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The hoisting arrangement for lifting a large pipe is shown in the figure. The spreader is
a steel tubular section with outer diameter (10xSN) mm and inner diameter (10xSN-10)
mm, its length is 2.8 m and its modulus of elasticity is 180 GPa.

Q1. Based upon a factor of safety of 2.25 with respect to Euler buckling of the

spreader, what is the maximum weight of pipe that can be lifted? (Assume pinned
conditions at the ends of the spreader.)
(2)264460.78 (b)76477.535 ()51600.22 lr

(d)25538.652 (€)1153.51 (f)4498.678
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A simple beam AB of length L= 2m is loaded by a couple My = 600 N.m at the left-
hand support with flexural rigidity El= 123456xSN (N.m?).

Q2. The deflection (mm) at the mid-span (x=L/2) of the beam is:
(@)-1.215 (b)-0.17357 (c)-0.6075 (d)-0.2430 (€)-0.405 (f)-0.729
Q3. The slope (rad) at the right end of the beam (at B):
(2)0.000231 ()0.00054 (c)0.001157 (d)0.00405 (€)0.0027 ( f)0.000324
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A cylindrical tank having diameter a
d=200mm is subjected to internal gas ;
pressure p = SN (MPa) and an external -«—&4ff &
tensile load T = 4.5 kN. Assuming that the 30

cross sectional area of the cylindrical vessel Na

is (Aztﬂd)

Q4. The minimum thickness t (mm) of the wall of the tank if the allowable normal
stress at the outer boundary is 80 MPa.
(@2.5 (b)3.75 (c)7.5 (d)5 (e)6.25 (f)8.75

Q5. The minimum thickness t (mm) of the wall of the tank if the in-plane allowable

o, — O,
2
(28571 (b)17.5 (015 (d)3.571 (€)6.071 (f)12.5
Q6. If the thickness of the wall is 10 mm, find the state of stresses (o, 7,)along the

inclined plane a-a
(2)43.929,10.515 (b)35.179,8.350 (c)61.429,14.845

(d)17.679,4.020 (€)52.679,12.680 (f)26.429,6.185

shear stress (Tmax =

jat the outer boundary is 20 MPa.
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A bar in a hospital room provides a means for L/2 — [\
patients to exercise while in bed. The bar is 2.2 m |

long and has a circular cross section with a square | .
hole as shown, where d = 20xSN mm. The design || % )22
load is 1.2 kN applied at the midpoint of the bar. i & _
Q7. If h=30 mm what is the second moment of b & d

inertia (mm®) of the cross- section about z-axis.

(2)5.686x10° (b)1.879x10" (c)4.841x10°
(d)58163.706 (€)3.210x10" (f)1.943x10°

Q8. If the allowable bending stress is 200 MPa, determine the minimum value of h
(mm) (Assume that the ends of the bar are simply supported and its weight is
negligible)

(a)68.905 (b)139.882 (C)50.39 (d)29.088 (€)86.86 (f)122.272

- =
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It is known that the stresses on the rotor shaft of
a helicopter are: normal stress o, =10x SN MPa

and shear stress 7, =-5xSN MPa. Using ==

Mohr’s circle, determine the following. %_ I Al l_

Q9. The largest principle stress (MPa) on the =
rotor is:

(a)56.56 (0)49.49 (c)63.63 (d)21.21 (€)70.70 (f)35.35

Q10. The maximum shear (MPa) stress in the shaft is:
(2)108.63 (b)60.35 (C)120.71 (d)36.21 (€)96.56 (f)84.49
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For the loaded cantilever beam shown if h =12xSN mm, and b =2xSN mm
Q11. The normal stress at point C (MPa) is
(@)2.39 (b)24.11 (c)1.898 (d)L.271 (e)10.17 (f)5.208
Q1l2. The shear stress at point C in MPa is
(2)0.1831 (b)0.732 (c)0.468 (d)0.325 (€)0.239 (f)1.302
1 KN

|
500 N/m 1 s Point C h/4_'__.c
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A drive shaft is running at n=400xSN rpm and the allowable shear stress in the shaft is
=30 MPa.,

z-allow

Q13. If the outer diameter of the shaft is 60 mm and inner diameter 40 mm, the
maximum power that can be transmitted by the hollow shaft is approximately (kW):
(@)42.768 (b)342.146 (c)85.536 (d)213.84 (£)299.378 (f)128.30

Q14. If this shaft is replaced by a solid shaft that have the same material and
weight, the maximum power that can be transmitted by the solid shaft is
approximately (kW):

(2)110.34 (h)66.20 (C)176.55 (d)44.138 (€)154.483 (f)22.069
Q15. Discuss the results of Q13 and Q14
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Formula sheet, 2025
Prof. Ibrahim Abu-Alshaikh, JU, Mechanical Engineering Department

FS = FS = ; o=E&; =Gy
Oallow Tallow Gallow Tallow
- PL
o=, raverzi; s=>y 4 — I P(X) gy = ateral
A A i=1 Ei Ai EA EA(X) glongitudinal
TL 7d? d,, :outer diam. ﬁ(df - di4)
¢=——1; |, (Solidshaft of diam. =d ) = S HoIIowShaﬂ{d_ T
rora] Ol 32 5 - 32
orsion
max — T(d /2) , T = T—p(where OSpSI’zg); G= E ; P(power) =ol, 0= 2 f
l, l, 2 2(1+0)
B B
JdV =\/A —VB = - I q dx =— (Areaof the loading diagram bt. A and B)
dv . dM A A
—=—0;, —=V &
dx dx 2 2
IdM =M AT M B — IV dx =(Areaof the shear-force diagrambt. Aand B)
LA A
1_dég R -M Y. VQ . .
K'(curvature)z—:gz y , O, = |Z ; T:F’ QZIydA, QCircIeatNA:dS/]'z
o,+to o,— 0
Mohr's Circle, Ox110y1 = Oer * O it COS(Z@) as Ty Sln(29) Oaver = Ty; Ot = 2 :
Stress Trans. &
Princ. Stresses 2 2
Ty = Oy SIN(20) +7,,€08(20); 0y, =0, R, R= \/(Gdiﬁ ) + (rxy)

Hooke’s law for plane stress & vessels:

—1 — ) = E ( + ) Thi lled spherical I'G—E
g, = E(gx Vo, ) oy = 1_02 & TULE, in-walled spherical vessel: O = ot
1 pr
8y=E(Gy—UO'X)< Gy 1_ U (8 + e ) 3 | o O-axiaI:E
AV Thin-walled cylindrical vessel: ;
—U
g, = —(O'y + O'X) e(dilaation) = — =&, + &, +¢, Ohoop = =
E \Y Pt
Deflection & Buckling
£l d’v
a B Pinned-Pinned Column K =1;  Fixed-Free Column K =2 PN 7[2E|
9( | ) dv | Fixed-Fixed Column K =0.5;  Fixed-pinned Column K =0.699 o (K |_)2
slope) = —
dx
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