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Poisson’s Ratio: Biaxial and Triaxial Deformations

The ratio of strain in the lateral direction to the linear strain in the axial direction

and it’s denoted by the Greek letter U (nu) and can be expressed as:

Lateral Strain &y

v —_—
Longitudinal Strain X

v : Poison’s Ratio
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for biaxial stress state:
0x#0 oy #00,=0

In the x- direction resulting from

Ox ,ex=0x/E

In the y-direction resulting from

Oy ,€y—=0y/E

In the x-direction resulting from

Oy ,Ex=—U(oxE)

In the y-direction resulting from the

Ox , Ey=U(0xE)

The total strain in the x-direction will be:

€x= 0x/E —v oy/E
€y= oy/E —v ox/E

€=~V 0x/E —v 0y/E
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Triaxial tensile stresses:
ox#0 oy#00,#0

€x= 0x/E —v ay/E —v 0/E
€y= 0y/E —v 0x/E —v 0/E
€= 0/E —v 0x/E —v oy/E

Ex: -9- A rectangular Aluminum block is (100mm) long in X-direction , (75Smm)
wide in Y-direction and (50mm) thick in Z-direction . It is subjected to try axial
loading consisting of uniformly distributed tensile force of (200kN) in the X-
direction and uniformly distributed compressive forces of 160kN in Y-direction

and (220kN) in Z-direction. If the Poisson’s ratio (U =0.333) and (E=70GPa).

Determine a single distributed load that must applied in Xdirection that would
produce the same deformation in Z-direction as original loading.

\7
e =t 22,0 I
: =g £ E 160kN
50m9/‘/ \
P, 200*10° 4
G, =—=—————=53.3MPa (tension ) T - >—»
1120 *(1)(')035 HeRR TR y0kN 200kN )
, = ————— = 32 MPa (compressio n) v /
¥ 0.05*%0.1
(o] 220 *10° 24 .34 MPa (compressio n) - /
=27 =24, mpressi
7 0.075%0.1 = S L
1 6
= -24.34-0.333(-32+53.3)]*10
20%10° [ ( )]
g, =—0.52*%107
7 P
£, =U—E=—p—X_=-052%10" =-0.333 : ;
i E A*E 0.075%0.05*70*10

o P, =410 kN (Tension )
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Example: a concrete cube of dimensions (150x150x150) mm is supported by
rigid base and walls as shown in figure. Find the transverse stress and
longitudinal deformation. use Ec=20 Gpa and v =0.15.

Sol/

100 KN

Since the cube is supported by walls in x and z direction

So

Ex— €,
€x= 0x/E —v ay/E —v 0 ,/E
0= o0./E —0.15 g/E —0.15 0 /E

—-100x 103
Oy—pp=—=0.677
Y=PA™ 50 x15
SO Ox=0.1507-0.67T covvveeeeeeeees 1

e~ 0/E —v o /E —v o,/E

0=o,/E —0.15 0 /E —0.15 0,/E
SO O7=0150X-0677 cvveveeeeneeannn 2

By solving eql and 2 we get

Ox=-0.785 MPA
Oz--0.785s MPA
SO:

€y= 0y/E —v 0x/E —v 0//E
€y=-2.0144 X 10

E AL
y: L_

-2.0144 X 10™* X 150 = - 0.0316 MM ( compression ) OK
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Deformation Of Axially Loaded Members

1- prismatic bodies

prismatic bar of homogenous materials loaded by constant force :

P
O=tererernrenncennns 1
A
AL
E=""tierecerccercconans 2
L
(o}
=2
R 3
PL
AlL=— ............... 4
AE

2- non prismatic bodies

non prismatic bar (different in dimensions) of non-homogenous materials
loaded by multiple forces:

AL=Yy—= AL1+ AL2+ AL3+ AL4+ ALS+

(P1+P2)a . (P14+p2)b . P2c B |
= ) + (P1+p2) + steel a
AS Es Aa Ea Ab Eb B
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Example:
The rod ABC is made of an aluminum for which £ = 70 GPa. Knowing that P = 6
kN and Q =42 kN, determine the deflection of (a) point 4, (b) point B.

20- i
04m 20-mm diameter

DS:m 60-mm diameter

T © Ag =%d_2u, =%(o.ozo)2 =314.16x10°m?

V2

Apc = %df,c = Z(0.060)2 =2.8274x103 m?

P =P=6x10°N
Py =P-Q=6x10° —42x10° =-36x10°N

3
e Gp-tele OO0 1001006,
AgE,  (31416x107°)(70x10°)
— 3 5
P 5BC=P3CLBC= (36"103)(0") —=-90.947x10"m
2c AscE  (2.8274%x107°)(70x10°%)
@ 8,=0,5+085:=109.135x10° -90.947x10°m =18.19x10°m 5,=001819mm T «

() 85 =05c=-90.9%10"°m=-0.0909 mm or 83 =0.0919 mm | «
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Example:

Two cylindrical rods, one of steel and the other of brass, are joined at C and
restrained by rigid supports at A and E. For the loading shown and knowing that Es
= 200 GPa and Eb =105 GPa, determine (a) the reactions at A and E, (b) the
deflection of point C.

Dimensions in mm

i 180 120—=

60 kN

40-mm diam. 30-mm diam.

SOLUTION

Ato C: E =200%10°Pa
A =%(40)2 =1.25664x10° mm? =1.25664 %10 m>
EA=251.327x10°N
CtoE: E =105x10°Pa
A =%(30)2 =706.86 mm’ = 706.86x10°m?

EA=74220x10°N

A 8 c o0 &
Ra Coun 4o kN o

A to B: P=R,

L=180 mm=0.180 m
_PL_ R,(0.180)
TEA 251327x10°
=716.20x1072R,

AB

Bto C: P=R,-60x10°
L=120mm=0.120m

PL (R,- 60><103)(0. 120)
5BC i 3
EA 251.327x10

=44747x10™"2 R, —26.848x107°
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CtoD:  P=R,-60x10°
L=100 mm=0.100 m
s _PL_(R, —60x%10%)(0.100)
'BC — e — 3
EA 74.220x10
=1.34735x10° R, —80.841x107°

Dto E: P=R,-100x10°
L =100 mm =0.100 m

s _PL_(R —100x10%)(0.100)
DE ™ EA 74.220%10°

=1.34735x10° R, —134.735x10°¢

AtoE: 0,p=0,5+05:+0cp+0p
=3.85837x10° R, —242.424x10°®

Since point £ cannot move relative to A, 0,=0

(@ 3.85837x10°R,—-242424x10°=0 R, =62831x10°N
Ry =R, —100x10% =62.8x10° ~100x10° =—37.2x10°N

(b) J8,=05+035-=116367x10°R, —26.848x10

=(1.16369%1077)(62.831x10°) — 26.848x107°
=463%10°m



