2.001 - MECHANICS AND MATERIALS I
Lecture #18
11/13/2006
Prof. Carol Livermore

Failure of Materials

3-D:
x-y-z frame:

Ozx Oxzy Ogzxz
[o]=]| 0oy 0oyy 0y
Orz Oyz Ozz

Express in principal frame x’-y’-z’

g1 0 0
[c]=] 0 o2 O
0 0 g3
x’-y’-z’: Principal Directions
o1 > 09 > 03: Principal Stresses
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Ductile
Can be drawn out to a wire (Al, Cu)
Fail in shear = yielding
Brittle
Will fracture
Fail in tension/compression
Recall description of interatomic bonds
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What about loading in shear? (For ductile materials)
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Bonds broke and were re-formed

This is called a 7slip-and”, it leads to yielding (bonds are reformed and do not
want to go back). This yielding is 45° to the uniaxial tension test due to the
direction of maximum shear.
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Ty = Shear yield stress
Note: 7, = 2.
How do you get a measure of yield under more arbitrary loading?

Tresca Yield Criterion




01— 03 .
Ty for no failure

von Mises Yield Criterion: uses a measure of strain energy

5 (01 — 03)% + (01 — 02)? + (02 — 03)?] < gy for no failure

\/1
Note: For uniaxial stress, o, = o1 (Same as Tresca)

For ”pure shear” o, & Otresca Within about 15%

What about failure due to normal stress? (Brittle material ex. Chalk)
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Brittle failure will occur at a stress concentration (defect). This stress concen-

tration will decay within a couples times the size of the defect

For no fracture:

(U-norrnal)maaj < (Unormal)mazallowed

EXAMPLE: Measure pressure in a soda can
Strain gages: used to measure strain in a material, made of Si, Ge (Piezo-

electric materials)
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What is P?
Use equilibrium.
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p(TR?) — 2 Rt0 e = 0 = 04y = p2_t

2pRL — o9y (QtL) =0

pR
oo = —
06 7
Opp = 0
Constitutive Relationship
1
€xx = E[Jzz - V(UOB + J’r‘r)] + aAT

1
€0 = E[O‘g@ —v(0zs + 0pr)] + QAT
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emeasured _ _ cfull _ _I]’E_R; <% — )+ aAT
(e + aAT) Et
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What if you putthe strain gage 90°7 -_=-D-
N =y
€99 = = = Similar ‘ I:-?: I
What if you put the strain gage on at arbitrary 67 C_’,'

= Use strain transformation




EXAMPLE:

R
ATa Dy Ozz = %a €xx = ?7 00p = ?7 €gp = 0

1
€gp = 0= E[O’gg — U(0gz + Opp)] + QAT
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oa ~ 24 x 107055, agrea 12 x 107955, 0y steer = 250 MPa
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Y F.=0
—F—4N =0
F =—4N
Constitutive Relationships

1
Sl = grlote = va(o], +0L)] +auAT

efi = EiA[afx - Z/A(O'Zy + o2 )]+ a, AT
Compatibility:
==t
55 =6 = u,
Result:

(aA — Oés)AT

Opg = 7=
1 4Apay

[Es + Lz%A]

For typical #’s = ATye1q = 100°



