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宽翼缘梁中的切应力

5.10 SHEAR STRESSES IN THE WEBS OF BEAMS WITH FLANGES

When a beam of wide-flange shape (Fig. 5-37a) is subjected to shear
forces as well as bending moments (nonuniform bending), both normal
and shear stresses are developed on the cross sections. The distribution of
the shear stresses in a wide-flange beam is more complicated than in a
rectangular beam. For instance, the shear stresses in the flanges of the
beam act in both vertical and horizontal directions (the y and z direc-
tions), as shown by the small arrows in Fig. 5-37b. The horizontal shear
stresses, which are much larger than the vertical shear stresses in the
flanges, are discussed later in Section 6.7. 

Solving for d0, we obtain
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from which we get

d0 ! 1.97 in.

In this particular example, the solid circular pole has a diameter approximately
one-half that of the tubular pole.

Note: Shear stresses rarely govern the design of either circular or rectangu-
lar beams made of metals such as steel and aluminum. In these kinds of
materials, the allowable shear stress is usually in the range 25 to 50% of the
allowable tensile stress. In the case of the tubular pole in this example, the max-
imum shear stress is only 658 psi. In contrast, the maximum bending stress
obtained from the flexure formula is 9700 psi for a relatively short pole of length
24 in. Thus, as the load increases, the allowable tensile stress will be reached
long before the allowable shear stress is reached.

The situation is quite different for materials that are weak in shear, such as
wood. For a typical wood beam, the allowable stress in horizontal shear is in 
the range 4 to 10% of the allowable bending stress. Consequently, even though the
maximum shear stress is relatively low in value, it sometimes governs the design.
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FIG. 5-37 (a) Beam of wide-flange shape,
and (b) directions of the shear stresses
acting on a cross section
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对称面内横向均布载荷在截面上产生横向切应力的情况

截面上的切应力特点: 分为两类
1 在翼缘上: 同时存在竖直和水平方向的切应力
2 在腹板中:

1. 仅存竖直方向的切应力
2. 切应力远大于翼缘中的切应力
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腹板中Q的计算

The shear stresses in the web of a wide-flange beam act only in the
vertical direction and are larger than the stresses in the flanges. These
stresses can be found by the same techniques we used for finding shear
stresses in rectangular beams. 

Shear Stresses in the Web
Let us begin the analysis by determining the shear stresses at line ef in the
web of a wide-flange beam (Fig. 5-38a). We will make the same assump-
tions as those we made for a rectangular beam; that is, we assume that the
shear stresses act parallel to the y axis and are uniformly distributed across
the thickness of the web. Then the shear formula t ! VQ/Ib will still
apply. However, the width b is now the thickness t of the web, and the area
used in calculating the first moment Q is the area between line ef and the
top edge of the cross section (indicated by the shaded area of Fig. 5-38a). 

When finding the first moment Q of the shaded area, we will 
disregard the effects of the small fillets at the juncture of the web and
flange (points b and c in Fig. 5-38a). The error in ignoring the areas of
these fillets is very small. Then we will divide the shaded area into two
rectangles. The first rectangle is the upper flange itself, which has area
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in which b is the width of the flange, h is the overall height of the beam,
and h1 is the distance between the insides of the flanges. The second rect-
angle is the part of the web between ef and the flange, that is, rectangle
efcb, which has area
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in which t is the thickness of the web and y1 is the distance from the
neutral axis to line ef. 
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FIG. 5-38 Shear stresses in the web of a
wide-flange beam. (a) Cross section of
beam, and (b) distribution of vertical
shear stresses in the web

Copyright 2004 Thomson Learning, Inc. All Rights Reserved.
May not be copied, scanned, or duplicated, in whole or in part.

1 上翼缘的面积:

A1 = b(
h
2
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2
)

2 矩形 befc的面积:

A2 = t(
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2
− y1)

y1处Q的计算:
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腹板中的切应力

高度: h (梁), h1 (腹板) 宽度: b (梁), t (腹板)

The shear stresses in the web of a wide-flange beam act only in the
vertical direction and are larger than the stresses in the flanges. These
stresses can be found by the same techniques we used for finding shear
stresses in rectangular beams. 

Shear Stresses in the Web
Let us begin the analysis by determining the shear stresses at line ef in the
web of a wide-flange beam (Fig. 5-38a). We will make the same assump-
tions as those we made for a rectangular beam; that is, we assume that the
shear stresses act parallel to the y axis and are uniformly distributed across
the thickness of the web. Then the shear formula t ! VQ/Ib will still
apply. However, the width b is now the thickness t of the web, and the area
used in calculating the first moment Q is the area between line ef and the
top edge of the cross section (indicated by the shaded area of Fig. 5-38a). 

When finding the first moment Q of the shaded area, we will 
disregard the effects of the small fillets at the juncture of the web and
flange (points b and c in Fig. 5-38a). The error in ignoring the areas of
these fillets is very small. Then we will divide the shaded area into two
rectangles. The first rectangle is the upper flange itself, which has area
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in which b is the width of the flange, h is the overall height of the beam,
and h1 is the distance between the insides of the flanges. The second rect-
angle is the part of the web between ef and the flange, that is, rectangle
efcb, which has area
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in which t is the thickness of the web and y1 is the distance from the
neutral axis to line ef. 
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FIG. 5-38 Shear stresses in the web of a
wide-flange beam. (a) Cross section of
beam, and (b) distribution of vertical
shear stresses in the web
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腹板中 τ随 y1呈抛物状分布

Q(y1) =A1 (
h1
2
+ h/2 − h1/2

2
)

+A2 (y1 +
h1/2 − y1

2
)

=b
8
(h2 − h21) +

t
8
(h21 − 4y21)

τ(y1) =
VQ
It
= V
8It
[b(h2 − h21) + t(h21 − 4y21)]

I = bh3

12
− (b − t)h

3
1

12
= 1
12
(bh3 − bh31 + th31)

第 14讲: 弯曲 (III) —弯曲切应力公式



横向剪切 弯曲切应力 公式应用限制 宽翼缘梁 例题

腹板中切应力的分析

The shear stresses in the web of a wide-flange beam act only in the
vertical direction and are larger than the stresses in the flanges. These
stresses can be found by the same techniques we used for finding shear
stresses in rectangular beams. 

Shear Stresses in the Web
Let us begin the analysis by determining the shear stresses at line ef in the
web of a wide-flange beam (Fig. 5-38a). We will make the same assump-
tions as those we made for a rectangular beam; that is, we assume that the
shear stresses act parallel to the y axis and are uniformly distributed across
the thickness of the web. Then the shear formula t ! VQ/Ib will still
apply. However, the width b is now the thickness t of the web, and the area
used in calculating the first moment Q is the area between line ef and the
top edge of the cross section (indicated by the shaded area of Fig. 5-38a). 

When finding the first moment Q of the shaded area, we will 
disregard the effects of the small fillets at the juncture of the web and
flange (points b and c in Fig. 5-38a). The error in ignoring the areas of
these fillets is very small. Then we will divide the shaded area into two
rectangles. The first rectangle is the upper flange itself, which has area
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in which b is the width of the flange, h is the overall height of the beam,
and h1 is the distance between the insides of the flanges. The second rect-
angle is the part of the web between ef and the flange, that is, rectangle
efcb, which has area
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in which t is the thickness of the web and y1 is the distance from the
neutral axis to line ef. 
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FIG. 5-38 Shear stresses in the web of a
wide-flange beam. (a) Cross section of
beam, and (b) distribution of vertical
shear stresses in the web
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τ = VQ
It
= V
8It
[b(h2 − h21) + t(h21 − 4y21)]

沿腹板的 τmax和 τmin:

1 τmax ——在 y1 = 0 (中性轴处)

τmax =
V
8It
(bh2 − bh21 + th21)

2 τmin ——在 y1 = ±
h1
2

(腹板上下顶端)

τmin =
Vb
8It
(h2 − h21)

3 对典型的宽翼缘梁,腹板中的 τmax比 τmin大 10%至 60%

假设翼缘厚度 tf ≪ h1,可得
τmax

τmin
≈ 1 + h1t

4btf
4 腹板中性轴处的 τmax同时也是整个梁截面中的最大值
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