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1. [15Points] Fora 3-D's ucture formed by a beam with circular cross-section shown
in g 1lkalculate the de ectio ofpoint inthe direction of the applied rce
Fz (neglect the effect of bending shear). No d that C, 4Cland are
perpendicular  each other. & is along Z-direction.

[15 Points! When a hoisting cable (cro -sectional area=  and Young’s modulus
= f1)is long, eweightof e cable itself contributes e elongation. Ifa cable
has a weight per unit length of w, a length of LCand aload P attached the free

end, determine the cable elongation (5).

[18 Points] A laminated plastic beam of square cross section is built up by gluing
together three strips, each 10 mm x 30 mm in cross section, as shown in Fig. 2.
The beam has 1weight of 3.2 N and is simply supported wi  span length
L =320 mm. Considering the weight of the beam, calculate the maximum
permiss le load P that may be placed at the midpoint, if (a) the allowable shear
stress in the glued joints is 0.3 MPa, and (b) the allowable bending stre in the

plastic is 8 MPa.
V2 tio
tio

The beam has a total weight of 3.2 b= 39"

Fig. 2. The laminated plastic beam.
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[17 Points] A long, thin-walled tapered tube of circular cross..section is

subjected to a torque T, as shown in Fig. 3. The tube has length L and constant wall
thickness f. The diameter  the median lines of the cross ctions at the ends 4
and B are and dg, respectively. The shear modulus is G. (a) Find the angle of
twistofend  withrespect end . b) Determine the strain energy U.

[20 Points] Abeam with L= 2 m, Young's modulus E, and moment ofinertia I,
is subjected  a uniform load w = 1 kN/m as showninFi 4. Use £7 = 1 for
the computation (omit their unit). Consider reaction at point B as a redundant
force, and answer the following questions:

(@) Obtain the flexural strain eneirgy in  rms of /?B.

(b) Obtain  using Castigliano’s theorem.

(c) Obtain the rotational angle dg at point B using Castigliano’s theowm.

(d) Obtain the rotational angle 9q at point B using Unit load method.
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g. 4. Beam subjec d uniformly distributed load
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[15 Points] As expressed i Fig. 5, a brass pipe having the cross-section shown has
an axial load P applied € mm from its geometric axis (eccentric load). Using
f1= 120 GPaland neglecting the slope effect, answer the  llowing questions:

(@) Derive the equation of e de ection curve (also known as Secant Formula) for

the column. (Hint: isu =e n )sin(A))tcos( -1

where =

(b) If € =5, determine the load P for which the horizontal deflection at the
midpoint C is 5 mm and determine the corresponding maximum stress in the
Pin-joiht
120 mm

frll 28m

Fig. 5. An elastic column subjected loads on both ends.

Appendix: Table of integrals
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