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QUESTION 1

A simply supported steel beam carries two point loads of 10 kN and 20 kN and a
uniformly distributed load of 20 kN/m as shown in Figure Q1. The steel beam has a
length of 3 m and a flexural rigidity (EI) of 6 MNm2.
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Figure Q1

Assuming that the steel beam has a negligible weight, calculate:
a) the reactions at Point A and D and; 4)

b) the maximum deflection of the beam. (12)

[16]
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QUESTION 2

A cylindrical concrete platform with a weight per square metre of Q kN/m? and a
diameter of 2 m is carried by a vertical steel strut (E = 202 GPa, Sy =300 MPa)

with a height of 5 m and a diameter of 50 mm as shown in F igure Q2. The bottom end
of the strut is rigidly fixed to the ground and the top end of the strut can be assumed to

freely support the concrete platform. A Rankine constant of ﬁ for pinned ends is to

be assumed for the vertical steel strut.
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Figure Q2

For a factor of safety of 1.5 calculate:

a) the maximum uniformly distributed concrete weight of Q kN /m? that will just

cause the vertical steel strut to buckle, according to Euler buckling theory;
and (8)

b) the maximum uniformly distributed concrete weight of Q kN /m? that will just
cause the vertical strut to buckle, according to Rankine buckling theory.  (8)

[16]
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QUESTION 3

The steel shaft (E = 200 GPa) of an electric motor has a diameter of 20 mm, overhangs by
250 mm and is fitted with a pulley of diameter 150 mm at the free end as shown in
Figure Q3. The pulley drives a V-belt at a constant speed of 2500 rpm such that the tension

on the load size is T; = 300 N and the tension on the slack side is T;. The V-belt has a

tension ratio % = 2.2 and a belt angle of approach and departure of 20° at the driving pulley
2

as shown.
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Figure Q3
Calculate:
a) the maximum principal stresses experienced by the overhanging shaft;  (12)
b) the angle of orientation of the maximum principal stresses and (2)

¢) the maximum shear stress experienced in the shaft of the electric motor.  (2)
[16]

QUESTION 4

A solid steel rod (E= 204 GPa,v = 0.28) of diameter 60 mm just fits inside a 5 mm
thick copper tube (E= 100 GPa, v = 0.34) of the same length. An axial compressive
force of 210 kN is applied to the solid steel rod only as shown in Figure Q4.

20 a
"L«,Gf&‘" K.
Figure Q4
Calculate:
a) the hoop stress set up in the copper tube; GEL)
b) the change in diameter of the solid steel rod and; (3)
c) the percentage change in volume of the solid steel rod. (4)

(18]
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QUESTION 5

A cylinder with closed ends has an outer diameter D and a wall thickness t = 0.1D
and 1s subjected to an internal pressure p;. Determine the percentage error involved in
using thin walled cylinder theory instead of thick walled cylinder theory to calculate:

a) the maximum value of hoop stress; and (8)
b) the longitudinal stress in the cylinder. (6)
[14]
QUESTION 6
A close-ended thick cylinder is to have an internal diameter of 120 mm and a working
internal pressure of 60 MPa. Find the needed wall thickness if the factor of safety
n = 2.0 and the yield stress of the thick cylinder material is 250 MPa using the
maximum shear stress theory.
[10]

TOTAL MARKS: 90
FINAL MARKS: 100
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ANNEXTURE 1: FORMULA SHEET

L. Quarter elliptical leaf- Maximum bending stress: o = o
spring bnt

3

Maximum deflection: & = —2&

bEnt3

2. Deflection of beams

Deflection of beam at position B relative to A:

B —
1 [, M(x)dx - %;
i=1 ET;

Yeja =

Slope of beam at position B relative to A:

B
i=1J, M(x);dx
i Bk

QB/A =

Fori =1,2, ...,n areas under the bending moment

diagram. Where X; is the centroidal distance of area i from

position B.
/ ‘ . 3 B
:-:I x = 8
7/ . '
/ - |
S ! Area = §BH
—
| _ 1B
ol & = 4
[ Area = %BH
| T, G
- Bl ]
i . 2E1
3. Buckling of Struts Euler Buckling: Py = "Lz

e
Rankine Buckling: P = ﬁ
1+a(=2

K

. - . e EE
Validity Limit: (%-)t = ’ 21;
im ¥

4. Transformation of Stress

Direct and shear plane stresses on an oblique plane 8

degrees (anticlockwise) from the vertical axis:
1 1 )
Og = —Z-(Jx + (Iy) % 5 (O'x - Jy)COSZB + TyySin26

1
=5 (o, — 0,)5in26 — 1,,,Cos26
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Maximum principal direct stresses:

1 1. 2
o =5 (crx + cry) + EJ(O'X — ay) + 413,
Maximum principal shear stress:

1 2 1
Tmax = iz\j(ax - Jy) o+ 4'7:9%31 = iE(Ul - 0-2)

Direction of maximum principals stresses:

2T
tan 26 = a4
(Ux - Uy)
5. Analysis of Strain Bi-axial strain:
Ax g, vay E
Ay Oy U0y E
Ey:y E Eg % i~ 2)(£y+vex)

AA
Ep = T Ey + &
Tri-axial volumetric strain:

Ax oy vo, vo,
=S F E E

Ay g, vo, va,
YTy T EE E

Az g, voy voy
%= " FE F E

AV Oy + 0y, + 0,
&y :?:EX+E}’+£Z:T(1_2V)
Strain in circular shafts:

AL 1 ( 200,)

=—=— — 2v0

& I £ ay, D

AD 1 ( )

=— == — — U0,

£p 5 G Op — U0p 7

AV
&y = 7 =& + ZED

Strain in thin cylinders:
AL o, voy pd
=—=—=——=—(1-2v
8a=T=F"F " apl™
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pd
€v=8L+28H=aE(5—'4-U)

Strain in thin spheres:

AH 1 pd
EH"‘"?“‘%(ZH UUH)_E(l_U)
p
E‘UZBEH =E(1—U)

Elastic constants:
E=2G(1+ v); E=3K(1-2v)

Direct and shear plane strains on an oblique plane 8

degrees (anticlockwise) from the vertical axis:

1 1 1
gg = E(ex +&)+ 5 (&x — &y)Cos26 + 3 YaySin26

Yo = —(&x — &,)Sin26 + ¥, Cos20
Maximum principal direct strains:
1 1 2
fa= 3 (st e) 45 (s -5) +73

Direction of maximum principals strains:

Vxy

(x— 8y)

tan 20 =

B T
Shear strain: ¥y, = %

6. Thick Cylinders

- B
Radial stress: 0, = A — =
"

B
Hoop stress: g, = A + =
Stresses in thick cylinders due to an internal pressure P;

and external pressure, P,:

2
Oy = ity Il - r_oz} — fory [1 — i]
r 2 r2

2 2
12— Vi
2 2 2 2
P 1 ol s 1. i
Op = ) +T'_2 ?"2—?"-2 12
o T 0 i
Pir? — Pyr?
Og = —— 5
2 2
(To - )

Stresses in thick cylinders due to an internal pressure only

(B=0)




APPLIED STRENGTH OF MATERIALS 3 ASM 301

Piriz [ roz}
Tp 2 1+
(i —1) r2
Piriz
O =
(roz - riz)

Stresses in thick cylinders due to an external pressure only
(Pi: 0)

—P,r? r
G, = ——at __
" (?.-02 - riz)

_POTOZ Tiz
Op = |1+ =
) [ r2

i
=H 0 roz
(roz - T'iz)

Diametral shrinkage allowance for compound thick

0q =

cylinder:
1
Sl = 2l A (Jh,o,inr o Uopinr)
0

1

- TE: (Uh,f,int + UIPint))

Diametral shrinkage allowance for shaft and hub:

1
5.4 = 2T (ET) (On0,int — VoPint)

1
- E (_Pint + Ulpint))
1

Torque transmitted by a shrink fit: T = 2mur?,LPy,

Frictional force to separate a shrink fit: F = 2muri, LPi

7. Failure theories

Ductile materials: Failure occurs when:
: Sy
Maximum shear stress (Tresca): oy — g3 = oy

Maximum shear strain energy (von Mises):
2

S
(01— 02)* + (0, — 03)* + (03 — 01)* = 2 (zy)

Brittle materials: Failure occurs when:

4 of 5
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Modified Mohr:

Sut
Quadrant 1: g, = o

03 ]

ut Suc

Suc
Quadrant 3: 03 > T

03

Quadrant 2: — ——>

a-
Quadrant 4: T
ut Suc n

Maximum principal stress (Rankine):

S 5y
01 zf(ifal > 0) or g3 2——;5(#03 < 0)

1
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