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Mechanics of Materials

Åexternal loads and their

effect on deformable bodies

Åuse it to answer question if structure 

meets requirements of

ïstability and equilibrium

ïstrength and stiffness

Åother principle building requirements
Åeconomy, functionality and aesthetics
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Knowledge Required

Åmaterial properties

Åmember cross sections

Åability of a material to resist breaking

Åstructural elements that resist excessive

ïdeflection

ïdeformation
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Problem Solving

1. STATICS:

equilibrium of external forces, 

internal forces, stresses

2. GEOMETRY:

cross section properties, deformations and 

conditions of geometric fit, strains

3. MATERIAL PROPERTIES:

stress-strain relationship for each material 

obtained from testing
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A

P
fstress ==

Stress

Åstress is a term for the intensity of a 

force, like a pressure

Åinternal or applied

Åforce per unit area
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Å materials have a critical stress value 

where they could break or yield 

ï ultimate stress

ï yield stress

ï compressive stress

ï fatigue strength

ï (creep & temperature)

Design

acceptance

vs. failure
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allowableactual Ff <<
Å weôd like

Å stress distribution may 

vary: average

Å uniform distribution 

exists IF the member is 

loaded axially 

(concentric)

Design (cont)
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Scale Effect

Åmodel scale 

ïmaterial weights by volume, 

small section areas

Åstructural scale

ïmuch more material weight, 

bigger section areas

Åscale for strength is not 

proportional:
L

L

L
g

g
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Normal Stress (direct)

Ånormal stress is normal 

to the cross section 

ï stressed area is 

perpendicular to the 

load

A

P
f cort =

()s
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Å stress parallel to a surface

Shear Stress

td

P

A

P
fv ==

( )avet
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Å stress on a surface by 

contact in compression

Bearing Stress

td

P
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()s
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Å normal stress caused by bending

Bending Stress

S

M

I

Mc
fb ==

()s



Su2018abnMechanics of Materials 14

Lecture 5

Architectural Structures

ARCH 331

Å shear stress caused by twisting

Torsional Stress

J

T
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Å what structural elements see shear?

ï beams

ï bolts

ï splices

ï slabs

ï footings

ï walls

Å wind

Å seismic loads

Structures and Shear

connections

t
V
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Å connected members in tension cause 

shear stress

Å connected members in 

compression cause 

bearing stress

Bolts
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Å seen when 2 members are connected

Single Shear
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Double Shear

F=

Å seen when 3 members are connected

Å two areas
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Å compression & contact

Å projected area

Bolt Bearing Stress

td
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Strain 

Åmaterials deform

Åaxially loaded materials change 

length

Åbending materials deflect

ÅSTRAIN:

ïchange in length

over length + UNITLESS L

L
strain

D
==e
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Shearing Strain

Ådeformations 

with shear

Åparallelogram

Åchange in angles

Åstress:

Åstrain:

ïunitless  (radians)

sd

L

g

f

t
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Shearing Strain

Ådeformations 

with torsion

Åtwist 

Åchange in angle of line

Åstress:

Åstrain:

ïunitless  (radians)

g
t
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rf
g=



Su2018abnMechanics of Materials 23

Lecture 5

Architectural Structures

ARCH 331

Load and Deformation

Åfor stress, need P & A

Åfor strain, need d& L

ïhow?

ïTEST with load and 

measure

ïplot P/A vs. e
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Material Behavior

Åevery material has its own response

ï10,000 psi

ïL = 10 in

ïDouglas Fir vs.

steel?
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Behavior Types

Åductile -ñneckingò

Åtrue stress

Åengineering stress

ï(simplified)

A

P
f =

oA

P
f =
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Behavior Types

Åbrittle

Åsemi-brittle
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Stress to Strain

Åimportant to us in   -ediagrams:

ïstraight section

ïLINEAR-ELASTIC

ïrecovers shape

(no permanent

deformation)

f
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Hookeôs Law

Åstraight line has constant slope

ÅHookeôs Law 

ÅE 

ïModulus of elasticity

ïYoungôs modulus

ïunits just like stress

  
 f  

e 

E 

1 

eÖ=Ef
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Stiffness

Åability to resist strain

Åsteels

ïsame E

ïdifferent

yield points

ïdifferent

ultimate strength

uf
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Isotropy & Anisotropy

ÅISOTROPIC

ïmaterials with E same at 

any direction of loading

ïex. steel

ÅANISOTROPIC

ïmaterials with different E 

at any direction of loading

ïex. wood is orthotropic


