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Elastic Modulus




Hooke's Law

o=FE¢
. Unload
o IS stress
€ IS strain
E is the Young's Modulus

Slope = modulus
of elasticity

Stress

Load

Strain



Table 7.1 Room-Temperature Elastic and Shear Moduli, and
Poisson® Ratio for Various Materials

M odulus of
Elagticity Shear Modulus  ppjssonts
Material GPa 10° psi GPa  10° psi Ratio
Metal Alloys
Tungsten 407 59 160 23.2 0.28
Steel 207 30 83 12.0 0.30
Nickel 207 30 76 11.0 0.31
Titanium 107 155 45 6.5 0.34
Copper 110 16 46 6.7 0.34
Brass 97 14 37 5.4 0.34
Aluminum 69 10 25 3.6 0.33
M agnesium 45 6.5 17 2.5 0.35
Ceramic Materials
Aluminum oxide (A 1,0 3) 393 57 N N 0.22
Silicon carbide (SiC) 345 50 N N 0.17
Silicon nitride (SiaN 4) 304 44 N N 0.30
Spinel (M gA 1,0 4) 260 38 N N N
M agnesium oxide (M gO) 225 33 N N 0.18
Zirconia? 205 30 N N 0.31
M ullite (3A 1,0 3-2Si0 ,) 145 21 N N 0.24
G lassbeeramic (Pyroceram) 120 17 N N 0.25
Fused silica (Si0 ,) 73 11 N N 0.17
SodaBlime glass 69 10 N N 0.23
Polymers®

Phenol-formaldehyde 2.7604.83  0.40B00.70 N N N
Polyvinyl chloride (PV C) 2419414  0.35E0.60 N N 0.38
Polyester (PET) 2.7604.14  0.40E0.60 N N N
Polystyrene (PS) 2.2868.28  0.33E0.48 N N 0.33
Polymethyl methacrylate 2.24P8.24  0.33P0.47 N N N

(PMMA)
Polycarbonate (PC) 2.38 0.35 N N 0.36
Nylon 6,6 1.5868.80  0.23E0.55 N N 0.39
Polypropylene (PP) 1.14P1.55  0.1760.23 N N N
PolyethyleneN high density 1.08 0.16 N N N

(HD PE)
PolytetraRBuoroethylene 0.40E055 0.058£0.080 N N 0.46

(PTFE)
PolyethyleneN low density 0.17E0.28 0.025£0.041 N N N

(LDPE)

Differences between
the Young’'s Modulus of
different materials
are direct results of the
type of bonding



r=0y

Revisiting
Torsional and Shear

T IS the shear stress
G is the shear modulus
I s tan(B)




Example

A piece of copper originally 305 mm long is pulled in tension with
a stress of 276 MPa. If the deformation is entirely elastic, what will
be the resultant elongation?

SOLUTION

Since the deformation is elastic, strain is dependent on stress according to Equation.

o=FE¢

Furthermore, the elongation | is related to the original lenqgtirough

Al
e

Ly
Combining these two expressions.

ol ,

Al=

I (276 MPa)(305mm)
110x 10° MPa




Poisson’s ratio







Example

F
A tensile stress is to be applied along the long axis of a cylindrical brass T
rod that has a diameter of 10 mm. Determine the magnitude of the load
required to produce a 2.5 x 10-3 mm change in diameter if the dg
deformation is entirely elastidhe PoissonOs ratio for brass is 0.34.
d;
3
Solution S R & \
When the force F is applied, the specimen will elongate in the z : :
direction and at the same time experience a reduction in diafdeter, | |
of 2.5 x 103 mm in the x direction. For the strain in the x direction, I o | |
I I #1 _1i" lo
_ P | &=
Ad -2.5 X 107mm | | o
8:2 = e SN 7 IO AL
- d, 10 mm —Y_ P T 4
N~
Which is negative, since the diameter is reduced.
It next becomes necessary to calculate the strain in the z direction using
F
€, -2.5 x 107
E=-— = = 7.35 x 107*
- 0 0.34

We can calculate the applied stressusing 6 = € E = (7.35 X 107%)(97 x 10 MPa)= 71.3 MPa

= (71.3 x 10° (N/m?))( > Jr = 5600 N

—

Finally F = o6A, =

)

—

( d, )3 10 x 107 m
o f[ 2



