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Abstract

This paper presents the critical compressive load of the
variable-arc-length (VAL) beam-column structure. Variable arc-
length (VAL) beam-column is one of the elastica structures
where its tip can slip through the support due to loadings, which
results in the alteration of the total arc-length. The governing
equations of the beam-column structure are derived by
considering the differential geometry relations in a plane curve
of the beam-column segment and the equilibrium of force and
moment. The set of governing equations yields the nonlinear
first-order differential equations, which are categorized as two-
points boundary value problem. The numerical solution can be
solved by using the shooting optimization method. This

numerical investigation attempts to study the effect of the

lateral load, including the structure weight on the critical
compression load for the first four buckling modes and the post-
buckling behavior of VAL beam-column structure. The
numerical results show that the increase in lateral load reduces

the critical compressive load and causes to lose its stability.

Keywords: Critical Compressive Load, Post-Buckling Behavior,
Shooting Optimization Method, Variable-Arc-Length Beam-

Column
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Mode SAt QA 93 ymax I’/\'max Mmax IVB
1.2 | 083 -0.83 -0.30 5.53 -2.21 5.04

14 | 1.10 -1.10 -0.43 5.26 -2.54 2.66

1 1.6 | 1.28 -1.28 -0.55 4.57 -2.61 1.38
1.8 | 140 -1.40 -0.65 3.90 -2.57 0.66

20 | 150 -1.50 -0.75 3.32 -2.49 0.24

12| -0.83 | -8.32 0.15 22.12 4.42 20.17

1.4 | -1.10 | -1.10 0.22 21.05 5.09 10.62

2 1.6 | -1.28 | -1.28 0.27 -18.29 5.21 5.51
1.8 | -1.40 | -1.40 0.33 -15.60 5.13 2.64

20 | -1.50 | -1.50 0.37 -13.29 a.97 0.97

1.2 | -0.83 0.83 -0.10 49.79 -6.63 45.40

1.4 | -1.10 1.10 -0.14 47.39 -7.64 23.96

3 1.6 | -1.28 1.28 -0.18 41.16 -7.82 12.40
1.8 | -1.40 1.40 -0.22 35.09 -7.70 5.98

2.0 | -1.50 1.50 -0.25 29.90 -7.46 2.15

1.2 | 083 0.83 0.07 88.52 -8.38 80.67

1.4 | 1.10 1.11 0.10 84.22 9.61 42.75

4 1.6 | 1.28 1.27 -0.13 -73.15 -9.81 22.15
1.8 | 1.40 1.40 0.15 62.43 -9.64 10.57

20 | 150 1.50 0.18 53.19 -9.31 391
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UM 5 prwdiusseninusedn (Np) wazsuiignsessu B (Op) nsdld JUN 7 AnuduiussEinausedn (Np) uarsuiignsassu B (6p) nsaii
w=2 w=6
2007 .. # Critical state
& Critical state 150 .
150 -4
- —_ —— mode 1
= = - - - |mode 2
= 100 re. g 100 mode 3
E F e mode 4
e T b 5w
8 4 L
£ 50 —— mode 1 £ 0 -
(=] et
5] - - - made 2 &
-----made 3 !
A0t mode 4 50
-150 o A o 0 A 5 05 00 0.5 1.0 15 2.0 25 30
Support rotation, G (rad) Support rotation, 6 (rad)

4 o o e PP o . a4 3UT 8 ewduiussewiaussdn (Np) uasamiiansessu B (8,) ndiil
JUN 6 AnuENUSIENINSIR (Np) Uazyuignsesiu B (Og) nsn 9 (Ng) A (€s)
_ w=38
w=4
A19197 4 nan1RTEBEauTianIzIngiuedlasadienu-La

w Mode St eA 03 ymax Vmux Mmax NBcr % Buckling load*

1 1.03280 -0.35887 0.35887 0.11589 -3.47572 1.08259 6.32515 100

2 1.00019 0.02282 -0.02786 -0.00891 0.33345 -0.10376 39.47308 624
2

3 1.00180 -0.07405 0.07403 -0.01226 747217 -0.82261 87.18394 1378

4 1.00007 -0.00943 -0.02210 -0.00277 -2.48926 -0.20502 157.84769 2496

1 1.05200 -0.44940 0.44940 0.14637 -4.30091 1.32546 4.07407 100

2 1.00075 0.05040 -0.05067 -0.01777 0.63538 -0.20219 39.58166 972
aq

3 1.00290 -0.08498 0.08495 -0.01793 -9.85830 -1.05336 86.22372 2116

4 1.00004 0.01594 -0.00580 -0.00367 1.08544 -0.115329 157.87403 3875

1 1.06770 -0.51049 0.51049 0.16742 -4.83850 1.47905 2.08456 100

2 1.00019 0.01892 -0.01893 -0.01398 1.76356 -0.28411 74.00833 3550
6

3 1.00380 -0.08775 0.08772 -0.02282 -10.53774 -1.20974 85.41382 4097

4 1.00008 0.01887 -0.01910 -0.00475 0.45995 -0.07597 157.97282 7578

1 1.08120 -0.55694 0.55694 0.18375 -5.23687 1.58975 0.22827 100

2 1.00309 0.11027 -0.09446 -0.03599 1.30688 -0.41245 39.35958 17243
8

3 1.00490 -0.09103 0.09099 -0.02785 11.76699 -1.37248 84.68813 37100

4 1.00014 0.03245 -0.01825 -0.006843 1.28075 -0.15119 157.86157 69156

waewe % Buckling load* Aefenazaasrussdpingpniiieunulmmanisiiannsi 1
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