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Stress and Strain

» Stress
» Strain

* Analysis — ASD vs. LRFD

* Modes of Failure
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Stress

Stress is the result of some force being

applied to an area of some material.
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Strain

Strain is the amount of deformation in the
material, per unit length.
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Types of Stress
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Stress Analysis

Allowable Stress Design (ASD)

» use design loads (no F.S. on loads)

f actual —

eV

* reduce stress by a Factor of Safety F.S.

F —
f actual <F, allowable allowable

Load & Resistance Factored Design (LRFD)

* Use loads with safety factor y P — .
load 7/ applied
+ Use factor on ultimate strength ¢

Pload < Presisting })resisting = ¢ ) Pmaterial
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Stress Calculations

Find the stress in each material
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The stress equals the force i
spread over an area. ; 1= |
STEeL PIPE < L s Swoop posr
QI:Z’/&'D/A (oursipE) M 3%
P Area = 1.07 in? 3%
O =—
A [gr;fc PLATE Stress Limits:
T B Lt Wood = 800 psi
- squage couceere . Steel = 21 ksi

Concrete = 3000 psi
Clay Soil = 2000 psf

. FooTING 2:'0°Xx20"

N

EARTH -

University of Michigan, TCAUP Structures | Slide 6 of 14




Stress Calculations
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Stress Calculations
The stress equals the force
spread over an area.
P 6‘ 61‘ 5‘ 5-
G = — !L 173 l 7 l o’
A 12 k = 12000 Ibs[ 8k = 8000#
I« i :!‘ woop posr
Area = 12.25 in? 3%~
Stress Limits: 37"
Wood = 800 psi
Stress in Wood:
f=P/A
f = 8000lbs/12.25in?
f = 653 psi
F = 800 psi
f<F ok
University of Michigan, TCAUP Structures | Slide 8 of 14




Stress Calculations

The stress equals the force spread over an area.
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Stress Limits:

2% Dia (oursive) Steel = 21 ksi

Area = 1.07 in2  Concrete = 3000 psi
Stress in Steel:

v f=P/A=12k /1.07 in?
«?7;5(: PLATE f=11.2 ksi<F =21 ksi ok
—— e X
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Stress in Concrete:
f = 12000 Ibs / 1.07 in2
f = 11200 psi > 3000 psi FAILS!

s oo —2
EAETH S f = 12000 / 36 = 333 psi
333 psi < 3000 psi ok
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Stress Calculations
The stress equals the force
spread over an area.
_ P 6‘ 61‘ 5‘ sﬁa
O = Z ,L o’ l e’ l o’
il
12000 # i
15° |
o'x6" Stress in Soil:
STEEL PLATE f=12000 # / 4 sf
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—==§  f=3000 psf > 2000 psf FAILS!
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Stress Limits:
Clay Soil = 2000 psf
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Stress Calculations

Axial Tension

The stress equals the force
spread over an area.
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half-locked rope

Santiago Calatrava - Serreria Bridge - Valencia 2008

full-locked rope
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Stress Calculations

Shear

The stress equals the force
spread over an area.
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Stress Calculations
Bending

Flexure Stress

The stress is on the “fibers” or
longitudinal layers
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Shear Stress B oasiis

The stress is between the 8 —R

longitudinal layers. Tt : I rae, 5”»—
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Modes of Failure

Strength

. Tension rupture
. Compression crushing

Stability

. Column buckling
. Beam lateral torsional buckling

Serviceability

. Beam deflection
. Building story  drift
. cracking
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