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L ear ning objectives

» Understand the qualitative and quantitative description of mechanical
properties of materials.

* Learnthelogic of relating deformation to external forces.
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Definitions

* Thepoint up to which the stress and strain are linearly related is called
the proportional limit.

* Thelargest stressin the stress strain curve is called the ultimate stress.

* Thestressat the point of ruptureis called the fracture or rupture stress.

« Theregion of the stress-strain curve in which the material returns to
the undeformed state when applied forces are removed is called the
elastic region.

* Theregion in which the material deforms permanently is called the
plastic region.

* The point demarcating the elastic from the plastic region is called the
yield point. The stress at yield point is called the yield stress.

* The permanent strain when stresses are zero is called the plastic strain.

* Theoff-set yield stressis a stress that would produce a plastic strain
corresponding to the specified off-set strain.

* A material that can undergo large plastic deformation before fracture
Is called aductile material.

* A materia that exhibits little or no plastic deformation at failureis
called a brittle material.

» Hardnessisthe resistance to indentation.

« Theraising of theyield point with increasing strain is called strain
hardening.

» Thesudden decrease in the area of cross-section after ultimate stressis
called necking.
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Material Constants
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3.23 A circular bar of length 6 inch and diameter of 1 inchismade
from amaterial with aModulus of Elasticity of E=30,000 ksl and a Pois-
son’'sratio of v=1/3. Determine the change in length and diameter of the
bar when aforce of 20 kipsis applied to the bar.
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3.27 An aluminum rectangular bar has a cross-section of

25 mm x 50 mm and alength of 500 mm. The Modulus of Elasticity of
E = 70 GPaand a Poisson’sratio of v = 0.25. Determine the percentage
change in the volume of the bar when an axial force of 300 kN is applied
to the bar.
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Logic in structural analysis

Displacements

External Forces
and Moments

Internal Forces
and Moments
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343 A roller dlidesin adot by the amount dp = 0.25 mm in the
direction of the force F. Both bars have an area of cross-section of

A =100 mm? and aModulus of Elasticity E = 200 GPa. Bar AP and BP
have lengths of L o p= 200 mm and L gp= 250 mm respectively. Determine

the applied force F.

Fig. P3.43
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3.46 A gap of 0.004 inch exists between therigid bar and bar A
before the force F is applied as shown in Figure 3.46. Therigid bar is
hinged at point C. Due to force F the strain in bar A was found to be

- 500 uin/in. The lengths of bar A and B are 30 and 50 inches respec-

tively. Both bars have an area of cross-section A= 1 in? and Modulus of
Elasticity E = 30,000 ksi. Determine the applied force F.

C
| Q)

f<1—|>7< < — |
F124in" 36in||a 60in

Fig. P3.46
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3.49 The pinsin the truss shown in Fig. P3.49 are displaced by u
and v in the x and y direction respectively, as given. All rods in the truss

have an area of cross-section A= 100 mm? and a Modulus of Elasticity
E= 200 GPa.

u, = —4.6765 mm vy =0
up = =3.3775 mm vp = —8.8793 mm
uc = —2.0785 mm ve = =9.7657 mm
up = —1.0392 mm vp = —8.4118 mm
up = 0.0000 mm vp = 0.0000 mm
up = =3.2600 mm vp = 84118 mm
ug = —2.5382 mm vg = —9.2461 mm
uy; = —1.5500 mm vy = —8.8793 mm

Determine the external force P, and Pgin the truss shown in Fig. P3.49

’4—3m —» <+ 3M —»{<a— 3M —»<— 3mM —»‘

Fig. P3.49
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| sotropy and Homogeneity

Linear relationship between stress and strain components:

Exx = Clloxx + C120yy + C13ozz + C14Tyz + CISsz + C16Txy
€ = €10, +Cp0,, + Cp30, + Oy T, + CpsT + Oy,
€, = (310, +C30,,+C330,, + Oy T, + CysT, + CyT,,

Yy = €410, +Cyp0,,+ Cu30, + Cpy T+ CusT, + Cye Ty,

Y., = C50,, + Cszoyy +C530,,+ C54T + CqsT, + C56T

= C10x + C520,, + C30,, + CuTy, + CsTo + Cg Ty,

« An |sotrop| ¢ material has a stress-strain relationshi pS that are inde-
pendent of the orientation of the coordinate system at a point.

* A material is said to be homogenous if the material properties are the
same at al pointsin the body. Alternatively, if the material constants
Cj; arefunctions of the coordinatesx, y, or z, then the material iscalled

non-homogenous.
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Generalized Hooke's Law for Isotropic
Materials

» The relationship between stresses and strainsin three-dimensionsis
called the Generalized Hooke's Law.

€., = [oxx—v(oyy+ozz)]/E
€y = [ny_v(ozz+cxx)]/E

., = [0 —Vv(o  + oyy)]/E
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Plane Stress and Plane Strain
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3.78 A 2inx 2insquarewith acircleinscribed is stressed as shown
Fig. P3.78. The plate material has a Modulus of Elasticity of

E = 10,000 ksi and a Poisson’s ratio v = 0.25. Assuming plane stress,
determine the major and minor axis of the ellipse formed due to deforma-
tion.

- »20 ksi

=

BEREEE

Fig. P3.78

-
N

Class Problem 1

The stress components at a point are as given.
Determine g,, assuming (a) Plane stress (b) Plane strain

6. =100 MPa(T)
g = 200 MPa(C) £ =200 GPa
Yy v = 0.25

Ty = —125 MPa
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Failure and factor of safety

» Failure impliesthat a component or a structure does not perform the
function it was designed for.

_ Failure producing value

K =
safety — Computed(allowable)value

31
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3.106 An adhesively bonded joint in wood is fabricated as shown.
For afactor of safety of 1.25, determine the minimum overlap length L
and dimension h to the nearest 1/8th inch. The shear strength of adhesive
1S400 psi and the wood strength is 6 ksi in tension.

A
nl N 1

~L—|
Fig. P3.106
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Common Limitations to Theories in
Chapter 4-7

» Thelength of the member is significantly greater (approximately 10
times) then the greatest dimension in the cross-section.

« We are away from regions of stress concentration, where displace-
ments and stresses can be three-dimensional.

» Thevariation of external loads or changesin the cross-sectional areais
gradual except in regions of stress concentration.

» The external loads are such that the axial, torsion and bending prob-
lems can be studied individually.
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