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A New Calculation Method of Lateral Buckling Critical Load of Parallel
Dual-Arch-Ribs Based on the Cusp Catastrophe Theory
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Abstract: Based on the cusp catastrophe theory, the lateral buckling of parallel dual-arch-ribs was stud-
ied. The displacement function, as well as the energy representation were constructed when there was a
lateral buckling in the dual arch-ribs. By mathematical transform, the energy cusp catastrophe model was
established, then the system’s equilibrium surface M equation and bifurcation point set B equation were
obtained. Through the analysis of buckling conditions of dual-arch-ribs system, bifurcation point was cal-
culated, and the formula of lateral buckling critical load was derived, furthermore, a new calculation
method of lateral buckling critical load of parallel dual-arch-ribs was proposed. At last, comparing theo-
retical results based on the cusp catastrophe theory with those obtained from FEM, it is verified that the
calculation method presented is sufficiently accurate. The study has opened up a new way for the lateral
buckling of the arch structures.
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Fig. 1 Cusp catastrophe model sketch
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Fig. 3 Local transformation and bending moment
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Fig. 4 Finite element model
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Calculation parameters

Tablel

PR /m 60 80 100 120
EI /( x10°N-m’) 632 13.1 414 101
GI,/( x10°N-m*)  4.85 10.0  31.8  77.6

I, /(x10"*m") 3.98  3.98 3.98 3.98
b/m 10 10 10 20
d/m 15 20 1.1 13.3
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Table2  Comparison between critical load analytical results and FE solution
B /m 60 80 100 120
A AE/ (N em™") 1. 67E +05 1. 28E +05 2.04E +05 2.32E +05
KEW 16 ATRICEMER/ (N -m) 1.72F +05 1.33E +05 2. 13E +05 2. 41E +05
TR/ % 3.18 3.99 4.48 3.78
ASCIEAE/ (N om ™) 1. 53E +05 1. 18E +05 1. 88E +05 2. 16E +05
RESHL 17 ARG/ (N om ) 1.57E +05 1.22F +05 1.95E +05 2.23E +05
TR/ % 2.57 3.33 3.66 3.17
ASCIRIBAHR/ (N -m ™) 1. 40E +05 1. 09E +05 1. 73E +05 2.01E +05
REEL /8 ARRICEUEMR/ (N om ) 1. 43E +05 1. 12E +05 1. 78E +05 2. 06E +05
PR22/ % 2.01 2.50 2.76 2.35
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