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Q1 (25%): For the structure shown below, members AD, EF are rigid 
beams, Find the diameter of the steel bar CG (Est=200GPa ) in order to 
cause contact between D and E (or to closed the gap 5.3mm) due to 
applied loads on member AD. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Q1) Member ABCD: 
 MA = 0   +      -40*3*1.5 – 50 + 2*Rc = 0  Rc = 115 kN 
PCG = 115 *√2 =162.63 kN 

δc = 5.3033 * 2/3 = 3.5355 mm 

δCG = 3.5355 *√2 = 5 mm 

δ = PL / A E      for steel bar CG ( L = (22 + 22)1/2= 2.828m ) 

5 = 162.63 *1000 * 2.828 *1000/(A* 200000) 

A = 460mm2 

A = π * d2 /4  

460 = π * d2 / 4   d = 24. 2 mm  
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Q2 (25%) : 
For the beam ABC loaded shown below having the (T) cross-section, if 
the allowable stress in tension is 150N/mm2 and the allowable stress in 
compression is 100N/mm2. Estimate the value of the allowable uniform 
distributed load (W). 
 
 
 
 
 
 
 
 
 

yc =
40 * 20 + 100 * 20

20 * (20 * 40) + (10 + 40)(100 * 20)
=

2800
16000 + 100000 = 41.4286mm

 

yt =  60 – 41.4286 = 18.5714 mm 
 
 
 
 
 
 
 

Ix = 100*203/12 + (100*20)*8.57142+20*403/12+(20*40)*21.42862 

    = 66666.67+146937.8+106666.67+367347.9 = 687619mm4 
 
MA = 0   - w * 1.5 *1.5/2 + 3RB – w *1.5 * (3+1.5/2) = 0  RB = 2.25w  
∑Fy = 0  RA + RB – 1.5w – 1.5w = 0 
  RA + 2.25w – 3w = 0  RA = 0.75w  
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Mmax (+) = 0.75w* 0.75/2 = 0.28125w (kN.m) 
Mmax (-) = 1.5w * 1.5/2 = 1.125w (kN.m) 
 

v =
I

M * c

at po int D:

150 =
687615

0.28125w * 106 * 41.4286
& w = 8.852N/mm

100 =
687615

0.28125w * 106 * 18.5714
& w = 13.164N/mm

at po int B:

150 =
687615

1.125w * 106 * 18.5714
& w = 4.936N/mm

100 =
687615

1.125w * 106 * 41.4286
& w = 1.475N/mm

least value where: w = 1.475N/mm

 

 
Q3 (25%) : 
For the compound shaft shown below, determine the maximum 
permissible value of ( T ) and the angle of twist at point (B) if shear 
stress in steel 100MPa and in aluminum 70MPa and the angle of 
rotation of free end (point D) is limited to (10°). Use G(steel) = 120GPa, 
and G(aluminum) = 28GPa.   
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∑MA = 0    TA – 2T – 4T = 0   ∴  TA = 6T  
 

x=
J

T r  

xAlum. = 70 =

2
r(75)4

6T * 106 * 75 = 9.054T & T = 7.7314kN.m

xSteel = 100 =

2
r(50)4

4T * 106 * 50 = 20.372T & T = 4.9087kN.m
 

{ =
G J
T L

{D = {A + {AB + {BC + {CD

10% (
180
r

) = 0 +

28000(
2

r(75)4

)

6T * 106 * 3000 +

120000(
2

r(50)4

)

(- 4T) * 106 * 1000
+ 0

180
r = 0.012934T - 0.003395T = 0.00954T

T = 18.295kN.m  
 
The least value of T = 4.9087kN.m 
 

{B = 0 +

28000(
2

r(75)4

)

6 * 4.9087 * 106 * 3000 = 0.06337radian

{B = 0.06337 *
r

180 = 3.63%
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Q4 (25%) : 
Find the value EIy at the position midway between supports (point F), 
and at the end of overhanging portion (point A) for the beam shown  
 
 
 
 
 
 
 
 
Solution: 

𝐸𝐼 𝑑
2𝑦

𝑑𝑥2
 = M = 500.X - 400

2
(x-1)2 + 400

2
(x-4)2 + 1300(x-6) 

 
𝐸𝐼 𝑑𝑦

𝑑𝑥
 = 250.𝑋2 -  200

3
(x-1)3 + 200

3
(x-4)3 + 650(𝑥 − 6)2 + C1 

 
𝐸𝐼𝑦= 250

3
.𝑋3 - 50

3
(x-1)4 + 50

3
(x-4)4 + 650

3
(𝑥 − 6)3+ C1.X + C2 

 
B.C: 
At: x=0         𝐸𝐼𝑦 = 0         C2 = 0 
        
     x = 6           𝐸𝐼𝑦 = 0 
0 = 250

3 (6)3- 50
3

(5)4 + 50
3

(2)4 + 6C1           C1 = -1308 
 
At x = 3m: 
 
𝐸𝐼𝑦=250

3
.33- 50

3
(2)4 + 50

3
(x-4)4 + 650

3
(𝑥 − 6)3 - 1308(3)=-1941 

 
               𝐸𝐼𝑦=-1941 
 
At x = 8m: 
 
𝐸𝐼𝑦=250

3
.83- 50

3
(7)4+50

3
(8-4)4+650

3
(8 − 6)3-1308(8)=-1941 
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𝐸𝐼𝑦=42666.67-40016.667+4266.667+1733.33-10464 
 
        𝐸𝐼𝑦=-1814 
 
 
Q5 (25%) : 
A structural element is shown below with normal x-stress = 20MPa, 
normal y-stress = 120MPa, shear stress = 80MPa, by Mohr's circle find: 

a) Principal stresses 
b) Maximum shear stress. 
c) Normal and shearing stresses on the inclined plane AB shown. 

 
 
 
 
 
 
 
 
 
 
 
Solution: 
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