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@Now suspend the
mug from a different
point. A vertical line
extending down from this

A (b) 9
point intersects the first &)
line at the center of hy =0.340w PSR
gravity (which is inside T;7/////////////////}23/;‘//// 7777 77— X
the mug). y s ¢g F
Center of gravity W
v

St = 0.340w(0) — wLeg + 0.660w(1.53 m) = 0
Leg = 1.01' m
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Measure of forces applied to deform a body

b
Stress _ 5,0 Property of material
= Elastic modulus :

Hooke’s law: e .
Strain of which body is made

Measure of how much deformation results from stress
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Tensile and Compressive stress and strain

. F
Tensile stress = ?

Initial state Area A
of the object

| pascal = 1 Pa = | N/m?

NuEEHTE F: 65kg X 9.8N/kg(8 x 24 X 2 cm?)
~1.7 x 10*N /m?

? F
Object under -
tensile stress

N
ly ly

R, S— ImEJRIER R - — e “H RS2 T SR ARTE oK
ensile stress = — Tensile strain = 5\ =
A lo (10~°>m) =2k

Tensile strain =
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Young’s modulus.,

Force applied perpendicular
Lo cross section *=+=++w..,

- Young's modulus

«+Original length

(see Fig. 11.14)

for tension _ Tensile stress  F, /A F Fy lo ‘
Tensile strain ~ Al/l, A Al Elongation Y—#§f ,
Cross-sectional area of object ** (see Fig. 11.14)

TABLE 11.1 ] Approximate Elastic Moduli

Young’s Modulus, Bulk Modulus, Shear Modulus,

Material Y (Pa) B (Pa) S (Pa)

Aluminum 7.0 % 10" 7.5 x 10'0 2.5 % 100

Brass 9.0 x 10" 6.0 x 10" 3.5 % 10'°

Copper 11 x 100 14 x 109 44 % 100

Tron 21 x 10" 16 x 10'° 7.7 % 10'°

Lead 1.6 % 10" 4.1 x 100 0.6 % 10'°

Nickel 21 % 10" 17 x 10" 7.8 % 10'°

Silicone rubber 0.001 x 10" 0.2 % 100 0.0002 x 10'°

Steel 20 x 1010 16 x 100 7.5 % 100

Tendon (typical) 0.12 x 10" — —

Yk /)y,
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(a)
Beam’s centerline is

under neither tension
nor compression.

-

Top of beam is
under compression.

Bottom of beam is under tension.
(b)

The top and bottom of an I-beam are broad
to minimize the compressive and tensile
stresses.
¥ The beam can be
narrow near its
_centerline, which
" is under neither
compression nor
tension.




Tensile and Compressive:
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Shear Stress and Strain — B W /)W AR

Area A

Shear stress
Initial state

of the object

Shear strain =

: Force applied tangent to
Object under

surface of object .., L Transverse dimension
shear stress T ¥ (see Fig. 11.18)
Shear modulus =, , _ Shearstress F/A F, h - i
for shear e S I - |
Shear strain  x/h A Xu,..Deformation
Fy : X Area over which force is exerted = (see Fig. 11.18)
Shear stress = —  Shear strain = —

h
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11.19 Typical stress-strain diagram for a
ductile metal under tension.
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Elastic limit or yield point

FAPERAR: AIIRE

/

Proportional
limit

Plastic
deformation

Fracture

PAPER AR ANaTIKE

5 point
2
l
Elastic —17 | Plastic
behavior : behavior
I Permanent
[ set :
0| <1% Strain 30%

Approximate Breaking

TABLE 11.3) Stresses
Breaking Stress

Material (Paor N/ml)
Aluminum 2.2 %X 108
Brass 4.7 % 10°
Glass 10 x 10°
[ron 3.0 X 108
Steel 5-20 x 108
Tendon (typical) 1 x 108




