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Fig. 1  Cross sections for members or structural systems
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Table 1  The deflection comparison for a Z-section cantilever beam

deflection analytic solution['*] UAB solution fractional error
in y direction w, /m 0.332 8E-1 0.326 4E-1 -1.96%
in z direction w, /m 0.221 8E-1 0.221 2E-1 -0.27%

R2 7 IR R 0 L

Table 2 The torsion-angle comparison for a Z-section cantilever beam

x/m
0.0 0.25 0.5 0.75 1.0
Vlasov solution! ") 0.000 0 0.081 7 0.277 6 0.535 4 0.820 2

0(x) /rad
UAB solution 0.000 0 0.084 8 0.280 5 0.534 2 0.812 6
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Fig. 3 The axial warping of the cross section Fig. 4 The axial warping of the cross section
atx = 1.0 m due to bending atx = 1.0 m due to restrained torsion
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Table 3 The displacements at the top end of the cantilever in two different load conditions

load condition g, (L) /m v, (L) /m 0(L) /rad
P, 0.104 176E-10 0.141 334E-02 0.338 298E-02
Py 0.170 306E-10 0.338 256E-03 0.582 942E-02
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DLPE 5 ) bR s AR B IE N ST o, () FURIIOIAS w, () WL 4 FN2E 5 5 52 by 88 R 1T )
FHALFS UL 6 FIE 7.

a4 TV PR TR S — A2k AR I i Al 527 A
Table 4 The warping normal stresses and warping displacements of the 1st nodal line at

different heights due to a concentrated force in direction z

x/m
0.0 0.075 0.15 0.225 0.3
o(x) /Pa 0.517 490E+9 0.249 083E+9 0.156 673E+9 0.763 173E+8 0.000 000
wi(x) /m 0.000 000 0.119 528E-3 0.192 764E-3 0.234 977E-3 0.248 814E-3

R 5 AT LR O (7] R Ak i 1 1 R A RS
Table 5 The warping normal stresses and warping displacements of the 1st nodal line at different

heights due to a concentrated torque about axis x

x/m
0.0 0.075 0.15 0.225 0.3
a,(x) /Pa 0.365 662E+8  0.285 649E+8  0.173 502E+8  0.793 578E+7 0.000 000
wy(x) /m 0.000 000 0.108 413E-4  0.191 534E-4  0.236 954E-4  0.251 151E-4
W(L)/m e W(L)/m
- . . o, e
1x10"*
0 § 0
-
gt S §
. Z0.05 f-1x10"
-2x10 S ,b\&
B6 hmZETHIT:=03m B7 HPHIEEHAT« =03m
AL A T ) S 195 0 A2 TR AT ) 7 195 50
Fig. 6 The axial warping of the cross section Fig. 7 The axial warping of the cross section at
atx = 0.3 m due to a concentrated x = 0.3 m due to a concentrated torque

force in direction z
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Elastic Analysis of Arbitrary Thin-Walled Structural
Members Based on the Unified Analytical Beam
Model With the Finite Nodal Line Method

GONG Yao-qing, SUN Bo, CHEN Xiao-dong
(School of Civil Engineering, Henan Polytechnic University,
Jiaozuo, Henan 454003, P.R.China)

Abstract. The traditional thin-walled beam theory is strongly dependent on the slenderness ra-
tio, the shape of its cross section and the load form of a beam. In order to investigate the elastic
behaviors of arbitrary thin-walled beams under arbitrary loads, a unified analytical model for all
thin-walled structural members, named ‘ unified analytical beam’ (UAB), and a novel compu-
tational methodology titled ‘finite nodal line method’ (FNLM) were presented. By means of
UAB and FNLM, the elastic analysis of arbitrary thin-walled structural members can be conven-
iently carried out. Furthermore, when the properties of a beam problem are consistent with the
application conditions for the traditional beam theory, an equal-precision solution to the prob-
lem will be obtained with both the FNLM and the traditional one. The computational compari-
son through several beam examples verifies the rationality and correctness of the proposed UAB
and FNLM.

Key words: thin-walled beam; traditional beam theory; unified analytical beam; finite nodal
line method; non-uniform torsion
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