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= Strength of Materials

Lecture 5

‘ Outline - Materials ‘ Rigid and Deformable Bodies

« From Rigid to Deformable Bodies » To use only static analysis:
I = simchural members are assomiad lﬂbﬂﬁgid
trai bodies
S the number of i hes the
i « then of support reactions maic
Modulus of Elasticity number of equilibriom equations
Deformation Examples S
Design Siress = Structures are not completely rigid
* They deform to resist the loads they camy
+ They often are stafically indeterminate

Deformation of Bodies

* To determine how a structore deforms: + Stress is defined as the internal force per
= we must know what the forces are in the unit area in a structoral member.
various members of the structure

» we must know how those forces are distributed

over each member o = siress
(callind ) = F/A = Force / Area

» we must know how the member responds or Dimensions: M L /T / (L%) =M/ (L T?)

deflects under these forces Units: N/m? or 1b fin? (psi)
(called sirain)
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Sitress, con’L. Stress, con’t.
+ Stress due to bending moments

+ Stress due to axial force a=Fl

— - -

gy = Ml
a a

| = moment of inertia = maxsre of how much anca is away from NA

F-30.0kg " 881 miz'2 = Maierials change shape (deform) under

= 2l N
A = {x )"} 00mmpz load.

Ry i « For an axial load, the elongation or
o= A - . - 3
— ome MJ 105 e compression per unit length is the strain.

- 1 Bl e strain = AL,
= 1.5 x 10°7 P

- 15MPa + Strain has no units and is dimensionless

Strain, con’L. Modulus of Elasticity

* The modehs of dasicity, E, relaies goess o strin for
dalferenl malerials

og=E&
Limear relation frd discovened by Hooke

Relationship between (5 and £ ix also knoem ax Hooke's Law
Dimensions: Dimensions: M L T2 7 (L2 = ML T2)
Umits:  MAm? (Pa), Nmm? (MPa),

Th i (pei), ki in (k)
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Modulus of Elasticity, con’t.

Strain Example

o= 150 MPa

L= -E ] . 'h1'.l|ll‘i|.
— 15.“'“:'3'.1'1“““"] - . Ead: mF
= T 148 x 1055 mssrem C snpaal i W
o DO 4. ) ’
= (L0144 o

Al -l
= {00007 14 mfm] " 250 m
= LA TE mi
= {178 mm

e i T H o e TF o wrrwrw | ok ol Frakbies amirn | e o d

‘ Modulus of Elasticity, con’t. ‘ Modulus of Elasticity, con’t.

» Elastic limit « Yield Strength
= mpper lmmil of stress mnge over which matenial wall = giresx al which malerial undergoes a permeanent. stain
redurn b0 ks origimal shape. of somewhere from 005 o 03
= malerial is sad ko “yeld™ or stan o “go plasisc™
» Propaortional limit
= mpper lmmil of siress mnge over which E i constant « Uimate Strength
= defines range over winich a constand Fnear relafionskap = highesi siress carmied by the matersal
between stress and sirain exisls. = msumally ooours afier a kot of strain
= mobice the simin bardenimg behavior of matersal

Moduli of Elasticity Ultimate and Yield Strengths
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