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STATIC FAILURE THEORIES
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MAXIMUM NORMAL STRESS THEORY

For maximum normal stress theory, the failure occurs when one of the

principal stresses (gy, 0,and ag3) equals to the yield strength.




O'1>O'2>O'3

Failure occurs when either g;=S; or a3 = —S, ,where S, is strength in
tension and S,.is strenght in compression.

MOHR-COULOMB THEORY

The Coulomb-Mohr theory or internal friction theory assumes that the
critical shearing stress is related to internal friction.

MAXIMUM DISTORTION ENERGY THEORY(VON-MISES THEORY)

The maximum distortion energy theory ,also known as the Von Mises
theory, was proposed by M.T.Huber in 1904 and further developed by R.von
Mises(1913).In this theory failure by yielding occurs when at any point in the
body ,the distortion energy per unit volume in a state of combined stress
becomes equal to that associated with yielding in a simple tension test.

STRAIN ENERGY

Generally strain energy U is obtained by this equation.

U_l

= E Oji Eij

J
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& = E(O'l — V0o — VO'3)

& = E(—Va'l + o, — VO'3)

1
&3 = E (—VO'1 — V0oy + 0'3)

Then, substituting these three equations in to general strain energy equation:
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U==0q = (01 — vo, —vao3)+ -0, = (—voy + 0, —Vvo3) + =03 =(—Vvo; —vo, +
2 g 2 %E 2 3E
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HYDROSTATIC STRESS

The hydrostatic stress(o;, Jcauses a change in the volume.




O'1+O'2+O'3
oy = 3

Strain energy associated with the hydrostatic stress:

1, 3(1-2v)
=ﬁ[0'h +O'h +O'h —ZV(O'hO'h+O'hO'h+O'hO'h)=ETO'h
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Then distortional energy U; = U — Uy,

. . 1+v
From previous equations: Uy = —— [012 + 0,2 + 03% — 0,0, — 0,053 — 030]

Then yielding will occur at this condition:

1+v
Ug = 3E Sy
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O-eff=SY = \/0'1 + (o))} + 03 010, 0,03 0307

(01 — 02)% + (0,—03)? + (03 — 07)?
Ocff = 2

For plane stress condition a3 = 0

aeff=\/012 + 0,% + 0,0y

£

If the state stress is in this area then the material
will not yield.

For pure shear condition




03 = —0q
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Off = \/012 + 032 — 0103 = \/3012 = \/3Tmax2=5y
oo = 0.577S,

MAXIMUM SHEAR STRESS THEORY

The maximum shearing stress theory is an outgrowth of the experimental
observation that a ductile material yields as a result of slip or shear along
crystalline planes.

Yielding begins whenever the maximum shear stress in a part equals to
the maximum shear stress in a tension test specimen that beings to yield.

G, —0,




Tmax = Sys = yield strength in shear = ?Y

01703
Tmax =
2

Then, Sy = 01 — 03

Elasticity Materials

S
-brittle o1(o0y) WY where N is safety factor

(MNST)
-ductile

(MSST) Tonax = Sys(yield strength in shear )

01—03 — S_Y
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Sy

01-03 = W

Sy

(MDET) O_eff = W

Strain Energy:
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EXAMPLE:A circular shaft of tensile strength Sy,=350 MPa is subjected to a

combined state of loading defined by bending moment M=8 kN.m and torque
T=24kN.m.Calculate the required shaft diameter d in order to achieve a factor
of safety N=2.Use a) the maximum shearing stress theory(MSST-Tresca) b)the

maximum distortion energy theory(MDET —Von Mises)
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Then,o, = —3 and 7,,, = —3

We need to find principle stresses:

Td
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a) For maximum shearing stress theory

16 —
0'1,2 =$(M+\/M2 +T2)

_ Sy _ 2 7_32 2 2
al—az—ﬁ—\/ax + 47, =5 VM2 + T

Then, substituting the numerical values of M, T, Syand N:
d=113.8mm
b) For maximum distortion energy theory

Teff = \/(01 — 0y’ + 012 + 0,2= o % + 3Txy2=%=% 4M? + 3T2

Then, substituting the numerical values of M, T, Syand N:
d=109mm

FRACTURE MODES

OPENING

SLIDING

TEARING

Fracture is defined as the separation of a part into two or more
pieces.The mechanisms of brittle fracture are the concern of fracture
mechanics ,which is based on a stress analysis in the vicinity of a crack or
defect of unknown small radius in a part.
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MULTIPLE FRACTURES

Stress Intensity Factor: In the fracture mechanics approach a stress

intensity factor,K;, is evaluated. This can be thought of as a measure of the
effective local stress at the crack root.

KI = ,30'\/%




where

o=normalstress,

p = geometry factor (WhiCh depends on %) ,a = crack length (or half

crack length) ,w=member width(or half width of member)

Fracture Toughness: In a toughness test of a given material, the stress —

intensity factor at which a crack will propagate is measured. This is the critical
stress intensity factor, referred to as the fracture toughness and denoted by
the symbol K.

N=%(N=factor of safety)
I

EXAMPLE: For a shape with width 12m , crack length 65mm , thickness 30mm
and applied loading 50MPa.Find the factor of

safety.( K;-=28.3MPavm, Sy=240MPa)

50MPa

S

65mm

A

NN BN NN

30mm

From the ratio of a/w:

a 65X 1073

— = 0.0054
12




K;

Fromtable= 1.5 =

ovymna
K; = o\/ma=50 ’T[% 10-3=15.97MPavm
For safety factor: N2=Ki=£ =1.77

K; 15.97

N,is better than Ny in order to obtain a safe structure; therefore, to have a safe
structure, loading should not be used to calculate safety factor.
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