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Q. 1 A tank that is to be made by rolling flat .‘
sheets SAE-1040 into the spiral shape Spiral welds - I
shown, where the spiral makes an angle
of 65° with the horizontal axis of the tank.
The design internal pressure s
p=(1000+100xC) kPa. The inside diameter
has been specified to be 900 mm to
create the desired capacity in the tank.

A. Specify a suitable thickness for the steel sheet to provide a design factor of 4 based

on yield strength of the steel used (Oy = (500 + C) MPa.)

B. For the final design of the tank, determine the stresses on an element aligned with
the weld.
C. What is the change in thickness due to the internal pressure?
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Q.2
A) A sling, is designed to carry a maximum
load of (50+C) kN. Up on the Euler buckling
critical load design (find the diameter of
the solid spreader) the spreader with

factor of safety 2.5. :
B) According to the normal stress in the II {50C) KN max j

cables above the spreader, design (find Nominal Approximate'i Effective‘ Ultimate
the nominal diameter of the cable) the elght area | load

Wire

fo—-2.5 m—-/

) (mm) (N/m) C(mm’) | (kN)

Cables to provide factor of safety 8 based ™17, 6.1) (76.7) (102)

on ultimate load. (20) (13.9) (173) (231)

C) What is the maximum shear stress in the %¥ \et) (304) (406)
o . (32) (38.5) (481) (641)

solid wire if its diameter is (38) (55.9) (697) (930)
(44) (76.4) (948) (1260)

(50) (99.8) | (1230) | (1650)
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Q. 3 The beam shown carries a (C+ 10)
kN load attached to a bracket
below the beam.

A) Compute the stresses at points M
and N, where it is attached to the
column.

B) Find the principle stresses and the
maximum shear stress at one of
them

C) Assuming that the bracket is rigid,
find the displacement of the point =10 cm

of application of the load. ‘7 M
50cm—'|

(10+C) kN
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Q. 4 The load shown is being carried by an extruded aluminum (E=(C+10) GPa) beam
having the cross sectional area shown.

a) Draw the shear force—Bending Moment diagrams.

b) Find the location of neutral axis as well as the moment of area of the cross section

¢) Compute the deflection of the beam for each load separately.

d) Use the superposition principle to find the total deflection at the mid-span

e) Use the superposition principle to find the total slope at the roller.

f) Find the maximum shear stress in the beam

g) Find the maximum normal stress in the beam

h) Find the shear stress in the web at point B

1200 N 600N 1200N 45 mm

150 l 400 mml 400 mm 1 150 |- B

|

20 mm 25 mm 20 mm }

-

cross section
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Formula sheet, 2025
Prof. Ibrahim Abu-Alshaikh, JU, Mechanical Engineering Department

O-y TY . Gu z-u . .
FS = and FS = - FS = and FS = , o=Eg; =Gy
Gallow Tallow Gallow Z-allow
" PL h
O'ZE; Taver:E; 522 i |; 5:E’ 5:J' P(X) dX; — Elateral
A A i=1 EAj EA 0 EA(X) glongitudinal
( ‘ outerdiam.) (A —d}
¢ = L; |, (Solidshaft of diam. = d) = rd S (HollowShaﬁ{j_o_:OUterd(j_lam'j = M
F_’l_owe_r& Gl . 32 j :inner diam. 32
orsion
:T(d /2) ; Z'ZT—p<where ngsrzg); G= E ; P(power)za)T; w=2rf
e l | 2 2(1+0)
(B B
dv dM jdV =VA —VB = - J‘ q dx =— (Areaof the loading diagram bt. A and B)
g 22 VAR A A
dx dx r r
IdM =M AT M B = .[V dx =(Areaof the shear-force diagram bt. Aand B)
LA A
1 dfé -¢ -M \Y
& (curvature ) =T yx L 0= LA =I—S; Q=[ydA; Queaina =d°/12
. . O, + Gy ) o, —Gy
Mobhr's Circle, Oy Gyl = Oaver A O gife COS(ZQ) * Txy SII’I(ZQ), Oaver = T’ O gitt = 2

Stress Trans. &
Princ. Stresses

Ty = —Ogy SIN(20) +7,,€08(20); 0y, =0,,*R; R= \/(Jdiff )2 + (z'xy )2

Hooke’s law for plane stress & vessels:

1 E _ _ pr
&, = _(Gx — Uo—y) o, = > (gx + Ugy) Thin-walled spherical vessel: O = —
E 1-v 2t
1 pr
16, =2 (0, —va) oy =1 s, +os) Toin = gt
AV Thin-walled cylindrical vessel:
-V o pr
g = E(ay + O'X) e(dilatation) = — = ¢, + &, +¢&, Ohoop = Fy
Deflection & Buckling
£ dv
dx? N Pinned-Pinned Column K =1;  Fixed-Free Column K =2 - =
dv | Fixed-Fixed Column K = 0.5; Fixed-Pinned Column K =0.699 o (K |_)2
9(slope) = d—
X
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