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Fracture: Mechanisms



Influence Parameters of Facture Mechanics
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A material fracture depends 
on temperature, the stress 
state and with time, and 
the environment. 



Theoretical fracture strength of brittle materials (stress approach)

Under normal stress a material is to cleave, when the fracture
surface is perpendicular to the applied stress without cracks.

The atoms are separated along the direction of the applied stress.
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Derivation of theoretical fracture strength
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For small displacement

Following Hook’s law
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Theoretical facture strength (energy approach)
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th: maximum stress at the end of the 

major axis

a: applied stress normal to the major 

axis

a: half major axis

b: half minor axis
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Fracture results in the creation of the two new surfaces, each surface energy s

per unit area.

The work of fracture W by the extended stress is expended in creating the new
surfaces by breaking the atomic bonds.



List of theoretical fracture strength of some materials



Inglis Theory of Crack-initiated fracture (stress approach)

The fundamental requisite for the propagation of a crack is that the stress at the tip 

of the crack must exceed the theoretical cohesive strength of the material.

The stress concentration factor (SCF) is as the ratio of the maximum stress to the 

applied stress.
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Stress concentration around an elliptic crack
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The stress distribution along the x-axis near an elliptic crack



Stress concentration factor kt

Inglis: The stress rises dramatically near the hole and has a 

maximum value at the edge of the hole. The maximum value is 

given:
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External applied stress stress concentration factor

a

b2





 a

a

2max 



a
kt 2

aver

tk


max
stress concentration factor



















a
a 21max

a

the radius of curvature at the 

end of the ellipse



Griffith crack theory ( Energy criterion s)
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Fracture stress

thickness

Equilibrium condition
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Fracture stress between plane stress and plane strain
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Plane stress
Plane strain

Uel: elastic energy of body with crack

Usurface: surface energy of body with crack

: applied stress

a: one-half crack length

t: thickness

E: modulus of elasticity

: specific surface energy



Orowan theory considering plasticity in Griffith crack propagation (p) 

 
psG   2

Including the plastic work in generating the 
fracture surface
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Fracture toughness
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Plastic zone size between plane stress and plane strain
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Plastic zone size through the crack tip

Plane stress

Plane strain



Facture modes and Deformation fileds

I. Opening or 
tensile mode

II. Sliding or 
In-plane shear mode

III. Tearing or 
antiplane shear mode



Irwin’s fracture analysis (stress approach)
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plane stress condition

plane strain condition

Irwin proposed the stress state around an

Infinitely sharp crack in a semi-infinite 

elastic solid



Definition of Stress intensity factor

aK 

Stress intensity factor in a semi-infinite body is given:

Stress intensity factor for finite body is given:

faK  

f depends on the specimen geometry 

and is >1 for small crack

Fracture occurs when K reaches a critical value, Kc, fracture toughness.
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Comparison between kt and K

K (the stress intensity factor): provides a complete description of the 

state of stress, strain and displacement over some region of the body, 

is dependent of the crack length and the geometry of the body.   

kt (the stress concentration factor): determines the magnitude of the 

maximum stress at a single point.
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Slant fracture : Plane stress
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Remarks: 

Biaxial stress state
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Maximal shear occurs at Y-Z plane



Flat fracture: Plane strain
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Remarks: 

1. The triaxial stress state of plane strain reduces the plastic zone size in comparison to 

the plane stress zone size.

2. The triaxial stress state is pronounced at the boundary between the plastic and elastic

zones.
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xzy  Maximal shear occurs at X-Y plane



Fracture plane: Plane stress and Plane strain



Fracture surface



Effect of thickness on Kc

The thickness of the specimen should be much 

greater than the radius of the plastic zone for plane 

stress:
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Yield strength: metal and ceramics



Yield strength: polymer



Fracture toughness: metal and ceramics



Fracture toughness: polymer
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Fracture toughness testing

The following are the fracture toughness parameters commonly obtained from testing

• K (stress intensity factor) can be considered as a stress-based estimate of fracture toughness. K 

depends on geometry (the flaw depth, together with a geometric function, which is given in test 

standards for each test specimen geometry). 

• CTOD (crack-tip opening displacement) can be considered as a strain-based estimate of fracture 

toughness. However, it can be separated into elastic and plastic components. The elastic part of CTOD is 

derived from the stress intensity factor, K. The plastic component is derived from the crack mouth 

opening displacement (measured using a clip gauge). 

• J (J-integral) is an energy-based estimate of fracture toughness. It can be separated into elastic and 

plastic components. As with CTOD, the elastic component is based on K, while the plastic component is 

derived from the plastic area under the force-displacement curve. 



Plane-strain fracture testing of metals: 

single edge notch bend (SENB or three-point bend)
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Plane-strain fracture testing of metals: 

compact tension-off centre
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Plane-strain fracture testing of metals: Centre notched
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Measurement of fracture toughness



Measurement of fracture toughness
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