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1. (10 marks) The state of stress at a point in a member is such that the stress invariant | 3 =0, (ie. one
principal stress is zero), with O'XX =10 MPa, ny =8 MPa, czz =18 MPa, O'xy =-6 MPa,
O,=3 MPa, O, =7384 MPa.

(a) Determine the magnitude of the principal stresses

(b) Write down the equations which may be used to determine the direction cosines (I, m, n) of the normal

to the plane which contains the zero principal stress (No need to solve for |, m, n).

2. (20 marks) A square plate OABC of dimensions 1000 mm x 1000 mm in the x-y plane shown below

is loaded so that thg plate is in the state of plane strain, (€, = €,, = szy =0), and passes to a new
position O*A*B*C* .

(a). Determine the displacements (u, v), of the plate for the deformation shown in term of x, y coordinates.
(b). Determine the strain components.

(c). Determine the strain in the direction of the line Oa.

straight lines

3. (20 marks) The nonzero stress components at a point in a steel member (E = 200,000 MPa, V = 0.29)

are O,, =120 MPa, ()'yy =60 MPa, ny =40 MPa,
(a). Determine the magnitude of the principal strainé.

(b). Determine the direction of the principal strains.
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4. (20 marks) A very rigid beam of negligible weight is suspended by four metal rods as shown in Fig.a,
the rods ab and cd are made of metal 1, whereas the rods fg and hk are made of metal 2. Both metals
are elastic-perfectly plastic materials, with stress-strain diagrams as shown in Fig.b. Each rod has the same
cross-sectional area, A = 100 mm2. A gradually increasing load P is applied symmetrically.
(a) Find the load P = Py that initiates yield of the structure, and find the displacement of the beam.

(b) Find the load P = P, that all rods just yield, and find the displacement of the beam at that instance.

member fg, hk
axis of symmetry

t

Y, =350 MPa, E, =200 GPa

o
i v/

|
a c

N\

N
o
3

-

=

member ab, cd

Y, =300 MPa, E, =160 GPa

0 €
; Fig. b
P
Fig. a

-———
P
3
o
«
=
Q

5. (30 marks) A shaft has a diameter of 125 mm and is made of steel with yield stress Y = 320 MPa.

The shaft is subjected to an axial load P =60.0 kN, torque T =20 kN.m, and bending moment

M =18 kN.m, as shown below. Assuming that the same factor of safety is used for loads P, T and M.

Determine the factor of safety used in the design, assuming that the material is a Tresca material.

d=125mm P =60.0 kN
| e

T=20.0 kN.m

M=18.0 kN.m



