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Fig.1 Coordinate systems of thin-walled beam cross section
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Fig.2 Rotation of middle surface of open thin-walled beam
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Fig.3 Channel-shaped cantilever beam
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Table 1 Rotations of cross section

10—3 rad

Various rotation at middle location

Rotation of cross section

Various rotation at free end

0 0 0s 0 0w 0s
Vlasov theory 1.584 - - 4.469 - -
first-order theory 1.765 1.584 0.181 4.709 4.469 0.240
simplified theory 1.772 1.592 0.181 4.735 4.494 0.241
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RESTRAINED TORSION THEORY OF OPEN THIN-WALLED BEAMS AND
ITS APPLICATION Y

Wang Zhaoqgiang? Zhao Jincheng
(School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract Based on Vlasov’s thin-walled beam theory, a first-order torsion theory of restrained torsion of
open thin-walled beam is developed in consideration with the effects of shear deformation. It is assumed that
the total rotation of a cross section is divided into a free warping rotation and a restrained shear rotation. In
the restrained torsion, St. Venant torque is only related to the free warping rotation and the expression of
St. Venant torque is derived by using a semi-inverse method. The torsion shear coefficient is derived by using
the energy method. The governing equation of the restrained torsion theory is derived by using the deduced
formulae. In order to solve the governing equation efficiently, the corresponding initial method is presented,
and the influence function is obtained. When the St. Venant constant is negligible, an approximate analytical
approach is obtained, and there exists an analogy between it and Timoshenko beam theory. To validate the
new approach, an example is illustrated, and the results obtained from the current theory are compared with
those of the existing theory, which demonstrate the efficiency of the current theory.

Key words thin-walled beam, shear deformation, torsion, warping, St. Venant torque
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