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Figure 5.17 - Stresses in a W-shape due to Combined Bending and Torsion

The shear stress resulting from pure torsion, the St. Venant shear stress, tgy,
which is the only type present if a member is in pure torsion (no warping restraint
2t either end and constant torque over the length of the member), varies linearly

through the wall thickness and the maximum value on the wall surface is obtained
dS.

de (5.32)

=

| 'SV }max dx

: d do /dxis the
| - 8 .« the wall thickness, an
Where G is the shear modulus of elase t:length of the beam. For a rectangular

"ate of change of the angle of twist SlOMES be demonstrated that the maximum
i ' ' It can | lationship

ross-section of width b and thickness ] +no the following Te

shear stress is related to the internal tordt® T, using

53] (5.33)
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Pure torsion never OCCUTI'S if the member is loaded in combineg hend‘mgnh
torsion. The restrained warping, resulting either from the Support 'D{JUnci:::-
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resulting warping shear, T,,, and warping normal stresses, G,,, in the flanges a;
obtained as

here Cy 1S @ const
an infinitely thin se
(b/t) greater than ab

1 ' =
sign in Equation SIelE

d> 6
I',,-L' = _LS e 537:
¢ dx’ i
2
U'ﬁ.' . E W'n ﬁ-—-;IE (5.381
dx*

Where S is 1
i ] Ir' - - [ r“
Y . Warping statical moment for the cross-section (= b*h/16 1

I-shape sectio
2 n) and W_ . gectio
(=bhy/4 fmranl-ghaped S!;r;fm?]]e normalized unit warping for the cro®

The ap
| Ble of twi * al e
“htmnf-‘ﬂ When the E:}. 9, Is Obtained from the solution of the diffﬁ'TE“":‘E‘l Em.ﬁu:‘_f
“SCribing the vlernal Couple js equilibrated by the internal for¢ Lﬂg'z"‘
| f il
0f a beam, The angle of twist, and hen¢

eSISting ¢
lng tm(“w o the s




')

Y
et I

] i —
El 7 *‘__

{ }

P
g ::::]T :--*._
- - " 2 (d -1
:'+H +
e ‘ I'-!-II
AT — |
- L > BELLL
2(d-t)

b) Vertic:
(b) Vertical and horizontal loads

Figure 5.18 - Flexure Analogy

| .Bf;r_au%'e the simple flexure analogy assu
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As expected, when the factor [ is small, i.e., the warping torsion stiffness term
ECyy islarge compared to the pure torsion stiffness term G| , a larger portion of the
torque is carried by warping and the error in the simplified flexural analogy is small

This is reflected by a value of B approachi i
. b pproaching 1.0 (i.e., all the t | i
warping) as the value |, decreases, ( T S
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