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Strength of materials:
Strength of materials extends the study of forces that has begun in engineering mechanics
the difference between engineering mechanics and strength of materials is that
engineering mechanics cover relations between forces acting on rigid bodies, while
strength of materials deals with the relations between externally applied loads and their
internal effects on bodies. Also the bodies are no longer assumed to be ideally rigid. The
deformations, however small are of major interest.

Simple Stresses

Simple stresses are expressed as the ratio of the applied force divided by the resisting
area.
Stress = Force / Area
It is measured by unit force over unit area
It is measured in English unit by psi or ksi or their units
and in Sl unit by (kN/m?) or (N/m?=Pa) or (N/mm?=MPa) or other units.

Simple stress can be classified as
1. Normal stress,

2. Shear stress

3. Bearing stress.

1. Normal stress

This type of stress develops when a force is applied perpendicular to the cross-
sectional area of the material. There are two types of normal stresses; tensile stress
and compressive stress. Tensile stress applied to bar tends the body to elongate while
compressive stress tend to shorten the body as shown in the Fig. below.
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The magnitude of normal stress is calculated by the formula:

o=

where o is the normal stress, P is the applied normal load and A is the area.
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Ex.1: A homogeneous 800 kg bar AB is supported at either end by a cable as shown in
Fig. below. Calculate the smallest area of each cable if the stress is not to exceed 90
MPa in bronze and 120 MPa in steel.

Solution:

,_f
el

Steal
L=3m

o |

10 m

By symmetry:

Py, = P,y = +(7848)

=3024 N

For bronze cable:

Py = onAw

3024 = 004,

P, A = 43.6 mmy®

For steel cable:

1 - P = gu s

W = 800 kg = 7548 N

l 5m 3924 = 1204,
Ag =327 mm?

Ex.2: An aluminum rod is rigidly attached between a steel rod and a bronze rod as
shown in Fig. below. Axial loads are applied at the positions indicated. Find the
maximum value of P that will not exceed a stress in steel of 140 MPa, in aluminum of
90 MPa, or in bronze of 100 MPa.

Solution:

For bronze:
O Ap = 2P
100(200) = 2P
F=100001

For aluminim:
T ;dl\,-,' =F
Qo4om =P
P=3000N
For Steel:

Tt s = 5P
FP=14000N

For safe F,use F =

Aluminum
A =400 mm¢ Bronze

¢, Stesl A = 200 mm?
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Megative (-} means compression

10000 N =10 kN



Ex3: Find the stresses in members BC, BD, and CF for the truss shown in Fig. below.

Indicate the tension or compression. The cross sectional area of each member is 1600

mm2.

A Im ¢ 4m }a

60 kN 50 kN a4m

Solution:

For member BD': (Sz= FBD 01)
ZM-=0

3( 3 ED) = 3(s0)

ED =73 kN Tension

BD =gpp A
“n“ 75 (1000) = gep (16000
"f:” D opn = 40,875 MPa (Tension)

m——----Tm

0T For member CF: (Szz FBD 01)
&0 kN S0 kN TM, =0

FED 01 4 —JE— CF) = 4{00) + 7(a0)

CF=195+2
= 27577 kN Compression

CF=ocrA
27377 (1000) = grp(1600)
oo = 172,357 MPa (Compression)

For member BC: (Sze FED 02)

L"rir_:. = ﬂ

60 ki FED 02 4BC = 7o)

BC =105 kN Compression

BC= CFE.:fL

105 (1000} = gy (1600}

opc = 065.625 MPa (Compression)




Ex.4.Determine the largest weight W that can be supported by two wires shown in Fig.
below. The stress in either wire is not to exceed 30 ksi. The cross-sectional areas of

wires AB and AC are 0.4 in? and 0.5 in?, respectively.

Solution:
For wire AB:
By sine law (from the force polygon):

_ i
Lap W

sin 407 =in 80°
Tan = 065271V
TapAap = 065271V
30(0.4) = 0.6527W
W=154 kips

For wire AC:
T.- W

Al =
sin 07 sin &0°
Tac = 0879414
T'I.-. = Jacilac

0.87941W = 30{0.5)
W=17.1 kips

Force polygon of
forces on knot A

Safe load W=17.1 kips

2. Shear stress

This type of stress is developed if the applied force is parallel to the resisting area. It
differs to tensile and compressive stresses, which are caused by forces perpendicular
to the area on which they act. Shearing stress is also known as tangential stress and it

can be calculated by:
4
T2

where t is the shear stress, V is the shearing force which passes parallel to the

resisting area and A the area being sheared.
Figure blow shows the shear occur in bolt join two plates which is called single shear
and the shear occur in bolt join three plates which is called double shear.
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Ex.1. 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/m?,

Solution:
The resisting area is the shaded area
Puncher } along the perimeter and the shear force
20mms| Vis equal to the punching force P

25 mim thick h '!II.'= T4
P = 350[n(20)(25)]
=540 7787 N
Punched m.=|_\ = 5498 kN

@: 25 mm
l

20

Ex.2:.As in Fig. below, 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.

lp

Solution: :
(a) Maximum thickness of plate:
Based on puncher strength:
F=gA
= 301 =(2.5%)]
= 781257 kips - Equivalent shear force of the plane
Based on shear strength of plate:
V=14 >V=P
78.125m = 40[m(2.51)]
t =0.781 inch

ib) Diameter of smallest hole:
Based on compression of puncher:
FP=gA
=50{1 =)
=12 5md: = Equivalent shear force for plate



Based on shearing of plate:

V=14 V=P
12 5md? = 40[md(0.25)]
d=10.81in

Ex.3:Compute the shearing stress in the pin at B for the member supported as shown in
Fig. below. The pin diameter is 20 mm.

40 kN

Pin at B

Solution:
From the FBD:
*M-=0
0.25R g = 0.25(40 sin 35%)
40 kN + 0.2(40 cos 35%)

Rpy=49156 kIN

ZFy=0
Ry = 40 cos 33°
= 32760 kN

o : Ra= Ry + Ry’

= J32766% +49.156°
=50.076 kIN = shear force of pin at B

Free Body Diagram

Ve= 1A = double shear
50.076 (1000) = ta [2[ + m(209)]}
Tp = 94.02 MPa

Ex.4: Two blocks of wood, width w and thickness t, are glued together along the joint
inclined at the angle 0 as shown in Fig. Ex.4. Using the free-body diagram concept in
Fig. Ex4.a, show that the shearing stress on the glued joint is T = P sin 20/2A, where A
is the cross- sectional area.

Mormal and shear components of the
resultant on arbitrary s=ction.

FicEx.4 A




Solution:

= '{a'.inha:
8= 1(A csc B)
sinBeos® f A
(2sinBcos @) /24
sin 28 / 24 (ok!)

3. Bearing stress

Another type of simple stress is the bearing stress, it is the contact pressure between
two separate bodies. It differs from compressive stress, as it is an internal stress caused
by compressive forces.

gy —Ab
where g3, is the bearing stress, P, is the bearing force which contact of the area A
being sheared as shown in the Fig. below:

T
1

Ex.1: In Fig. shown below, 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.
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Solution:
(a) From shearing of rivet:
P=1tAives
= 60[ + =(207)]
= 6000x N

From bearing of plate material:
P=gyAs
6000m = 120(20¢)

t = 7.85 mm

(b) Largest average tensile stress in the plate:
P=gA
6000r = o[7.82(110 - 207]
o = 26.67 MPa

Ex.2 :The lap joint shown in Fig. shown below 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.
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Solution:

Based on shearing of rivets:
P=1A

P=144(3m)3)°]

F =24 74 kips

Based on bearing of plates:
FP=gy As

P=18[4(3)i5)]

P =47 25 kips

Safe load P =24.74 kips



Ex.3:In the clevis shown in Fig. below, 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~

L.

For shearing of rivets (double
shear)
P P=1A

14 =12[2(4nd%)]
d = 0.8618 in — diameter of bolt

Solution:

For bearing of yoke:
P =gy A
0.59 0.5p 14 = 20[2{0.55615t)]
ko kol t=0406lin - thickness of yoke

Ex4.:A 7/8-in.-diameter bolt, having a diameter at the root of the threads of 0.731 in.,
is used to fasten two timbers together as shown in Fig. shown below. The nut is
tightened to cause a tensile stress of 18 ksi in the bolt. Compute the shearing stress in

the head of the bolt and in the threads. Also, determine the outside diameter of the
washers if their inside diameter is 9/8 in. and the bearing stress is limited to 800 psi.

Solution:

Tensile force on the bolt:
FP=gA= 15[-_111[:;-)1]
F=1082 kips

Shearing stress in the head of the bolt:
_F _ 1082

== —
A wFE)
T=75872 ksi

d

Shearing stress in the threads:
F 10.82

|

T=

A w0732
7538 k=i

Outside diameter of washer S8 in
F=ag, A Washer
10.82(1000) = 800{ Lx [ - {%}E]I
d=431in



Strain
Simple Strain

Strain is the ratio of the change in length caused by the applied force, to the original
length, it is also known as unit deformation,

Strain is calculated by : e=2
where ¢ is the strain , 6 is the deformation and L is the original length, thus ¢ is
dimensionless.

Stress-Strain Diagram

Suppose that a metal specimen be placed in tension-compression testing machine. As the
axial load is gradually increased in increments, the total elongation over the gage length is
measured at each increment of the load and this is continued until failure of the specimen
takes place. Knowing the original cross-sectional area and length of the specimen, the
normal stress ¢ and the strain & can be obtained. The graph of these quantities with the
stress ¢ along the y-axis and the strain € along the x-axis is called the stress-strain diagram.
The stress-strain diagram differs in form for various materials. The diagram shown below
is that for a medium carbon structural steel.

Metallic engineering materials are classified as either ductile or brittle materials. A ductile
material is one having relatively large tensile strains up to the point of rupture like
structural steel and aluminum, whereas brittle materials has a relatively small strain up to
the point of rupture like cast iron and concrete. An arbitrary strain of 0.05 mm/mm is

frequently taken as the dividing line between these two classes.
Actual Rupture Strength ﬁ\l

U — Ultdimate Strength —\

/\

R — Rupture Strenql:h

Stress, o

Y — Yield Point
E — Elastic Limit

P — Proportional Limit

0 Strain, &

Proportional limit

From the origin O to the point called proportional limit, the stress-strain curve is a straight
line. This linear relation between elongation and the axial force causing was first noticed by
Sir Robert Hooke in 1678 and is called Hooke's Law that within the proportional limit, the
stress is directly proportional to strain or

10



oo E Or O =RKs&

The constant of proportionality k is called the Modulus of Elasticity E or Young's Modulus
and is equal to the slope of the stress-strain diagram from O to P. Then

o= FEe

Elastic limit
The elastic limit is the limit beyond which the material will no longer go back to its original

shape when the load is removed, or it is the maximum stress that may e developed such that
there is no permanent or residual deformation when the load is entirely removed.

Elastic and plastic range
The region in stress-strain diagram from O to P is called the elastic range. The region from

P to R is called the plastic range.

Yield point
Yield point is the point at which the material will have an appreciable elongation or
yielding without any increase in load.

Ultimate strength
The maximum ordinate in the stress-strain diagram is the ultimate strength or tensile
strength.

Rapture strength
Rapture strength is the strength of the material at rupture. This is also known as the
breaking strength.

Axial deformation
In the linear portion of the stress-strain diagram, the tress is proportional to strain and is
given by

o=Ee¢

since(c=P/A)and (¢=6/L),then P/ A=E /L. Solving for d,

[=5]

]
b s
o | )
m|e=

_ ol
=
E

To use this formula, the load must be axial, the bar must have a uniform cross-sectional
area, and the stress must not exceed the proportional limit. If however, the cross- sectional
area is not uniform, the axial deformation can be determined by considering a differential
length and applying integration.



If however, the cross-sectional area is not uniform, the axial deformation can be
determined by considering a differential length and applying integration.

where A =ty

[

dx t

P rLdz

=E ) T

y o t, if variable, must be expressed in terms of x.

Examples:

Ex1: A steel rod having a cross-sectional area of 300 mm?2 and a length of 150 m is
suspended vertically from one end. It supports a tensile load of 20 kN at the lower end. If

the unit mass of steel is 7850 kg/m3 and E = 200 x 103 MN/mZ, find the total elongation of

the rod.

Solution:

=
=
W 05T

Let & = total elongation
&1 = elongation due to its own weight
gy = elongation due to applied load

Where: P =W = 7850{1/1000)3{%.81)[300{150){1000]]
P = 3485,3825 N
L = 75(1000) = 75 000 mm
A = 300 mm*
E = 200 000 MPa

5 _ 34653825 (75000) _
' 300 (200 000)

4 .33 mm

12



FL
& ,52= J——
AE

Whera:

20 kM = 20000 M
150 m = 150 000 mm
300 mm?

E = 200 D00 MPa

_20000(150000) _
300(200000)

[
L
A

w ST

30 mum

B

A

Wk l Total elongation:
§5=433+50=5433 mm

Ex2: A bronze bar is fastened between a steel bar and an aluminum bar as shown in Fig.

Axial loads are applied at the positions indicated. Find the largest value of P that will not
exceed an overall deformation of 3.0 mm, or the following stresses: 140 MPa in the steel,
120 MPa in the bronze, and 80 MPa in the aluminum. Assume that the assembly is
suitably braced to prevent buckling. Use Est = 200 GPa, Eal = 70 GPa, and Ebr = 83

GPa.

Stee! Bronze -
& = 480 mm? A = 650 mm* p.iluzgu o
Pk | e |
1.0m 20m 1.5m
Solution:
Based on allowable stresses:
Steel:
P!.’ = qlﬂ'ln.l
P=140(480) =67 200 ¥
FP=67.2kN
Pa=P
re—{___ &>
Py = 2P Bl’ﬂm:
e B T S Py = Ol
Py= 2P 2P =120(650) = 78 000
re—{_____—>wp spe—T_—+—> P=39000N=30kN
Aluninun
P.a: = O'.un"l.:.'

2P = 80(320) = 25 600 N
P=12800N=128kN

Based on allowable deformation:
(steel and aluminum lengthens, bronoe shortens)
§= 8y -G+ Bu
__P(1000) _ 2P(2000) . 2P(1500)
430(200000)  650(70000) 320(53000)

3=(mtw - s + == )T
P=58461099 N =58461 kN

Use the smallest value of P, P=12.8 kN

13



Ex3: The rigid bar ABC shown in Fig. below is hinged at A and supported by a steel rod
at B. Determine the largest load P that can be applied at C if the stress in the steel rod is
limited to 30 ksi and the vertical movement of end C must not exceed 0.10 in.

Solution:
Free body and deformation diagrams:

T p‘
[:; 1R B if c

|

|

|
uip

Based on maxinwim stress of steel rod:
IMy=0
5P=2Py
P=04F,
P - 0.45.1#’“:
F = 0.4[30{0.50)]
F=okips

Based on movement at C;
g, _ 01
2 5
Gy =004 in
EL _ 0.04
AE

P,(4x12)
0.50(29x10%)
P.=12083331b

EMa=0

5P =12Fx

FP=04F,
P=04(12083.33)
F=4333331b =433 kips

Use the smaller value, P = 4.83 kips

14



Ex.3: The rigid bar AB, attached to two vertical rods as shown in Fig. below, is horizontal
before the load P is applied. Determine the vertical movement of P if its magnitude is 50

kN.
Sl
Alurninum L=4m
L=3m A = 200 mm?
A = 500 mm* E = 200 GP=
E =70 GPa
A B c
[= o
fe — 3sm ————fe—— 25m ——
]
Solution:
Free body diagram:
P Fa
1. : 4|
[ 8]
b—— 35m ———f}—— 25m ——
P=50kH ¥
For aluminum:
[EMe:=10] OF . =2.5(30)
F,=2083 kN
|:5 _PL 1 o 20.83(3)1000°
AE " 500(70000)
Sa = 1.78 mm
For steel:
[EMs=10] 0F = 3.5(30)
P,=2917 kN
[a _PL7 5. = 2917(4)1000°
AE |, ' "300(200000)
8y =194 o
Movement diagram:
A 1.5 B 25 c
~1
T ———— & ¢
¥y 194-178
35 &
y = 0.09 mm

&p = vertical movement of P
Bp=178+y=178+009
&p = L.87 mm

15



Ex.4: The rigid bars AB and CD shown in Fig. below are supported by pins at A and C
and the two rods. Determine the maximum force P that can be applied as shown if its
vertical movement is limited to 5 mm. Neglect the weights of all members.

Aluminum
l=2m
A = 500 mm*
E =70 GPa
“pA Im im BI
! f’j [a
H Steel
= HL=2m
H A = 300 mm?*
3 H E = 200 GPa
-] 5
o ]
. (ﬂ I+ |
C 3m l im b}
P
Solution:
[Z*MA = D] 3F; = 6P,
Pu= 2P,

By ratio and proportion:

Py - -
g Og
Ibﬁ Im 3Im B ?= 3

o al
e _ o PL
‘ P bp = 26, = QI_E:L
| 5 P, (2000)
T %= 2! 50070000
FBD and movement diagram of bar AB ( }
Bp = 571- Py= ﬁ{zpﬂ}
og = *31?5 P.; = movement of B

P 4 Movement of D:
-] 6 = 5 ¢ + 6 = | — + ;_' PE!-
It@ i 5 | Do Ha LR |: AEiL: =75
? P..(2000
Op 5o 300(200000)
op = L Pa
FBD and movement L™ “Eoon £
diagram of bar CD
[ZMc=0] 6P =3P

P,=1Lip

By ratic and proportion:

Bp _5p

3 G
8p= 3 8p= 3 (gomy Ps)
5P= 341&1()0 Ps!
5= g1o00 (7 P)
P=76363.64N =764 kN

16



Ex.5: The following data were recorded during the tensile test of a 14-mm-diameter mild
steel rod. The gage length was 50 mm.

Load Elongation Load Elongation

() (mm) (N) ()

0 0 46200 125
6310 0.010 52400 250
12600 0.020 58500 450
18300 0.030 65000 7.50
25100 0.040 59000 1250
31300 0.050 67500 15.50
37¢ 0.060 65000 20.00
40100 0163 61500 Fracture

41600 0433
Plot the stress-strain diagram and determine the following mechanical properties: (a)
proportional limits; (b) modulus of elasticity; (c) yield point; (d) ultimate strength; and(e)
rupture strength.

Solution:
Area, A= % (14 = 491 mm?¥; Length, L = 50 mm
Strain = Elongation/Length; Stress = Load/Avea

RS (Failurs, 39%.51)
US (0,15, 441,74) \ Load Elongation  Strain Stress

| () (T (/) (MPa)

0 0 0 0

e 6310 0.010 0.0002 40.99
§ vP(0.0087, 270.24) 12600 0.020 0.0004 8185
@ EL (0.0033, 260.43)  qganp 0.030 0.0006 12213
PL(0.0012, 246.20) 510D 0.040 0.0008 163.05

P 31300 0.050 0.001 203.33

Stress-Strain Diagram 37900 0.060 0.0012 246.20
[not drawn to scalz) 40100 0163 0.0033 2a0.49
S 41600 0.433 0.0087 270,24

Pl = Proportional Limit 46200 1250 0025 30012
¥P = ¥igld Point 52400 2.500 0.05 340040
US = Ultimate Strength 58500  4.500 0.09 380,02
RS = Rupture Strength 68000 7500 015 44174
50000  12.500 025 38327

67800  15.500 031 41044

65000  20.000 04 42275

61500  Failure 399 51

From stress-strain diagram:
(a) Proportional Limit = 246.20 MFPa
(b} Modulus of Elasticity
E = slope of stress-strain diagram
within proportional limit
E= 22620 _ 205 160.67 MPa
0.0012
E=2052GFa
(c) Yield Point = 270.24 MPa
(d) Ultimate Strength = 441.74 MPa
(e} Rupture Strength = 399.51 MPa

17



Shearing deformation
Shearing forces cause shearing deformation. An element subject to shear does not
change in length but undergoes a change in shape.

The change in angle at the corner of an original rectangular element is called the shear
strain and is expressed as

y= 2
L
The ratio of the shear stress T and the shear strain vy is called the modulus of elasticity

in shear or modulus of rigidity and is denoted as G, in MPa.

==

¥
The relationship between the shearing deformation and the applied shearing force is

AG G©
where V is the shearing force acting over an area As.

- VL 1L
8; = = —

Poisson’ s ratio

When a bar is subjected to a tensile loading there is an increase in length of the bar in the
direction of the applied load, but there is also a decrease in a lateral dimension
perpendicular to the load. The ratio of the sidewise deformation (or strain) to the
longitudinal deformation (or strain) is called the Poisson's ratio and is denoted by v. For
most steel, it lies in the range of 0.25 to 0.3, and 0.20 for concrete.

where ex IS strain in the X-direction and ey and €, are the strains in the perpendicular
direction. The negative sign indicates a decrease in the transverse dimension when &x is
positive.

18



Biaxial deformation

If an element is subjected simultaneously by ensile stresses, ox and oy, in the x and y
directions, the strain in the x-direction is ox / E and the strain in the y direction is oy / E.
Simultaneously, the stress in the y direction will produce a lateral contraction on the x
direction of the amount -v €y or -v oy/E. The resulting strain in the x direction will be

g, (e, +ve )E
= % y—Y orgy= “—J’J
E E 1-—v
and
_ Ty o, [Ey+vsij
g, = ——v—= or oy ﬁ
E E 1—w"

Triaxial deformation

If an element is subjected simultaneously by three mutually perpendicular normal
stresses ox, oy, and oz, which are accompanied by strains &x, ey, and ez,
respectively,

1
£r = E[GI -v(s, +0.)]

1
By T E[Gy - ""I{GI + |::Fz}]

g = E[t:sE -V, +0,)]

Tensile stresses and elongation are taken as positive. Compressive stresses and
contraction are taken as negative.

Relationship Between E, G, and v

The relationship between modulus of elasticity E, shear modulus G and Poisson's
ratio v

is:

2(1+v)

19



Ex.1: A solid cylinder of diameter d carries an axial load P. Show that its change in
diameter is 4Pv / nEd.

Solution:
g,
v=-——
Ex
By = —VEx
5]
WS VE
o -P
_f = Y —
d AE
Pd
The load F can be compressive or tensile 5-_,- =V 12
tmd E
4Pv
Gy= —— ok!
Y nEd

Ex.2: A rectangular steel block is 3 inches long in the x direction, 2 inches long in the y
direction, and 4 inches long in the z direction. The block is subjected to a triaxial loading
of three uniformly distributed forces as follows: 48 kips tension in the x direction, 60 Kips
compression in the y direction, and 54 kips tension in the z direction. If v=0.30 and E =
29 x 108 psi, determine the single uniformly distributed load in the x direction that would
produce the same deformation in the y direction as the original loading.

Solution:

For triaxial deformation (tensile triaxial stresses):
(compressive stresses are negative stresses)

By = % [G-:. - v(g, + a;)]

P,

g,= —— = 38 6.0 k=i (tension)
A, 42)
F, 60

gy= —— = —— = 5.0 ksi (compression)
A 43)
P o4

g:= —— = —— =90 ksi (tension)
A, 203

1
By = — [-5000 - 0.30(c000 + 9000
© 29x10° [ ( )

gy = -3.276 x 10+

gy 15 negative, thus tensile force is required in the
x-direction to produce the same deformation in
the y-direction as the original forces.

For equivalent single force in the x-direction:
(uniaxial stress)

£,
V= -

Ex

20
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' g "\-i
-U.3|:1| —= | =-3.276 x 10+

| 29107
ox = 31 666.67 psi

P

Gy = —% =31 666.67

4(2)

P, =253 333.33 1b (tension)
P = 253.33 kips (tension)

Ex.3:For the block loaded triaxially as described in next example, find the uniformly
distributed load that must be added in the x direction to produce no deformation in the z
direction .

Solution:

E:= % [o:-vio:+ )]

Ty = 6.0 ksi (tension)

gy = 3.0 ksi (compression)

o: = 9.0 ksi (tension)
6. = ;& [9000 - 0.3(6000 — 5000)]

2910
. =207 x10-7
gz 1s positive, thus positive stress is needed in the x-

direction to eliminate deformation in z-direction.

The application of loads is still simultaneous:
(Mo deformation means zero strain)
.= % [o:-v(ox+g,)] =0

o: = viox + gy)

oy = 5.0 ksi = (compression)
o:=9.0 ksi =* (tension)

9000 = 0.30(g, - 5000)

o = 35 000 ps=i

T adaed + 6000 = 35 000
Tadded = 20 000 PE].

Fraims _ 29 000
2(4)

Paages = 232 000 Ib
P_gd,-;gg =232 klpﬁ-
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Ex.4. A welded steel cylindrical drum made of a 10-mm plate has an internal diameter of
1.20m. Compute the change in diameter that would be caused by an internal pressure of
1.5 MPa. Assume that Poisson's ratio is 0.30 and E = 200 GPa.

Solution:

gy = longitudmal stress

o= pD _ 1.5(1200)
T4 4(10)

gy = 4> MPa

o, = tangential stress

Gy = E = M thickness,

2t 2(10) t =10 mm
g, = 90 MPa

X

£y = &—‘ui

E E } ) 1.20 m

{45
= 20 - 0.3
200000 '.k 200 DUDJ

gx = 3.825 x 10

_ AD

D
AD =g, D =(3.825 » 10%)({1200)
AD = 0.459 mumn

Ex
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