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CHAPI:ER 7 (Corep -,5/;//34)
Torsion T Ll

7.1 lntrodu‘ction

A torsional moment applied to opposite ends of a member causes each
cross section of the member to rotate. As illustrated in Figure 7.1, if the
member is a round bar or tube, each cross section rotates in its own plane
without warping, and the resistance to torsion is provided by the shear
stresses, which are proportional to the distance from the centroid. However,
if a member with a non-circular cross section is subjected to the same
torsional moment, the cross sections not only rotate but also deform non-
uniformly in the longitudinal directions so that plane transverse sections do
not remain plane after twisting. This latter deformation, known as “warping,”
is illustrated in Figure 7.2 for a rectangular bar. If the warping is not
restrained, resistance to torsion is due to a distributiqn of shear stress known
as “St. Venant torsion.” If warping is restrained, additional direct shear
stresses due to bending of the component parts of the section are superposed
on the St. Venant shear stresses and add effectively to the torsional resis-
tance. Bending of the component parts also induces longitudinal direct

stresses that may require consideration in design.
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Solutions for six sets of conditions are given in Figures 7.9 and 7.10. The
solutions are in terms of hyperbolic functions, which can be found in

athematics handboglss, and the torsional | flange hending constunt Yo giver
oy

ai‘\/ECw/JG = d/2\/f:1y/ff it (7.18)

where Cy is a torsional warping constant.* Values of both Cy and J are
tabulated in the AISC Manual®; values of “a” can be easilv calculated for
most rolled beam sections. Equations for the maximum total angle of twist
are given in the Figures 7.9 and 7.10.
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I" replaces Cyw. Values for most shapes are also tabuiated in the AISC Manual.
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