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(1)Center of curvature
(2)Radius of curvature p
(3)Curvature k

1
K=— ’
o (5-1)

From the geometry of triangle O'm
(Fig. 5-5b) we obtain

pdo = ds (5-2)
Combining Eq. (5-2) with Eq. (5-1), we get

di

(5-3)

Location of Neutral Axis

The force acting on the element is

[ o.dd=—[ Exydd=0
A - A

(5-9a)
We can drop them from the equation and
obtain

L ydA =0

FIG. 5-5 Curvature of a
bent beam:

(a) beam with load, and
(b) deflection curve

FIG. 5-9 Normal stresses in a
beam of linearly elastic
material: (a) side view of
beam showing distribution of
normal stresses, and (b)
cross section of beam
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Special Cases of Plane Stress

By setting 6, and 7,, equal to zero in Eqs. (7-4a) and (7-4b), are

o, = Z (L+cos20) 1, = ‘; (sin28) (7-Ta.b)
For pure shear (%4[i51)
o, =1,sin20 =1, cos20 (7-8a,b)
For biaxial stress (({iifE 1)
o, +0, O -0,
o, = L4 cos 20 (7-9a)
! 2 2
0 =i
7, =—— sin20 (7-9h)
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Summing the expressions for o, and g, We obtain
g,+0,=0,+0, (7-6)

This equation shows that the sum of the normal stresses acting on perpendicular

faces of plane-stress elements is constant and independent of the angle .

Fig.7-3
Graph of normal stress g, and shear stress 7,
versus the angle @ (for 5, = 0.2, and 7,,, = 0.87,)
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What is the moment of inertia of rectangular cross section?
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TA Course 12135 Problem 5.7-2 A 1all signboard is supported by two vertical beams consisting of thin-walled. tapered circular tubes
. . (see figure part a). For purposes of this analysis, each beam may be represented as a cantilever AB of length L = 8.0 m

Nonprismatic Beams subjected to a lateral load P = 2.4 kN at the free end. The tubes have constant thickness ¢ = 10.0 mm and average diameters
dy = 90 mm and dp = 270 mm at ends A and B, respectively.
Problem 5.7-1 A tapered cantilever beam AB of length Because the thickness is small compared to the diameters, the moment of inertia at any cross section may be obtained
L has square cross sections and supports a coneentrated load from the formula I = 7d*1/8 (see Case 22, Appendix D), and therefore. the section modulus may be obtained from the formula
P at the free end (see figure part a). The width and height of 8§ = mwd*1/4.
the beam vary linearly from f, at the free end to hg at the
fixed end.

Determine the distance x from the free end A to the cross
section of maximum bending stress if hg = 304,

(a) At what distance x from the free end does the maximum bending stress occur? What is the magnitude @max of the
maximum bending stress? What is the ratio of the maximum stress to the largest stress op at the support?
(b) Repeat part (a) if concentrated load P is applied upward at A and downward uniform load g(x) = 2P/L is applied over
. T, . L Sliding the entire beam as shown., What is the ratio of the maximum stress to the stress at the location of maximum moment?
(a) What is the magnitude & pay of the maximum bending

stress? What is the ratio of the maximum stress to the support 2p
largest stress B at the support? glx)= T
(b) Repeat part (a) if load P is now applied as a uniform load g

llllllll

of intensity ¢ = P/L over the entire beam, A is restrained
by a roller support and B is a sliding support (see figure
part b).

Wind
load

(b)

dy =90 mm dg =270 mm
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