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PCMT 4302
Fifth Semester Examination — 2012
DEFORMATION BEHAVIOUR OF MATERIALS

Full Marks —70

Time : 3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10

(a)
(b)

(c)

How is twinning different from slip ?

How can an edge dislocation and a screw dislocation move out of the slip
plane ?

In a dislocation loop lying in a slip plane show and explain the different
components of the dislocation at different locations with respect to the burgers
vector.

Why does low carbon steel have a sharp yield point ?
Differentiate between a jog and-a kink.
How is the grain diameter related to the yield stress ?

How does the dislocation density vary with plastic deformation and why ?
State briefly.

What is Protevin-LeChatelier effect ?
State the Griffith criterion for the propagation of a crack.

Give a brief comparison of engineering and true stress strain curves.
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(b)

The state of stress at a point of an engineering structure is shown below.
Determine the magnitude of the principal stresses and the maximum shear

stress. 5
s =8MPa t =2MPa :
X Xy
5,=—4MPa <, =3MPa
GZ=6MPa TXZ=5MPa

Explain briefly the different'experimental techniques of detecting
dislocations. - 5

Draw and explain the Mohr’s circles (three - dimensional) for various states
of stress such as : (i) Uniaxial tension; (i) uniaxial compression; (iii) biaxial
tension; (iv) triaxial tension (unequal); (v) equal triaxial tension (hydrostatic);
(vi) uniaxial tension plus biaxial compression. 5

Explain the Von Mises’ distortion- energy criterion for yielding. if the yield

~ strength of a steel is 500 MPa determine whether yielding will occur. If not

" then what is the safety factor ? - 5
If o, ,=200MPa t,, =30 MPa
Oy = 100 MPa
c,=-50 MPa

Explain with suitable diagrams the characteristics, features, atomic arrange-
ments, types of movement and orientation relation with slip vector of edge
and screw dislocations. 5

Explain slip in a perfect lattice and derive the theoretical shear strength ofa
perfect crystal. And compare this with slip by dislocation movement and
determine the Peierls stress required to move a dislocation through a
crystal lattice. : 5

Discuss with suitable diagram about the dissociation of dislocations into
Shockley Partials in FCC lattice and their influence on the deformation
behaviour. 5

Explain the formation of Lomer-Cottrell barriers in FCC lattice and their
influence on the deformation behaviour. 5
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Explain the yield point phenomenon and discuss why ayield drop is seenin
some materials. 5

Define and explain the phenomenon of. stfain aging with suitable sketches.

5
Explaih the principle and the process of precipitation hardening in Al-Cu
alloys. : 5

Define critical resolved shear stress and schmid factor. Determine the
tensile stress that is applied along the [1 T 0] axis of a copper crystal to
cause sliponthe (111) [0 T 1] system. The critical resolved shear ciress is
2MPa. 5
Draw the typical engineering stress strain curve of a mild steel specimen.

Show and explain the significant points on the engineering stress strain
curve. 5
A 13 mm-diameter tensile specimen has a 50 mm gauge length. The load
corresponding to the 0.2 percent offsetis 68 kN and the maximum load is
84 kN. Fracture occurs at 73 kN. The diameter after fracture is 8 mm and
the gauge length at fracture is 65 mm. Calculate: (i) Ultimate Tensile Strength,
(i) 0.2% offset Yield Strength, (iii) breaking stress, (iv) % elongation and
(v) % reduction of area. 5
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