacement of monitoring point of Bodhisattva statue after support
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