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lght malmspecined ilCOS anI

usual meaning

The figures in the right margin indicate fujl
gin of ale questions. The symbols have their

(COI)
(POI)
(C02)
(P02)

(5)

(15)

1. (a)

(b)

Explain the process of residual stress development in rolled flat bar with
schematic diagrams. , . _

:Is} li T::e:1til TiITTIlji {:iFI::itwET!:fri:::3Tj ! ;p=:11
LIU'D method.

PL 12 xg

-3"-3'-3"q'’–3"+-3'2

Fig.1 for Question 1 (b)
Explain the considerations we assuHK for the design of structures2. (a)

(b)

(COI)
(POI)
(C02)
(P02)

(5)

(15)
Calculate the nexural strength of a W 14 x 68 of A 572 Grade 50 stee1

subjected to
1. Continuous lateral support

11. An unbraced length of 200 with Cb = 1'C)

111. An unbraced length of 30f\ with Cb = 1 '0



(C)
Deslgn the beam shown in Fig.2 using the lightest W section with A 992
steel (FY = 50 ksi) to achieve full plastic moment capacity

(C03)
(P03)

(7.5)

1.4 kip/ft (superimposed)

Lateral support of
compression flange

VertIcal Support

Fig.2 for Question 2 (c)

3. (a)

(b)

Explain the assumptions that are considered for an ideal column (COI)
(POI)
(C02)
(P02)

(5)

(7.5)Calculate the effective length factor K, for the columns AB and BC of
!he rigid fmme shown in Fig. 3. Each member is oriented so that its web
is in the plane of the frame

RrX
12

W 24 x55 BIA W 24 x68
Rr
X

12’a\Ir
W 24 x55 BIB W 24 x68

aP
X
OJ 15r

B CA A r\W/, m. m,
20'; 20„ J J -.18' +

Fig.3 for Question 3 (b)

(C) Design a column with an effective length L, = 26 feet and which has to
resist a service dead load of 1 00 kips and a service live load of 300 kips.
Select a W 18 shape with Fy = 70 ksi. Use ASD Method. -

(C03)
(P03)

(15)
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+For hot.rolled 1 shapes in flcxurc,

SUMMARY OF MOMENT STRENGTH
The procedure for colnputatiolt of nonrin81 moment strength for 1 and C'sh?ped scc'

ti in: lx,11t about the 1 ixis \\'iII no\v b sumnrarizcd. All terns in tIle rollo\yjng egm'
iii;u have been previously dclincd. altd /\lsc equation numtwr5 \\'iII not tIe sho\yn

This summary is for compacl and noncompact shnFS (nnncompacl Ranges) onIY trIO
slender shapes)

1. Dcterllrine whether the shape is compact.
2. If the shape is compact, check for lateral.torsionul bucklill8 as follows'

If Lb s Lp. there is no LTB, and A/, =:: NI 1,

IIL; < Ll $ L1. there is inclastic LTB. aid

If th > Lr, there is elastic LTB, and

.\t „ = F„S , s St ,

\vIscrc

3. If the sllalw is noncomp act because of the flange. the nominal strength \viI!

be the smaller of the strcn8tlls corresponding to flange local buckling and

lateral.torsionol bucklill8.

a. Flange tocal buckling:
If A 5 A,. there is no FLB

If Ap < X 5 A,, the flange is noncomlwct. and

1\ht 1 4 n }\ r p n ( It f p H 1) b 7 F)JJ ) ( H )

b. Lateral.torsionul buckling:

If Lb 5 Lp. there is no LI'B

IrLr < IIb 5 1,1. there is inclasth UB. and

II La > 1.,. there is elastic LTB, and

XI, - F„S, s RIp

where

F :a = n \rm&LH
IATEIUIL BRACING REQUIREMENI

Unbl-,Iced lenlidl Lp to dclrieve just Mp : Inelastic l'TB of compact
sections (Case•2)

f = 1 p 7 6+ +B = yer)k s i ( 9 f 5 n 5 )

Unbrdced length I, to achieve M, = 0.75.5, : LTB of compact sections C(:ase•3).

'.= '.„,..#M„. (9.6.6)

for a doubly symmeun l-graF

for a ctHnncl

hn = dinancc between tIn Range ccntroids, in.

To su nllnllrlzc,

E

When L' s 4.71
r .r

Ft\ = (o.658/;' 'V;")F.

F„ ’= o.877F,

!’
Effective
Length
FOr no joint

translation

I\,-L..,,
J_I_ =pJ--
1/

(b) 1:ltd rotuliolts Icl Ollcend

fully restrained nhlmincd, other
ulllc strained

(a) End rotations
unrestrained

Stiffness modification factors for beams:

Far end of beam hinged

Far end of beam fixed
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Fl..EXUR AL. DESIGN TABI vES 3–1 5

Fy = 50 ksi

Shape

W30><116

W21 xl 47

W24x131

W1 8x1 58

W14x1 93

W1 2x21 O

W30x1 Q8

W27xl 1 4

W21x1 32

W24><1 17

W18x143

W14xl 76

W30x99
W12x 190

W21 xl 22

W27x1 02

W1 8x1 30
W24x1 Q4
W14x1 59

W30x90V

W24x1 03

W21x1 11

W27x94
W1 2xl 70

W18xl 19

W14x1 45

W24x94
W21x1 01

W27x04
W1 2x1 52

W14xl 32

W18x1 06

APPFq v : a: c1 V1sOn o! T rf= Jf1r rw I t m t t F o r s h e a rI n Spec to caO on Sec HonG 2 HI a with Fr = 50 ks iI

IIb = 1.67 1 +b= 0.90
£2,= 1.50 1 @:=1.oo

Z,

In.3

378

373

370
356
355
348

346

343

333
327
322

320

312
31 1

307

305

290
289

287

283
280

279
278

275
262
260

254

253

244

243

234

230

m)
kip-ft

WBc:/a
kip-R I kip-ft
SASD

943

931
923

888
886
868

1300 1 522

1290 1 522

1250 1 515

1230 1 508

1210 1 493
1200 1 491

863
856
831

816

803

798

778

776

766
761

724
721

716

1170

1170
1 150

1 140
1090

1080
1080

706
699

696
694

686
654

649

634

631

009

606

584

574

1060
1050
1050

1040
1030
983
975

953

949

915 1 372 1 559 1 17.6 1 26.4 ) 7.31

911 1 365 1 549 1 4.a7 1 6.11 1 11,3
878 1 365 1 549 : 5.13 1 7.70 1 13.3
863 1 356 1 536 1 9.70 1 14.6 1 9.40

Table 3-2 (continued)

W Shapes
Selection by Zx

1420 1 575 1 864 IIU.I
1400 1 575 1 864 13.8

1390 1 575 1 864 16.3
1340 1 541 f 814 : 10.5
1330 1 541 1 814 F 5.27
1310 1 510 1 767 4,24

470

459
477

466
447
451

444

428

428

435

424

410

403

405
388

396

%/Ph BF

8MNIiTai
LRFD USn

785

785

774

764

740
738

706
690
717
701

672

677
667

20.5
18,2
12.4
19,1

4.1 1
10.1
5.11

17,3
11.8

643

643

654

638

617

606
609

583
596

37.2
20,7
24.5
15.7

7.92
6.38

35.6
32.6
20.0

23.1
1 5.6
7.84

23.7

21 .7
13,3

15.3
10,4
5.22

22.2
4.18
12,9
20,2
10,2
14.3
5.IB

33.3
6.28
1 9.4
30.3

15.3
21.5

7.79

30.9
27.4

18.7

28,8
6.18

1 5.2
7,68

26,0
17.7

Lp

It

7.74

10.4
10.5

9.68

14.3
11.6

7.59
7.70

10.3
10.4

9,61
14.2

7.42
11.5
10.3

7.59
9.54

10.3
14.1

7.38
7.03

10.2

7.49
31 ,4

9,50
14.1

6.99
10.2

+TanFr WFM
4930 [l3il–5bi
3630 1 318 1 476

4020 1 296 1 444
3060 1 319 1 479

2400 : 276 1 413

2140 1 347 1 521

22.6

36.3
31.9

42.8
79.7

96.0

22.o F 4470
23.1 1 4080

34.1 1 3220
30.4 1 3540

39.6 1 2750
73.2 f 2140

21 .4

87.3
32.7
22.2

36.7
29.2

66.7

3990
1890

2960
3620
2460

3100

1900

20.9
21.9

31.3
21.6
78.5
34.3
61 ,7
21.2
30.1

361 0
3000
2670

3270
1650

2190

1710
2700
2420

20.8 F 2850 1 246 1 369
70.6 1 1430 f 239 1 358

56,o [ 1530 1 189 f 284
31,8 1 1910 1 221 1 332

325
31 1
284
267

285
253

308
305
260

279
258
241

223

249

270

237

264

269
249

201
250

21 4

488
467
426

400
427

379

463
457

390
419

387
361

335

375

405
355

396

404
373

302
376
320

Ab-trRlcAN INSTITUTr or SrEEL CONSTRt:CTION. INC



b

3-16

Z
X

Shape

W24x WI

W21x93

W1 2xl 36

W1 4xl 20

W1 8x97

W24x76
W1 6x100

W21x83
W1 4x1 Og

W18x86
W1 2x1 20

W24x68

W16x89

W14x99t
W21x73

W1 2><1 06
W18x76

W21x68
W14x90t

W24x62

W16x77
W12x96

W10xl12
W18x71

W21 x62

W14x82

W24x55v
W1 8x65

W1 2x87
W16x67

W1 0x1 00
W21x57

LXFO aIEE %Tse S : t :TeRat:el i D FJ : :i! i nfourr E t = : : iHh IL S=p :: fIE: I•t ion Section G 2 F 1 a wah Fy= mk sil

h= o.a) I Q,= 1.67, b,= o.90,

n== 1.50 1 Q:

a,= 1.67 1 d
= 1.00

=W4MW-MIX/QM
'x [kip:n ] kip-n 1 kip-ft I kiP-fI

MrA$mRFD
a4
221
214

212

21 1

551

534

529

526

200

198
196
192
186

186

177
175

173
172

164

163

494
489

479
464

464

442
437

430
429

409
407

160
157

153

150

147

147

146

144

139

382

382

374

367
367

364

134
133

132
130

130
129

Table &2 (continued)
W Shapes

840

829

803

795

791

750

743
735

720
698

698

664
656

646
645
615

61 1

573

574

563

551

551

548

540

521

503
499

495
488
488

484

347

334

332
329

324
324

322

Selection by Z,

342
335

325
332

328

515
504

488
499

494

3a7
306

299
302

290
285

289

271

274

264
253

255

462

459

449

454
436

428

404
407
412

396
381

383

245
250

229
234

229

220

222

368
375

344
352

344

331

333

333

323

299

307
310

307
294
291

21 5

190

204
206

204
196
194

BF

m1

A
16.2

14.6
4.01

5.09
9.45

15.0
7,90

1 3.8
5.02
9.04
3.95

14.1

7,74
4.89
12,9
3.93
8.49

12.5
4.80

16.0

7,34
3.87

2.68
10.5

1 1 .6
5,43

14.8
9,92
3,84

6.91

2.66
13.4

DESIGN OF FLEXURAL MEMBERS

Lp
It

6.89

6,50
1 1 ,2

13.2
9.36

24.3

21 .9
6.03

7.64
1 4.2

6.78

8.87
6.46
13.2
9,29

11.1

22.5
11.9

20.8
7.54

13.6
5.93

6.61
8.80
13.5
6.39
11 .0
9.22

21 .2

11.6
7.35
19.4
5.90

12.8

6.36
15.2

18.8
7.22

4.87

8.72
10.9
9,47
6,00

24.1

11.0
5,81

4.02
15.7

6.25

8.76

4.73

5.97

10.8
8.69
9.36
4.77

17.4
8.16
22.2
14.9

5.76
10,4

4.Ol
20.1

Fy = 50 k§i

HM
& Wc mI

msTD LRFD

L,

ft

20.3

21 .3
63.3
52,0
30.3

2370

2070

1240
1380

1750

2100

1490
1830

1240
1070

1530

19,6

32.7
20.2

48.4
28.5

56.5

1830
1300
1110

1 600

933
1330

18.8
30.2
45.3

1 9.2
50.7
27.1

18.7
42.6

1480

999

1550
1110

833
716

1170

14.4
27.8
46.6
64.3

19.6

1330
881

1350
1070
740

954
623

1170

18.1
33.1

13,9

18.8

43.0
26.1
57.7

14.3

a7
251

21 2
171

199

210

199

221

150

177
186

197
176
137

193
157

155

182
123

204
1 50

140

172

183

168
146

167

165
129

129
151

171

340
376

318

256

298

316

298
331

226
265

279

295

264
206

290
236
232

273
185

306

225

210
257

274

252
21 9

251

248
194

1 94

226

256
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