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Question (1): (12 Marks) 18 cm
For the shown cross-section, determine the following: 5
(@) The location of the centroid.
(b) The moments of inertia about the centroidal axes 5cm
(g &1y ) 10 cm 3 1
(c) The direction of the principal axes. 5 cm
(d) The principal moments of inertia.
Note: Divide the cross-section to 3 elements as shown qL 1L qL 1| ’IL
on the figure. 5" 15 13 13
HNo | & k A x ¥ Ax Ay b vk I, A ” I, Afx-ab Y | Fow I,
1 [ 46 | 20 [ 52000 2300 1000 |2116000 920000 350 -3.73 | 3066667 1279358 | 16220667 1398851 | 000 1337790
2 |26 | 18 | 23400 3300 2600 | 772200 608400 610 1227 | 421200 3523464 | 659100 870885 | 000 1751722
3 | 15| 10 |-15000 1250 1000 | -187500 -150000 -1440 -373 | -125000 -208591 [ -281250 -3110142 | 000 -B054.49
1004.00 2700700 1378400 33628.67 4304231 | 16600517  -B403.66 22840.64
a)xb= 2680 om By, = 7857088 an’ cjtan(2Theta) ©0.585428 &), = 16378558 om’
vb= 1373 om I,= 15760151 an’ 2Theta= 3033 I= 7337683 em’
Thet= 1517
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Question (2): (12 Marks)
A rod of variable cross-section is subjected to axial
loads as shown. Determine the maximum safe value
of axial load P.
Given Data:
Allowable stress for bronze = 100 MPa
Allowable stress for aluminum = 90 MPa
Allowable stress for steel = 140 MPa

For bronze:

Chronze = Fororze < 100%108 N /m?
ronze

2—P76 <100x10°
200x10

For aluminum:

Catum = Patum <90x10°N/m> > _ 4P <
Astum 400x107°
For steel:
O ool = Peeel <140x10°N/m?> > P =<
Ageel 500x10"

Bronze Aluminum Steel

A=200 mm? A=400 mm>  A=500 mm?
I
2P 2P 3P
I-I
2P
4P
7P
Normal Force Diagram

. P<10000N ...(1)

<90x10° - P<9000N ...(2)

<140x10° . P<10000N ...(3)

Form (1), (2) and (3), the maximum safe value of axial load P = 9000 N = 9 kN |Psafe =9 kNI

With my best wishes
Dr. M. Abdel-Kader



Question (3): (12 Marks)
A horizontal load P is applied as shown to a I-
section. The properties of the I-section are:
Area, A = 4806 mm®
Section Modulus, Z, = 406x10°> mm®
Section Modulus, Z, = 48x10° mm®
Determine the largest permissible load P if the
compressive stress in the member is not to exceed
80 MPa. Neglect the member weight.

Solution:
N=-P
M=+ 120 P
My=-35P
aziﬂiMXyi&x or a:iﬁiMXi&
AL I Az, 1z,

The sign of each component can be determine by carefully
examining the sketch of the force-moment system as shown.
It can be seen that the maximum compressive stress occurs
at point 1; the normal force, the bending moment about x-
axis and the bending moment about y-axis, all cause
compression at this point. So,
Normal stressat pointl=o; = _N_M, My
Az, z,

o, = P__120P _ 3P _ 1 2328x103p

4806 406000 48000
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And this maximum value of compressive stress at point 1 (o;) should be not to exceed 80 MPa. So,

1.2328 x10~3P <80 N/mm? > P <64893N

.. The largest permissible load P = 64893 N = 64.9 kN

Pmax = 64.9 KN

With my best wishes
Dr. M. Abdel-Kader



Question (4): (12 Marks) _
For the shown column of variable circular cross-section, QZA SOkN.m
(a) Draw the twisting moment diagram.
(b) Determine the maximum shear stress in each part
(AB and BC). 1 <= 200kN.m
(c) Determine the angle of twist ¢ of section A with 9B
respect to the fixed support at C.
G =8000 kN/cm®

2m Radius =5 cm

Tr TL 3m Radius =7.5 cm
r=— and ¢g=—
J JG
1 C
(a) The twisting moment diagram is as shown
(b) — — & 50 kN.m
— A

Part AB F+ 350 kKN.m A

Twisting moment = T = 50 kN.m = 5000 kN.cm = 2m Radius =5 cm

J=nr*2 =n(5)%2= 98175 cm* — <o) 200 KN.m

1 3 )
So, 7= 17 = B000)O) _ o 6 knjem? B
J 981.75
= |25.46 kN/cm2| = |254.6 MPEI 150 kN.m = | =< 3m Radius =7.5 cm

Part BC C

Twisting moment =T = 150 kN.m = 15000 kN.cm o _ —

J=n r4/2 = (7.5)4/2 = 4970 cm“ Twisting Moment Diagram

so, 7 TT _ (5000)(7.5)

J 4970
= 22.64 kN/em” = [22.64 kN/cm2| = [226.4 MPel

(c)

= =
5000x200 —15000x300 o = &

+ =0.1273-0.1132 = 0.0141 rad = 0.82°
981.75x8000  4970x 8000 052 =

dac= Pas+Pric =

With my best wishes
Dr. M. Abdel-Kader



Question (5): (12 Marks)
For the shown beam, calculate and draw the shear stress distribution over the cross-section at a.

100 cm
o AY o K
| | | 20cm 50 kN
60.77 25 kN/m
G )éloo a&%#&######v#&#######u;
om Au b Ay
| 4m | 4m |
[l 1 J20cm | | |
202020
Cross-section of the beam
100 mm
AY e
T - « | T20mm B\ 7=0.099 P
Ye=6077 07| [ | T 7=0.494 MPa
X —
T C‘ > 100mm T — Tmax=0.575 MPa
y =79.23 69.23 ——/
I E—=7/ 73=0.404 MPa
L Teomm R e
120,20,20, Shear stress
distribution

I, = [60x20°/12+ (1200)(-69.23)?] + [20x100%/12 + (2000)(-9.23)?] + [100x20%/12 + (2000)(50.77)%]
= 12850256 cm* = 12.85x10° cm*

Shear force at a, Qa = WL/2 + P/2 = 25x8/2 + 50/2 = 100+25 = 125 kN = 125x10° N

Shear stress, 71 = (QaSy) / (Ixb) = (125x10° x 2000x50.77) / (12.85%10°x100)

=0.877 N/cm? = 0.099 MPa Irl =0.099 MPel

Shear stress, 7, = (125x10° x 2000x50.77) / (12.85x10°x20)
= 49.387 N/cm? = 0.494 MPa | = 0.494 MPeI
Shear stress, Tmax = (125%10%)(2000x50.77+20x40.77%/2) / (12.85x10°%20)

=57.472 N/cm? = 0.575 MPa I‘cmax =0.575 MPel

Shear stress, 3 = (125x10°%)(1200x69.23) / (12.85x10°x20)

= 40.41 N/cm? = 0.404 MPa I‘L'3 =0.404 MPd

Shear stress, 74 = (125x10°)(1200%69.23) / (12.85x10°x60)

= 13.4689 N/cm? = 0.135 MPa |r4 =0.135 MPg'

With my best wishes

Dr. M. Abdel-Kader



