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1. (25 marks) A member made of isotropic metal alloy (E=72.0 GPa and V = 0.33) is subjected to a combination

of loads. At a point on_the free surface which is tangential to the x-y plane, the stress components are found to be

o, =120 MPa, o, =-40.0 MPa, o,, =—60.0 MPa .

(a) Determine the strain components and evaluate the principal strains and their directions.

(b) Determine the magnitude of the normal component of stress acting on a plane whose normal lies in the x-y plane

and making an angle of 45° with the x-axis.

2. (25 marks) A rectangular plate OABC of dimensions 1000 mm x 2000 mm in the x-y plane shown below is

loaded so that the 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 at the point B of the plate, and evaluate the maximum line strain at B.

(c). Determine the strain at the point D { x=1000 mm, Yy =1000 mm) in the direction of the line DA.
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3.(25 marks) The stress components on a free surface of an isotropic member, with E = 720 GPa,

o, =156.6 MPa, o, =-49.13 MPa, o, = 65.6 MPa .

VY =0.33, are

(a). Determine the strain components at this free surface.

(b) If a delta rosette is cemented to the free surface of the member as shown below, what would be the readings of
gauges a, bande¢?
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4, (25 marks) A solid metal shaft of diameter d = 100 mm, is subjected to an axial load P, a bending moment

M = 8000 N.m, and a torgue T = 7000 N.m. It has been designed using a safety factor of 2.0 for ail loads ( ie. for
M, T and P).

{a) If yield strength for the metal is Y = 240 MPa, and assuming that failure occurs at the initiation of yielding,
determine the allowable value for P based on the maximum shear-stress criterion of failure.

(b) If the metal is a brittle material with ultimate strength, o, = 200 MPa, determine the allowable value for P

based on the maximum principal stress criterion of failure.

"M = 8000 N.m

5. (25 marks) A right angle bend ABC, fixed at the end A and free at the end C, is loaded at the free end by a point
load P = 20 kN, acting perpendicular to the plane of the bend as shown below. The bend has a circular cross
section with radius R = 0.07 m, lengths L, =1.20 m, L, =060 m, E=200,000 MPa, G =75,000 MPa.

(a) Determine the translational displacement component d.., of the free end C.

{b) Determine the angle of twist HC: of the free end C.
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1. {25 marks) A member made of isotropic metal alloy (E=72.0 GPa and V = 0.33) is subjected to a combination
of loads. At a point on the free surface which is tangential to the x-y plane, the stress components are found to be

o, =120 MPa, o, =-40.0 MPa, o, =—60.0 MPa .

(a) Determine the strain components and evaluate the principal strains and their directions.
{(b) Determine the magnitude of the normal component of stress acting on a plane whose normal lies in the x-y plane

and making an angle of 45° with the x-axis.

2. (25 marks) A rectangular plate OABC of dimensions 1000 mm x 2000 mm in the x-y plane shown below is

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

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

(b). Determine the strain components at the point B of the plate, and evaluate the maximum line strain at B.

(c). Determine the strain at the point D ( Xx=1000 mm, Yy =1000 mm) in the direction of the line DA.

2000 mm

~— 1000 mm

3.(25 marks) The stress components on a free surface of an isotropic member, with E = 720 GPa, V =0.33, are
o, =156.6 MPa, o, =-49.13 MPa, o, =65.6 MPa .
(a). Determine the strain components at this free surface.

(b) If a delta rosette is cemented to the free surface of the member as shown below, what would be the readings of

gauges a, bandc¢?
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4. (25 marks) A solid metal shaft of diameter d = 100 mm, is subjected to an axial load P, a bending moment

M =8000 N.m, and atorque T =7000 N.m. it has been designed using a safety factor of 2.0 for all loads (ie. for
M, T and P).

(a) If yield strength for the metal is Y = 240 MPa, and assuming that failure occurs at the initiation of yielding,
determine the allowable value for P based on the maximum shear-stress criterion of failure.

(b) If the metal is a brittle material with ultimate strength, o, =200 MPa . determine the allowable value for P

based on the maximum principal stress criterion of failure,

............................................................................. > P
T = 7000 N.m
"M = 8000 N.m

5. (25 marks) A right angle bend ABC, fixed at the end A and free at the end C, is loaded at the free end by a point
load P = 20 kN, acting perpendicular to the plane of the bend as shown below. The bend has a circular cross
section with radius R = 0.07 m, lengths L, =120 m, L,=0.60 m, E =200,000 MPa, G =75,000 MPa.

(a) Determine the translational displacement component (SCZ of the free end C.

(b) Determine the angle of twist 8. of the free end C.
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1. (25 marks) A member made of isotropic metal alloy (E=72.0 GPa and V = 0.33) is subjected to a combination

of loads. At a point on the free surface which is tangential to the x-y plane, the stress components are found to be

o, =120 MPa, o, = -40.0 MPa, o, = —-60.0 MPa .
(a) Determine the strain components and evaluate the principal strains and their directions.
{b) Determine the magnitude of the normal component of stress acting on a plane whose normal lies in the x-y plane

and making an angle of 45° with the x-axis.

2. (25 marks) A rectangular plate QABC of dimensions 1000 mm x 2000 mm in the x-y plane shown below is

loaded so that the plate is in the state of plane strain, ( €,= EZX = 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 at the point B of the plate, and evaluate the maximum line strain at B.

(c). Determine the strain at the point D ( x=1000 mm, y =1000 mm) in the direction of the line DA.

1 D 2000 mm

c X
0, 0% T\ [ 20 mm
C*

—* |+ 1.0 mm

1000 mm

3.(25 marks) The stress components on a free surface of an isotropic member, with E = 720 GPa, V =0.33, are
o, =156.6 MPa, o =-49.13 MPa, o, = 65.6 MPa .

Lid

(a). Determine the strain components at this free surface.

(b) If a delta rosette is cemented to the free surface of the member as shown below, what would be the readings of

gauges a, bandc¢?
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4. (25 marks) A solid metal shaft of diameter d = 100 mm, is subjected to an axial load P, a bending moment
M = 8000 N.m, and atorque T = 7000 N.m. It has been designed using a safety factor of 2.0 for all loads ( ie. for
M, T and P).

(a) If yield strength for the metal is Y = 240 MPa, and assuming that failure occurs at the initiation of yielding,
determine the allowable value for P based on the maximum shear-stress criterion of failure.

(b) If the metal is a brittle material with ultimate strength, o, = 200 MPa, determine the allowable value for P

based on the maximum principal stress criterion of failure,

= :96 ..................................................... ,,'. .._VA.:__J .................. .

T = 7000 N.m
M, "M = 8000 N.m

5. (25 marks) A right angle bend ABC, fixed at the end A and free at the end C, is loaded at the free end by a point
load P = 20 kN, acting perpendicular to the plane of the bend as shown below. The bend has a circular cross
section with radius R = 0.07 m, lengths L, =120 m, L, =060 m, E =200,000 MPa, G =75000 MPa.

(a) Determine the translational displacement component J_., of the free end C.

(b) Determine the angle of twist HCZ of the free end C.
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