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Course Guidelines:

1. Introduction to Engineering Materials
2. Bonding and Properties
3. Crystal Structures & Properties
4. Imperfection in Solids
5. Mechanical Properties of Materials
6. Physical Properties of Materials
7. Failure & Fundamental of Fracture
8. Metal Alloys
9. Phase Diagram
10. Phase Transformation – Heat Treatment
11. Processing and Application of Metals
12. Ceramic Materials
13. Polymer Materials
14. Composite Materials
15. Corrosion & Degradation of Materials
16. Environment and Sustainability



Failure & Fundamental of Fracture
1. Fundamental of Fracture

2. Principle of fracture mechanics

3. Factors of Fracture



Fundamental of Fracture

Ductile fracture
Brittle fracture 



Fundamental of Fracture

Fracture:
- Separation of body into 2 or more piece in response to stress. 
- Influences the selection of a material for a application, the methods of 
manufacturing, and the service life of the component.

Two modes of fracture:

Ductile fracture:
• Occurs with plastic deformation
• High energy absorption

Brittle fracture
• Little or no plastic deformation
• Catastrophic
• Low energy absorption

(a)            (b)                 (c)                            
(d)

Schematic illustration of types of failures in 
materials. (a) necking and fracture of ductile 
materials. (b) buckling of ductile material under 
compressive load. (c) fracture of brittle material in 
compression. (d) cracking on the barrel surface of 
ductile materials in compression. 
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Principle of fracture 
mechanics

• Stress concentration
• Crack propagation
• Fracture toughness



STRESS CONCENTRATION POINT



• Stress concentration cont.



• Crack propagation



• Crack propagation cont.







FRACTURE TOUGHNESS , Kc
a property that is a measure of a material’s resistance to 

brittle fracture when a crack is present.

• Y is a dimensionless parameter / function that depends on both crack and 
specimen sizes, and geometries as well as the manner of load application.  
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EXAMPLE:



Factors of Fracture

• Effects of inclusion 
• Transition temperature



1.0: Effects of Inclusions

• Inclusion of impurities have an influence on ductile fracture and 
the workability of materials

• Consist of impurities of various kinds, ex: particles

• Voids and porosity can develop during processing of metals

• 2 factors affect void formation:
1. Bond between an inclusion and the matrix

2. Hardness of the inclusion



2.0: Transition Temperature




