Shearing Deformation
Shearing forces cause shearing deformation. An element subject to shear does not

change in length but undergoes a change in shape.
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The change in angle at the corner of an original rectangular element is called the shear

strain and is expressed as

T

The ratio of the shear stress t and the shear strain y is called the modulus of elasticity

in shear or modulus of rigidity and is denoted as G, in MPa.
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The relationship between the shearing deformation and the applied shearing force is
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where V is the shearing force acting over an area A..

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 g, is strain in the x-direction and ¢, and ¢, are the strains in the perpendicular
direction. The negative sign indicates a decrease in the transverse dimension when g, is

positive.

BIAXTAL DEFORMATION

If an element is subjected simultaneously by ensile stresses, o, and oy, in the x and y
directions, the strain in the x-direction is o / E and the strain in the y direction is o, / E.
Simultaneously, the stress in the y direction will produce a lateral contraction on the x

direction of the amount -v ¢, or -v 6,/E. The resulting strain in the x direction will be

c, O, (=, +ve, )E
Ex= ——V— Ol Ox= ————=——
E E 1—wv
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TRIAXIAL DEFORMATION

If an element is subjected simultaneously by three mutually perpendicular normal

stresses oy, oy, and o,, which are accompanied by strains ¢, &, and ¢,, respectively,

1

£x = E[GI —vi(g, +c.)]
1

By =T E[Gy - V{Gx + I::Fz}]
1

g = E[lcsE —v(o, +o,)]

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:
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Bulk Modulus of Elasticity or Modulus of Volume Expansion, K

The bulk modulus of elasticity K is a measure of a resistance of a material to change in

volume without change in shape or form. It is given as

_ E _ O
31-2v) AV SV

where V is the volume and AV is change in volume. The ratio AV / V is called volumetric

strain and can be expressed as

AV _ o _ 3(1-2v)

v K E

Solved Problems in Shearing Deformation

Problem 222

A solid cylinder of diameter d carries an axial load P. Show that its change in diameter is

4Pv / nEd.

Solution 222
£,
V= -
EI
By = —VEy
E
g -P
d AE
’ Pd
The load P can be compressive or tensile Oy =V—073
+md’E
4Pv
y = ok!



Problem 223

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 10° 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 223

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

1
gy = = [oy - viox + o))

E,
Ty= —— = 33 6.0 ksi (tension)
A 4(2)
¥
Ty = i -0 5.0 ksi (compression)
A, ae) 7 ¥
P o4
g.= —— = —— =90 ksi (tension)
Ay 203)
4 g, = ; [-5000 - 0.30(6000 + 9000)]
29«10

g, = -3.276 x 10

=y 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)

E,
v=__4

Ex
~VEx = gy

g

s O ™
-0.30| —= | =-3.276 x 10+

(29x10° )
ox = 31 666.67 psi

P

oy = — = 31 666.67

4(2)

Pr= 253 333.33 b (tension)
Py = 253.33 kips (tension)



Problem 224
For the block loaded triaxially as described in Prob. 223, find the uniformly distributed

load that must be added in the x direction to produce no deformation in the z direction.

Solution 224

1
.= — [G: - vig, + g,)
E[ ( y]

T, = 6.0 ksi (tension)

ay = 3.0 ksi (compression)

Tz = 9.0 ksi (tension)

;ﬁ [9000 - 0.3(6000 - 5000)]

2910

ge.=2.07 x10-5

gz is positive, thus positive stress is needed in the x-
direction to eliminate deformation in z-direction.

The application of loads is still simultaneous:
{No deformation means zero strain)

E.= % [o:-v(o:+a,)]=0

o: = v(gx + ay)

oy = 5.0 ksi = (compression)
a: = 9.0 ksi —# (tension)

9000 = 0.30(g, — 5000)

Ty = 32 000 ps1

Tadaed + 6000 = 35 000
Tadded = 29000 pSi

Tasia _ 59 gpo
2(4)

Poaaes = 232 000 Ib
P_,d,-;gg =232 kipﬁ

Problem 225
A welded steel cylindrical drum made of a 10-mm plate has an internal diameter of 1.20
m. 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 225

oy = longitudinal stress
_ pD _ 15(1200)

CIT_!_I'
44 4(10)
oy = 45 MPa
o, = tangential stress Y
Oy = E = M § fh'_ thickness,
2t 2(10) . t=10mm
T, =90 MPa
X
EI = & v i
E E ) ) 1.20 m
i 45
L T D
200000 {200 DDD_{

*,

gx = 3.825 » 10-*

_ AD

D
AD =g, D = (3.825 « 103)(1200)
AD = 0.459 mm

Ex

Problem 226
A 2-in.-diameter steel tube with a wall thickness of 0.05 inch just fits in a rigid hole.
Find the tangential stress if an axial compressive load of 3140 Ib is applied. Assume v =

0.30 and neglect the possibility of buckling.

Solution 226
o
By = Sr_y¥ -p
E E
0.05" 2.0" 0.05" Oy = VOy
- where o= tangential stress
oy = longitudinal stress
P, 3140
oy= — =

" TA 1(2)(0.05)
oy = 31400/ psi

ax = 0.30(31400/ )
T, = 9430/ psi
o, = 2298.5 psi

T
e




Problem 227

A 150-mm-long bronze tube, closed at its ends, is 80 mm in diameter and has a wall
thickness of 3 mm. It fits without clearance in an 80-mm hole in a rigid

block. The tube is then subjected to an internal pressure of 4.00 MPa. Assuming v = 1/3

and E = 83 GPa, determine the tangential stress in the tube.

Solution 227
Longitudinal stress:
pD _ 4(30)
Oy = —— = —
a4
Diameter, 0 = 80 mm _ &0
Thickness, £ = 3 mm Oy = ? MFa

The strain in the x-direction is:
o OO
E E
o: = voy = tangential stress
o= 1(80)
3.3 )
Tx = 8.89 MPa

Problem 228

A 6-in.-long bronze tube, with closed ends, is 3 in. in diameter with a wall thickness of
0.10 in. With no internal pressure, the tube just fits between two rigid end walls.
Calculate the longitudinal and tangential stresses for an internal pressure of 6000 psi.

Assume v = 1/3 and E = 12 x 10° psi.

Solution 228
o,
E E
t=0.10in y ox = voy = a1 =2 lﬂllgihldiﬂﬂl stress
l 4 o: =g, = tangential stress
A 1 5, = PD _ 6000(3)
! > x [ 3ine © 2t 2(0.10)
: ¢ o = 90,000 psi
ra perarrrs = el i
L=6in g = voy, = +(90,000)

a; = 30,000 psi



Statically Indeterminate Members

When the reactive forces or the internal resisting forces over a cross section exceed the

number of independent equations of equilibrium, the structure is called statically

indeterminate. These cases require the use of additional relations that depend on the

elastic deformations in the members.

Solved Problems in Statically Indeterminate Members

Problem 233

A steel bar 50 mm in diameter and 2 m long is surrounded by a shell of a cast iron 5

mm thick. Compute the load that will compress the combined bar a total of 0.8 mm in

the length of 2 m. For steel, E = 200 GPa, and for cast iron, E = 100 GPa.

Solution 233

= Bearing Plate

Cast Iron,
t=5mm

Wil Jgoe

60

Stes| Bar
d =50 mm

. _ PL
5= —

AE
8 = Bpastiron = Ospen = 0.5 mm

Pcnsf W{ED{][}}
Ooast fran = T 5 =08
[3 (60 —507)](100000)
Pogseiron = 11 00071 N
Bes = Pseml {2000] _
' [+7(507)](200000)

Pt = 50 0001 IN

TFy=10

P = Peastiron + Posen
P=11000r + 30 000w
P=61000n N
P=191.64 kN



