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1. (25%)The I-beam shown inFig. 1 isa W8x 40 structural steel (E = 29,000 ksi) wide-flange section (see table below). Determine
a. The equation of elastic curve for the region of the beam between the supports. Use the designated coordinate.
b. The deflection midway between the supports if w = 2401b/ft and L=16 ft. (10%)

_ Flange  we . .
Ates Deph Width Thickness Thickness Axis X-X Axis Y-¥

Designation™ (in2)  (in)  (n)  (in) Gn) 1Y S ) @Y  S@)  r(n)
WI0x 60 176 1022 10080 0680 0420 £ 667 . 439 116 230 257
x45 133 1010 8020 0620 0350 248 91 433 534 133 20
x30 884 1047 S810 0510 0300 170 324 438 167 535 137
‘x22 649 1017 5750 0360 0240 118 232 427 114 397 1.3
W8x40 117 825 8070 0560 0360 146 5 35 491 122 204
x31 03 800 7995 0435 0285 110 275 347 3 921 202
x24 708 793 6495 0400 0245 $28 209 342 183 563 161

x15 444 811 4015 0315 0245 480 118 329 341 170 0876
W6x25 734 638 6080 0455 0320 s34 167 270 171 S61 152

x16 474 628 4030 0405 0260 21 102 260 443 220 0967
Wsx16 468 SOl 5000 0360 0240 213 851 213 7.51 300 127
Waxi3 383 416 4060 0345 0250 113 546 172 3.86 190 100
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Fig. 1

.. (25%) A thin;wa.lled cylindrical pressure vessel with an inside diameter of 4 ft is fabricated by buti-welding 0.6-in.-thick plate
with a spiral welding as shown in Fig. 2. The pressure in the tank is 300 psi. Additional loads are applied to the cylinder through
a rigid end plate. Please determine

a, The normal and shearing stress on the plane of the weld at a point on the outside surface of the tank.

b. The principle stresses and maximum shear stress at a point on the inside surface of the tank.

P=28kip

T= 550 kip-ft

Fig. 2.’
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3. (20%) Consider a two-layer composite beam made of brass (top layer) and aluminum (bottom layer). The corresponding young’s
modulus are 100 GPa and 70 GPa. The thickness of the aluminum layer is 50 mm, and the thickness of the brass layer is 4. The
width of this composite beam is 150mm. Please answer the following questions.

(A)Determine the thickness 4 of the brass layer so that the neutral plan is located at the interface of these two layers.

(B) Based on your solution in (A), calculate the moment of inertia I.

(C) Assume the maximum allowable bending stress for aluminum and brass are 130Mpa and 30MPa, respectively. Please identify
the maximum moment. :

4. (30%) Consider a solid shaft loaded with 3 pulleys at positions B, C, and E. All of their radii are 0.15 m. This shaft is supported
by two frictionless bearing at position A and D. Please answer the following questions.
(A)Show the free-body diagram of the shaft.
(B) Draw the moment diagrams of M., M,, and M,.
(C) Use your results in (B) to calculate the required diameter 4 of the shaft according to the maximum shear stress theory.
{Assume Tiotat is 70 MPa.)
(D)Based on your calculation in (C), please identify the critical position.
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