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The Islamic University of Gaza 
Industrial Engineering Department 
Engineering Materials, EIND 3301 

 Final Exam  
 

Instructor: Dr. Mohammad Abuhaiba, P.E. 
 

Fall 2013     Exam date: 31/12/2013 
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Question #1: (2 points) Fill in the blanks 
 

1. A _______________line separates α and liquid + α phase fields. 

2. There are  __________________________ atoms (or molecule) in one mole of a 

substance. 
 
Question #2: (4 points) True or False 

1. Re-crystallization is the formation of a new set of strain-free and equiaxed grains 

(approx. equal dims. in all dirs.) that have low dislocation densities and are characteristic 

of the precold-worked condition   

2. Non-equilibrium cooling (Fast rate cooling) produces a uniform structure 

3. A larger substitutional atom imposes compressive strains in its vicinity. 

4. A dislocation is a linear defect around which some of the atoms are misaligned.  

 
Question #3: (2 points) Select the most correct answer(s) 

 

1. The drawing shown represents the unit cell for the crystal 

structure: 

a. Simple Cubic 

b. Body-centered Cubic 

c. Face-centered cubic 

d. Hexagonal close-packed 

2. Below is shown the lead-tin phase diagram. Using this diagram determine which of the 

phases/phase combinations listed below will be present for an alloy of composition 46 

wt% Sn - 54 wt% Pb that is at equilibrium at 44°C? 

 

a. alpha 

b. beta 

c. liquid 

d. alpha + liquid 

e. beta + liquid 

f. alpha + beta 
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Question #4: Match definitions (9 points) 

In a steady-state Diffusion, Atom interchanges from a normal lattice position to an 

adjacent vacant one 

Cold working is mass transport by atomic motion 

Diffusion the maximum engineering stress 

Eutectic structure is a the diffusion flux is constant with time 

Hardness Solid microstructure that consists of alternating layers of the 

  and   phases  

Re-crystallization temperature is a measure of a material’s resistance to localized plastic 

deformation (small dent or a scratch). 

Solute The temperature above which the effects of strain hardening 

are eliminated during annealing 

Tensile strength is the element (or compound) which is present in a minor 

concentration 

vacancy diffusion is the phenomenon whereby a ductile metal becomes harder 

and stronger as it is plastically deformed. 

 

Question #5: Determine the Miller indices of the direction shown in the figure. (4 points) 

 

Question # 6: What are the Miller indices for the plane shown below? (5 points) 
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Question # 7: (6 points) 

A specimen of some metal having a rectangular cross section 10.8 mm x 12.5 mm is pulled in 

tension with a force of 34,300 N, which produces only elastic deformation. Given that the elastic 

modulus of this metal is 79 GPa, calculate the resulting strain. 

Solution: 

Hooke's law is as follows:  

The applied stress is equal to 

 
l and w are the cross-sectional length and width, respectively 

Equating to one another these two expressions for σ leads to 

 
Solving for the strain 

 

 
= 0.00322 

Question #8: (7 points) 

Determine the carburizing time necessary to achieve a carbon concentration of 0.44 wt% at a 

position 1.9 mm into an iron-carbon alloy that initially contains 0.031 wt% C. The surface 

concentration is to be maintained at 1.2 wt% C, and the treatment is to be conducted at 1020°C. 

Assume that D0 = 5.1 x 10-5 m
2
/s and Qd =154 kJ/mol. 

Solution: 
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Question #9: (10 points) 

The yield strength for an alloy that has an average grain diameter of 1.6 x 10
-2

 mm is 320 MPa. 

At a grain diameter 3.9 x 10
-3

 mm, the yield strength increases to 480 MPa. At what grain 

diameter (in mm) will the yield strength be 441 MPa? 

Solution: 

Set up two simultaneous equations of the Hall-Petch form, 

 

 

 
Incorporating values of σy and d, these equations become 

 

 
From these equations, solve for values of σ0 and ky; thus 

   σ0 = 164 MPa 

   ky = 19.7 MPa-mm
1/2

 

The grain diameter required to give a yield strength of 441 MPa may be determined by 

rearrangement of the first equation--that is 

 
= 0.00506 mm 
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Question #10: (11 points) 

A cylindrical rod of 1040 steel originally 11.4 mm in diameter is to be cold worked by drawing; 

the circular cross section will be determined circular during deformattion. A cold-worked tensile 

stress in excess of 825 MPa and a ductility of at least 12%EL are desired. Also, the final 

diameter must be 8.9 mm. Explain how this may be accomplished. 

  

Solution: 

First let us calculate the % cold work and attendant tensile strength and ductility if the drawing is 

carried out without interruption:  

 
At 40%CW, steel will have a tensile strength of 900 MPa, which is adequate; however, the 

ductility will be less than 10%EL, which is insufficient.  

Another processing alternative is a partial diameter reduction, followed by a re-crystallization 

heat treatment in which the effects of the initial cold-work nullified, and, finally, a second cold-

work in order to achieve the final diameter, tensile strength, and ductility.  

17%CW is necessary to yield a tensile strength of 825 MPa. Similarly, a max of 19%CW is 

possible for 12%EL. The average of these extremes is 18%CW. The final diameter after the first 

drawing is 

,  

which becomes the original diameter for the second drawing. 
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Question #11: (23 points) 

Refer to the Iron-Iron carbide phase diagram shown below. Find: 

a. Label the regions of the phase diagram. 

b. Show all liquidus and solidus lines on the diagram. 

c. The eutectic temperature and composition. 

d. The eutectoid temperature and composition. 

e. the main phases present for an alloy of 1% C at 1600
 o
C, 1400

 o
C, 1200

 o
C, 740

 o
C, 

and 600
o
C. 

f. The chemical composition of each phase present for an alloy of 1% C at 1600
 o
C and 

1400
 o
C. 

g. Amount of each phase present for an alloy of 1% C at 1200
 o
C and 600

o
C. 

h. Amount of pearlite for an alloy of 1% C at 1200
 o
C and 600

o
C. 

i. Locate the hypo-eutectoid and hyper-eutectoid steels in terms of carbon content on 

the diagram. 

j. What is the maximum solubility limit of C in ferrite, and at which temperature it 

occurs? 
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Question #12: (17 points) 

Using the isothermal transformation diagram for an iron–carbon alloy of eutectoid composition, specify 

the nature of the final microstructure (in terms of micro-constituents present and approximate 

percentages of each) of a small specimen that has been subjected to the following time temperature 

treatments. In each case assume that the specimen begins at 760°C and that it has been held at this 

temperature long enough to have achieved a complete and homogeneous austenitic structure. 

a. Cool rapidly to 700°C, hold for 10
4

 s, and then quench to room temperature. 

b. Rapidly cool to 600°C, hold for 4 s, rapidly cool to 450°C, hold for 10 s, then quench to room 

temperature. 

c. Cool rapidly to 400°C, hold for 2 s, and then quench to room temperature. 

d. Cool rapidly to 400°C, hold for 20 s, and then quench to room temperature. 

e. Cool rapidly to 400°C, hold for 200 s, and then quench to room temperature. 

f. Rapidly cool to 575°C, hold for 20 s, rapidly cool to 350°C, hold for 100 s, then quench to room 

temperature. 

g. Rapidly cool to 250°C, hold for 100 s, and then quench to room temperature in water. Reheat to 

315°C for 1 h and slowly cool to room temperature. 

 


