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Department of Materials Engineering

Graduate School of Engineering
The University of Tokyo

Entrance Examination for YR 2021

Fundamentals of Materials

[Problem 4] Mechanics of Materials

15:15 —~ 16:00
Tuesday, August 25, 2020

- Attentions -
The examination duration of this problem is 45 minutes.

Fill in your examinee number and name on the answer
sheets.

The answer sheets must be used in the order of sheet 1,
sheet 2, sheet 3, and sheet 4.

Do not write your answer on the back sides of the answer
sheets. However, you may use the back sides as draft
sheets.

Answer in English or Japanese.

After the examination, upload all the answer sheets one by
one according to the direction by the examination officers.

This problem PDF file must be completely deleted after all
the examinations are completed and must never be
distributed or modified.
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[Problem 4] Mechanics of materials

Suppose that a uniform and flat plate specimen with a cross-sectional area of A 1is

subject to a uniaxial tension with a load, P, as shown in Figure 1. Answer the

following questions assuming that the stress is uniform.

(1)

2)

€)

e

Derive the magnitude of the normal stress, gy, and the magnitude of the shear
stress, Tg, acting on the plane inclined by the angle, 6, from the cross section
of the specimen as shown in Figure 1, as functions of 6. Also, derive the
maximum value of 4.

Suppose that the specimen is a face-centered cubic single crystal and that the
direction of the tensile axis is [123]. Given that the slip system of the face-
centered cubic crystal is {111}(110), show the indices of the primary slip plane
and direction, and derive the resolved shear stress acting on the primary slip
system. You may refer to the stereographic projection shown in Figure 2.

Show the index of the cross-slip system with respect to the primary slip system

obtained in (2), and derive the resolved shear stress acting on the slip system.

9\<
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Answer the following questions about interaction between dislocations by assuming
that the material is an isotropic elastic body with shear modulus, p. When the
Burgers vector is b and the unit vector indicating the direction of the dislocation
line is t, the force per unit length, F, that the dislocation receives under the external

stress, ©, is given by the following equation:
F=(o-b) xt D

The stress field, G4 ew, induced by an infinitely long linear screw dislocation along
the x; axisofthe x;-x,-x3 Cartesian coordinate system shown in Figure 3 is given

by the following equation:

b «x
0 0 e
2 xi + x5
ub  x,
Oscrew — 0 0 %xlz _l_x% @
om0
2w x? +x3 2mx? + x2

Here, b is the magnitude of the Burgers vector.
(1) When only 0,3 = g3, has a significant value among the components of
external stress, derive the force per unit length, F, acting on a screw dislocation

with b = [0,0,b] and t = [0,0,1].

Next, as shown in Figure 4, consider a pair of opposite-signed screw dislocations that
are separated symmetrically with respect to the x,-x; plane by a distance 2d and
are parallel to the x5 axis. Assume that the Burgers vectors of the dislocation 1 and
the dislocation 2 are by = [0,0,b] and b, =[0,0,—b], respectively, and the
directions of the dislocation lines are t; = t, = [0,0,1].

(2) Derive the force per unit length, F;,, that dislocation 1 exerts on dislocation 2.
(3) Derive the stress vector, T, acting on the x,-x3 plane (x; = 0) caused by the

strain in the material induced by dislocations 1 and 2.



(4) Based on above results, derive the magnitude of the force per unit length acting

on the linear screw dislocation that exists parallel to and apart from a flat free

surface by a distance, d.

Dislocation 1: Dislocation 2

by = [0,0,b] | by =[0,0,-b]
t; =[001] | t;=[0,01]
O] ®
d | d
X2 i
X3 i xl
Figure 3 Figure 4
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