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Question (1): (10 Marks) 314
For the shown cross-section, determine the following: 5 4
(@) The location of the centroid. T
(b) The moments of inertia about the centroidal axes. 3
(c) The direction of the principal axes. 7 T
(d) The principal moments of inertia. 3
(e) The polar moment of inertia. B 1l
(f) The radius of gyration about the centroidal —
X-axis. L2 12 cm L2, 4
Answer:
Element| b | h | 4 x Ax Ay  xxb yab | I Aeaw) | 1, Afxb) | Bge I
1 2 3 6.00 1.00 3.50 6.00 21.00 0262 -072 4.50 3.00 2.00 554 82 0.00 41.38
2 16 2 3200 800 1.00 256.00 32.00 262 322 10.67 33121 68267 21902 0.00 26933
3 2 10 | 2000 1500 7.00 300.00 140.00 4138 278 166.67 154 88 6.67 38436 0.00 24399
4 4 4 200 1733 1067 | 13867 85.33 6.72 6.45 7.11 332.77 711 360.96 3.56 350.13
66.00 70067 27833 188.94 221.94 69844 151916 904 84
a)xb= 10.62 em b)I,= 101080 cm” tan (2 Theta 1499658 d)I,= 2701.80 cm"
b= 422 em 1,= 221761 em® 2 Theta=  56.30 1,= 52670 em®
Theta=  28.15
e) The polar moment of inertia = Ix+ly = 322850 o
f) Radius of gyration i, = JI A= 391 em
Radius of gyration i, = \/m: 5.80 cm
U Ve
A v

yb= 422 -

/zl/ 12 em \1 2 4

xb= 10.62 cm |

With my best wishes
Dr. M. Abdel-Kader



Question (2): (10 Marks)
A bar of variable cross-section is subjected to axial loads as shown.
(a) Determine the maximum safe value of P.
(b) Determine the deformation of the Bronze part only due to P calculated in (a).

Given Data:

Allowable stress for bronze = 100 MPa
Allowable stress for steel = 140 MPa
Allowable stress for aluminum = 90 MPa
E =11.2 GPa

All dimensions are in cm \

P
ANswer:
()
For bronze:
Chronze = M <100 N /mm? > <100 .. P<600000N ...(1)
50 x 40
ronze
For steel:
Catum = M <140N/mm?> > P <140 .. P<840000N ...(2)
lum 150x 40
For aluminum:
3P

Ogeel = Peel < goN/mm? > <90
el (300-160) x 40

Form (1), (2) and (3), the maximum safe value of axial load P = 168000 N = 168 kN IPSafe =168 kNI

.. P<168000N ...(3)

(b) E=11.2GPa=11.2x10°* MPa = 11.2x10° N/mm?

Ao PL 168000 x 400 1 mm

TEA  11.2x10%x (150x40)

With my best wishes
Dr. M. Abdel-Kader



