Hans Journal of Civil Engineering =K T'#%, 2026, 15(8), 102-110 Hans XM
Published Online August 2026 in Hans. https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2026.158205

ET AbaqusB IR TGRS L EHERE T
FEREah

wHRE
PR AL R R TR B, =l B

Weks H . 202647 H11H; FHER: 20264F8H3H; KA HM: 202648 12H

HE

PAR B 1 Bt L R HIE 2= AN AR S0 B, 22T AbaqusH FRTCAEIT 6 AL & R B312E [0 3
B EET, SERARSST. BIRBSNNFEHE. REERR T EEBMESA
AN EFERITREM SRR IT. KIE CEFPTR BT (GB50011-2010)H . BB R
B, HMBILEEERLLVMASE, SRXE AR SHESRK. KPHRNERE. B3
FRAFMBOE. KB RRSSABMAREKHTHEMTHTE,

XK ia

WM, B31RETL, AT, MR

Mechanical Performance Analysis of Roller
Coaster Steel Track Structures Using Abaqus
Finite Element Software

Weifang Xu

College of Civil Engineering, Southwest Forestry University, Kunming Yunnan

Received: July 11, 2026; accepted: August 3, 2026; published: August 12, 2026

Abstract

Taking the spatial steel structure of the roller coaster track for large-scale amusement facilities as
the research object, a simplified simulation model of the full-scale B31 spatial beam element is es-
tablished based on the Abaqus finite element simulation platform. The structural mechanical per-
formance research is carried out by comprehensively adopting multiple means such as modal
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analysis, dynamic calculation of moving wheel load, seismic time-history response analysis, and
modal superposition transient dynamic analysis. Based on the “Code for Seismic Design of Buildings”
(GB50011-2010), core input parameters such as site, fortification intensity, damping, and seismic
acceleration were determined. Simulation analysis and calculation were carried out for five major
categories: static bearing conditions, multistage mode extraction, horizontal seismic time-history
excitation, load envelope of mobile trolley wheelsets, and transient dynamic superposition at large
deformation nodes.
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Table 2. Summary of calculation results
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Figure 1. Total displacement contour under static loading
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Figure 2. Total displacement contour under seismic time-history loading
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Figure 3. Von mises stress contour under static loading
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Figure 4. Von mises stress contour under seismic time-history loading
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Figure 5. Modal analysis results
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Figure 6. Moving wheel load of the roller coaster vehicle
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Figure 7. Time-history response of the controlled location under moving wheel load
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Modal Superposition Transient at Static Critical Position

1.5 4

—— modal transient
—=—=-_static max

Displacement (m)
|
© o o =
w o w o
!

|
=
o

Time (s)

Figure 8. Modal superposition-based transient displacement response at the critical
location under static large deformation
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