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Strain: example F

Due to a loading, the plate is deformed into the dashed shape shown.
Determine (a) the average normal strain along the side AB, and (b) the
average shear strain in the plate at A relative to the X and y axes.
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Strain: example F

Due to a loading, the plate is deformed into the dashed shape shown.
Determine (a) the average normal strain along the side AB, and (b) the

average shear strain in the plate at A relative to the X and y axes.
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Strain: example F

Due to a loading, the plate is deformed into the dashed shape shown.
Determine (a) the average normal strain along the side AB, and (b) the

average shear strain in the plate at A relative to the X and y axes.
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Strain: example G

The two wires are connected together at A. If the force P causes point
A to be displaced horizontally 2 mm, determine the normal strain

developed in each wire.

Approach:
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Stress < Strain

P
Average P
Stress: © = A
— (normal)

f Average -1

J Strain: ¢ 7 7

- 0
— (normal)

FIGURE 2-1

A Tensile Test Specimen

ASTM
standards
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Stress © Strain: tensile test

Tensile test

~—r 7\

AL ”;

Typical results

Ductile Brittle
material material

- *

Wi




Stress © Strain: tensile test

OVERALL LENGTH

- -
DISTANCE BETWEEN SHOULDERS
B -
GAGE
LENGTH

GRIP SECTION |<—>|
| | ¢
L [ ]

WIDTH OF EIA. OR WIDT
GRIP SECTION
"REDUCED" SECTION
Standard specimen at nominal . . .
i Small specimen at nominal diameter:
All values in inches diameter:
0.500 0.350 0.25 0.160 0.113
Gauge length 2.00+0.005 1.400+0.005 1.000+0.005 0.640+0.005 0.450+0.005
Diameter tolerance +0.010 +0.007 +0.005 +0.003 +0.002
Fillet radius (min.) % 0.25 e Y42 Y40
Length of reduced section =
2.5 1.75 1.25 0.75 73

(min.)
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Material properties

Microscale tensile test

Machine is
about 1.5 mm
In height !!

Actuation section

UTIUC/Sandia Labs
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Material properties: Stress - Strain

Tensile test: ductile material
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Stress - Strain

Stress-strain diagrams: ductile materials

Ductile material
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Stress & Strain: Hook’s Law

oc=E-¢ <« Elastic range

E = proportionality constant | <« E (aka Young’'s modulus)
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Stress <> Strain: elastic properties

3 .
For diagram shown:” £ _ 35x10” psi <106 nei
(E for steel) 0.0012in/in 030 el

——

r(ksi :
i o—¢ diagram for

u = 63\ .
el mild steel
. Remember
=47
L E for
((«;y)),, = ;2 40,45 steel |l
Y2l —
(TI,/ = 35 O

~ ()
L/

€ (in./in.)

1 L

| | | | |
/0.050 0.10 0.20 0.30 0.40

ey = 0.030 0.00] 0.002 0.003 0.004
€,; = 0.0012 er = 0.380

g =
. . . EA S
Mechanical Engineering Department '@y . &



Stress & Strain: Hook’s Law

oc=FE-¢

E = Elastic modulus (aka)

o (ksi)
180 |- spring steel
-] e o) Remember: E is
nearly the same for

AT different classes
120 hard steel Of steels |l

(0.6% carbon)
100 - heat treated

o~
80 | machine steel @@
(0.6% carbon)
60 [ structural steel ng
(0.2% carbon)

40 - soft steel

(0.1% carbon)
20

' ' L ' ' € (in./in.)
0.002 0.004 0.006 0.008 0.01
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Stress - Strain

Stress-strain diagrams: brittle materials
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Stress - Strain

Stress-strain diagrams: natural rubber
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Stress - Strain

Stress-gtrain diagrams: gray cast iron

e
Why is gray cast iron
tested in compression?
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Reading assignment

* Chapter 1 of textbook
* Review notes and text: ES2001, ES2501
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Homework assignment

* As indicated on webpage of our course
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