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3. This question paper consist of ONE sections.
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SECTION A (Total: 100 marks)

Answer FOUR (4) questions.

Please use the answer booklet provided.

Question 1

The mechanical properties of a material are those properties that involve a reaction to an
applied load. The mechanical properties of metals determine the range of usefulness of a
material and establish the service life that can be expected.

(a) Define the following terms related to the mechanical properties of materials under
tensile testing:

Yield strength

(3 marks)
ii.  Ultimate tensile strength

(3 marks)
iil.  Fracture stress

(3 marks)
iv.  Elastic deformation

(3 marks)
v.  Plastic deformation

(3 marks)

(b) Sketch a typical engineering stress-strain diagram for a ductile material. In your
diagram, identify and label the terms which has been mention in question (a).
(10 marks)
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Question 2

Destructive testing involves subjecting a specimen to failure to understand its structural
performance or material behavior under various loads. This method is most suitable and
economical for objects that will be mass-produced, as the cost of destroying a small number
of specimens is negligible. However, it is generally not economical to perform destructive

testing when only one or a few items are to be produced.

(a)

(b)

(©
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Given the following conditions in a Brinell hardness test: A 1500kg load is applied
using a 10 mm diameter hardened steel ball, resulting in an indentation with a
diameter of 3.2mm. Analyze the given data to determine the Brinell Hardness
Number (BHN) for the metal. Show all your calculations.

(5 marks)

Identify the two most common microhardness testing techniques. Analyze and
compare two differences between these techniques, explaining how each
difference impacts their application and results.

(10 marks)

Describe the fracture evolution for moderately ductile material through fatigue.
Analyze the stages of fatigue fracture.

(10 marks)
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Question 3

Composites are found in nature. For example, wood is a natural composite, with long
cellulose fibers bonded together by a weaker material called lignin. Humans have utilized
composite materials for thousands of years.

(a) In your own words, explain what a composite material is.
(4 marks)

(b) Describe the primary difference between a matrix and a reinforcement in a
composite material. Provide one example of each.

(6 marks)
(c) Classify three primary classes of composite materials and discuss their key
characteristics.
(9 marks)
(d) lllustrate the fiber orientation for aligned continuous fibers and random
discontinuous fibers. Provide clear sketches for each type.
(6 marks)
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Question 4

Many materials are exposed to a variety of environmental conditions, which can lead to
corrosion. This process degrades the material's mechanical strength, alters its physical
properties, and affects its appearance, ultimately compromising its performance and
longevity.

(a) Give the definition of corrosion.

(3 marks)
(b) State the deteriorative mechanism for metal, ceramic and polymer.

(9 marks)
(c) List and describe three different corrosive agents or environments.

(9 marks)

(d) For erosion corrosion, identify the conditions under which it occurs and discuss its
effects on the material.

(4 marks)

Question 5

Metallography is the study of the physical structure and components of metals, typically
using microscopy.

(a) Discuss the scientific discipline of metallography and its significance in
understanding the microstructure and properties of metallic alloys.

(5 marks)

(b) Describe the five steps involved in the preparation of a metallographic sample,
emphasizing the techniques and equipment used in each step, as well as the
reasons for performing each step.

(20 marks)
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END OF EXAMINATION PAPER
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APPENDIX

m  Avogadro's number, Na = 6.023 x 1022 atoms/mol
m  Volume of cube, V = a3
, nA
m Density, p=——
V.N,
(Z,e)Z,e)
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net 2
4re,r
m €, = permittivity of free space = 8.85 x 10-'2 C2/Nm?2
m e = electron charge = (-1.602 x 10™9)
m p = proton charge = 1.602 x 10'°
B 1eV=16x10" Joule
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