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Analysis of Internal Forces

b |
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P. : Axial force. This component measures the pulling (tensile tends
to elongation) or pushing (compressive tends to shorten) action over
the section, it is denoted by P.

Py, and Py: Shear force. This components measures the total
resistance to sliding; the shear force is designed by V.

M, : Torque. This component measures the resistance to twisting the
member and given the symbol T.

My, and M,;: Bending moments. These components measures the
resistance to bending the member about Y and Z axes and given the
symbol My or M,



Simple Stresses

Simple stresses are expressed as the ratio of the applied force divided

by the resisting area or

o = Force / Area.

Simple stress can be classified as normal stress, shear stress, and

bearing stress.

1- Normal stress develops when a force is applied perpendicular to

the cross-sectional

e tensile stress
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Solution: To calculate the stress in each section, we must
termine the axial load in each section. The appropriate fre
diagrams are shown in Fig. 1-8b, from which we deter
load in each section to be P, =20 kN (compressio
(compression), and P, = {0 kN (tension). The stresses

are k. 4




EX: A hollow steel tube with an inside diameter of 100 mm must carry a tensile

load of 400 kN. Determine the outside diameter of the tube if the stress is
limited to 120 MN/m?.

P=gA —

where: 00 |D
F =400 kN = 400 000 N 1
g =120 MFa

A=1gD?- Ly(100)
= Ln(D2-10000)

J' P = 400 kN
thus

400 000 = 120[ L =(D? — 10 000}]
400 000 = 30xD* — 300 000x
12 400 000 +300 000w

30m
D =119.35 mm

Ex: Ahomogeneous 800 kg bar AB is supported at either end by a cable as shown

in Fig. Calculate the smallest area of each cable if the stress is not to exceed 90
MPa in bronze and 120 MPa in steel.

e e

By symmetry: =
- . - . A
Pi:.-. = Pr-r = -j,— ETS‘-:I:E:I Bronze
= ) L=4m Sreal
= 3024 N L=3m
For bronze cable: n :|
10
Py = G Aw "

3024 = 90A
A = 43.6 mm?

For steel cable: B, Py
FPo = Ouda T T
3024 = 1204, - ' .
A =327 mmp? sm§ sm

W = B00 kg = 7548 N




EX: The homogeneous bar shown in Fig. is supported by a smooth pinat Cand a
cable that runs from A to B around the smooth peg at D. Find the stress in the
cable if its diameter is 0.6 inch and the bar weighs 6000 Ib.

D
im
A B C
IMc=0 L &j].
5T +10({ 5 T) = 5(6000) | &m 5m
T=2057131b ‘E; T 3
_ , ET
I=od !7/' i E‘E:l.;
205713 = LT-H- mi0.64)] Cm l Em ¢
o =10 458.72 psi
000 |b

2- Shear stress is developed if the applied force is parallel to the
resisting area.

Fam
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EX: What force is required to punch a 20-mm-diameter hole in a plate that is 25
mm thick? The shear strength is 350 MN/m2.

P The resisting area is the shaded area

Puncher along the perimeter and the shear force
V iz equal to the punching force F.

20 mm @
25 mm thick h V=14
P = 350[x(20)(25)]
=MO7787 N
Punched |:|uI:|—\ =5498 kN
¥
- 25 mim
el

20

EX: As in Fig., a hole is to be punched out of a plate having a shearing strength
of 40 ksi. The compressive stress in the punch is limited to 50 ksi. (a) Compute
the maximum thickness of plate in which a hole 2.5 inches in diameter can be
punched. (b) If the plate is 0.25 inch thick, determine the diameter of the
smallest hole that can be punched.
(a) Maximum thickness of plate:
Based on puncher strength:

P P=gA
l = 30[ 4+ m(2.59]
=78.125m kips —* Equivalent shear force of the plats
Based on shear strength of plate:

B V=14 *V=Pp
&2 781257 = 40[=(2.51)]
Figure 1-11c t =0.751 inch

(b) Diameter of smallest hole:
Based on compression of puncher:
P=gA
= 50 L nd®)
=12 bnd® < Equivalent shear force for plate

Based on sheanng of plate:

TI.-'? = T.:"!l *V=F
12 5md? = 40[rd(0.25)]
d=0.81in



EX: A 200-mm-diameter pulley is prevented from rotating relative to 60-mm-
diameter shaft by a 70-mm-long key, as shown in Fig. If a torque T=2.2 kN-m is
applied to the shaft, determine the width b if the allowable shearing stress in

the key is 60 MPa.

T 70 mirm
Shaft L=
0
200 g [T i
N

Chaft &0 mm-p| /

T=0.03F
22=0.03F
b F=7333 kN :

=]
=
=t
]
3
LU i ]

F=73.33kN V=1A

Where: ¥ =F=7333kN ¥

Resisting area 4 = 70k £0 MP
= ;T = o
for shear T=22kNmk

FBD of Pin 0.06 m
73.33(1000) = 60(70L)
b=17.46 mm

3- bearing stress, it is the contact pressure between two bodies. It
differs from compressive stress, as it is an internal stress caused
by compressive forces.




EX: In Fig., assume that a 20-mm-diameter rivet joins the plates that are each
110 mm wide. The allowable stresses are 120 MPa for bearing in the plate
material and 60 MPa for shearing of rivet. Determine (a) the minimum thickness
of each plate; and (b) the largest average tensile stress in the plates.

(a) From shearing of rivet:

From berm'ng of plate material-

P = 1A e
= 60[ 1 =(207)]
= §000m I\
P=agAs
6000w = 120{201)
= 7.85 mm

i 1 p
—_— i {0 110 mm >
| |
20-mm &
X ,."': t p
rT 00 ﬂx OO %

(b) Largest average tensile stress in the plate:

P=gA

6000m = o[7.85(110 - 20)]

o = 20.67 MPa

EX: The lap joint shown in Fig. is fastened by four %-in.-diameter rivets. Calculate
the maximum safe load P that can be applied if the shearing stress in the rivets
is limited to 14 ksi and the bearing stress in the plates is limited to 18 ksi. Assume
the applied load is uniformly distributed among the four rivets.

Based on shearine of rivets:
[

P=1A
P=14[4 ['*; :r[fl[%]: ]
P=2474 kips

Based on h&a.tu‘tg of plﬂ‘l‘E‘ﬂZ

P = agp As
F=18[4 [-;l"_l [-;h‘_l]
P = 47 25 kips

Safe load F = 24.74 kips

!

E: n
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EX: In the clevis shown in Fig., find the minimum bolt diameter and the minimum
thickness of each yoke that will support a load P = 14 kips without exceeding a
shearing stress of 12 ksi and a bearing stress of 20 ksi.

P

l.

For shearing of rivets (double
shear)

i,p P=14
14=1202(3nd")]
d=08618in = diameter of bolt

For bearing of yoke:

P=gy A

0.5 0.5P 14 = 20[2(0.8615¢)]

el t=04061in - thickness of yoke
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