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Stress

 An imaginary plane is
perceived to separate
the structure into two

distinct portions.

 One portion is selected

as the free body
diagram




e This selected portion Is
subjected to two types of
forces:

— external forces and
couples that are applied
directly to It

— distributed system of
forces exerted on it by
the portion that was
named.




Stress

— The distributed force system that acts on the
cutting plane represents the molecular forces that
material particles an either side of the imaginary
cutting plane exert on each other.

— The exact distribution of those molecular forcas o
the exposed plane of the free body diagram is
unknown



Stress: Equilibrium

* Replace distributed force
system by an equivalent
force- couple system

R+XF =0

Mo +27 xF +3G =0

*F, G - concentrated forces and couples applied directly to
the surface



Stress

 To connect the
components RR, R,
and M, M,, and M
with actual force we
need the concept of
stress.

o Stress force per unit
area




Stresses: Normal and She#r

» Aa - Increment of area perpendicular to the x-axis
* AR - Increment of forc&R acts oM\a,

Note nomenclature: first subscript refersto direction of normal to
plane; second subscript refersto direction of force

. AR,
lim =0, = nhormal stress
Aa, - 0 Aax
_ AR,
lim =T, = shear siress
Aa, - 0 Aax
AR,

lim
Aa, - 0 Aax

=r1,, = sShear stress



Stress Dimensions

Cimensicons:

stress = force per unit area
lLInits:
lb 1k
1 = — 1 p=i; 10% - = — 1 k=i

ima ima

I 1k
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I 111

L oanwwersions:

o 1 IR} iTa o
lpsi= 1( = ) (4.4482 113}{{:.0254 m}
i
— 1
(%)

(1 psl = 8820 Pa, 1ksi = 8.820MPa)




Normal Stress

* The stress componeai that is .
perpendicular to the imaginary plane Al

i

IS called normal stress =
 Normal Stress either:

|
— tensile pulls the cutting planes( i
+V€) () Structure
— compressivepushes the cutting
plane (: -ve) i SN
. AF, :
g = lim |
Aa-0 AA e

 F, —force normal to the area eleme

A A (P) Force on section c-¢ (c} Stress distribution at section e



Shear Stress

e Stress component parallel
to imaginary plane

. AF
r = lim ——
AA- 0 AA

* F- tangential force




Average Normal Stress in an Axially Laded Member
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 Normal Force acts on any cutting plane
producing a normal stress (either tension or
compression) that is uniform over the area of

the cutting plane assuming:
1. Force acts at the centroid of the area

2. Material deforms uniformly



Axial Loading

P :

g =— |
A i
e (O- average normal stress
at any point on the cross

sectional area

 P-internalresultant
normal force applied
through the centroid of the
Cross sectional area

e A- cross sectional area




Example: Normal Stress

 The casting shown is
made of steel using a

075 fi

specific weight/ =490 N |

Ib/fts. 5
 Determine the I

average normal stress o7sn-J 48

acting at points A and N Z .

B

in)




Solution

+1 > F,=0
P _WSt =0 W,
P- 490% (2.75ft)r (075ft)2 = 0 iﬁiﬁ\“ r
P = 2381lb
A= (0.75)°
g="= 281 134752
A (075 ft .
=13475 b, 1ft’ = 9.36psi (compressive) T
"~ ft? 144n? ' p




Average Shear Stress

e This situation exists
N
— rivets of riveted
joints
— pins of pin = i
connected truss and T
other members




Average Shear Stress

-~V

Tavg A
* T,,,~average shear stress o
at the section

e V= Internal resultant sheal
force at the section

» A= area of the section ca



Single Shear

e single shear connection
— Lap Joints
e bonding surfaces
between the members &

subjected to single shee
force V=P




Double Shear

* Double lap joints

e Double shear

o V=p/2




Example

o A 25mm diameter
hole is to be punched P R by
In an aluminum plate l

0.2mm thick by a
punching machine. " 1L Bunl

e Calculate the stress In
the plate when the
punching force is 5kN.




Solution

A=l dLt
= 100250002 = 157%10*n?
., = °000 — = 31.9><106l2
157 x10 m
= 31.9MPa




Example

e Calculate the average
normal stress in a 0.75in
diameter plunger of the
hydraulic cylinder

 The mechanism that the
hydraulic cylinder

supports weighs 6000Ib.

o Calculate the average
shearing stress in the
0.5in diameter pin at A



Solution

o First step: FREE BODY DIAGRAN
 From FBD

> M, =0

3 2 _
SKEBJ a(ﬁe] 4(6000 ) = 0

B = 2000 +/131b

D:F-»ZFX:O +TZFy:O

2 B-p Ay—6000+i3
V13

V13
A, =-40001b | A, =0

A, +




*Equilibrium of the forces parallel to axes of tHerqmer

N — ZOOO\/E =0 000+ 45 1b
N =2000/13b |

*Average normal stress in the plunger

_2000/13

,7(07/)2

*Free Body Diagram of the pin
N — A< =0 2000 | |;|m
2V —4000=0 7, = {057 =10,200ps A
%

V =2000b

=16.135ps




Allowable Stress

sFactor of safety
ratio of a maximum load that can be carried by the
member until it fails divided by an allowable load

P
F.S=—=
I:)allow
fail . -
= — Failure in the normal stress
Jallow
=_"  Failure in shear stress
Z-allow
*In Geometry P
A= -~ Subjected to normal stress
O-allow

A= v — Subjected to shear force
Tallow



« The control arm is
subjected to the loading
shown in the figure. .
Determine to the nearest
Y41in. the required
diameter of the steel pin a
C if the allowable shear
stress for the steel Is
T 0= KSi. Note that the
pin is subjected to double
shear.




Solution

> M, =0

F s (8) —3(3) —5(%)5 =0
F. = 3kip
DDFHZFX:O +TZFy:O

_3_CX+S(ﬂj:O C -3- § =0
5 g 5

C, =lkip C, =6kip

*Resultant force C
F.=./(1)% + (6) = 6.08ip




*Since the pin is subjected to double shear
AN -F =0
2N —6.082=0
V =3.041kip 6.082 kip

V _ 3.041kip ~ 0.3804n2 1 ._in-n kip

r, 8kip/in

d 2
ﬂ(zj =0.3804n°

d =0.69€n

*Use a pin having a diameter of d=0.75 in



Practice !!

An 8-mm-diameter pin is lemm
used at C, while pins of > 4
12-mm diameter are used A 3 O

at both B and D. B0mm
The ultimate shearing %H Lo (E’ED

stress Is 100MPa at all "
connections and the Mt 12m1n

ultimate normal stress in JE( b e

the links BD is 250MPa. ﬁé 28 =aee

Determine the load Q for o o

which the factor of safety I I e Y o
is 3.0. 'E? N *

Must check pins B,C, D,
and link BD!



Step by Step Solution

* Note that member BD is a
single-force-member. C is
a pin joint, so it has two
reaction forces.

« C,and G in the free-
body-diagram are
reversed. Cshould be

horizontal and §shou|d
be vertical.




Cont.

The safety factor is first considered: Allowable ahstress =
(ultimate shear stress)/F.S.=100MPa/3.0=33.3MPa.

Allowable normal stress=UTS/F.S.=250MPa/3.0=83.3MPa.

We look at the pin connectors at B and D, anditiieBD, first.
Then we look at pin C.

The pins for link BD is in double shear, thus alltweashear
stress= 33.3MPa=E/(2A), where F; is the allowable force in
the link. A is the cross-section area of the pmig)*(0.012m)>.

This gives E;=(33.3MPa)(2) (t4)*(0.012m¥ = 7.54 kN



Cont.

The double link BD is in normal stress, allowablemal
stress=83.3MPa=/(2A) where A is the cross-section area of
the link BD = (0.008m)x(0.02m). So the allowablec®in BD
(Fgp) = 26.7kN.

Comparing Fd from 3 and 4, we should takedhnaller of the two
forces, so the allowable forcgd—= 7.54kN.

Using the free-body diagram, summing moment about C

(Q * 0.38m-Kp * 0.2m= 0), and usingds=7.54kN, we find the
allowable force Q=3.97kN, based upon the limit8qD, and
BD.




Cont.

Now we can look at pin C. Pin C is in double shearthe
allowable shear stress 33.3MPa=C/(2A) where A is
(174)(0.008m3; so maximum allowable C=3.35kN. (note
that G=0, so C= ().

Sum moments about B:
(Q *0.18m - C * 0.2m = 0),
using G=3.35kN, we find Q=3.72kN which is smaller than

Q (3.97kN) from considering link BD and pins B,[n e
answer is Q=3.72kN.



Deformation

Force I Force

il ! -
—

Original Length \

Deforrmation
relongation)

 Whenever a force is applied to a body,shape and size will change.
These changed are referreddasormations.

 These deformations can be thought of being eftbeitive
(elongation)or negative(contraction)n sign.

* Itis however hard to make a relative comparisetwieen bodies of
different size and length as their individual defations will be
different. This requires the development of the ephofSTRAIN,
which relates the bodies deformation to its iniagth.



Strain

 The elongation (+ve) or
contraction (-ve) of a Undeformed Deformed
structure or body per unit
lengthis termedStrain.

* |t can thus be equated as
the change in length of the
body over its original
length, and is given the
symbole (epsilon)




Normal Straire

 Normal Strain = elongation per
unit length.

e £>0 tensile strain(+)

« £<0 compression strain (-)

e Normal strain causes a
changein volume

e Strain isdimensionless!

Engineering definition of “normal strain:"

— Lfinal — Linitial = change in length )
Linitial initial length £ =

£

L
> |
L+6
(Z+8)-L ¢
L Z



Shear Strainy

Shear stress will result in a shei
strain T

Shear strainchange in angle
between two segments that wel
perpendicular to one another

Shear strain causes change in
shape.

A

tany = (3/d) T
— For sufficiently smaly, tany ~y
— vy =(o/d)



Sign Convention for Shear Strain

FPositive: = = 0 Megative: + = 0
2 2
T T T
[+ ™|
B T— < —_——— =
T T




Example

e The plate shown in the
figure is held in the rigid v
horizontal guides at its
top and bottom AD and
BC. If its right side CD is
given a uniform horizontal
displacement of 2 mm, 150
determine the average
normal strain along the
diagonal AC, and the
shear strain at E relative tc
the x-y axes.




Solution

After deformaticn AC become®C'
AC =+/(0.197 +(0.157 = 0.21213mm

AC'=4/(0.157 +(0.152? = 0.213551mm
Averagenormalstrainalongthediagonal

_ AC'-AC _ 0.21355mm-0.21213nm

AC 0.21213nm
Exc = 0.00669= 0.66%%

gAC




Solution Cont.

e To find the shear strain at E
relative to the x and y axis. 5 mn
Need to find®’ that specifies
the angle between the two axes
after deformation >

tan| &-) = 18MM _ 51~ 99 .759°
2 75 mMm

§' =90.759° = 18” 90.759° = 1.58404 rad

0

Vo = =-6'=2-158404 rad = -0.0132 rad
Y g 2



