Chapter 18 - Combined Stresses
Reading: Chapter 18 — Pages 653-700

18-1
Introduction

Formulas for calculating the stresses in members subjected to axial, bending, and shear stresses have
been developed in the previous chapters in a separate and individual manner.

The formulas were derived based on the assumption that the stresses were caused by only one type
of loading, and the maximum stress in the member was within the elastic limit of the material, within
which stress was proportional to strain.

In many engineering applications, more than one type of loading may be applied to a member and
the member may be subjected to more than one type of stress. Therefore, a technique is needed for
finding the combined stress in a member due to several types of loading.

The method of superposition is used to determine the combined stresses caused by two or more
types of loading. Using this method and the fundamental formulas in Table 18-1, the same type of
stresses caused by each loading are determined separately. The algebraic sum of these stresses gives
the combined stresses caused by all the loadings acting simultaneously. The method of superposition
is valid only if the maximum stress is within the elastic limit of the material and if the deformations are
small.
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TABLE 18-1 List of the Fundamental Formulas

Equation
Type of Load Type of Stress Formula Number
P
Axial load Direct normal stress =% (9-1)
'3
Internal pressure in | Circumferential stress o, =" (9-16)
thin-walled vessels
Pr,
Longitudinal stress ;= "5y (9-17)
: My
Beam bending load | Flexural stress =" (14-3)
M
Cme =7 | (142
M
™ (14-7)
; : P
Direct shear load Direct shear stress o =K (9-4)
. : Tp
Torque in Torsional shear stress =7 (12-2)
circular shatft
Tmux o % (12-1)
VQ
Beam shear force Beam shear stress =T (14-10)
: V
Maximum shear stress | 7 = 1.5 A (14-11)
in rectangular section
. 4V
Maximum shear stress | 7= 3A (14-12)

in circular section
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18-2
Combined Axial and Bending Stresses

Example 18-1 [Converted to U.S. Units]

The wide-flange shape W14 x 68 is used as a simple beam of 10-ft span. The beam is subjected to a
uniform load w of 7 kip/ft (including the weight of the beam) and an axial tensile force P of 112 kips.
Determine the normal stresses at points A and B, and plot the normal stress variation between A and B.

w =7 kip/ft
HNEENNNNEEN
P 3 B : P =112 kip
7777 A 77777
- 5ft 14 J
< L=10ft 'l
Solution.
W% &3 Table A-—I(a)
A= 2o M—;,
Yv
I:’- TZ3 .
S= 103 >
A¥ial  Load
P ] | \ =1z klf
[
Table /8-

U: £ U-; = —E‘ (Conbhwf +ension ‘f')wuu&'hou"' He beonn )

Beam Bending I.Oad
/ w= i ?'P/;j—

SEEEE

/[\ L=10 Y /]\

Flexural Shess AT mMmddspran o
M MM = WL Gayle 3-1 case 4 )
= —_— B i,
'mﬂ"l( 5 X 8

294



For o~ f)oSfﬁ»{ b.-—v\dm-) nnomeLj_:

A 15 Tension (T) ki f@ﬁf'ﬂ
__I_H

2 15 m Com presS1on (c)

M = W = ¥ kffy;“,. (IO”)L = 375 k. (|2.M ) = 1050 ke
Mmax & 3 ] -;; ’
K]

Norma | Stresses ot A

T =L + M = uepp +loSokpn
A /q S 20 m‘ lo% ln.3
= ¢ kst + 10.2 Kst = 5.8 kse (T)
NMotmeu| Stresses of B
U’B-.— P M - skel mlots = =4 kst ()
A 5
CL a
a .
: es3)er
s corp
—0akt g 4. 8
r e 'St-‘ F7f_;/;77/|
S ol Vi
(Ln_cq
| 200 51
+ =t » — — +—4
_'_”‘_Tw.).fb
A 3 A o £ |
+ 5.6 kS¢ Floz kst A "
- 119.% W 4% 6%
prel s Berdiny Shess i
[fo=theis M = +j02 k5L Svess
A S

295



Example 18-2
A crane with a swinging arm is designed to hoist a maximum weight of 2 kips. If the allowable compressive
stress is 13 ksi, select a W shape for the arm AB.
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18-3
Biaxial Bending

B Problems can arise when a load is inclined at an angle with respect to the vertical plane of symmetry of
the beam.

B Load P can be resolved into its horizontal (P ) and vertical (Pv) components, in the directions of the two
axes of symmetry at the section on the free end.

> P, causes bending about the horizontal axis
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» P _causes bending about the vertical axis o
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B Either type of bending causes normal stresses along the longitudinal direction and superposition can be
applied.
B The bending about each axis is calculated separately and the results are added algebraically.
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Example 18-3 [Converted to U.S. Units]

A simply supported timber beam of 10-ft span has a rectangular cross-section with a nominal size of
6-in x 8-in. The beam carries a uniform load w of 3 kip/ft and is supported at the ends in the tilted position

shown in Fig. E18-3. Determine the maximum flexural stresses in the beam.

Y w=3kip/ft
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