CE 120 — Spring 2019

Instructor: M.J. DeJong Name:

CE 120 — Structural Engineering

Final Examination

Instructions:

¢ Do not open the exam until instructed to do so.

e Youare allowed two 8-1/2 by 11 inch sheet of notes, both sides, for reference. You may use a calculator and
watch, but no other electronic devices are permitted.

e Do all problems. Show all relevant work.

e Start solutions alongside or immediately following problem statements. If additional space is required, insert
additional sheets. Do not show the work for more than one problem on any given sheet of paper.
Organize and write solutions neatly. Points may be taken off for messy solutions.
Indicate units in final solutions. Points will be taken off if units are missing or signs are unclear.

e [f you have any questions, or need any paper or other materials, walk to the front of the classroom and ask the
instructor. Do not raise your hand to get the instructor’s attention, and do not call out questions from your seat.

Please sign the following Honor Pledge before starting the exam:

“I have neither given nor received aid during this examination. I have not concealed any violation of the Honor
Code. I did not use any unapproved notes or electronic devices during the examination.”

Signature:

Wood Column Design

E. s
_ B 2 Em _ R,
fcr—'_—'_=0.82 = Feg
# (ﬂ)z (ﬂ 3 /o4 Euler buckling, F,
T d (2 -

\

Pure
. 2 . crushing
- 1+ Fee/F, 1+ Fep/F; Feg/F; not permitted
Cp = — —_ i
2c 2c c
affected M
c=08F =LDF XF § W @ @ 4 & L
d
Some other expressions
Score
U=14D V.=V, +V, M,=ZF,
U=1.2D+16L ¥ E
U=12D+10L+E ¥, =2, /fba 'n=065H Problem 1:
U=09D+E 4 fy o Problem 2:
P = Ty Problem 3:
- Problem 4:
simply supported beam under distributed load: § = EFZM;_I Problem 5:
simply supported beam under concentrated load : § = 4—2%’? TOTAL




CE 120 - Spring 2019
Instruetor: M.J. Delong

Construction L 5 KD+L
Roof members:
Supporting plaster ceiling 1/360 1/360 1/240
Supporting non-plaster ceiling 1/240 1/240 /180
Not supporting ceiling 1/180 1/180 [/120
Floor members 1/360 = 1/240
Allowable Unit Stresses in psi
Extreme Fiber in Tension
Bending, Fp Parallel Modulus
Species and | Single- | Repetitive- to Horizontal | Compression | Compression of
Commercial | member | member Grain. Shear Perpendicular Parallel to Elasticity,
Grade Uses Uses” F; Stress, Fy to Grain, F. Grain, F, E
Douglas Fir — Larch (North)
?t‘:;z:u?:fm 2100 2400 1400 95 730 1650 1.900,000
Wood Section Properties
Nominal  Surfaced  Arez  Section =~ Momentof Board Feet per
bxh,  Size bxh A :—"{Jh. Modulus, Inertia, Lineal Foot of "B'i b |-
inches inches in® o - bn? in3 1 _ b oy Piece
[ 127 L7 }
4x 4 35x 35 1228 718 12,51 EER o h
= X
4x B 35x 55 19825 1765 48.53 2.00 / ¥
4x 8 35x 725 2538 30.66 111.18 2.67 o
4 x10 35 x 925 3238 49.91 230.84 3.33
4 x12 35 x 11.256 3838 73.83 415.28 4.00
4 x14 3.5 x 1325 46.38 110241 678.48 4,87
4 x16 3.5 x 1525 53.38 135.66 1034.42 5.33
Bar size, no. Nominal diameter. Nominal area, in.” p 55
U.S. (metric) in. (mm) (mm?) 3 & é‘ £ <
3(10) 0375 (95) 011D g s g3 K %
4(13) 0.500(12.7) 0.20 (129) L _,_01 L E: 3
5(16) 0.625(15.9) 0.31 (199 S 19 ES 3 s 3 5
6(19) 0.750 (19.1) 0.44 (284) 2 18 2 S 3 = 3
7(22) 0.875 (22.2) 0.60 (387) = T 9 3 3
8 (25) 1.000 (25.4) 0.79 (510) 8 g & £ s = 2
9(29) 1.128 (28.7) 1.00 (645) B 14 N z =
10 (32) 1.270 (32.3) 1.27 (819) = L3 - o 2 2
11(36) 1.410 (35.8) 1.56 (1006) 8 1y G s 2
14(43) 1.693 (43.0) 2.25(1452) § bal 5 £
18 (57) 2.257(57.3) 4.00 (2581) ~N g : b oo
lsec Iwtin thy lday Imo Iy e 30vr
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W Shapes — Properties for designing

W =weight in plf

A =area. in?

1 in moment of inertia, in.
Z = plastic modulus, in?
S = section modulus, in?
r = radins of gyration, in.

4

J = torsional constant, in.} ’?____ﬁ
All other dimensions in inches. 7
AISC Manual Labsl W A d Br fw fr Jx 2 Sy K Iy Z, Sy ry J
W14X82 820240143 101(0510|0855| 881 | 139 | 123 | 6056 | 148 (448|293 | 248 | 507
W14X74 7402181421011 0450|0785 795 | 126 | 112 | 604 | 134 |405| 266 | 248 387
W14X68 68.0|200|140|100|0415(0720| 722 | 115 | 103 | 601 | 121 (369 |242| 246 | 3.01
W14X61 6101791391001 0375|0645 640 | 102 | 921|558 | 107 | 328|215 245 | 219
W14X53 530|156 | 135|506 |0370|0660| 541 |87.1| 778|589 | 577|220 143 | 192 1.94
W14X48 480 141|138|803|0340|0595| 484 | 784|702 |585| 514 [ 196(128| 1.91 145
W14X43 430|126 |137|800(0305|0530| 428 | 696|626 (582|452 (173|113 ] 1.89 1.05
W14X38 3801121141 |677|0310| 0515 385 |615|546| 587 | 267 | 121|788 155 | 0.798
W14x34 340(100|140|675|0285| 0455 340 | 546|486 | 583 233 | 106|691 | 1.53 | 0569
W14X30 300(885| 138|673 | 0270|0385 291 |473|420|573| 196|899 |582| 149 | 0380
WH14X26 260| 769|139 (503|0255|0420( 245 (402|353 |565| 891 | 554 |355| 108 | 0358
W14X22 220649137 (500(0230)|10335( 199 (3321290554 700 (439|280 104 | 0208
W12X336 336 |989(168|134| 1.78 | 296 | 4080 | 603 | 483 [ 641 | 1180 | 274 | 177 | 347 243
W12X305 305 (895|163 | 132 163 | 271 | 3550 | 537 | 435 | 629 | 1050 | 244 | 159 | 342 185
WI12X279 279 | 819159 | 131 153 | 247 | 3110 481 | 393 | 616 937 | 220 | 143 | 338 143
W12X252 252 | 741|154 | 130| 140 | 225 | 2720| 428 | 353 | 606 | 828 | 196 | 127 | 3.34 108
W12X230 230 | 677 101|129 1.29 | 207 | 2420|386 | 321 | 597 | 742 | 177 | 115 | 3.31 83.8
W12X210 210|618 (147|128 118 | 190 | 2140 | 348 | 292 | 589 | 664 | 159 | 104 | 3.28 64.7
W12X190 190 | 560|144 | 127 106 | 1.74 [ 1890 | 311 | 263 | 582 | 589 | 143 (93.0| 325 | 488
Wi2X170 170 | 500 | 140|126\ 0560| 1.56 | 1650 | 275 | 235 | 574 | 517 | 126 | 823 | 3.22 358
W12X152 152 447|137 | 1256|0870 | 1.40 | 1430 | 243 | 209 | 566 454 | 111|728 319 | 258
W12X136 136 1399134 | 124 | 0790 1.25 | 1240 | 214 | 186 [ 558 | 398 | 98.0 | 64.2 | 3.16 185
W12X120 120 | 352|131 (123 | 0710 1.11 | 1070 186 | 163 | 551 | 345 | 854 |56.0| 3.13 12.9
W12X106 106 1312129122 | 0610|0990 933 | 164 | 145 | 547 | 301 | 7511493 | 3.1 913
W12X96 96.0(282(127|122|0550 (0900 833 | 147 | 131 | 544 | 270 | 675|444 | 3.00 5.85
W12X87 870256125121 |0515|0810| 740 | 132 | 118 | 538 | 241 | 604|397 | 307 5.10
WI12XT9 790232124 (121|0470|0735| €662 | 119 | 107 | 534 | 216 | 543|358 | 305 | 384
WI12X72 72012111123 (120( 0430|0670 597 | 108 | 974|531 195 | 492|324 | 304 293
W12X65 650(191 1211200330 | 0605 533 | 968|879 (528 174 |44.1|29.1| 3.02 218
W12X58 8B0|170| 122|100 (0360|0640 | 475 | 864 | 780|528 107 | 325|214 | 251 2.10
W12X53 530|156 121|100( 0345|0575 425 |779|706|523| 958 (291|192 | 248 1.58
WH2X50 500|146|122(808|0370|0540| 391 |719|642|518| 563 (213|139 196 1.71
W12X45 4501 13.1|12.1|805| 0335|0575 348 | 642|577 515|500 | 190|124 195 1.26
W12X40 400|117 119|801 (0295|0515 307 |570|515|513| 441 |18 |11.0| 1.94 | 0906
W12X35 350|103 125|656| 0300|0520 285 (512|456 |525| 245 | 115|747 | 154 | 0.7
W12%30 300879123 |652|0260|0440| 238 | 431|336 |521| 203|956 |624| 152 | 0457
W12X26 260|765|122 (6499|0230 (0380 204 | 372|334 |517| 173|817 (534 | 151 | 0300
W12X22 220|648 |123(403|0260|0425| 156 | 253|254 |491| 466 (366|231 |0848| 0293
W12X19 19.0 (557 122(401| 0235|0350 130 |247(213|482| 376 |298|188|0.822| 0.180
W12x16 1601471 120|3599|0220|0265| 102 | 201 | 171|467 | 282 (228|141 |0773| 0103
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Problem 1 (15 points) — A 4”x10” wood column is subjected to axial loading. The wood is dense select structural
grade Douglas Fir. The column is supported by pins at each end.

(a) Calculate the maximum allowable unbraced length of the column.

(b) The column is 10 feet tall and carries both dead load and floor live load. The column is unbraced in the strong
direction of buckling. The column is braced at mid-height in the weak direction of buckling,
Calculate the maximum design axial load P that can be sustained by the column.
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Problem 2 (20 points) — The figure below shows the roof framing plan of a steel building. The roof has a dead load
of 120 psf, which includes all dead load apart from the girders. The ceiling below is plaster. The roof live load is 40
psf. In addition, a point live load of 10 kips, which can be applied at any location on the roof, needs to be considered
in the design. The steel is Grade A36 and E; = 30,000 ksi.
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Problem 3 (20 points) — The concrete beam shown in the figure below is subjected to a uniform downward live
load of w;, = 3 kIf. The beam has a uniform cross-section that is 14” wide by 18” deep. Assume that the concrete has

J’e =4 ksi, the density of concrete is 150 pcf, and the steel is Grade 60. The shape of the shear and bending moment
diagrams are provided.

(a) Design the longitudinal reinforcement in the beam at the left support. Note: a minimum of 1” gap (i.e. clear
spacing) is required between longitudinal reinforcement bars.

(b) Design the shear reinforcement (both size and spacing) above the left support. Sketch and label the beam
cross-section at the left support, showing your final reinforcement design.

(c) You, as the designer, decide to specify the shear reinforcement spacing that you found in part (b) for the

region 0 <x <8&. For x > 8, you wish to specify the maximum allowable spacing of the shear reinforcement.
Find the required distance 8.

x 14”
< l wr = 3 kIf :
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Problem 3 (continued)
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Problem 4 (20 points) — The cable shown below is subjected to a uniform load of 100 plf over part of its span (from
point A fo point B). At point B the cable is 5 feet below support A. Support C is 5 feet higher than support A.
Assume that the cable is weightless.

Find the maximum tension in the cable. cable
w =100 pIf
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Problem 5 (25 points) ~The continuous beam in the ﬁgui"e below is supported by a pin connection at C, and a roller
at point E, The beam has a bending stiffness of E7= 1x10° k-in2. Shear deformations are negligible. Members AC
and BC are struts that can carry both tension and compression, and that do not buckle.

(a) Assume that struts AC and BC are axially rigid. This means that E4 = o0 and that point C does not move.
Determine the vertical displacement of point D due to the load of 10 kips applied at point F.

(b) Now assume instead that struts AC and BC are not rigid but have an axial stiffness of £4 = 500 kips.
Determine the vertical displacement of point D due to the load of 10 kips applied at point F.
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Problem 5 (continued)
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