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Problem

Determine the maximum tensile and compressive stresses in
the beam due to the uniform load.
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At maximum -ve moment i.e at (B)

M__ 33D _gsssmPa RS ° )

fmax 57 39.45% 10 '

o_ = M = 3.375 _—147.8 MPa Cross-section Cross-section
Conax 5o 22.84x 107 (D) (B)

oy =8555 and o¢ =147.8 MPa

Q=3.0 kN/m




Problem

a wooden member of length L=3m having a rectangular
cross-section 3 cm =« 6 cm 1s to be used as a cantilever with a
load P=240N acting at the free end. Can the member carry
this load if the allowable flexural stress both in tension and

IN COMPression 1s Oy, = 50 Mpa ?
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Solution

M =720 N-m

Hax

1 0.06x0.03°

AT 1 005 9% 10 % =
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Otmar = OConay = Callow (A)
Batow = W;XSA = 150N L__}:J%GS
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Oallow % SB = 300N

=1.8%x10™2 n°

(B)

Pa:fow -

. The beam can carry P =240N only when oriented as in (B)

Topic 8.1: Special Topics | - Combined Stress
Up to this point we have considered only or mainly one type of applied stress
acting on a structure, member of a structure, beam, shaft, rivet, or weld. Many

situations involve more than one type of stress occurring simultaneously in a
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structure. These problems can become relatively complicated. We will look at
several examples of relatively simple combined stress problems.

One of the principles we will apply in these examples is the principle of
superposition, that is, the resultant stress will be the algebraic sum of the
individual stresses - at least in the case of similar stresses acting along the
same line, such as the axial stress due to an axial load and a bending stress.
We look at this type of problem in the example below.

Example. A four foot long cantilever beam (shown in Diagram 1) is attached to
the wall at point A, and has a load of 10, 000 Ib. acting (at the centroid of the
beam) at angle of 20° below the horizontal. We would like to determine the

maximum axial stress acting in the beam cross section.

Mext .
13,700 fi-Th Diagram 1
Fx E
“ fosoon B Fy= 9400 I
B \*‘qﬁzu“
A
. Fy=34201 10000D
Fy=3420D
1= (1/12)hd?
Beam il
Cross 4" I=(1112)(2"* 4"
Section I=1067 int

Solution:

We first apply static equilibrium conditions to the beam and determine the
external support reactions, and the external moment acting on the beam at
point A. Notice we have resolved the 10,000 Ib. load into its perpendicular x
and y components. The horizontal component of the load (9,400 Ib.) produces
a normal horizontal axial stress in the beam. The vertical component of the
load (-3,420 Ib.) causes a torque about point A (13,700 ft-Ib) to act on the
beam (balanced by the external moment). The resulting internal bending
moment(s) in the beam produces an axial bending stress. The total axial
stress at a point in the beam will be the sum of the normal axial stress and the
axial bending stress.

The Normal Axial Stress = Force/Area = 9,400 Ib. / (2" x 4") = 1175 Ib/in2. We

note that this stress will be tensile and constant through out the length of the
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beam. So the maximum normal Axial Stress is 1175 Ib/in2, and is the same
everywhere in the beam.

The maximum bending stress occurs at the outer edge of the beam, and at
the point in the beam where the bending moment is a maximum. In the
cantilever beam, the maximum bending moment occurs at the wall and is
equal to the (negative of) external bending moment. (M =-13,700 ft-lb. = -
164,400 in-Ib.) We can then calculate the maximum bending moment by:
Maximum Bending Stress = M y/I = (164,400 in-lb.)(2")/(10.67 in4) = 30,820
Ib/in2.

Since the bending moment was negative, this means that the top of the beam
(above the centroid) is in tension, and the bottom on the beam is in
compression.

We can now combine (sum) the axial stress at the very top and bottom of the
beam to determine the maximum axial stress. We see in the beam section in
Diagram 2, that the stresses at the top of the beam are both tensile, and so
add to a total tensile stress of 30,820 Ib./in2 + 1,175 Ib./in2 = 31,995 Ib./in2. At
the bottom of the beam, the bending stress is compressive and the normal
axial stress in tensile so the resultant bottom stress is - 30,820 Ib./in2 + 1,175

Ib./in2 = -29,645 Ib./in2 (compression).
0 =30820bin® | _ 1175 bin2

. 2
i g = 31995 hfin
bending N - rmal axial total 2
D e e
—T G —
s =
Diagram 2
o i
o = 30820 Din? g = 1175 Bfin? o = 205645 Dh/in?
hending normal axial total

We will now look at several additional examples of combined stresses.
Select :

Topic 8.1a: Combined Stress - Example 1

Topic 8.1b: Combined Stress - Example 2

or select:
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Topic 8: Special Topics | - Table of Contents

Strength of Materials Home Page

Topic 8.1a: Combined Stress - Example 1

A loaded beam (shown in Diagram 1) is pinned to the wall at point A, and is
supported by a rod DB, attached to the wall at point D and to the beam at
point B. The beam has a load of 6,000 Ib. acting downward at point C. The
supporting rod makes an angle of 25°¢ with respect to the beam. The beam
cross section is a W8 x 24 |-Beam, with the characteristics shown in Diagram
1. We would like to determine the maximum axial stress acting in the beam

cross section.

4 fi

6,000 Ih ¥
Diagram 1

I- Beam
Cross Section
I Area =708 in”
793in § =209 ind
1 1-828 in?

Wex24

Solution:

We first apply static equilibrium to the beam and determine the external
support reactions acting on the beam at point A.

Sum of Forcex = Ax- T cos 250 =0

Sum of Forcey = Ay + T sin 25°- 6,000 Ib. =0

Sum of Torquea = -6,000 Ib (10ft) + T cos 25¢° (2.8 ft.) = 0 (where 2.8 ft. =
distance from A to D)

Solving: T = 23,640 Ib.; Ax = 21,430 Ib., and Ay = -3990 Ib. (Ay acts downward)
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We next draw the Shear Force and Bending Moment Diagrams, and use the
Bending Moment Diagram to determine the Maximum Bending Stress in the

beam. (See Diagram 2.)

VTh) 6000 Ih
(i)
6 fi 10 fi
-3990
Diagram 2
M (fi-Th)
6 fi 4 fi
(D)
-24 000 fi-Th

We next will consider the axial stress due to the horizontal force acting on the
beam. In section AB the beam is in compression with horizontal axial force of
21,430 Ib. (Due to the force Ax and the horizontal component of the force in
rod DB.) For beam section BC, there is no horizontal axial force due to an
external horizontal force. That is, section AB is in compression, but section
BC is not experiencing normal horizontal stress, since it is to the right of
where the support rod is attached. (However, there is a horizontal bending
stress due to the bending moment, which is in turn due to the vertical loads
being applied. This will be considered in a moment.)

The compressive horizontal axial stress in section AB is given simply by:

F/A =21,430 Ib./7.08 in2 = 3,030 Ib/in2. (We have considered the force to act
along the centroid of the beam.)

There is a bending stress also acting in the beam. The maximum bending
stress occurs at the outer edge of the beam, and at the point in the beam
where the bending moment is a maximum. From our bending moment
diagram, we see that the maximum bending moment occurs at 6 feet from the
left end, and has a value of -24,000 ft-Ib. = -288,000 in-lb. ( The negative sign
indicating that the top of the beam is in tension and the bottom of the beam is
in compression.) We can then calculate the maximum bending moment by:
Maximum Bending Stress = M/ S Where S is the section modulus for the
beam. In this example S = 20.9 in3. Then:

Maximum Bending Stress = (288,000 in-1b.)/20.9 in3 = 13,780 Ib/in2.
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Since the bending moment was negative, the top of the [-Beam will be in
tension, and the bottom of the beam will be in compression.

The total axial stress at a point in the beam will be the sum of the normal axial
stress and the axial bending stress. (See Diagram 3)

We can now combine (sum) the axial stresses at the very top and bottom of
the beam to determine the maximum axial stress. We see in the beam section
(at 6 ft from left end) in Diagram 3, that the stresses at the bottom of the beam
are both compressive, and so add to a total compressive stress of 13,780
Ib./in2 + 3,030 Ib./inz = 16, 810 Ib./in2. At the top of the beam, the bending
stress is tensile and the normal axial stress in compressive so the resultant
bottom stress is: +13,780 Ib./in2 - 3,030 Ib./in2 = 10,750 Ib./in2 (tension).

o2
o =13, 780/in" ;5 _ 3030 hin? o = 10750 Dhiin2
hending kY - mormal axial total
Diagram 3
-
/ o 3,030 hin® - 2

0 -13,780bin?  noral axial T a1 16810 Biin
bending

Return to:

Topic 8.1: Combined Stress

or select:
Topic 8: Special Topics | - Table of Contents

Strength of Materials Home Page

Stresses Under Combined Loads:

To this point we have considered the response of members subjected to the
separate

effects of axial loads, torsion, bending and uniform pressure. However, in
many cases

structural members are required to resist more than one type of loading. The
stress

analysis of a member subjected to combined loadings can usually be
performed by

superimposing the stresses due to each load acting separately. Superposition
is

permissible if the stresses are linear functions of the loads and if there is no
interaction
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effect between the various loads (i.e. the stresses due to one load are not
affected by

the presence of any other loads).

Torsion r= %} 2,400 psi
. M, .
Bending (M1) o= < 14,400 psi
. M, .
Bending (M2) J:T- 9,600 psi
Axial le} :E 200 psi
A
Transverse Shear T :ﬂ 133 psi

.
Ha




16

T
AN B B
L=
A€l p AC
A C — o
D D D

(c)

IR VIV L R T— 14,600 psi o 9,400 psi 14,200 psi

R

—_— —
2,533 psi 2,400 psi 2,267 psi 2,400 psi

Problem 11: Beams of Composite Cross section

The composite beam shown in figure is made up of two materials. A top wooden portion
and a bottom steel portion. The dimensions are as shown in the figure. Take young's
modulus of steel as 210 GPa and that wood as 15 GPa. The beam is subjected to a
bending moment of 40 KNm about the horizontal axis. Calculate the maximum stress

experienced by two sections.

+—120—p

e 200

/A 10

Steel

All dimensions in mm
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Solution:

The solution procedure invelves hiding an equivalent dimension for one of the materials
keeping the other as reference.
Let us take, Reference Material as steel.

Ratio of modulii,

= E wood :£

=.00714
E 210

steel

=714 x 107

The equivalent section is as shown in following Figure.

h

110
«—
|
Sl
-

<l
—P>
4l
e |
66.75
4>

wood — 120 —p

The equivalent thickness of wood sections, h
=120 xr
=120 x 7.14 x 1072
= 8.568 mm
Distance of the neutral axis from the bottom of the beam,

(120x10)= 5+ (200=8.568) % (100 +10)
[12leﬂ}+{2l}ﬂx8.568}
=66.75 mm

}":

Moment of Inertia I = Z idi 1 Alh

]
8.568 x (200 5 (120)%(10
= %ﬂ&jﬁs x 200)x (43 25)} 4 L20IXUO)

=135 x 10 Smm?

+(120) % (10) % (61.75)”
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Stresses in beams

M.y
I
3 = -3
_ 40 = 107 = 66.75 x 10

(Osteel Jypax =

135 x 10% x [1{]‘3)
=197.78 MPa

(Owood }max = {_u—steel }ma.x ot 8

=14.12 MPa




