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There are 6 (six) quQFtions. Answer all questions. The figures in the right margin indicate full
marks. COs and POs are also specified in the right margin of the questions. The symbols have their
usual meaning.

1. AW 18 x 71 beam (A572 Gr. 50) has to transfer 75 kip-a dead load and 140
kip-ft live load n-loment on to a W 21 x 201 (A 572 Gr. 50) column on its strong
axis through an extended end plate type connection as shown in Fig. 1.
Determine the suitable dimension as well as the thickness of the end plate and

the bolt diameter. Use A572 Gr. 50 steel as end plate material and A325 bolts.
Draw the complete diagram of the connection with appropriate dimensions.

(C03)
(D03)

(25)

W 21 x 201

End Plate

n

11

Beam

W 18 x ’71

Fig. 1 for Question 1
Explain the requirements that must be fulfilled in order to weld a beam (Col)

with endplate for extended endplate connections. (pol)

2. (a) (5)



kI

is
(20)(b) The beanl-column shown in Fig. 2 is pinned at both ends and is subjected

to the loads shown. Bending is about the string axis. Determine whether
this mernber satisfies the appropriate AISC Specification interactions
equation. Follow LRFD approach and consider rnoment amplification,
The column is not braced except at the ends. Take cb= 1.32 for nexure.

(C02)
(P02)

PD – 35 Kip

PL T 99 Kip

W 10 x 49
A 992 Gr. 50

21 QD = 5 Kip
-QL – 12 Kip

Fig. 2 for Question 2 (b)
Explain the requirements that a knee connection must fulfill in order to

be adequately designed.
Calculate the moment capacity of the plate PL ; x 7 ; attached to a gusset

plate with four bolts as shown in Fig. 3. The material is A 36 (Fy = 36
ksip F„ =: 58 ksi). Bolts are 1 inch in diameter with standard holes. Use
both LRFD and ASD Method

3„ (a)

(b)

(COI)
(POI)

(CC)2)
(P02)

(5)

(20)

7{

Fig. 3 for Question 3 (b)



a

/r 4. (a)

(b)

Explain the assumptions that are considered for using the alignment
chart to calculate the effect length of compression members.

Determine the allowable compressive load carrying capacity of the
column shown in Fig. 4. 1t consists of W 10 X 45 section having A992
(Fy = 50 1(si) steel. There are hinge support at top and bottom that allow
rotation in any direction. Also the column has weak direction support
(braced) at mid-height so that lateral deflection in prevented in x
direction. Use LRFD approach.

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

(5)

(20)

Fig. 4 for Question 4 (a)
5. Select the lightest W section for the beam shown in Fig. 5 to carry a uniformly

distributed service live load of 4.5 kip/H. The simply supported span in 30 ft.
The compression flange of the beam is fully supported against lateral movement.

Use ASD method and select for A 992 steel

(C03)
(P03)

(25)

4.5 kip/ft Live Load

Fig. 5 for Question 5

6. Design an all bolted double-angle connection between a \V 18 x 50 beam and a
W 21 x 62 girder web shown in Fig. 6 to support the following beam end
reactions RD = 40 kips, RL = 50 kips. The beam top flange is coped 2-in deep by

4 in Long. Lev =1 1/4 in., Leh = 1 3/4 in., Use 3/4 in. diameter A 325-N bolts in

(C03)
(P03)

(25)



standard holes. Beams are A572 Grade 50 material. Draw the complete diagram
of the connection with appropriate dimensions.

Girder
W 21 x 62

a

L,„ = 1 + in

Beam
W 18 x 50

Fig. 6 for Question 6
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FLEXUR AL DESIGN TABLES
3- 15

F„ = 50 ksi

Shape

W:30xl 16
W21x1 47
W24x1 31

W18x1 58
W14x1 93

Wl 2.'<21 0

W30x1 D8
W27x1 14

W21x1 32
W24x1 17

W18x1 43
W1 4><1 76

W30x99
W12x1 90
W21x1 22

W27x1 Q2
W1 8x1 30

W24x1 04
W14x1 5g

W30x90V

W24x1 03
W21x1 11

W27x94
W1 2x1 70
W18xl 19

W14x1 45
W24x94

W21x1 01

W27xi14
W1 2x1 52

W14x1 32

W18x1 06

ASD mnape does not meet the Wb limit for shear in SpecMcaHon Section C;2.la with Fy = 50 ksi.
Q, = 1.67, Q, = 0.90

lib= 1.67 1 Qb= 0.90
Q,=1.50 1 O„=1.oo

Zx

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

ma Mb
ip-ft Map-ftrASm

M(1
kip-ft
ASI)
gtI
931
923

888
886

868

8al
856

831
816

803
798

1420 1 575

1400 1 575
1390 } 575

1340 1 541
1330 1 541

1310 E 510

13w 1 522

1290 1 522

1250 1 515
1230 1 508

1210 1 493
1200 : 491

778
776

766

761

724

721

716

1170
1170

1 150
4140
1090

IQ80
1080

7UI
699

696

694

686
654

649

634

631

eal
606

584

574

1060

1 050
1050

1040
1030

983
975
953

949

Table :b2 (continued)

W Shapes
Selection by Z,

470

459
477

466
447
451
444

428

428
435

424
410
403

405
388

396

372
365

365
356

915
911
878

863

864
864

864

814
814

767

785
785

774
764
740
738

706

690
71 7
701

672

677
667

643

643
654

638
61 7
606

609
583

596

559
349

549
536

BF

mI
mA

24.7 1 37.2
13.8 1 20,7
16.3 1 24.5
10.5 F 15.7
5.27 7.92

4,24 1 6.38

23.7
21 .7
13.3
15.3

10.4
5,22

35.6
32.6

20.0
23.1
15.6
7.84

33.3
6.28
19.4
30.3
15.3

21 .5
7.79

22.2
4,18

12.9

20.2
10.2

1 4.3
5,18

20.5

18.2
12.4

19.1
4.1 1
10.1

5.11
17.3

11.8

30.9
27.4
18.7

28.8
6.18
15.2
7.68

26.0
17.7

26.4

6.11

7.70
14.6

17.6
4.07

5.13
9.70

Ln

tt

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
11.4
9.50
14.1

6.99
10,2

7.31
11,3

13,3
9.40

1,

In.4

4930

3630
4020

3060
2400

2140

L,

It

22.6
36.3
31.9
42,8
79.7

96,0

4470
4080

3220
3540

2750
2140

22.0
23.1

34.1
30.4

39.6
73.2

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

20,8
70.6

56.0
31.8

3610

3000
2670

3270
1650
21 90
1710

2700

2420

2850
1430

1 530
1910

%lx/£2y

WB®BA FM
339

318
296
319

276
347

325
31 1
284
267

285
253

305
260

279
258
241
223

249

270
237

264
269
249

201
250

214

248
239

189
221

509
476
444

479
41 3

521

488
467

426
400

427
379

463
457

390
41 9
387

361
335

375
405

355

396
404

373
302
376

320

369
358
284
332
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3- 1 6 DESldNOFr£EXUR ALM£M8ERX

Z
X

Shape

W24x84
W21x93

W1 2x1 36
W1 4x1 20

W1 8x97

W24x76
W1 6x100
W21x83

W14x1 09
W18x86
W12x1 20

W24x68
W16x89

W14x99t

W21x73
W12x1 06

W18x76

W21x68
W14x90t

W24x62

W1 6x77
W12x96

WIOx1 12
W1 8x71

W21 x62
W14x82

W24x55v
W1 8x65

W1 2x87
WI 6x67

W10x1 00

W21x57

KD–TMape exceeds coi;-;iinit for fle;ure with Fyr 50 ksi._
v Shape does not meet the hltw limit for shear idspecincation Section 62.1 d with Fy = 50 kg

Q.=1.67 1 Q„= o.90 1 Q,=1'67' Q,= o'90'
Q== 1.50 1 o== 1.oo

Zx

in.3

224

221
214

212
21 1

200
198

196

192

186

186

177
175

173

172

164

163

160
157

153
150

147

147

146

144

139

134

133

132

130

130

129

WbWx–m1
LRFD [ ASD I LRFD

FMpr/dJ+bMI

WaT
ASH

840 1 342

829 1 335
803 1 325
795 1 332

791 1 328

551
534
529

526

480
494

480
479

4&t
464

a2
437

430

429
409

407

750

743
735

720
698

698

664
656

646
645

615

61 1

GM)
573

574
563
551

551
548

382

382

374
367

367
364

358

347

391
332

329

324

324

322

540

521

503

499
495

488
488

484

Table &2 (continued)

W Shapes

Selection by Z,

3a7
300

299
302

290
285

271

274

264
253

255

2&q
250

Za)
234
229

220
222

21 5

1 99
204

206
204
1 96

194

BF

mI

A

515

504
488
499

494

462

459
449

454
436

428

404
407

412

396
381

383

368
375

344

352
344

33]
333

333

323

299
307

310
307

294
291

16.2
14.6
4.01
5.09
9.45

24,3
21 .9
6.03

7.64
14.2

1 5.0
7.90
13.8
5.02
9.04
3.95

22.5
11.9
20.8

7.54
13.6
5,93

14.1
7.74
4.89
12.9
3.93
8.49

12.5
4.80

21 .2

11.6
7.35
19.4
5.90
12.8

18.8
7.22

16.0
7.34
3.87
2.68
10.5

24.1

11.0
5.Bl
4.02
1 5.7

11.6
5.43

14.8
9.92
3.84
6.91
2.66

13.4

17.4
8.16

22.2
14.9
5.76
10.4
4.01

20.1

Lp

tt
6.89

6.50
11.2

13.2
9.36

6.78
8,87

6.46

13,2

9.29
11.1

6.61

8,80
1 3.5

6.39
11.0
9.22

6.36
15.2

4.87

8.72
10.9
9,47
6,00

6.25

8.76

4.73
5.97

10.8

8.69
9.36

4.77

Fy = 50 ksi

L, 1,

in.4

2370
2070
1240
1380
1750

ft
20.3

21 ,3
63.3
52,0

30,3

19.6

32,7
20.2

48.4
28,5
56.5

2100
1490
1830

1240
1070
1530

18.8

30.2
45.3

19,2
50.7

27.1

1830

1300
1110

1600
933

1330

1480
999

18.7
42.6

1550 1 204
11 lo 1 150

833 1 140
716 1 172

1470 1 183

14.4

27.8
46.6
64.3

19.6

1330 1 1 68
881 1 146

18,1

33.1

1 3.9
1 8.8
43.0

26.1
57.7

14.3

1350 1 187

l070 1 165
740 1 129

954 1 129
623 1 151

1170 + 171

mIm iis
mA M
a7 1 MO

251 1 376
212 1 318
171 1 256

199 t 298

210
1 99
221

1 50
177
186

1 97
176
137
193

157
155

182

123

316

298
331

226
265
279

g95
264
206

290
236

232

273
185

a1>6

225
210
257

274

252
219

2:il
248
194

194
226

256
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CE 319 : Design of Steel Structures
Connections - 3 Q:)

Extended end"plate moment
Non-seismic application

connection

Behavior of endplate
in tension zone under
flexure. Tension Range

Thin endplate behavior Beam

End plate

Endplate is thin and
undergoes bending.
This causes

development of
prying force Q.

(C >

tact
tion

Colun-In a no COI-

sep;aFt

CE 319 , Design of Steel Structures
Connections - 3

Extended end-plate moment connection
Non-seismic application: Thick endplate behavior

Tendon Zone
-.-/–

11

a

Determination of bolt diameter

Moment equilibrium:
2Ptdo + 2Ptdl + 2Ptd2 = M„
- , IP ,Ed „ = M,
D 2(@: d,2F,) Ed„ = MII

db
2Mu

HQFt :: dn



CE 319 , Design of Steel Structures

Connections - 3

Extended end-plate moment connection
Non-seismic application: Thick endplate behavior
Determination of entIplate thickness

IEnd plate thickness, tp Fl. 1 IY,(1) Map
@bF IIVY

Where, @b = 0. 9,
y, = 1.0 for extended end plate,
Fpy= Endplate yield strength,
r = yield line mechanism pararneter-,

@ M np = connectiorr strength based on bolt tension limit state.
=@[2PtEd„ I, where Pr = : db=2 Ft and @= 0.75

and F, = 90 Icsi for A:325 and 113 Icsi for A4'90 bolts.
ASTM Bolts diameters are: 1/2 , 5/8 , 3/4 , 7/8 , 1 , 11/8 , l1/4 , 13/8 , 1 1/2 inch

CE 319 , Design of Steel Structures
Connections - 3 eD

Extended end-plate moment connection
Non-seismic application: Thick endplate behavior
y = yield line mechanism parameter: Four bolt unstiffened

Geometry Yi : I', ;: i inD MechanisM Bolt Force Model

bp

b[
•

i
•

–+ 2P1 - Q,.n,.a >

-r+2(p, - Q„.., )

dI

\

End-Plate

yield
Note: Use a, = 8, if a:, > s



ann

CE 319 : Design of Steel Structures
Connections - 3

Extended end-plate moment connection
Non-seismic application: Thick endplate behavior

r = yield line mechanism parameter: Six bolt (1/2 rows) unstiffened

B[
+

e
ib• le

–+ 2(P1 - IImp)

CE 319 : Design of Steel Structures
Connections - 3

Extended end-plate moment connection
Non-seismic application: Thick end I)late behavior
y = yield line mechanism parameter: Eight bolt (1/3 rows) unstiffened

n 2(n n QIW)

n 2(P,-q„.d)
nn 2 Th

2(P, ' Q,MI )

w.=4wH HkF?#

r ,#[h(iI th(!)*h(=1-d*{bIb, *-'A)*hG*o.5nI*Yield

Note: Use PJ,I = s, ifPIl > sA B o.90



10-20

HI
4 & = 36 ksi

& I n = 58 ksl
5 Rows

Wg), 27, 24, 21, 18

Hole Wpe

L„„ in.

Coped at ToP
Range Only

Coped at Both
Flanges

SupWt AvaIlable

Strength lie1
Inch Tblckness,

lps/in.

mt

Type
STD/

CVS/
SSLT

alo-1 (c',11tirluecl)

All_Bolted Double-Angle
Connections
Tja y

Hole

Type

ITT
STD

SC

Group CtassAA

Class B

Group Class A

SC

Class B

dmb AvaHd)leMn tIt IW
STD

Ti–l–-IIt

R\t\%[W
MI#1XIW

!i£3- 1 334 1 131. 1 346 1 21.q=

'’242- 1 363_l'250=:1 375

2

V4
13/o
11/2

mrn67WF971'I 296

I,/B 1 202 1 303 l--202 t 303

q\{\{\aMl-iii-y[t' b9 1 291

\Sg! I:it93;i„„-„ ]:S,Fii!}*';'
to direction of 1 wd

d 8 1 /4 n t n 1 r e d WtI O n I n e n d d i Sb n C O I L f11 1 bacKHMM iti bIOISD I LRFD
Jar

1378

DESIGN OF SIMPLE SHEAR CONNECFIONS

Rai ThIckness, in.
;/16mLM

B3.3l125 lIM 1156

WTW':;„g\::„?
ii':\,::'91,F331,2:'9\lg:'3il za91 ig:’3

MR.iII:: 1"88.9l1 jS 1,Iii.IIi;

k:itil tls, il:a tIE ' It; I;$
ii.3 1125 M4'-,I196 1125

DT{TIRDB] 1119
67,4:1101 t 67.4l101

76.1''I 119 1 79.1 1119
@mRft 104111156

1/4

BmI 25 V 187

124
102

aBIT§3]aQ®wJ@
156

Mr
avs
SSLT
TfD

avs
SSLT
TfD
STD

g=D

avs
SSI.T

STD

OVS

SSLT

163;i 115582.4

82.o S 123

avs
Lfb'l in.

13/411/2

B\T:;{"'g
-ibT[iRl316
314 1 210 1 327

344 1 .2371'S 356229

385
! in

IFf8ijl78
285 Ploty \ 285
293 1 195 1,293

-iii-lao:I 300
314 t 'l15:'-\ 322

344 1 237,.1 356B4 a&\A

TinlR
125

158
a5

187 S187]?so
n{Int \* 79.1 \119

1'.67.41lol l?67.4ll01
79.11119 $ 79;1 1J19,

liE--IR7–lt32' : 1198

1 Id'.1168 1'12 l168
1l3 :l184 lr32 1. 198154

11/2

212

220 1 329

23M
II.P i.I PHi

202 't 303
;207 1 311

-iii-RIT8 212

28 1 329 11227
~239:1 359 1 247.minI

\

\
R

3/4--„„
Bolts

i

119 :i.1 179

150 , l225
3F3
53.9

94.9

80.7

94.9
158

SSLT

13/4

318 1 220 '1 331

228 1 342

247 1 371
gT67 T 296

2Q2' \ 303

207 1 311

318

340
371

:439
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