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INSTRUCTION: Answer only FOUR questions.
Please use the answer booklet provided.

Question 1

A wide flange beam with cross sectional area as shown in the Figure 1 below is loaded with
multiple forces.

A
_1_{}{}{}1\] 20 mm = lﬁ .
B-
6 kN/m I c 150 mm
N ‘ I A
20 mm —~{ |«
Y Y Y 150 mm
AI,I oY — — ——] B 20 mm : [ W :
_é_ I D
X ‘ ~— 250 mm —»
——— 2m | 1m 4‘ ®)
Figure 1

i. Express the internal shear and moment in terms of x.
(20 marks)
ii. Draw the shear and moment diagrams for the beam.
(8 marks)
iii. Determine the position and the magnitude of the absolute maximum bending
(flexural) stress.
(7 marks)
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Question 2

The rigid bar is supported by the pin-connected rod CB as shown in the Figure 2 that has a
cross-sectional area of 14 mm? and is made from 2014-T6 aluminium. Determine the vertical

deflection of the bar at D when the distributed load is applied.

Figure 2
(25 marks)

Question 3

The state of stress at a point on the surface of loaded beam is shown on the element in the
Figure 3. Use Mohr’s circle to determine the principal stresses and maximum in-plane shear

stress. Show all necessary sketches.

90 MPa
_T_, 60 MPa
«—
!
Figure 3

(25 marks)
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Question 4

The steel tank (specific weight of ys = 78 kN/m®) in shown in the Figure 4 has an inner radius
of 600 mm and a thickness of 12 mm. It is filled to the top with water (specific weight of y,, =
10 kN/m®). Determine the state of stress at point A. The tank is open at the top.

Figure 4
(25 marks)
Question 5
The steel cantilevered beam in the Figure 5 is loaded as shown. Determine:
i. The elastic curve for the cantilevered beam using the x coordinate
(13 marks)
ii. The maximum slope and the maximum deflection
(12 marks)

Use E = 200 GPa.

50 kN/m
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Figure 5
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Question 6

a. The A-36 steel W200 x 46 member shown in the Figure 6 is to be used as a pin-
connected column. Determine the largest axial load it can support before it either
begins to buckle or the steel yields.

Figure 6
(15 marks)

b. A steel tube with an outer diameter of 60 mm is used to transmit 7000 W when
rotating at 30 rev/min. Determine the inner diameter d of the tube to the nearest mm

if the allowable shear stress is T0w = 70 MPa.
(20 marks)

END OF QUESTION
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APPENDIX
Yield Strength Coef. Of
Material Den5|ty p E G (MPa) Poisson’s Thermal
(Mg/m ) (GPa) (GPa) Tens Com Shear Ratio Exg) a
: P (10°°C)
Aluminium
2014-T6 2.79 73.1 27 414 414 172 0.35 23
Steel A-36 7.85 200 75 250 250 - 0.32 12
Web Flange | Flange X-X axis y-y axis
Designation Afa Deg)th thickness | width | thickness |6 S ; I6 S ;
mm x kg/m 2 tw bs tr 10 (10° 10 (10°
(mm) | (mm) (mm) (mm) mm) | mm® | mm? | M |yt | mm® | (M)
W200 x 46 5890 203 7.24 203 11 455 | 448 | 87.9 | 153 | 151 51
W360 x 45 5710 352 6.86 171 9.8 121 688 146 | 8.16 | 954 | 37.8
Simply Supported Beam Slopes and Deflections
Beam Slope Deflection Elastic Curve
P -PL? _—-PL?
max = T6ET R Ty v= 4SEI )
0=x=1L/2
_ —Pab(L + b)  —Pba » s | —Pbx 2 s
VT TTeEIL Al Al T G )
_ Pab(L + a) 0=y <
*T T GEIL r=a
_ ML _ —MyL? _ —Myx B 5
& 3E] *w_\/ﬁEI v = GEIL(x 3Lx + 2L%)
o _ MiL
> 6EI
_—wk? _ =Swi = V% (33 oLxt + L)
™ = O4ET Vmax = 3R4ET = el *
= —3wlL’ —5wit 3
L = ToRET .., = F6RET v= 33451 X (16x% - 24Lx% + 9L7)
0=x= L/Z
_ Twl? _ wL
2 = 38aE1 Vmax = 0006563 = 384EI (8x 24Lx%
: + 17L%x — L?)
at x = 0.4598L Li2=x<L
_ 77"—‘0[‘3 _ WOL 2.2 4
6 = 360FT Vnax = 000652— V= m@x =10L%*x*+7L%)
6 = L = 05193 L
2= BET atx =0
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Material Property Relations

Poisson’s ratio
€lat

elong

V==

Generalized Hooke'’s Law
e = 5[0 — ey + 0]

1
€y = E [O'y - 1’(’-”'x + o’z)]

1
©=x [o; — v(o; + )]

1 1 1
Yoy = E"ny. Yoz = E'ryz. Yex = E Tex
where
o E
2(1 +v)
Relations Between w, V, M

Buckling
Critical axial load T2El

=~ (KLY

Critical stress E
=———r=VI/A
e = &L~ VY

Secant formula

[ e (2E)]
Tmax = 4 25\ 2y VEA

Energy Methods

Conservation of energy
U=y
- NL
' 24E
L M2dx .
U= J; Bl bending moment
AL
i) 26A

Strain energy
constant axial load

transverse shear

L2
U, =J‘ —— torsional moment
26y
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Triangular area

F—a— A=1na+b
-

- x
_L ., j—:\%%h

“Trapezoidgl area

Exparabolic area

o=
non
Ly
% %

o
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Axial Load
Normal Stress
- P
o A
Displacement
5= I L p(x)dx
)y AXE
PL
§=2 iE
8y = aATL
Torsion

Shear stress in circular shaft

Tp
T=—
J
where
J= %c“ solid cross section
J= %(co‘ — ¢;*) tubular cross section
Power
P=Tw=27fT
Angle of twist
B J‘ LT(x)dx
- b J(x)G
TL
¢=276

Average shear stress in a thin-walled tube

T
e T 24,
Shear Flow T
g = Tayl = E'A'_m
Bending
Normal stress
My
T
Unsymmetric bending
M, M,z I
o=—-—24+-= tana == tan @
Iz I}' l}’
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Shear

Average direct shear stress

_Vv
TIVS - I
Transverse shear stress
vQ
T=—
t
Shear flow
_oe
qg=T 7

Stress in Thin-Walled Pressure Vessel

Cylmder pr pr
n=T nTy
Sphere pr
=o=g

Stress Transformation Equations

o, +oy o, — T

oy = + ? cos 20 + 7, sin 20
2 2
o= Gy |
Tey = — sin 20 + 7., cos 28
Principal Stress
Tay
tan20, = ————~
A 0',)/2

' o+ oy Oy — O,
7127, = ( ) +7h

Maximum in-plane shear stress

o, — a,)/2
tan 28, = _(_X_L
Tay
o, = 0,\?
Tmax = ( 2 y)"'fiy
o, t+o,
Unvs=d_2_

Absolute maximum shear stress

T = Tmax ~ Tmin
3 2

Omax + Tmin
IT.'! = 2



