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Exercise #9: Seismic design of bracing connections and other members

The steel frame building shown in Figure 1-2 has been designed with concentrically braced
frames (CBFs) in the North-South (y-y) loading direction and steel moment resisting frames
(MRFs) in the East-West (x-x) loading direction. Both frames have been designed for gravity
and earthquake loading. The CBF design comprises an X-bracing configuration with welded
bracing connections. The cross sections shown in the figure represent the final design of the
steel CBF. The steel components (beams, columns, and braces) have been designed with
S355J2 profile (i.e., E = 210GPa, f, = 355MPa). The stability coefficient 6 is less than 0.10
in all stories. The weight of each floor due to gravity (for all three floors) equals to G =
7kN /m?.

The following questions should be answered:

1. Check if the maximum overstrength (2 from all the brace members does not differ from the
minimum one by more than 25%.

2. Check if the diagonal bracing of the first story meets the requirements of normalized
slenderness. For simplicity, assume that [}, is half the centerline length of the brace (i.e.,
L, = (3.02 + 2.03)%5 = 3.61m).

3. Check the stability of the first story column for interaction of axial load and biaxial bending.
The steel column has pin ends in the y-y loading direction. The column is fixed at the base
in the x-x loading direction. Assume that M, ;g = 61kNm (bottom fixed end) and that
M, gq= —78kNm (top end). You may assume that the buckling length of the column in the
(sway permitted) MRF direction is 1.5L (i.e., L is the column length). Moreover, assume
that the axial force due to earthquake loading in the x-x direction equals to zero (i.e.,
Ngaex = 0).

4. Calculate the action forces on the first-floor steel beam due to gravity and earthquake
loading. Compute the bending, shear and axial force diagrams of the steel beam. Assume
k, = k, = 1.0 for your calculations.

5. Check the stability of the first-floor steel beam due to axial force and bending interaction.
The steel beam is braced laterally every [, /4 (1500mm) and it does not experience weak
axis bending. Assume k,, = k, = 1.0.

6. Design and verify the welded bracing connections of the CBF including their gusset plate.
The following considerations should be included:

a. Calculate the force demand of each connection based on the axial resistance of
each bracing member.
b. Determine the weld length including the weld resistance.
c. Design the gusset plate for both tensile and compressive loading.
d. Develop a preliminary drawing for a typical bracing connection.
The axial force diagrams for the seismic loading of the steel CBF are shown in Figure 2-2.
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Figure 1-2. Final design of steel CBF — Plan view and elevation
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Figure 2-2. Axial force diagram due to seismic loading

Seismic Engineering Prof. Dr. Dimitrios G. Lignos, EPFL 3



|PE , PEA IPE- und IPEA-Trager Profilés IPE et IPEA

A, = A-2bt; + (t,+2r) t; Maximale Lagerlangen /
_ . I Longueurs maximales en stock:
A, =(h-t) -t __ g
S“’ ) VJ‘ W Wey=—73 h<180 18m
y =7 Wpiy I h>200 24m

S;=%Wp, W, =——Y_—  EURONORM 19 - 57,
(h-t/2 b\ 1025/5, ASTM A6,

W.. = L Werksnorm/Norme d’usine
S )

O Das Verfahren PP nach SIA 263 ist O La méthode PP selon SIA 263 n’est
fur dieses Profil aus S355 bei reiner pas applicable pour ce profilé en
Biegung (n = 0) nicht anwendbar! acier S355 en flexion simple (n = 0)!

* Auch in $355J0 oder S355J2 ab * Livrable en $355J0 ou $355J2 du
Schweizer Lager erhaltlich. stock suisse.

Statische Werte / Valeurs statiques

IPE| m A A, A, L Wy W, W, iy L Wy W, i | K=I
kg/m| mmZ mmZ2 mm?| mm* mm® mm® mm?® mm| mm* mm3 mm? mm| mm*

x10° x10° x10® x10° x10° x10° x10° x 108

80*%| 6,0 764 358 284 0,801 200 214 232 324 | 0,08 369 582 105 |0,0067
100*| 81 | 1030 508 387 1,71 342 363 394 40,7 | 0,159 579 9,15 12,4 [0,0115

120%| 10,4 | 1320 631 500 318 530 559 60,7 49,0 | 0,277 865 136 145 |0,0169
140%| 12,9 | 1640 764 626 541 77,3 813 883 574 | 0449 123 19,2 165 |0,0240
160% | 15,8 | 2010 966 763 8,69 109 114 124 658 | 0,683 16,7 26,1 18,4 |[0,0353
180% | 18,8 | 2390 1125 912 13,2 146 154 166 742 | 1,01 222 346 205 |[0,0472

200% | 22,4 | 2850 1400 1070 19,4 194 203 221 826 | 1,42 285 446 224 |0,0685
220%| 26,2 | 3340 1588 1240 27,7 252 263 2865 91,1 | 205 373 581 248 |0,0898
240%| 30,7 | 3910 1914 1430 389 324 338 367 99,7 | 284 473 739 269 (0,127
270%| 36,1 | 4590 2214 1710 57,9 429 446 484 112 420 62,2 97,0 30,2 |0,157

300*| 42,2 | 5380 2568 2050 | 836 557 578 628 125 6,04 805 1256 335 (0,198
330*| 49,1 | 6260 3081 2390 117,7 713 739 804 137 788 985 154 355 0,276
360*| 57,1 | 7270 3514 2780 | 162,7 904 937 1020 150 10,4 123 191 37,9 |[0,371
400* | 66,3 | 8450 4269 3320 | 231,3 1160 1200 1310 165 132 146 229 395 |0,504

450* | 77,6 | 9880 5085 4090 | 337,4 1500 1550 1700 185 168 176 276 41,2 |0,661
500% | 90,7 11600 5987 4940 | 482,0 1930 1990 2190 204 21,4 214 336 43,1 |0,886
550 (106 |13400 7234 5910| 671,2 2440 2520 2790 223 26,7 254 401 445 |1,22
600 | 122 15600 8378 6970 | 920,8 3070 3170 3510 243 [339 308 486 46,6 |1,65

750 x 137 (17500 9290 8460 [ 1599 4250 4340 04860 303 |51,7 393 614 544 |[136
750 x 147 |18700 10540 9720 (1661 4410 4510 5110 298 |529 399 631 53,1 | 1,557
750 x 173 22100 11640 10700 [ 2058 5400 5560 6220 305 |68,7 515 810 557 [(2,71
750 x 196 | 25100 12730 11600 [ 2403 6240 6450 7170 310 |81,8 610 959 57,1 |4,06
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IPE-und IPEA-Trager  Profilés IPE et TPEA IPE. PEA

Die Profile PER, IPEo und IPEv Les profilés PER, IPEo ot IPEv W
sind im Walzprogramm figurent dans le programme
einzelner Werke aufgefuhrt. de laminage de quelques aciéries. y;*— e
PEA 80 und PEA 100 sind ebenfalls Les PEA 80 et PEA 100, également 1_—t. . -]
normiert, aber kaum wirtschaftlich. normalisés, sont peu économiques. -1
Im aligemeinen nur ab En général Iivrable d'usine ol & =
Werk lieferbar. uniquement. Tenir compte |
Mindestmengen und des quantités minimales et
Termine beachten. des délais. l | <Y
)
Walztoleranzen siehe|Seite 116 Tolérances de laminage voir p. 116 b
Profilmasse Konstruktionsmasse Oberflache
Dimensions de la saction Dimensions de construction Surface
IPE| m h b to t, r| h k a8 hy W @pn| Un U IPE
kg/m| mm mm mm mm mm| mm mMm mm mm mm m2/m m2jt
80 6.0 80 46 38 52 6 60 10 21 70 0328 548 80
100 8.1 100 56 41 57 17 74 13 26 89 0,400 495 100
120 | 104 120 64 44 63 7 92 14 20 107 36 MI10 | 0475 456 120
140 | 129 140 73 47 69 7| 112 14 34 126 38 M10 | 0551 426 140
160 | 158 160 82 50 74 91| 126 17 38 145 4 MI12 | 0623 304 160
180 | 188 180 21 53 80 9| 146 17 42 164 B0 MI12 | 0688 371 180
200 | 224 200 100 56 B85 12| 188 21 47 183 656 M12 | 0,768 343 200
220 | 26,2 220 110 59 82 12| 178 21 62 202 60 M16 | 0848 324 220
240 | 307 240 120 65,2 98 165 190 25 66 220 68 WM16 | 0922 30,0 240
270 | 361 2710 1356 66 102 15| 220 256 64 260 72 WM20 | 104 288 270
300 | 422 300 150 71 107 15| 248 26 71 279 B0 WM20 | 1,96 275 300
330 | 491 330 160 75 15 18| 270 30 76 307 86 M24 | 125 265 330
360 | 571 360 170 80 127 18| 208 31 81 335 90 M24 | 135 236 360
400 | 663 400 180 86 135 21| 330 35 B85 373 96 M27 | 147 222 400
450 | 776 450 190 94 146 21| 378 36 90 421 106 M27 | 161 207 450
500 | 90,7 500 200 10,2 60 21| 426 37 94 468 110 M27 | 1,74 192 500
550 |106 660 210 111 172 24| 468 41 80 516 120 WM27 | 188 177 550
600 |122 600 220 120 190 24 | 514 43 104 562 120 M27 | 202 166 600
750 x 137 763 263 115 170 17| 685 34 126 719 120 WM27 | 251 183 | 750x137
750 x 147 763 266 132 170 17| 685 34 126 719 120 WM27 | 251 17,1 | 750x147
750 x 173 762 267 144 216 17| 685 39 126 719 120 WM27 | 2653 146 | 750x173
750 x 196 770 268 156 254 17| 685 42 126 719 120 M27 | 265 13,0 | 750x196
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HEB

Breitflanschtrager HEB

Profiles a larges ailes HEB

A, =A-2bt, +(t +2N L,

Maximale Lagerlangen /

1 An=(h-t)-t, Wy, = Longueurs maximales en stock:
— S, = %W, 2 h=180 18m
S, = %W W, =(h_1¥7 h=200 24m
y —y ‘I:‘ 2 EURONORM 53 - 62, DIN 1025/2
Wi = .
Sl 7 Andere Bezeichnungen S
. : Autres désignations ’
|
2
* Auch in S35500 oder S355J2 * Livrable en S355.0 ou S355J2
ab Schweizer Lager erhaltlich du stock suisse
Statische Werte / Valeurs statiques
HEB| m A A, A, I, Way W, Wg, i L Wae Wpe i | K=],
kg/m| mm? mm? mm?| mm* mm?* mm?® mm?® om| mm* mm* om* mm| mm
x10° x10° x10° x10° x10* x10° x10° x 10¢
100%| 204 | 2600 904 540 450 899 100 104 416 167 335 6514 253 | 0,0831
120*%| 26,7 | 3400 1096 708 864 144 158 1656 504 318 6529 810 306 | 0139
140%| 337 | 4300 1308 896 151 216 236 245 803 5650 785 120 358 | 0,202
160%| 426 | 5430 1760 1180 249 3N 33 34 678 880 M 170 405 | 0312
180%| 512 | 6530 2024 1410 383 426 481 431 766 | 136 151 231 457 | 0,422
200%| 613 | 7810 2483 1660 670 G570 616 643 854 | 200 200 306 50,7 | 0,596
220%| 715 | 9100 2792 1940| 809 736 793 827 943 | 284 268 34 669 | 0,770
240*| 832 |10600 3323 2230] 1126 938 1010 1050 103 392 327 408 608 | 104
260*| 93,0 | 11800 37590 2420| 1492 1150 1230 1280 112 513 3085 602 6658 1,26
280°%| 103 | 13100 4109 2750 192,7 1380 1470 1830 121 659 4N 718 708 | 145
300%| 117 | 14900 4743 3090| 251,7 1680 1790 1870 130 856 6N 870 758 | 187
320%| 127 | 16100 5177 3440| 308,2 1930 2060 2150 138 924 616 0930 757 | 229
340%( 134 | 17100 65609 3820| 366,6 2160 2300 2410 145 969 646 9B6 753 | 262
360%| 142 | 18100 6060 4220 4319 2400 2560 2680 155 10 676 1030 749 | 298
400*| 165 | 19800 6998 5080( 576,8 2880 3070 3230 1M 108 721 1100 740 | 361
450*( 171 21800 7966 5040| 7889 3550 3770 3980 1N 17 781 1200 733 | 449
500 | 187 |23900 8982 6840|1072 4290 4540 4820 212 126 842 1200 727 | 550
660 | 199 | 25400 10010 7820|1367 4970 5250 5880 232 N 872 1340 717 | 612
600 | 212 |27000 11080 8840(1710 5700 6000 6420 252 135 902 1380 708 | 680
650 | 226 | 28600 12200 9900|2106 6480 6800 7320 2N 140 932 1440 699 | 7562
700 | 241 | 30600 13710 11400| 2568 7340 7680 8330 290 144 963 1480 687 | B42
800 | 262 | 33400 16180 13400 | 3591 8980 9360 10230 328 149 904 16560 668 | 962
900 | 291 | 37100 18880 16000 | 4941 10880 11400 12580 365 168 1060 1660 653 [116
1000 | 314 | 40000 21260 18300 | 6447 12890 13400 14860 401 163 1090 1720 638 |127
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Breitflanschtrager HEB  Profilés & larges ailes HEB HEB

Anstelle des nicht mehr Au lieu du profilé HEB 1100 T 1

gewalzten Profils HEB 1100 qui n'est plus laminé, on utilisera

konnen HL-Profile verwendet des profilés HL (voir pages 40/41).

werden, siehe Seiten 40/41.

W, Mit @max nur fir versetzte W, avec @max SeuUlement pour

Schrauben. boulons décalés.

Walztoleranzen siehe Seite 116 Tolkérances de laminage voir

page 118
Profilmasse Konstruktionsmasse Oberflache
Dimensions de la section Dimensions de construction Surface
HEB m h b tw tr r h k a hz w wy @max Uzm Uz' HEB
kg/m mm mm mm mm mm| mm mm mm mm mmmm m‘/m mét

100 204 100 100 6 10 12 66 22 47 80 656 M12 | 0567 27,8 | 100
120 26,7 120 120 65 N 12 74 23 656 9B 66 M16 | 0686 257 | 120
140 | 337 140 140 7 12 12 92 24 66 116 76 M20 | 0,805 239 | 140
160 42,6 160 160 8 13 15 104 28 76 134 B6 M20 | 0918 215 | 160
180 | 512 180 180 85 14 15 122 29 85 162 100 M24 | 104 203 | 180
200 613 200 200 9 15 18 134 33 96 170 110 M24 [ 116 188 | 200
220 715 220 220 95 16 18 162 34 106 188 120 M24 | 1,27 178 | 20
240 | 832 240 240 10 17 21 164 38 116 206 96 35 M24 | 138 166 | 240
260 | 93,0 260 260 10 176 24 176 42 126 226 106 40 M24 | 1,60 16,1 | 260
280 280 280 105 18 24 196 42 134 244 110 45 M24 | 162 157 | 280
300 | 117 300 300 N 19 27 208 46 144 262 120 45 M27 | 1,73 148 | 300
320 | 127 320 300 115 205 27 224 48 144 279 120 45 M27 | 177 139 | 320
340 | 134 340 300 12 215 27 242 49 144 207 120 45 M27 | 181 135 | 340
360 | 142 360 300 125 225 27 260 50 143 3165 120 465 M27 | 185 130 | 360
400 | 155 400 300 135 27 208 51 143 352 120 45 M27 | 183 124 | 400
450 | 17 450 300 W4 26 27 344 53 143 308 120 45 M27 | 203 119 | 450
500 | 187 500 300 145 28 27 300 55 142 444 120 45 M27 | 212 11,3 | 500
550 | 199 660 300 15 29 27 438 56 142 402 120 465 M27 | 2,22 11,2 | 550
600 | 212 600 300 155 30 27 486 67 142 G540 120 45 M27 | 232 110 | 600
650 | 225 660 300 16 31 27 534 58 142 G688 120 45 M27 | 242 10,8 | 650
700 | 241 700 300 17 32 27 582 B9 141 636 126 45 M27| 252 105 | 700
800 | 262 800 300 175 33 30 674 63 141 734 130 40 M27 | 271 104 | 800
900 | 291 900 300 185 35 30 770 65 140 830 130 40 M27 | 291 10,0 | 900

1000 | 314 1000 300 19 35 30 868 66 140 928 130 40 M27 | 31 9,9 |1000
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