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Connection Design

Tips, Tricks, and Lessons Learned

Thank you for joining our live 
webinar today.

We will begin shortly.  
Please standby.  Thank you.

Need Help? 
Call ReadyTalk Support: 
800.843.9166

Today’s audio will be broadcast through the internet.

Alternatively, to hear the audio through the phone, dial:

(866)-519-2796
Passcode:  324420

Audio Options



AISC Night School
March 11, 2019

Connection Design:  Tips, Tricks, and Lessons Learned
Session 5:  Vertical Bracing Connections

2

Copyright © 2019
American Institute of Steel Construction

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:

(866)-519-2796
Passcode:  324420

Today’s live webinar will begin shortly.  Please stand by.

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 AIA 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.

AIA Credit
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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 2019

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.

Copyright Materials

19.5 Vertical Bracing Connections
March 11, 2019

Don’t waste time showing too much information that isn’t used or that can unnecessarily complicate your 
design. This session will include tips for successful delegated vertical bracing design and what information 
should be included on drawings, which will help you limit RFIs and resubmittals.

Course Description



AISC Night School
March 11, 2019

Connection Design:  Tips, Tricks, and Lessons Learned
Session 5:  Vertical Bracing Connections

4

Copyright © 2019
American Institute of Steel Construction

• Identify detailing notes, for vertical bracing connections, that can lead to challenges 
for the connection engineer.

• Explain how to analyze and account for transfer forces in braced-frame buildings.

• Describe the various analysis methods that can be applied to the design of corner 
bracing connections.

• List issues to look for when reviewing vertical bracing connection designs.

Learning Objectives

Night School 19
Connection Design:
Tips, Tricks, and Lessons Learned
Session 5:  Vertical Bracing Connections
March 11, 2019

Carol Drucker, SE, PE, PEng
Principal

Chicago, IL
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Items Covered

• Load path

• Information needed for delegated design

• Information not necessarily needed

• When to expect RFIs

• First steps to design

• Corner, Chevron, Base, and Column Splices

• Seismic design

• Reviewing calculations

Session 5:  Vertical Bracing Connections 9

– Concrete Shear Walls

– Braced Frames
– Moment Frames

– Dual Systems

Advantage
– Rigid

– Typically more cost effective 
than moment frames

Disadvantage
– May interfere with openings

Systems to Resist Lateral Load

Session 5:  Vertical Bracing Connections 10

Photo by Jon Miller
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Load Path For Wind

• Wind on facade

• Facade to structure (e.g. 
beams or diaphragms)

• Diaphragms to lateral 
force resisting system 
(LFRS)

• LFRS to foundations

Session 5:  Vertical Bracing Connections 11

Load Path For Wind

• Wind on facade

• Facade to structure (e.g. 
beams or diaphragms)

• Diaphragms to LFRS

• LFRS to foundations

Session 5:  Vertical Bracing Connections 12
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Load Path For Wind

Session 5:  Vertical Bracing Connections 13

Vertical Bracing

Session 5:  Vertical Bracing Connections 14

C

T

C

TF
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Vertical Bracing – Show Corner, Base, Chevron, Splice

• Corner Bracing

• Chevron

• Base

• Splices

Chevron

Column Splice

Base

Corner Bracing

Session 5:  Vertical Bracing Connections 15

Vertical Bracing - Plans

• Dashed lines 
for brace

• Brace elevation 
references

• Transfer forces

Session 5:  Vertical Bracing Connections 16
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Vertical Bracing Elevations

• Typically shown

– Elevations

– Brace size

– Brace force

– Grid locations

• Helpful information

– Beam size

– Column size

– Transfer forces

– Bay length

– Column orientation

Session 5:  Vertical Bracing Connections 17

Vertical Bracing Elevations

• Corner Bracing

– Map transfer forces

– Map gravity loads

– Map beam sizes

– Map column sizes

Session 5:  Vertical Bracing Connections 18

20’-0”
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• Notes

Vertical Bracing – Items to Show

Schematic detail. Fabricator to design actual 
connection based on required loading 

All connections, unless specifically designated as 
being completely designed on the structural 
drawings, shall be designed and detailed by a 
structural engineer licensed in the state where the  
project is located. 

Session 5:  Vertical Bracing Connections 19

• Architectural requirements

Vertical Bracing – Items to Show

Session 5:  Vertical Bracing Connections 20Photo by Jon Miller
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• Information needed for 
design

Vertical Bracing – Items to Show

Session 5:  Vertical Bracing Connections 21

Code of Standard Practice

– 2016 COSP (303-16) Section 3.1.1 and Section 3.1.2

» Option 3:  in the structural design documents or specifications, the connection 
shall be designated to be designed by a licensed engineer working for the 
fabricator

» Options 3A and 3B: More applicable to moment connection design but could 
apply at vertical bracing (mainly at chevron connections)

» Option 3A:  Member reinforcement at connections shall be designed by 
owners’ designated representative for design and shown in the structural 
design documents

» Option 3B: Member reinforcement at connections is delegated design, but 
the quantities and conceptual configurations shall be provided and relied 
upon for bidding purposes. If no quantities or conceptual configurations 
are shown, member reinforcement at connections will not be included in 
the bid.

Session 5:  Vertical Bracing Connections 22
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Vertical Bracing

Expect RFI

Session 5:  Vertical Bracing Connections 23

Vertical Bracing

• SC Bolt Requirements given in RCSC Specification

Session 5:  Vertical Bracing Connections 24
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Vertical Bracing
GUSSET PL 
(GR 50) WITH 
OVERSIZED 
HOLES

Pl ½” MIN

GUSSET

BEAM, SEE 
PLAN

SEE PLAN FOR 
COLUMN 
ORIENTATION

WP

DIAGONAL 
BRACE SEE 
ELEVATION

DETAILER TO 
DESIGN BEAM 
TO COLUMN 
CONNECTION 
FOR FORCES 
AS NOTED ON 
ELEVATION

Session 5:  Vertical Bracing Connections 25

Vertical Bracing
GUSSET PL 
(GR 50) WITH 
OVERSIZED 
HOLES

Pl ½” MIN

GUSSET

BEAM, SEE 
PLAN

SEE PLAN FOR 
COLUMN 
ORIENTATION

WP

DIAGONAL 
BRACE SEE 
ELEVATION

DETAILER TO 
DESIGN BEAM 
TO COLUMN 
CONNECTION 
FOR FORCES 
AS NOTED ON 
ELEVATION

Expect RFI

Session 5:  Vertical Bracing Connections 26
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A

A

SECTION A-A

B 

SECTION B-B

Vertical Bracing
Horizontal short slots in 
angle at gusset (for 
overrun of brace depth) 
and brace, slot length 
perpendicular to brace.

Extend angles on one-
side for erection aid

Bearing bolts in 
slots perpendicular 
to the load

Gage in same size angle 
legs to match

Session 5:  Vertical Bracing Connections 27

Vertical Bracing – Notes to Avoid

BOLTED/WELDED DOUBLE ANGLE 
CONNECTIONS AT GUSSET

BEAM TO COLUMN 
CONNECTION PER TABLE ON 
S200

GUSSET-TO-COLUMN CONNECTION 
TO DEVELOP “Pv”

GUSSET-TO-BEAM 
CONNECTION TO 
DEVELOP “Ph”

CONNECT BRACE 
FLANGE AND WEB 
FOR BRACE 
FORCE, P = 100% 
AXIAL STRENGTH 
OF BRACE OR 75% 
TENSION 
SRENGTH OF 
BRACE AND 20 
KIPS SHEAR 

P
Pv

Ph

SC BOLT, TYP

Session 5:  Vertical Bracing Connections 28
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Vertical Bracing – Notes to Avoid

BOLTED/WELDED DOUBLE ANGLE 
CONNECTIONS AT GUSSET

BEAM TO COLUMN 
CONNECTION PER TABLE ON 
S200

GUSSET-TO-COLUMN CONNECTION 
TO DEVELOP “Pv”

GUSSET-TO-BEAM 
CONNECTION TO 
DEVELOP “Ph”

CONNECT BRACE 
FLANGE AND WEB 
FOR BRACE 
FORCE, P = 100% 
AXIAL STRENGTH 
OF BRACE OR 75% 
TENSION 
SRENGTH OF 
BRACE AND 20 
KIPS SHEAR 

P
Pv

Ph

SC BOLT, TYP
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Vertical Bracing – Notes to Avoid
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Vertical Bracing – Notes to Avoid
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Vertical Bracing – Model Transfer

Session 5:  Vertical Bracing Connections 33

Vertical Bracing – Model Transfer

Session 5:  Vertical Bracing Connections 34
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Vertical Bracing – Load Case Break Down

Session 5:  Vertical Bracing Connections 35

Vertical Bracing

• Indicate if both top and bottom braces 
in compression

Note:  Do not use 
force from one brace 
to offset force from 
opposite brace

Session 5:  Vertical Bracing Connections 36



AISC Night School
March 11, 2019

Connection Design:  Tips, Tricks, and Lessons Learned
Session 5:  Vertical Bracing Connections

19

Copyright © 2019
American Institute of Steel Construction

Common General Notes

• Notes:

– ASD or LRFD Avoid mixing on the same project

– Load criteria

– Bolt pre-tensioning and/or slip critical requirements

– Shear loads for members in the braced frame

– Connection work points at member centerlines

– Transfer force notes

– Seismic response modification coefficient, R

Session 5:  Vertical Bracing Connections 37

Design Notes

• Good Notes

– Seismic response modification coefficient, R (Table 12.2-1 ASCE 7-16)

• R = 3:  Structural steel systems not specifically detailed for seismic resistance. Seismic 
Design Category A, B or C.  Use when possible

• R>3  

– Ordinary Concentrically Braced Frame (OCBF):  R = 3.25

– Special Concentrically Braced Frame (SCBF):  Strength of member: R = 6

– Eccentrically Braced Frame (EBF) : R = 8

– Buckling-Restrained Braced Frames (BRBF) : R = 8

Session 5:  Vertical Bracing Connections 38
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GENERAL NOTES

• Notes that could cause RFI

– All plate and angles are A36

– Hole type requirements

– Specific bolt requirements

– Spacing and edge distance requirements  

Session 5:  Vertical Bracing Connections 39

Most Common RFI Questions

• ASD or LRFD

• Use of Slip Critical bolts

• Alternate Connections

• Full Strength

• HSS Beam Loading

• Transfer forces (TF)

• Column splice loading (Min. Axial)

• Material grade

• Restrictions

• Stitch Plates

• Shear load in beams (especially if a 
percentage of the Maximum Total 
Uniform Load, UDL, is used)

• Work Point

Session 5:  Vertical Bracing Connections 40
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Getting Started with Design

• Forces

• Sizes

• System requirements

Session 5:  Vertical Bracing Connections 41

Getting Started with Design

• Corner Bracing

– Map transfer forces

– Map gravity loads

– Map beam sizes

– Map column sizes

Session 5:  Vertical Bracing Connections 42
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Getting Started with Design

• Corner Bracing

– Map transfer forces

– Map gravity loads

– Map beam sizes

– Map column sizes

Session 5:  Vertical Bracing Connections 43

Getting Started with Design

• Check for stiffeners/doublers in columns

Stiffeners for 
congruent 
beam-to-

column flange 
moment 

connection

Session 5:  Vertical Bracing Connections 44
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Getting Started with Design

• Flooring Type

Precast Floor

1
”

Session 5:  Vertical Bracing Connections 45

• Double-Angle Requirements
– Stitch Plates

– AISC Section E6

– Table 4-8 to 4-10:  Axial Compression 
Double Angles

Getting Started with Design

Session 5:  Vertical Bracing Connections 46
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Getting Started with Design

Session 5:  Vertical Bracing Connections 47

1/2" SET BACK
1/4" IF GALVANIZED,
MAX, TYP

Getting Started with Design

• Surface Preparation Requirements

– Class A Bolts

– Class B Bolts

– Galvanizing 

Session 5:  Vertical Bracing Connections 48
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Getting Started with Design

• Seismic Design, R > 3 (AISC 341-16, Section D2.2(d))

Session 5:  Vertical Bracing Connections 49

Vertical Bracing

• Work Point requirements

Work Point

Moment in 
beam 

Session 5:  Vertical Bracing Connections 50
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Getting Started with Design

• Work Point requirements

e

Work Point

Moment in 
beam 

Moment in 
column

Session 5:  Vertical Bracing Connections 51

M=Pe

P

*See AISC’s Design Guide 29

 ec


eb

Getting Started with Design

• WP requirements
(1 )

'

  

 

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M
H

e

 1
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  M

 1
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  M

  

M

  

 
 

beam

beam

col beam

col beam

I

L
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L L '
'

  

 




M H
V

*Reference AISC’s 
Night School and 

AISC’s DG29
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• WP requirements 

Getting Started with Design

Session 5:  Vertical Bracing Connections 53

Work Point at Top of Beam

===>>>

• WP requirements 

Frame Analysis

Session 5:  Vertical Bracing Connections 54

Note:  At least one member framing into joint needs to not be released to the 
maintain numerical stability of the analysis

Brace eccentricity 
moment induced in 
beam

Brace eccentricity 
moment  induced in 
column

Brace eccentricity 
moment induced in 
column and beam
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Getting Started with Design

• Work line location

• Bolted on gage, g1

• Welded on y

y

Session 5:  Vertical Bracing Connections 55

Transfer Forces

• Lateral force in a 
discontinuous bay needs to 
be transferred to the lateral 
system below

Session 5:  Vertical Bracing Connections 56
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Transfer Forces - Discontinuous Braced Bays

• To determine transfer 
force:
– Determine the transfer plane

– sum forces either side of that 
plane

+9.93k

-0.115k-3.34k

10k

Sum forces in “X” direction

TF=-14.0k(0.707)-0.115k  

=-10.0k (T)

Sum forces in “X” direction

TF=-3.34k-9.6k(0.707)

=-10k (T)

Session 5:  Vertical Bracing Connections 57

Transfer Forces - Discontinuous Braced Bays

• To determine transfer 
force:
– Determine the transfer plane

– sum forces either side of that 
plane

+9.93k
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0

TRANSFER FORCE
AT COLUMN C2

TRANSFER FORCE
AT COLUMN C3

DIAPHRAGM SHEAR
(FORCE/LENGTH)

TRANSFER FORCE

C1 C2 C3

Getting the Load to the Lateral System

Session 5:  Vertical Bracing Connections 59

TF=20 kTF = 0k TF = 40k

±1
00

 k

A = ±70 k

±1
20

 k

Transfer Forces 

Horizontal component of 
brace force is internal to 
the braced frame and the 
beam-to-column 
connection does not need 
to resist the entire 
horizontal force 
component

Transfer forces on opposite 
sides of the column should be 
equal

TF = 14k

Session 5:  Vertical Bracing Connections 60
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W12x19 W21x73 W10x12

Getting the Load to the Lateral System

Session 5:  Vertical Bracing Connections 61

No transfer force
Different beam depths

W12x19 W21x73 W10x12

No studs

Getting the Load to the Lateral System

Session 5:  Vertical Bracing Connections 62
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+/- 30 k +/- 30 k

W21x44 (10) W21x73 W21x44 (10)

Transfer Forces 

Session 5:  Vertical Bracing Connections 63

• Transfer Forces at Roof

– Metal deck has limited strength

Transfer Forces 
A B C D E

1

2

3

4

5

6

Session 5:  Vertical Bracing Connections 64
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1511 plf/WWind)
1511/2.35 = 643 plf

Diaphragm Strength

Session 5:  Vertical Bracing Connections 65

W16x26 (10) W21X73 (20) W16x26 (10)

• Transfer Forces at Composite Deck

– Consider topping slab

Diaphragm Strength

3” COMPOSITE DECK. 18 GAGE MIN, WITH ts
= 3” NORMAL WEIGHT CONCRETE SLAB 
OVER DECK. F’C = 4000 PSI. TOTAL SLAB 
THICKNESS = 6”

Ls = 20’-0”

(2 ' ) ACI 12.5.3.3  

0.75  

   

 

n s s cV L t f

t s

Session 5:  Vertical Bracing Connections 66
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• Transfer Forces at Composite Deck

Diaphragm Strength

2 1TF= max(abs( ) ,0 kips)

 

x x nF F V     

(2 ' ) ACI 12.5.3.3  

0.75  

   

 

n s s cV L t f

Red Arrow = Fx = Brace horizontal component
Blue Arrow = Diaphragm strength
Green Arrow = Transfer Forces

Session 5:  Vertical Bracing Connections 67

• Use Table 3-21 for Stud Strength

Diaphragm Strength

Deck 
Perpendicular

Weak Studs 
per rib

(Rp = 0.60)

Session 5:  Vertical Bracing Connections 68
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• Stud Strength (Specification Eq. I8-1)

Diaphragm Strength

0.5 'n sa c c g p sa uQ A f E R R A F 

2

1.5

 area of stud, in

 concrete modulus of elasticity = ' , ksi

 specified minimum tensile strength of stud = 65 ksi

sa

c c c

u

A

E w f

F







     1.520.5 0.4418 in (4 ksi) 145 pcf 4 ksi

26.1 kips/stud

nQ  
 



21.0(0.6)(0.4418 in )(65 ksi) 

= 17.2 kips/stud, controls

g p sa uR R A F 

Session 5:  Vertical Bracing Connections 69

Fabricator Preferences and Standards

• Plate Grade: A36 or Grade 50 plate.

– Cost increase for Grade 50 plate

– Recommended if single plate connections

• Angle Grade: A36 or Grade 50 

– Typically no cost differences

• Bolt preference

• Connection preferences

Session 5:  Vertical Bracing Connections 70
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Fabricator Preferences

• Connection Preferences

– Single Plate, Double-Angles,
End Plates

– Matching gusset thickness

– Shipping limitations

• Detailing standards

– Preferred angle sizes

– HSS slot widths

– Lap start/stops

Gusset thickness at 
opposite ends to 
match, increase as 
required, typ.

W
8

 C
o
lu

m
n

LA
+
1

2
"

WA LA

H
SS

BR
AC

E

WA LA

Slot HSS 
tgusset + 1/8”
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• AISC’s Design Guide 29
(DG29)

• Handbook of Structural Steel 
Connection Design and Details

• AISC’s Night School 6

• Steel Tips

• 15th Ed. Manual, Part 13

• AISC’s Design Examples

Vertical Bracing – References
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Vertical Bracing – Articles

• Effective Length Factors for 
Gussets Plate Buckling, EJ 2nd Qtr, 
2006, Bo Dowswell 

• Effective Length Factors for 
Gussets Plates in Chevron Braced 
Frames, EJ 3rd Qtr, 2012, Bo 
Dowswell 

• The Effect of Eccentricity on 
Brace-to-gusset Angles, EJ 4th Qtr, 
1996, W.A. Thornton
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Vertical Bracing – Articles

• The Whitmore Section, MS, July 
2011, WA Thornton and Carlo 
Lini

• Recommendations for Shear 
Lag Factors for Longitudinally 
Welded Tension Members, EJ 
1st Qtr, 2012, Patrick Fortney 
and WA Thornton
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Vertical Bracing – Articles

• Prying Action - a General Treatment, 
EJ 2nd Qtr, 1985, WA Thornton

• Designing Compact Gussets with the 
Uniform Force Method, EJ 1st Qtr, 
2008,  Larry Muir

• 24 Tips for Simplifying Braced Frame 
Connections, MS May 2006, Victor 
Shneur
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Connections-Bracing

TT Uniform Force

Method (UFM)

TT KISS=
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Connections-Bracing UFM

UFM=

eb
V Pb

r

H Pb
r







V Pc
r

ec
H Pc

r






Vc

Hc

Hb

Vb

P







ce

be
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Hb
Vb

Connections-Bracing UFM

UFM=

_

1

tan( )


work liney x

Vc

Hc

P







ce

be

_


 col liney eb

ec

x

_ 
 

beam line

e e ecb b
y x

 y mx b
= Point of zero moment

*Reference AISC’s 
Night School 6 and 

AISC’s DG29
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Beam line

Work line

Column line
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Connections-Bracing UFM

1

tan( )
 


x x e

b
e
c



1

tan( )
 



e e e
b b c

x x

 

Work line = column line and solve for x

Work line = beam line and solve for x

1

tan( )







 
 
 

e e
b c

x

e
b





1

tan( )






 
 
 

e
b

x

e
c



Hb
Vb

Vc

Hc

P







ce

be

UFM=

*Reference AISC’s 
Night School 6 and 

AISC’s DG29
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1 1

tan( ) tan( )




 
 

   
   
   

e e ecb b

eb

ec






Connections-Bracing UFM

UFM=

tan( ) tan( ) (eq. 13-1)e ecb      

Set x = x

Simplify

Hb
Vb

Vc

Hc

P







ce

be

*Reference AISC’s 
Night School 6 and 

AISC’s DG29
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Connections-Bracing UFM

   
22

(eq. 13-6)    r e ec b

UFM=

Hb

Vb

Vc Hc

P



ce

be


 

eb
V P H Pb b

r r


 

ec
V P H Pc c

r r



*Reference AISC’s 
Night School and 

AISC’s DG29

Session 5:  Vertical Bracing Connections 81

tan( ) tan( ) (eq. 13-1)e ecb      

Connections-Bracing UFM

UFM=

Hb
Vb

Hc

P



  

ce

be

 

Vc
Can set  =  and solve for . 
If  = , no moment

Can set  =  and solve for .
If  = , no moment

To column flange, set  =  

To column web, set  = 

*Reference AISC’s 
Night School 6 and 

AISC’s DG29
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tan( ) tan( ) (eq. 13-1)e ecb      
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Connections-Bracing UFM

UFM=

Hb
Vb

Mb

Hc

P

ce

be



Vc

( )






   

eb
V Pb

r

H Pb
r

M Vb b ( )






   

V Pc
r

ec
H Pc

r

M Hc c

Note:  If to column web, ec = 0 in.

*Reference AISC’s 
Night School 6 and 

AISC’s DG29
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  

tan( ) tan( ) (eq. 13-1)e ecb      

Mc

Connections-Bracing UFM

UFM=

Hb

Mb

P





ce

be

'

( )

  




      

eb
V P Vb b

r

H Pb
r

eb
M P Vb b

r


   

ec
V P V H Pc cb

r r

Vb

Vc

*Reference AISC’s 
Night School 6 and 

AISC’s DG29

Hc
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UFM  Special Case – Compact Gussets 



ce

be

'

'







 
 

 

 
 

 

ec

eb

ATAN

ATAN


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Control point

UFM  Special Case – Parallel Force Method (PFM)



ce

be

'

'







 
 

 

 
 

 

ec

eb

ATAN

ATAN


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*Reference AISC’s 
AISC’s DG29
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Connections-Bracing KISS

TT KISS

cos( )

sin( )

( )

( )

 



 



H Pb

M H eb b b

V Pc

M V ec c c

Vc

Hb

Mb

P

M c

eb

ec


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H TFc

Connections-Bracing UFM

• Hc from gusset-to-column to 
column-to-beam

• Hb force is not resisted by 
column-to-beam connection

• Vb from gusset-to-beam to 
beam-to-column

• Add gravity to Vb

• Consider transfer forces and 
Hc

• Allows for force redistribution

Session 5:  Vertical Bracing Connections 88UFM=

Hb

P

Vb

Vc

Hc

Vb

Hb

Mb

Mb

Vc

Vb Vb

Hc

H TFcTF H TF Hc b
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TF

Connections-Bracing KISS

• No Hc

• No Vb

• Does not impact beam-to-
column connection

• Need to consider moment 
at beam and at column

Session 5:  Vertical Bracing Connections 89UFM=

Hb

P

Vc

Hb

Mb

Mb

Vc

TFTF TF Hb

eb

ec

M cM c

Connections-Bracing

UFM Advantage= Possible KISS Advantage=
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UFM Special Case IV

( )c

b

F

R e
F

e

M F



 

 

Connections-UFM

bV

bH
bM

FM

P



cH

cV

R

cH

bV

R
be

ce

F

F

TF

F

cH TFbH

c bV V R 

Session 5:  Vertical Bracing Connections 91

TF

Connections-UFM Gravity Distribution

UFM Special Case IV

FM



R

R
be

ce

( )c

b

F

R e
F

e

M F



 

 

F

F

F
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bM

• No eccentricity at 
bolt group if ec= e

FM bM

Connections-UFM

cV

cH

bV

bH

bV
bH

cH

cV

cV
R

cH

bV
cH

R
F F

bV

bR V

P

F

F

FM

F

TF  b cH H TFTF A

e

F

R ( ) ( )F b R eM F e 
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UFM Special Case IV

 H H F
b b

 H H Fc c

 M M M Fb b

Details for High Axial Load 
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Details for High Axial Load and/or Moment
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Chevron Connections

• Stability bracing

• Brace force directions
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W-BEAM

Chevron Connections

• Stability bracing

– Beam framing into WP

– Tension brace

– Stiffeners and studs on top

Session 5:  Vertical Bracing Connections 97

Chevron Connections

• Stability bracing

– Beam framing into WP

– Tension brace

– Stiffeners and studs 

Reference AISC’s 15 Ed. Manual, pp 2-16 and 2-17:
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W-BEAM

TYPICAL BRACE AT BEAM CENTER - CHEVRON
VB4-1

NOTE:
N1. WELDERS IN FIELD WILL ADD WELD FOR GAP PER AWS. DO NOT ADD
WELD FOR GAP IN DETAILING
N2.  STIFFENER ONLY NEEDED WHERE PERPENDICULAR BEAM THAT HAS
A CONNECTION DEPTH = 3/4 CHERVON BEAM DEPTH DOES NOT FRAME
INTO CHEVRON BEAM AT WP. SEE  RFI 20 RESPONSE
N3.  AT LOCATIONS THAT REQUIRE DOUBLERS, DOUBLER TO BE
CONTINUOUS. WELD STIFFENER TO DOUBLER AS NEEDED.

H
SS BR

AC
E2

PL 38" STIFFENER

WITH 14" FILLET WELD

PER DETAIL 5/S40-04,
N2, N3

Chevron Connections

• Optimize connections
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Chevron Connections

• Check for doublers
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See Spec
Appendix 
Section 6.2.2 for 
point bracing 
(nodal bracing) 
required strength 
and stiffness

Single Brace Connections

• Stability Concern
– See Chapter C and Appendix 6 for 

Stability 

– Web compression buckling:  Spec
Equation J10-8 developed from point 
loads and restrained flanges

Test Set-up from Chen 
and Oppenheim 1970

Session 5:  Vertical Bracing Connections 101

Ewp_
m

ax

COLUMN

3
4" CLIP

BASE PLATE WIDTH

tg GUSSET

WC LC

WB       LB

W
T B

R
AC

E

1" MIN

# 
BO

LT
S

@
 3

" O
.C

.

1" M
IN

 TYP

A
ISC

G
AG

E

1
3

4
"

1
3

4
"


h

X

WC LC

WB       LB

Brace to Base

• Work Point location: Typically top of 
plate or bottom of Plate

• See DG29

• Indicate base plate can or can not be 
extended 

• Avoid welding washer plates unless 
anchor rods checked for shear
and bending
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COLUMN

BASE PLATE WIDTH X

WP

Brace to Base
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• Work Point location – Top of Plate sin

cos

 

 

H P

V P



b

V Vc

H H

bH

cV



P

H

V

COLUMN

BASE PLATE WIDTH X

WP

e



STIFFENERS
AS REQUIRED

+

( )




bH
H e

Brace to Base
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• Work Point location – Bottom of Plate sin

cos

 

 

H P

V P

Vc V

bH

cV



P

H

V

 cH H H
b

Sum Moments about  to determine Hb

cH

*Reference DG29

Note: “e” is a 
negative if 
below the top of 
base plate



AISC Night School
March 11, 2019

Connection Design:  Tips, Tricks, and Lessons Learned
Session 5:  Vertical Bracing Connections

53

Copyright © 2019
American Institute of Steel Construction

• General Work Point FBD

COLUMN

BASE PLATE WIDTH X

WP

e


STIFFENERS
AS REQUIRED

+

ec

( )


 

bH
H e Vec

Brace to Base
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sin

cos

 

 

H P

V P

Vc V

bH

cV



P

H

V

 cH H H
b

cH

*Reference DG29

Note: ec = 0 in. 
to column webs

)( ) (

 






c

c

b

c

H H H

H e V e
H

COLUMN

BASE PLATE WIDTH X

WP

e



+

ec

( )


 

bH
H e Vec

Brace to Base
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• General Work Point FBD sin

cos

 

 

H P

V P

Vc V

bH

cV



P

H

V

cH

*Reference DG29

Can also determine Hc by summing 
moments about face of column flange 
at base plate:
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COLUMN

BASE PLATE WIDTH X

WP

e



+

ec

L
w

el
d_

c

0.5( )_  L clipcweld

Brace to Base
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• General Work Point FBD

P

COLUMN

BASE PLATE WIDTH X

WP

+

ec

h

Brace to Base
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• Work Point location – Top of Plate

P

bH

cV

cM

sin

cos

h

( )

h

V P

M V

H P

c

e
c c c

b

 



 
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COLUMN

CAUTION

INFLECTION
POINT

Brace to Base
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• Check anchor rods for shear and 
bending if washer plate is welded to 
base plate 

• Base plate hole size per 15TH Ed. 
Manual Table 14-2

• Washer plates per 15TH Ed. Manual 
Table 14-2

• Consider lugs if high shear load and 
column has insufficient compression 
to resist the shear in friction

H

H

Bolted
PJP Weld

CJP Welded

• Typical order of preference:
– Bolted
– PJP welded
– CJP welded

• SC Bolts or Bearing

• Avoid full strength, especially 
welded

• Show loads on Column Schedule 
or Braced Frame elevations

Tension Column Splices

Bolted
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Lateral Column Splices

• CJP verses PJP  
– Testing

– Gap

• Land = ¼” Min. PJP

• Use similar column depths for 
alignment of flanges. W14 
columns preferred. For column 
size W14:

d – 2tf = 12.6”

Note: Weld prep should allow for 
flange tilt when dc1 – dc2 < 1/4”

BOLT OR WELD

TO LOWER SHAFT

Session 5:  Vertical Bracing Connections 111

Welded Tension Column Splices 

2 2
min min(shear) min(tension)E (E ) (E ) 

CJP Welded

Step 1:  Check for Tension 
using S and Pmin:

Step 2:  If tension, 
determine  stresses in 
weld 

(2)( ) ( )( )
 x

x

weld weld

V Torsion
f

L d L

( )
( )(0.6 )


EXX

f
E

F

Step 3:  Determine (E)
required for shear and 
axial:

min

2

4

(2)( ) (2)( )
( )( )

2

  



flange yx
y

fweld weld
weld

P MM
f

tL L
d L

Step 4:  Sum squares and 
compare to AISC min. (Table J2.3)

min  
yx

a

g x y

MMP
f

A S S
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Seismic Splices: AISC Seismic Provisions 341-16
OCBF, SCBF, BRBF (D2.5 and Chapter F)

Web Shear = maximum required per load 
combinations or
1. V = Mpc/H (OCBF)
2. V = Mpc/Hc (Bolted SCBF/BRBF)

Fy(Zu + Zl)/(H − dbu/2 − dbl/2 − tslab_l)

H
=

 c
e
n
te

rl
in

e
-t

o
-c

e
n
te

r 
lin

e
H

c
=

 C
o
lu

m
n
 c

le
a
r 

h
e
ig

h
t

D2.5b: If tension using overstrength seismic loads:  
1. PJP welds develop 200% required strength 
2. Must develop 0.5RyFybftf of the smaller flange

Chapter F:
SCBF/BRBF: CJP or Bolted flanges 
with min strength = 0.5RyFyZx_min

OCBF:  Load Combinations with 
amplified loads

• Demand critical welds

• Weld tabs to be 
removed, steel backing 
of groove welds need 
not be removed

• If tension > 0.3Fy at 
smaller column, taper 
transitions of tf

4’ or more 
above 
beam 
flange and 
middle 1/3
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Note: LRFD 
expressions 
shown

Seismic Splices: 341-16
Column Not Part of the SFRS (D2.5)

Inflection 
point

V = Mpc/H
Mpc= plastic flexural 
strength in direction 
of consideration. 
Consider both 
directions

Splice 4 ft or 
more above 
beam flange

H = 
Centerline-to-
Centerline
Beams

Use shear 
equal to 
½ of 
2Mpc/H
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Seismic Bracing

• SCBF – Expected strength 

• OCBF – Expected tension strength 
need not exceed the overstrength
seismic load

• BRBF – Buckling-Restrained Braced 

• EBF - Eccentrically Braced Frame
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OCBF

• Per AISC’s 341-16 Section F1.6, the bracing 
connections shall be designed for the 
minimum of :
– i. Force from ASCE7-16 Section 12.4.3.2 with 

Overstrength Factor, Wo.  

– ii.   The expected tension strength of the brace, 
RyFyAg/s

Session 5:  Vertical Bracing Connections 116



AISC Night School
March 11, 2019

Connection Design:  Tips, Tricks, and Lessons Learned
Session 5:  Vertical Bracing Connections

59

Copyright © 2019
American Institute of Steel Construction

OCBF

Session 5:  Vertical Bracing Connections 117

OCBF

• ASCE 7-16 Section 12.4.3.1 Overstrength 
load combinations are (LRFD):
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OCBF

• ASCE 7-16, Table 12.2-1, Overstrength Factor, Wo
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Things to Look for in Review

• Notes:

– Correct Forces

– Correct Member Sizes

– Correct Spec and ASD/LRFD

– Correct Work Point

– Confirm ec

– Confirm any special requirements met

– Hole type consistent with bolt type

– Hc force using the UFM applied at beam-to-column connection

– Transfer forces included in design
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Things to Look for in Review

• Notes:

– Demand capacity ratio
(DCR) < 1

– Correct bolt values

– Incomplete design
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Conclusion

• Give actual forces on contract documents 

• Avoid specifying unnecessary requirements that could penalize the 
contractor. 

• Coordinate with other team members for most efficient design.

• Provide all information needed to properly complete connection design.
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AISC | Questions?

• 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 Session Registrants

CEU / PDH Certificates
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• Reporting site (URL will be provided in the forthcoming email).

• Username:  Same as AISC website username.

• Password:  Same as AISC website password.

Individual Session Registrants

CEU / PDH Certificates

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

8-Session Registrants

CEU / PDH Certificates
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Information for accessing the quiz will be emailed to you by Wednesday.  It will contain a link to access the 
quiz.  EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

8-Session Registrants

Access to the quiz

Posted Tuesday mornings.  www.aisc.org/nightschool -- Click on Current Course Details.

Quiz and attendance records

• EEU – You must take all quizzes and the final exam to receive EEU.
• CEUs/PDHs – If you watch a recorded session, you must pass quiz for CEUs/PDHs.
• REINFORCEMENT – Reinforce what you learn tonight.  Get more out of the course.

Reasons for quiz

Note:  If you attend the live presentation, you do not have to take the quizzes 
to receive CEUS/PDHs

Information for accessing the recording will be emailed to you by Wednesday.  The recording will be available 
for three weeks.  (For 8-session registrants only.)   EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

8-Session Registrants

Access to the recording

If you watch a recorded session, you must take and pass the quiz for CEUs/PDHs.

CEUs / PDHs via recording
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8-Session Registrants

Night School Resources

Find all your handouts, quizzes and quiz scores, recording access, and 
attendance information all in one place!

8-Session Registrants

Night School Resources
Go to www.aisc.org and sign in.
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8-Session Registrants

Night School Resources
Go to www.aisc.org and sign in.

8-Session Registrants

Night School Resources
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8-Session Registrants

Night School Resources

8-Session Registrants

Night School Resources

• Weekly “quiz and recording” email.

• Weekly updates of the master quiz and attendance record, found at 
www.aisc.org/nightschool19.  Scroll down to Quiz and Attendance records.

• Updated on Tuesday mornings.
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8-Session Registrants

Night School Resources

• Webinar connection information

• Found in your registration confirmation / receipt

• Reminder email sent out Monday mornings

• Links to handouts also found here

AISC | Thank you


