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QUESTION 1

a) An 18 m long steel wire of 5 mm diameter is to be used in the manufacture of

a prestressed concrete beam. It is observed that the wire stretches 45 mm

when a tensile force P is applied. Knowing that E = 200GPa.

i. Describe the modulus of elasticity (1 mark)
ii. Compute the normal stress in the wire (2 marks)
ii. Compute the magnitude of the force P (2 marks)

Link BD is made of brass (E= 105 GPa) and has cross-sectional area of
240mm?2. Link CE is made of Aluminium (E = 72 GPA) and has cross-sectional
area of 300mm?. Knowing that they support rigid member ABC, and the load P
is equal to 40 k as shown in Figure 1: -

i. Compute the reaction force at link BD, Fzp, (2 marks)
ii. Compute the reaction force at link CE, F, (2 marks)
iii. Compute the deflection of link BD, &p,. (3 marks)
iv. Compute the deflection of link CE, &,. (3 marks)
v. Determine the deflection at point A, §,. (5 marks)

2925 mm

| 150 mm

225 mm

125 mim

Figure 1
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QUESTION 2

a)

b)

The 25 mm diameter, 0.3 m length shaft on the motor is made of steel (modulus
of rigidity = 80 GPa). The shaft having allowable shearing stress and allowable
angle of twist of 75 MPa and 1.2°, respectively. The motor is operating at its

maximum speed of 4,800 rpm.

i. Explain the meaning of modulus of rigidity (1 mark)
ii. Compute the torque of the shaft using both constraints (4 marks)
iii. Determine the maximum power that could be transmitted (3 marks)

The shaft is hollow from A to B, solid from B to C and is attached to a fix wall
at C. The shaft has an outer diameter of 80 mm and the thickness of the wall
of the hollow segment is 10 mm. It is subjected to the torques as shown in

Figure 2. Knowing that the shaft is made of Aluminium (G=27 GPa),

I.  Compute the Polar moments of inertia of each portion (4 marks)
ii. Compute the torque of each portion (2 marks)
iii. ~Compute the angle of twist each portion (in degree) (4 marks)
iv. Determine the angle through end A rotates (in degree) (2 marks)

Figure 2



CONFIDENTIAL
SOLID MECHANICS (BME 2023)

QUESTION 3
A 5 m long, simply supported steel beam AD as shown in Figure 3 is to carry
the distributed and concentrated loads shown. Knowing that the allowable
normal stress for the grade of steel to be used is 160 MPa.

a) Compute the reaction values Ra and Rp (4 marks)
b) Sketch the free body diagram for the beam (3 marks)
c) Sketch the shear force diagram for the beam (5 marks)
d) Sketch the bending moment diagram for the beam (5 marks)
e) Solve the minimum section modulus (Sx) (3 marks)

Figure 3



CONFIDENTIAL
SOLID MECHANICS (BME 2023)

QUESTION 4
The extruded beam shown in Figure 4 is subjected to bending moment of

3-kNm. The cross sectional of the extruded beam is shown as in Figure 5.

a) Compute the area of the extruded shape (4 marks)
b) Determine the centroid of the extruded shape (4 marks)
c) Determine centroidal moment of inertia (lgg) (4 marks)
d) Compute maximum tensile stress (4 marks)
e) Compute maximum compressive stress (4 marks)

3 kNm

M

Figure 4
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Figure 5
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QUESTION 5

a) The couple 250 Nm is applied to a beam of the cross section in a plane forming

an angle 30° with the vertical shown in Figure 6.
i.  Compute the moment acted on both axis, My and M,
ii. Compute second moment of inertia for both axis, I,and 1,

ii. Determine the maximum tensile stress and its location

iv.  Determine the maximum compressive stress and its location

Yy
B = 30°
X
A
50 mm
50 mm
M=250N.m | | b
s

f
40 mm 40 mm

Figure 6

(2 marks)

(2 marks)

(3 marks)
(2 marks)
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b) Horizontal load P is applied to a short section of an S250 X 37.8 rolled-steel
member as shown in Figure 7. Knowing that the compressive stress not to
exceed 83 MPa.

i.  Find the area (A, m?) and section modulus (Sx & Sy, m3) of the S250x37.8
rolled steel member. (1 mark)

ii. ~ Compute the force and couples at point C (In term of load P) (1 mark)
ii. Compute the stresses value 01, Opand O3 (in term of load P) (3 marks)

iv.  Compute the stresses at point A, B, D and E (in term of load P) (4 marks)

v.  Determine the largest permissible load P (2 marks)

S250 x 37.8
40 mm

Figure 7

End of questions
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FORMULA
STRESS STRAIN
Normal stress strain Modulus of Elasticity
F
o=— =2 =2
A L &
Elongation
5L
EA
TORSION
Angle of twist Power Transmission
TL G T 2t
§=— “=-== P=27NT
JG L J D
Polar second moment of area
Solid Hollow
zD* n(D*-d*
32 32

SHEAR FORCE AND BENDING MOMENT
Minimum section Modulus

[]

_ max
min

S
O ay

Relationship between load, shear and bending moment.

Vg =V, =—wx (area underload curvebetweenB and A)

My —M, =V (area under shear curve betweenB and A)
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BENDING STRESS
Centroid

Yy A=Y 4

2" Moment of area for rectangular shape
[ =Loy
12
Parallel axes theorem
Iss =1Igg + Ad?
Normal stress from neutral axis
_My
I

(o2

NON SYMMETRIC BENDING

— Mz}IA + M}'ZA
1, I3
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Properties of Rolled-Steel Shapes (S Shapes)
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