$35% 59 S N T Vol.35 No.9
202549 H China  Safety Science Journal Sep. 2025

B2 AR AR IR, R, 4, 2518 8 B e AR A A A FROCEEBS T BT [ ] o [ 22 a2l ,2025,35(9) 1 106~ 112.
5| A#&3X: DU Liang, XING Shu, WANG Dapeng, et al. Application of spatial point cloud data in finite element modeling of storage
tanks[ J]. China Safety Science Journal, 2025, 35(9): 106—112.

TEHRZHEEMESEHERTERPINA

#oE P Esmzan, T X P gmomn, TR am,

kEN P ram, 5L P aaren, B A Esa )

(1 P EBMAEEBNF R, LT 1000292 E X w37 S B4 8 R A
RFFCCHAETE EHFRELSL), b 100029)

TED S . X959 MERFRAGES : A DOI: 10. 16265/j. cnki. issn1003-3033. 2025. 09. 1124
FOME:-BERMYEEEREBRARITUME (2023MK207); T ABRERAXITUREAR B
(2023YFC3008703) ; PEFHEFRE S FRHREATE (KJYC-2023-05) ,
[ E] I REANEHEHEEMTL2TNNERAE, RE -FET =R LA#N AR THEE
M mAR, B N m R RTC I B A R R AL B R #1545 A 98 4
WA, oA MADFLEHARRBAT G REZEEMBEE, REGE LR REE T EXNN
AR EEFNEEANNTRAE T L, R EARTEA R THE T E A TEGREHREN A
TR A R B U S W B AL AL, IR T R AR T T e, DL R BTG R Y
Bl ETID FAEHBERREREL 0N, RAGRE AR TEE Tk WEEELARTA
WROTEA St T R AR E TN, SRR, K AR Jr ok 7T LI Kb LT R
HWR T e THEAME BT A REAMEEEL0.0l mm, A ZHAEETHMT0%; R THEREE
WA LA R WA R EAER T B LT R0 A R T2 T A 2 % 21F & R E Rk
FOHETINERERT LA,
[R$iR] =80, #REH;, ART; Z2W#h; EHEEMH

Application of spatial point cloud data in finite element

modeling of storage tanks
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Abstract; To improve the accuracy of structural safety evaluation results for hazardous chemical storage
tanks, a finite element model construction process for storage tanks based on 3D laser scanning was
proposed. This process utilized point cloud data to build a finite element simulation model that accurately

reflected the actual structural topology of the tank, such as out-of-roundness and local concave-convex
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deformations, thereby enhancing the accuracy of the analytical model. First, high-precision spatial
structural data from the field were acquired using a 3D laser scanning system. A lightweight regularization
preprocessing method was proposed, including coordinate system transformation, node correspondence,
and coordinate value updates. Next, combined with the finite element model unit construction method, the
point cloud nodes with updated coordinates were used to generate a numerical simulation model that
accounted for initial geometric defects, followed by an analysis of model accuracy. Finally, taking an in-
service dome-roof tank as an example, deformation analysis of the storage tank was conducted based on 3D
laser scanning data. A high-precision finite element model construction method was employed to build a
full-scale finite element model of the tank wall, and an evaluation of the wall’s strength performance was
carried out. The results indicate that the point cloud data processing method proposed in this paper enables
the construction of a finite element model that accounts for geometric deformation of storage tanks. The
spatial position accuracy of the unit nodes can reach 0. 01 mm, and the volume of the reduced point cloud
data can be decreased by 70%. Compared to traditional finite element simulation models that consider

initial geometric deformation, the structural safety evaluation data obtained from this model are more

conservative, leading to safer assessment conclusions for storage tanks.
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Fig.1 Construction process of numerical model for

cylindrical structures based on point cloud data
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Fig.3 Construction of finite element model based

on regularized nodes
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Fig.4 Comparison of detected defects and restored defects of tank wall
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