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AISC Live Webinars

Thank you for joining our live webinar today.
We will begin shortly. Please standby.

Thank you.

Need Help?
Call ReadyTalk Support: 800.843.9166

There’s always a solution in steel.

structural

STEEL

AISC Live Webinars

Today’s audio will be broadcast through the internet.

Alternatively, to hear the audio through the phone, dial:
(800) 289-0462 Passcode: 213205
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AISC Live Webinars

Today’s live webinar will begin shortly. Please stand by.
As a reminder, all lines have been muted. Please type any

questions or comments through the Chat feature on the left portion
of your screen.

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial:

(800) 289-0462 Passcode: 213205

AISC Live Webinars

AISC is a Registered Provider with The American Institute of Architects
Continuing Education Systems (AIA/CES). Credit(s) earned on
completion of this program will be reported to AIA/CES for AIA
members. Certificates of Completion for both AIA members and non-
AIA members are available upon request.

This program is registered with AIA/CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the AlA of any material
of construction or any method or manner of handling, using,
distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will be
addressed at the conclusion of this presentation.
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AISC Live Webinars

Copyright Materials

This presentation is protected by US and International Copyright laws. Reproduction,
distribution, display and use of the presentation without written permission of AISC is prohibited.

© The American Institute of Steel Construction 2018

The information presented herein is based on recognized engineering principles and is for
general information only. While it is believed to be accurate, this information should not be
applied to any specific application without competent professional examination and verification
by a licensed professional engineer. Anyone making use of this information assumes all liability
arising from such use.

Course Description

Session L4: Design of the Braced Frames
October 1, 2018

This live webinar presents the design of the buckling restrained braced
frames including: sizing braces, beam and column design, gusset plate
design and connection analysis. The session will also cover plastic
mechanism analysis, base plate design and concludes with a course
summary.
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Learning Objectives
» Describe the steps for the sizing of braces.
» Describe the steps of a plastic mechanism analysis.

» Describe the steps for the design of the beams and
columns.

» Describe the steps for the design of the gusset plates.

Seismic Design in Steel:
Concepts and Examples

Session L4: Design of the Braced Frames
October 1, 2018

Rafael Sabelli, SE
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Course objectives

» Understand the principles of seismic design of
steel structures.

» Understand the application of those principles to
two common systems:
o Special Moment Frames
o Buckling-Restrained Braced Frames.

» Understand the application of design
requirements for those systems.

Resources

» AISC Seismic Design Manual

» Ductile Design of Steel Structures,
Bruneau, Uang, and Sabelli,
McGraw Hill.

» Earthquakes and Seismic Design,
Facts for Steel Buildings #3.
Ronald O. Hamburger, AISC.

» Other publications suggested in
each session

Ductile Design of

STEEL
STRUCTURES

10
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Other resources

» AISC Solutions Center
o 866.ASK.AISC (866-275-2472)
o Solutions@AISC.org

» AISC Webinars
o Webinars@AISC.org

Course outline

Partl: Concepts

R1. Introduction to effective seismic design
R2. Seismic design of moment frames

R3. Seismic design of braced frames

R4. Seismic design of buildings

12
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Course outline

Partll: Application

L1. Planning the seismic design

L2. Building analysis and diaphragm design
L3. Design of the moment frames

L4. Design of the braced frames

13

Session L4:
Design of the braced
frames
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Session topics

* Buckling-restrained brace sizing
* Plastic mechanism analysis

« Column and beam design

* Final analysis

» Gusset connections

+ Base plate design

* Improved performance

» Course summary

15

BRBF design overview

» Compute demands » Size beams and
using design base columns for PMA
shear forces

» Size braces (fuses)  Final analysis

« Compute maximum o Confirm period
brace forces o Determine drift

« Perform plastic » Design connections

mechanism analysis

16
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Seismic Design in Steel
Session L4: Design of the Braced Frames

Brace sizing

There’s always a solution in steel.

structural

STEEL

Braced-frame model

© e O ©

i 1.4E i
X ,  typical i
Roof _ . o—nBs o
_*c I 1/’\1 Pin braces
_¢A‘."_._ sk o ?  Pinbeams
o8 Pin all and columns
y | gravity & o
*3._._._*. -/\1 collector
beams
_¢2n_d_ ) g E ) Vo' O
3 %’ Pin all :
973 Pin column
L gravity bases
_¢ls.t ....... ) column:&.

18
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Braced-frame forces

®

~gRoof ) 66K
4% ) 50K
3% mm) 38K
4% > = 19K
- / \,a, Sl
Forces derived in sessions L1 & L2 19

Braced-frame forces
@ As an alternative to introducing pins in the model, the

analysis results can be examined to confirm that the
braces resist close to 100% of the required base shear.
1 1 Brace forces can be adjusted upwards if necessary

O

_4;5.0_0.1‘.

Level | Frame | B, ) Frame | Frame
4th Ew pBZan sz an
4’ o (kips) (kips) | (kips)

Roof | 66.0 | 1.02 | 1.30 87.6 88
59.2 | 1.03 | 1.30 79.3 167
) 3 38.3 | 1.03 | 1.30 51.3 218
18.7 | 1.04| 1.30 253 243

_4;3?‘_ -
_4;2”."_ .

Forces, p, B, derived in sessions L1 & L2 20

Copyright © 2018
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Seismic Design in Steel

AISC Live Webinar Series
Session L4: Design of the Braced Frames

October 1, 2018

Force-based design

|74
P =— - Assume braces resist
u 0
2 cos @ 100% of story shear Ve=pp
Pu Design braces precisely to calculated capacity

A = — e
sc @Fy (Pu_¢Pn_¢FyAsc)

Do not include gravity load

AISC 341 EQ F4-1 21

Brace design

» Specifying area » Specifying strength

o “Ag. = 5.00 in? o “OPg, = 200K”

o Allow o Allow
+ 38ksi < F,< 46ksi - 38ksi < F < 46ksi

o Determine area o Determine area for model
* Based on F, 2 38ksi * Based on R F, = 42ksi

o Determine expected o Determine expected

brace strength brace strength
* Based on R F = 42ksi * Based on R F, As= P,
-ie,R,=10

* Use R,=1.05 for tolerance

22
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Seismic Design in Steel

October 1, 2018 Session L4: Design of the Braced Frames

Brace sizes

From brace manufacturer:
38ksi < F, < 46ksi

®

Roof n Use F, = 38ksi
+ T [(2) BRB2.00 Level |Brace Force| Required |Design core
P., (kips)| core area area
4th pBZ X!
44 $£;§;§§> Au ()| Ay (i)
37 W) 4 62 1.81 2.00
i (2)BRB35.00 3™ 118 3.45 3.50
42 +T? ond 154 451 5.00
{(2) BRB5:50 | 1™ 183 5.34 5.50

& 3

Typically rounded up <10%

23
For example, %in? typically used up to 5in2, %:in? up to 10in2, etc.

Plastic mechanism
analysis
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AISC Live Webinar Series

Seismic Design in Steel

October 1, 2018 Session L4: Design of the Braced Frames

Plastic mechanism analysis

» Determine maximum brace forces

» Determine vertical and horizontal
components

» Apply components to frame

o Use spreadsheet, or
o Use temperature (or stress) based analysis

25

Maximum brace forces

» Based on testing Expected
displacement
® = TradAsF, T B

Typical 1.3=w<1.5

Bw = CmaX/Ag Fy
Typical 1.1=p<1.2

||

* For design a c

Ru (tension)= ('OAgRyFy _,| Expected
_ displacement
Ru (compression) ~ B(’)AgRyFy

AISC 341 F4.2a 26

Copyright © 2018
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October 1, 2018 Session L4: Design of the Braced Frames

Maximum brace forces

* Based on testing * Use reasonably liberal
o May vary with values for frame design
manufacturer o p=1.15
+ Based on deformation . ;en?s tlo be mgrle than
demandS brIasceosl' onger arger
o Drift not known at this o =14
S[’)t"?fgt’e oot fo o R/F,= 42ksi
» Don’t be overly precise © wRyFy: 08.8ksi

27

Maximum brace forces

| ' From brace manufacturer:
1 1

BwR,F,= 67.6ksi
©R,F, = 58.8Ksi

Level |Design core Tension |Compression
area 4., (in")| Brace Force | Brace Force
a)RyFyAsc’ ﬂaRyEVAsc’
(kips) (kips)
4" 2.00 118 135
3 3.50 206 237
Hnd 5.00 294 338
1™ 5.50 323 372

28
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AISC Live Webinar Series Seismic Design in Steel
October 1, 2018 Session L4: Design of the Braced Frames

Maximum brace forces

o ¢

From brace manufacturer:
BwRF,= 67 6ksi
R F, = 58.8ksi

Level Required Tension |Compression
Brace overstrength | overstrength
Strength P, | @R F,A4,/P, |BaR F,A,/P,
(kips)
4" 62 1.90 2.18
3" 118 1.74 2.01
2™ 154 1.91 2.19
1 183 1.77 2.03

Use of 2.19E OK for seismic axial forces,
but will not capture beam flexure due to f3.

29

A little trigonometry

sin(0) @R F 4, ﬂ sin(0) SR F A,
— cos(0)

ﬂsin@ WRFA,  sin®)faR,FA,

30

opyright © 2018
merican Institute of Steel Construction

15



AISC Live Webinar Series Seismic Design in Steel
October 1, 2018 Session L4: Design of the Braced Frames

Maximum brace forces

Level Tension Tension Tension
@ Brace Force| Bracex Brace y
1 1

oR,F,A,., | component | component

(kips) (kips) (kips)
118 83 83
206 146 146
294 208 208
323 215 241
Compression|Compression|Compression
Brace Force| Bracex Brace y
PR F,A,, | component | component
(kips) (kips) (kips)
135 96 96
237 167 167
338 239 239
372 248 277

Plastic mechanism analysis

Level Tension Tension
@ Brace x Brace y
i i

component | component

(kips) (kips)
4" 83 83
3" 146 146
2" 208 208
1 215 241
Level |Compression|Compression
Brace x Brace y
component | component
(kips) (kips)
4" 96 96
3% 167 167
i 239 239
1 248 277

32
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AISC Live Webinar Series
October 1, 2018

Session L4: Design of the Braced Frames

Seismic Design in Steel

Plastic mechanism analysis

Beam detail
%— cos(@) cos(@) A‘
wRyFyAsc | PR F A,

sin(0) @R F, yASC
sin(0) SR, F\ A,

33

Plastic mechanism analysis

L WAl
l l/zsn%e)

Yasin(0) sin(0)(5-1)
(B-DaR F A, @R F A, (F-Dar F A

Vo =Visin(0)(B-1) R F A,
MECIZI/2 VECIL

34

Copyright © 2018
American Institute of Steel Construction

17
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October 1, 2018 Session L4: Design of the Braced Frames

Plastic mechanism analysis

[cos(®) R F\ A, ] [cos(0) SR F A, ;s
=) PIMO— | = Mg =
% F; Y F;
[cosO) AR F\A];
Pp.= 2 [cos(B) (1) oR FA,.]; Plus for tension

+ 1 [COS(O)w—l)a)RyFyAvc] (Minus for compression, but it's

i+l unconservatlve to reduce
compression based on B)

Take as:  Pr.= [COS(G)BwRyFyAsc]i ~8% conservative in this example

= [[cos®)B+1)00R F 4,1, ~[cos@)(Br DR F 4, ],.. ] 5

Plastic mechanism analysis

Column detail
W vasin(0)(S-1)wR F A, § ‘k
O g A Usin®@DerRFA, T g sin(0)SaR F A,
o i ds
a2 @ herFA, Tlg sin()foR FiA,
! I !
o a0 DERFA, Iﬂ"k sin(0)faR F A,,
N I
1
;E[(ﬁ+ DwRyF,Assin 6] ] sin(0)SaR F A,
Tasin@)(B- DR FA, 1y »%»
Zl(ﬁ+ 1)wR, F,Ag.sin 6
2 yiyfsc 36

opyright © 2018
merican Institute of Steel Construction
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Plastic mechanism analysis
Column detail
Visin(0)(B-1) R F A, g s A
# I Sin R F . I g
sin(@) R Fyd,. ol T Vssin@)(F- DR Fd,, g 5 A
e H o e
sin(0) @R F 4, hﬂ] Visin(0)(B-1) @R F A, o3 A
! I !
sin(0)oR Fi . I T Vsin@)- Dok, Fid, e
n [ (]
1
— > -|(B+ 1wR,FE,As sin6|.
Sin(O)oR F A, ;2[ WRyFy Ay, sin 6],
A OG- DerRFAL
Z%(ﬁ + 1DwRyF,Ag:sin @ 37

Column design
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AISC Live Webinar Series
October 1, 2018

Seismic Design in Steel

Session L4: Design of the Braced Frames

Plastic mechanism analysis

Level Tension |Compression
Brace y Brace y
component | component
(kips) (kips)
4" 83 96
3" 146 167
2" 208 239
1 241 277
Level Column Column

E., (kips) force E,;

tension force | compression

¢oP, = 753K (Manual Table 4-1)
Seismically compact (SDM Table 1-3)

. (kips)
4 6 6
3 100 7
-2 = 26L |- 230
1487 | 451 B
Base 729 729
39
Column design
» Axial loads » Compression
o Pp = 147K o R,=1.4D+0.5L+E,
o P, = 60.0K o R,= 687K
o Pgy  =451K « Tension
© Tkl 700 o R,= 384K
* (tension)
Use W10x77

40

opyright © 2018
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October 1, 2018 Session L4: Design of the Braced Frames

Member Selection

Table 1-3 (continued)

 Compactness e W T Th I
o Use SDM table A ™

0 AISC 341-16 permits w. |~ fuchm = =

moderately ductile ... ":““ m 3""‘ :

Eali] . . . I .

members for BRBF | = AR
beams and columns, = | : 5
» Use IMF column '

10 T T I
0010 A I

NN EENE

| Beam design
structural
STEEL

Copyright © 2018
American Institute of Steel Construction
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Plastic mechanism analysis

Level Beam axial |Beam shear| Beam
force E, | force E, |moment
(kips) (kips) E,
(ft-kips)
Roof 96 6.2 78
4" 167 10.9 136
_3 1239 | 156 [ 195 _
L 2_ _ _2:18_ _ 181 | 226 |

PEclzcos(e)ﬂa)RyFyAsc
VECIZI/ZSin(e)(ﬂ_l)wRyF)Asc
]‘IECIZI/2 VEclL

43

Beam design

* Shear * Axial
oV, =11.2K 0P,  =0K
oV,  =85K oP, =0K
oVe =-18.1K o Pz  =248K
oV, =0.7D+E,=-10.3K oP,  =248K
* Moment Bottom-flange
o MD = 120K lateral brace

oM,  =100K
= -226'K
=0.7D+E, =- 142K

44

opyright © 2018
merican Institute of Steel Construction
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Beam design

« W18x55 o Moment
o Shear * OM, = 417K
. 9V, =212K> V, OK ° Tepie 30
* Check chevron . Ct;_:1
connection o C, = 1.25 (for My=2M,)
S 2(R + P)cosbe, « (1.25) 417K = 521°K
g = o, . oM, = 420K
» —Aq” (rule of © oM, = ¢MP =420K
* L2407 <Ug=48" OK U0 H
] . :2(P1+P2)coseeb fééé—
4. L,

Chevron check illustrated in connection design. However,

, . . . 45
it should be considered in member selection.

Table 1-3 (continued)
Sections That Satisfy Seismic
° Compactness Fy = 50 ksi Width-to-Thickness
Requirements
o Use SDM Table e
EBF BRBF | SPSW s J"I:{;'FD“’ i
o AISC 341-16 permits ™ |uww | % & e
Braces |Columns | Links |Columnsl VBE Ana Amd A et
moderately ductile | =3 IEEHE HEE
=44 . . . . 383 | M 576 201 AorB
members for BRBF |w| - | : oyt = - -,
258 . . . . . - — = == €
beams and columns| = : | ihipris oo
« Use IMF column B = E EEE
A3 = | = -l =108
3 - HBEE
76 1 505 620 895 2 C
! ek
oS w | | 8
2 m | g,
=35 ‘- J 308 | 107 AorB

Copyright © 2018
American Institute of Steel Construction
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AISC Live Webinar Series

Seismic Design in Steel
October 1, 2018

Session L4: Design of the Braced Frames

Beam design

Cm
P21
1- /PEl

o Assume C,=0.8 (M,/ M,=-2)
c,<06 C,=0.6 C,>06 C,=1.0

e B, =

=T2=45300K g =08
By =1forP, <0.2Pg

AISC 360 Appendix 8 47

Beam design

» Axial » Chapter H Interaction
o KL, =75"1.67" o P, 6F,A =0.39
= 449 o P, oF,A +8/9 MJ4M,
o ¢F, =38.8ksi = 0.39+ 8/9(142’'K/420°K)
« Table 4-22 =0.69 OK

o dF,A =629K

48

Copyright © 2018
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Seismic Design in Steel

October 1, 2018 Session L4: Design of the Braced Frames

Final analysis

There’s always a solution in steel.

structural

STEEL

Braced-frame model

® ® © ©

i i i I
Roof  Wi18x35

.......... o 0
o @BRB200 /N Pin braces
ar % L lowisao
_¢_ 9 . e ) Pin beams
S @sresso] / \ [ Pinal and columns
rd ! W18><46 gravity & L
ﬁﬁ"""*" collector
L |(2) BRB5.00| beams
ond 5 + ,Ld W18x55 o S
$2 . % -
= Pin all Pin column
= (2) BRBS. 50 gravity b
ases

columns
i

50

Copyright © 2018
American Institute of Steel Construction
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October 1, 2018 Session L4: Design of the Braced Frames

Brace stiffness

» Consult manufacturer
o Direct communication

o Brochure
Level | Design |Workpoint|Stiffening
core area | length (ft) | factor
|4 (in)

4" 2.00 17.7 1.39

3" 3.50 17.7 1.39

2" 5.00 17.7 1.43

1~ 5.50 18.8 1.46

51

Braced-frame model

M,

RO_Of_ O O roof
+ L/\I =Y 708K/g
_#t.h_ - Mfloor
[ ‘/\;' =%2 868Kl/g
_¢§r.d_ O £ \
Tributary mass included to
| ond permit period calculation

T T T,=0.75 sec
/ \ Matches assumption!!

& ﬁ T, ~1.3T, from Session L1

52
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October 1, 2018

Seismic Design in Steel

Session L4: Design of the Braced Frames

Drift

* Obtain from model
* Recalculate B,
« Amplify drift for second-order effects

o Only necessary per ASCE 7 if 0>0.1 (B,>1.1)
o Preferable not to modify process for B,<1.1

Level Mo‘gﬁ’/i)d“ﬂ B, | Drift*B,
4t 1.76% 1.02 1.80%
31 1.68% 1.02 1.71%
ond 1.60% 1.03 1.65%
1% 1.36% 1.03 1.40%

53

Check irregularities

» Horizontal torsional irregularity

o Same check as initial
* Lines A & D identical

* Lines 1 & 5 identical ® @ @ ¢ 9

* 5= 1.1A.0(Upto 1.20K) |

o Irregularity not present ‘ \ ‘

Q)

N
X

©-

._.. £ T T
5 j:—‘— ‘ —‘— 55%

f T

Copyright © 2018

American Institute of Steel Construction
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October 1, 2018 Session L4: Design of the Braced Frames

Check irregularities

 Vertical soft story
o Results from model

Displacemen hear iffn
Lovel | Dlsplacement | Shear | Sttres
4" 0.528 66.0 125
3 0.504 125.2 248
ond 0.480 163.6 341
1 0.457 182.3 399

o Story stiffness increases with story shear
o Irregularity not present

(at least 70% of the stiffness above) 55

Check irregularities

» Vertical weak story
o Brace strength

Level Design core| Tension Brace |Compression Brace| Story shear
area éﬁ\sc, Force wR,F /Ay, | Force BoR/F/As., | strength
(in%) (kips) (kips) (kips)
4" 2.00 118 135 358
3" 3.50 206 237 626
2™ 5.00 294 338 894
1 5.50 323 372 926

o Story strength increases with story shear
o Irregularity not present

(at least 80% of the stiffness above) 56

Copyright © 2018
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Seismic Design in Steel

Session L4: Design of the Braced Frames

There’s always a solution in steel.

Gusset connections

structural

STEEL

connection

o Rotation approach
o Configuration

o Gusset design

o Beam-to-gusset
connection

« Beam-column-brace

Gusset connection

* Chevron connection

o Minimum length

o Local forces
o Gusset design

58

opyright © 2018
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October 1, 2018

Seismic Design in Steel

Session L4: Design of the Braced Frames

Gusset connection

* Manufactured braces

o Manufacturer-
designed brace to
gusset connection

o Gusset thickness
relates to BRB core
plate thickness

o Manufacturer can
assist with gusset
connection to beam &
column

EOR

o Remains responsible
for structure

o Must communicate
* Non-brace forces at
connection
o Beam shear
o Column shear?
* Load path restrictions

o Especially at base
plates

59

Gusset connection

« Brace-to-gusset
connections

o Check manufacturer's
design
« (4)1"Q A490X bolts
* Double shear
* %" A572 Gr. 50 gusset

P,=338K (compression)
P,=294K (tension)

ZAN

/\

60
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AISC Live Webinar Series Seismic Design in Steel
October 1, 2018 Session L4: Design of the Braced Frames

Gusset connection

61

Gusset connection

» Compression » Tension
o R,=338K o R, =294K
o Bolt shear o Bearing (edge distance)
* (Table 7-1) + (Tables 7-4 & 7-5)
* OR, = 4*98.9K =396K « OR,=2%*113K
o Bearing (spacing) +2"%4785.9K = 298K
* (Table 7-4)

« OR,=4"%"113K =339K

62
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Gusset connection

* Block shear
oR,=0.6FA,, +U,F A S O.6FyAgV+UbSFuAnt

- 0.6(65ksi)(5.53in2)+(1.0)(65ksi)(3.84in2) = 466K

- 0.6(50ksi)(7.5in2)+(1.0)( 65ksi)(3.94in2) = 475K

o R, = 0.75(466K) = 349K

AISC 360 §J.4 63
| Beam-column-brace
% connection
:g
structural
S

Copyright © 2018
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Beam-column-brace connection

* Mega-gusset
o Beam connection
outside gusset
* Follow “simple
connection” limits to
allow for rotation
o Flange plates
« Stability
* Deck support
o Eccentric moment on
column

65

Beam-column-brace connection

-338K<P, <294K
(from brace capacity

-76K<P, <76K -248K<P, <248K

. .
(from diaphragm - (from beam analysis)
analysis; not used
for gusset Vv, =10.3K
calculation) (from beam analysis)

66

Copyright © 2018
American Institute of Steel Construction

33



AISC Live Webinar Series Seismic Design in Steel
October 1, 2018 Session L4: Design of the Braced Frames

Gusset connection trigonometry
¢ <
S . < o
°'<”x,b’.‘3 = /tanBQ,_Q < P 8.7
S, |
O
8-
__/$\_7. AR O . _ - 107 - - -
S* .
Q
N (fs“sb {Om
INERS ©
o e
"’//‘, "6.“3’ &, Use mega-gusset
N % (147+d,)x18"
Z- % S b
o o> =32"x18”
Ry : V4
Ea\v 67
N

Beam-column-brace connection
V.., =239K
Mcol q;l‘ 1H —239K : 23”
ubr — N—}
P ) :
> s
Forces at mid- ' 18” l
height of gusset ! S
N =9K ! )
V =229K ‘M 14
M=1495"K ! \ 4
A |32
_.!{9
A
P, =248K .
! vVy

M V, =10.3K (from beam)

col

WY Fooi=248K-239K M= V,(23") = 234K

68
Feo9K (higher for gravity combinations)
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Beam-column-brace connection
Plate:
V = 229K
229k _ 2 _ .

=" = i fe= /(fa+f)2+3f,,—22.7k < QF.
fo = 7smy@zmy - Ookst ’ e
N =9K

= —9k = 0.4ksi
fa = G7smy@2m - Ok
M = 1495"K

__4x1495°K o
"= @rsmzimy ~ O

AISC Manual EQ 9-1 69

Beam-column-brace connection

Table 8-4
J Weld: Coefficients, C,
for Eccentrically Loaded Weld Groups
o e=M/V =6.5" Angle = 0°
. (Ignore Sma” N) Avallamestlmmﬂ;ﬂ:a&?;[g::uju?gD;ﬁ:;l&;delumll\edwllh
= /L _6 5”/32” _O 20 P, MP P, Qar, Asusu‘ ar,
O a_e V. V. Can =ﬁ ﬂ,...,.=@c—l"_”ﬂ ..... = 5ecip | Com T =] ~Fon
o Table 8-4
|
* Angle = 0° ) [ e
i -k ({ead notinplane
* k=0 for out-of-plane Py R
+ C=3.51Kiin/("/5in) B
» D 2229/(0.75*3.51*32) o ko
361 (3.50 (355 (352 (348 |344 (343
* D22.7,x1.25=3.4 15 s 538 a3 o 127 | 15
325 (3.25 (323 (321 (320 |34B | 316

Use (2) 5,4 fillet welds

70
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* Check gusset
compactness

o Per Dowswell (2006
AISC Engineering
Journal)

(50 ksi)(4 in)’

=0.14in <0.75 in
» Gusset is compact

* No further stability
evaluation required

ts=1.5 F’ =
PN EL TV (29,000 ksi)(5.7 in)

Beam-column-brace connection

L,=57

7

* Check column

o WLY, WC
o Forces
* R, =MI(%h)+V%N
= 98K

¢ Nbearing= Veh = 16"
* (evaluation not
presented)

Beam-column-brace connection

Y2h

| N bearing

M

72

opyright © 2018
merican Institute of Steel Construction

36



AISC Live Webinar Series Seismic Design in Steel
October 1, 2018 Session L4: Design of the Braced Frames

Beam-column-brace connection

o Panel Zone
* R, =Mi(%h)
= 93K

Py 687K —06
Py~ (50ksi)(22.7in2) ~

Py §
* PR, = 0.9 x 0.6F,t,,d (1.4 - P—) E

y

=121K OK

73

Beam-column-brace connection

* Double plate connection

o (5)%’@ A325X bolts &*E

* At beam
+ At gusset Beam

o Double shear

o (2) %" A572 Gr. 50 plates
* 15"x12”
o Tack welds for erection
o See collector connection
calculations

o Reinforce beam web

=N
] 74

vV, =10.3K
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Beam-column-brace connection

* Double plate connection

o Meets limits for single
plate connection
* #bolts =5 <12
Bolt-to-weld distance<3%%”

o Bolt-line-to-bolt-line
distance<7”

STD holes

Horizontal edge distance
o Ly,22d

* Maximum plate thickness

o dR2+," ="

Extended configuration procedure
available beyond these limits

75

Chevron connection

2
C

7]
=
c
S
2
=)
[=]
7]
o
i
<)
=
[1v]
0
o
@
Nai
!—

structural

STEEL
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Chevron connection

2

o
Souun

f@'"‘q

Loy

7

Chevron connection

9"sinf = 6.4"

Minimum gusset length =2(6.47+4.2"+9.17)=39.3", try 40

®

Lo s>

78
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Chevron connection

N =31.2K
M =V(d/2)=4050"K

AT
79

(BT
%

Lo

Check local web shear

L

I 9 J

o= [LLTTTTTTILLLI LT

oV, = 1(0.6)(50ksi)dt,, = 195K
. 2(B+PB)cosBe,  2(294K +338K )cos(45deg)(9.05")

> = =41.4"
A 195K
Use L, = 42"
TR
g@ “Design of Chevron Gusset Plates” 80
Nz 2017 SEAOC proceedings
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Chevron connection

V =447K
fm T s g oo
= —————— = 14.2ksi =31.
(0.75in)(42in) M =\(d/2)=4050"K
N = 31K —
31k
= — 1.0ksi v
fa = G75my@2I) - Ok“l ’
M = 4050"K

4% 4050"K

fo = Gosay aamy? = 122kt fo= |+ f)? + 3f2 = 28ksi < OF,

von Mises effective stress

81

Chevron connection

+ Weld:
o e=M/V=91"
+ (ignore small N)
o e/L =9.17/42” =0.23 Table 8-4
* Angle = 0°
* k=0
C=3.31K/in/('/¢in)
D 2447/(0.75*3.51*42)
D 24.3, x1.25=5.4
Use (2) /4" fillet welds

82
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Chevron connection

 Check beam

o WLY
o WC I
o Forces TV

* R, =MI(AL)+%N ‘

= 208K ALy | Vi,

* Nhearing= 72Lg = 21" Ly

o (evaluation not
presented)

83

Chevron connection

* Provide torsional
bracing at chevron
connection
o AISC 341 F4.4a(2)  BRBF

beam

Chevron
gusset

Supported beam
providing torsional
bracing

opyright © 2018
merican Institute of Steel Construction
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Base plate

There’s always a solution in steel.

structural

STEEL

Base-plate design

Maximum forces from plastic mechanism analysis
Use anchor rods for tension

Do not use anchor rods for shear

Provide rotational ductility

Is the manufacturer assisting with gusset design?

o Specify if base plate is designed to resist vertical gusset
force

86
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88
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Base-plate design

* Tension » Compression

o Size rods o Check bearing

o Check plate bending o Check plate bending

o Rotational ductility o Rotational ductility
* Anchor rods + Column rotation
» Base plates » Foundation rotation
» Column rotation » Base plates and anchor
« Foundation rotation rods will not provide

rotation

89

Base-plate design

» Axial loads » Compression
oP,  =147K o R,=1.4D + 0.5L+ E,,
oP,  =60.0K o R,= 965K
o Pgy  =729K « Tension

Level Column Column o Ru =0.7D + Ecl
tension force | compression
E, (kips) (force E. (kips) o R,= 626K

4’ll'l 6 _6

3° 100 78

2" 261 230

i 487 451

Base 729 729

90
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Base-plate design

» Shear loads

o Brace in tension

* Ve

o Brace in compression

* Ve

=215K

= 248K

Level Tension Tension Tension
Brace Force| Brace x Brace y
wR,F\ A, | component | component
(kips) (kips) (kips)
4" 118 83 83
3¢ 206 146 146
2" 294 208 208
i 323 215 241
Level |Compression|Compression|Compression
Brace Force| Bracex Brace y
BoRF,A,, | component | component
(kips) (kips) (kips)
4" 135 96 96
3" 237 167 167
2™ 338 239 239
I 372 248 277

Anchor-rod design

¢ = P0.75F, = 44.7ksi

O Anet =

1.90in?

* Arequired =626K/44.7ksi = 14.0in?
» Use (6) 134" @ F1554 Gr 55 anchor rods

o OF, A, = 0.75(75ksi)1.90in2 = 107K/rod

0 6 rods: 6*107K=641K OK

92
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Anchor-rod design

Table 14-2
Recommended Maximum Sizes for
Anchor-Rod Holes in Base Plates | ...

for grade
55
3/ Anchor Rod Hole Min. Min.
 Use (6) 1%4"Grade Diameter, | Diameter, | Washer | Washer
in. in. Size,in. | Thickness

55 anChor rOd 12 25016 32 2
F1554, S1 (EER 294 %

21/2 3% 5'%2 /s

4
T T s T T E T T T T

Notes: 1. Circular or square washers meeting the washer size are acceptible.
2. Clearance must be considered when choosing an appropriate anchor rod hole location, noting effects such as the
position of the rod in the hole with respect to the column, weld size and other interferences.
3. When base plates are less than 1'/4 in. thick, punching of holes may be an economical option. In this case, 3/a-in.
anchor rods and 11/16-in.-diameter punched holes may be used with ASTM F844 (USS Standard) washers in pla88
of fabricated plate washers.

Base-plate design

* Flexure under tension
ox=3"+0.1b,= 3.10"
o Use B=22"

o T=626K/2=313K
. M=313K(3.10")=970°K

ot, = 2.11 BTsz 1.98” Use 2" plate

y

AISC Design Guide 1 §3.2 94
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Base-plate design

« Compression: assume 18"x18” bearing area
o 965K/(18inx18in)=2.98ksi
oL ="%[18"-0.8b]= 4 [18"-0.8(10.2")]=4.92"

[db;  J(10.6)(102
' =2 4f=1( j( ) 26"

o M=WL2/2=2.98ksi(18in)(4.92in)2/2=649"K

ot, =211 M =1.79in. Use 2 plate
BF,y

AISC Design Guide 1 §3.1 95

Shear design

e I, = 248K
» Provide direct transfer to concrete slab
o Embedded structural steel angles (or other shapes)
o A706 bar
o eftc.
o Provide load path into foundation
» Combined tension shear and bending:
o 3”@ anchor rods

96
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» Communicate load path
to gusset designer:

o Tension
« Hy=H;=50% H,
« V,;=100% V,
« M,=100% eV,
o Compression
« Hy=H;=50% H,
* No tension on gusset

——)
bottom edge

o EOR must check column

M,

Gusset design coordination

97

Base Plate

Gr. 50 Plate 2”x22”x30”

(6) 172" Gr. 55 Anchor rods
with %4"x3%2x3%%” plate washers
at base plate and at bottom.
De-bond rbds from concretes

CJP

Flanges

DCW

(2) Va sections of
HSS8.625x0.500
(or Double angles,
welded A706, tec.)

|

Typical

98
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Improved performance

There’s always a solution in steel.

structural

STEEL

Improved performance

« BRBF provide very good reliability against
collapse

* Residual drift is not addressed in AISC 341

o Residual drift can be reduced through the
introduction of a modest restoring force
o Add moment frames adjacent to braced frames
* Act as robust collectors
* Reduce overturning on braced-frame columns

100
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Improved performance

» Supplemental moment frames
o Design as OMF
* Follow OMF connection detailing requirements

o Do not utilize OMF in the analysis
* Design BRBF for 100% of the force

101

Improved performance
¥ ¢ o @ ¢

|
@- R < > < T
- I T M I
“ I
A
']:‘ l
Q — 4
- (i
@. e T T T I
N / Special bracing
required due to
@ floor opening

102
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Completion of design

There’s always a solution in steel.

structural

STEEL

Completion of design

* Braces » Connections
o Indicate protected o Indicate DCW
zone « Beam
© Rev_iew manufacturer's o Design lateral bracing
design Col
o Review testing olumn
information o Design column splice

104
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Completion of design

» Base plate » Specifications
o Provide load path for o Specify weld
shear toughness
o Design concrete requirements
anchorage/force o Specify Quality
transfer to foundation Assurance Plan

o Design grade beam for
ductile rotation

105

Summary

2
7]
=
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Summary

« BRBF have a rigorous capacity design
procedure
o Design braces first
o Compute maximum brace forces
* Requires data from manufacturers

o Design
* Beams
» Columns
» Connections

107

Summary

* BRBF require coordination and partnership with
manufacturers

o Review assumptions
* Load path
» Design responsibilities

o Review factors
. B’m

o Review testing
* Factors
» Cover all project braces

108
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Course wrap-up

There’s always a solution in steel.

structural

STEEL

Course wrap-up

» Mild structural steel provides excellent
ductility

» Proper proportioning and detailing of steel
systems provides controlled inelastic
behavior

 Ductile design permits economical buildings
o Required strength is reduced
o Large inelastic drifts can be accommodated

110
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Course wrap-up

« Design example

o Efficient design can result from
« Early identification of governing design loads

design decisions

o Economical design can result from
« Selecting the appropriate systems
» Reducing the need for member reinforcement

» Simplifying as appropriate so that analysis supports

M

End of session L4

And the end of the
webinar series
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Additional resources

Effective Length Factors for Gusset Plate Buckling

Engineering
Journal @
= MEMBER NON-MEMBER
FREE $10.00 [Rrrr——
Jl' L a———
DOWNLOAD
a
o Py Selsmic Design of Steol Buckling-
| Restrained B d Fram
| 2017 SEAOC CONVENTION PROC & :5: o e ’fl“"m__’::‘:‘_ﬂ[j'_'l‘"“ rican
| S| [
I lild] al
Design of Chevron Gusset Plates n.H d. and

Rafael Sabelli, Director of Seismic Design
Walter P Moore

San Francisco, California

Leigh Arber, Senior Engineer

American Institute of Steel Construction

Chicago, Winois st

==,
m’: 13

Question time
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Individual Webinar Registrants
CEU/PDH Certificates

Within 2 business days...

¢ You will receive an email on how to report attendance from:
registration@aisc.org.

¢ Be on the lookout: Check your spam filter! Check your junk
folder!

¢ Completely fill out online form. Don’t forget to check the boxes
next to each attendee’s name!

Individual Webinar Registrants
CEU/PDH Certificates

Within 2 business days...

* New reporting site (URL will be provided in the forthcoming
email).

e Username: Same as AISC website username.

e Password: Same as AISC website password.
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8-Session Package Registrants
CEU/PDH Certificates

One certificate will be issued at the conclusion of
all 8 sessions.

8-Session Package Registrants
CEU/PDH Certificates

Videos and Quizzes

» For Sessions R1 — R4, access has been available since July 16.

» For Sessions L1 — L4, find access within two days after the live air date.
(An email will be sent from webinars@aisc.org.)

» All video recordings are available through October 22.

» All quizzes are due October 22.

» Afinal exam will also be given. It will be available October 5 and due October
22.

* Quiz scores are displayed in the Course Resources table.
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8-Session Package Registrants
CEU/PDH Certificates

Attendance and PDH Certificates
» For Sessions R1 — R4, you must pass the quiz to receive credit for the session.
» For Sessions L1 — L4, you have two options to receive credit for the session.
- Option 1: Watch the session live. Credit for live attendance will be
displayed in the Course Resources table within two days of the session.
- Option 2: Watch the recording and pass the quiz.

EEU Certificates — Certificate of Completion

« |n addition to PDH certificates earned for each individual session, an EEU
(Equivalent Education Unit) certificate of completion will be issued for
participants who complete the full course. Participants must pass at least 7 of
8 quizzes and the final exam to earn the EEU.

Distribution of Certificates
» All certificates (PDH and EEU) will be issued after the course is completed (the
week of October 22). Only the registrant will receive certificates for the course.

8-Session Package Registrants
Course Resources

Find all your handouts, quizzes and quiz scores,
recording access, and attendance information all in
one place!
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8-Session Package Registrants
Course Resources

Go to www.aisc.org and sign in.

USERMAME DON'T HAVE AN ACCOUNT?
My Al e

PASSWORD

okstore.
REGISTER NOW

LOGIN

8-Session Package Registrants
Course Resources

Go to www.aisc.org and sign in.

IN THIS SECTION I‘ﬂyAbf_

MY PROFILE

MY PURCHASED DOWNLOADS

© VIEW DOWNLOADS

MY COURSE RESOURCES

VIEW RESOURCES
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8-Session Package Registrants

Course Resources

Course Resources

8-Session Package Registrants

Course Resources

Selsmic Design in Steel

B-5ESSION PACKAGE RESOURCES
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Thank You

Please give us your feedback!
Survey at conclusion of webinar.
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