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

Night School 28:
Vertical Bracing 
Connections

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 has been submitted for 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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The information presented herein is based on recognized engineering principles and is for general 
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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

Vertical Bracing Connections

Session 8: Other Topics
May 24, 2022

Beyond meeting the requirements of the Specification and Seismic Provisions, the demands of the 
fabricator will also influence the design of a connection.  Topics such as field welding vs field bolting, 
eliminating doublers, and more will be examined. This session will also examine the basics of base 
plate gusset connection design. 

Course Description
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1. List what is included to establish the design requirements for connections.

2. List examples of fabricator preferences that influence connection decisions.

3. Explain differences between the KISS and UFM in connection design.

4. List design considerations in base plate gusset design.

Learning Objectives

Night School 28
Vertical Bracing
Session 8:  Other Topics

Carol Drucker, SE, PE, PEng
Principal

Chicago, IL

6
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Presentation Outline

1. Project Methodology
2. UFM vs KISS
3. Items to Note
4. Potential Issues
5. Base Connections

Vertical Bracing

7

Connections – Vertical Bracing

Implementing Design

Project Methodology

Design Criteria

Mapping

Design

8
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Connections – Vertical Bracing

Implementing Design
Design 
Criteria

System 
Requirements

Forces

Member 
Sizes

9

Design Requirements

• Establish the Criteria
– ASD or LRFD 

– 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

– Surface coating requirements

10
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Design Requirements

• Establish the Criteria

11

Contractor

Design Requirements

• Establish the Criteria

12

Engineer
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Design Requirements

• Establish the Criteria
– Review Contract Drawing Details

13

Design Requirements

14

• Value Engineering
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Design Requirements

15

• Value Engineering

CJP Welded Bolted

Welded Tension Column Splices 

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

Step 1:  Check for Tension 
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Fabricator Preferences

17

• Brace-to-Gusset Connection
– Bolted

– Weld

• Beam-to-Column Connection
– Tabs

– Clips

• Material Grade
– Plate Grade:  50 ksi or 36 ksi

– Angle Grade:  50 ksi or 36 ksi

• Bolt Hole Diameter and Type
– Bearing Bolts and Standard Holes

– Slip Critical Bolts and OVS  holes

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

Slot HSS 
tgusset + 1/8”

18
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Fabricator Preferences

19

• Option for Slip Critical Class B bolts

• Single Plate Preferred Geometry

Design Requirements

20

• Start-up RFI
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Connections – Vertical Bracing

Project Methodology

Design Criteria

Mapping

Design

21

• Map Connections

Connections – Vertical Bracing

Elevation 22
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Vertical Bracing Elevations

23

20’-0”• Corner Bracing
– Map transfer forces

– Map gravity loads

– Map beam sizes

– Map column sizes

• Coordinate with Plans

Connections – Vertical Bracing

Floor Plan
24
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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

25

Connections – Vertical Bracing

Project Methodology

Design Criteria

Mapping

Design

26
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Connections – Vertical Bracing

• Implementing Design

Brace 
to 

Gusset

Chevron

BaseCorner

27

Connections – Vertical Bracing

Starting 
with Brace-
to-Gusset 
Controls:

Matching gussets

Consistent design 
at base, corner, 
and chevron

Vertical Bracing

28
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• Brace to Gusset

Connections – Vertical Bracing

A B C

29

• Brace to Gusset

Connections – Vertical Bracing

30
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• Brace to Gusset

Connections – Vertical Bracing

Gussets center

31

• Brace to Gusset

Connections – Vertical Bracing

32
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• Brace to Gusset

Connections – Vertical Bracing

33

• Brace to Gusset
– Welded HSS

Connections – Vertical Bracing

34
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• Brace to Gusset
– Welded HSS

Connections – Vertical Bracing

35

Connections - 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

36

• Brace to Gusset
– W-Sections

B
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Web Plates

• Brace to Gusset
– W-Sections

Connections – Vertical Bracing

37

Brace-to-
Gusset

Geometric 
Layout

Final 
Design

Connections – Vertical Bracing

38
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• Geometric Layout
– Reference Steel Tips 96

Connections – Vertical Bracing

39

• Geometric Layout
– Reference Steel Tips 96

Connections – Vertical Bracing

A
D

B

C

40
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Brace-to-
Gusset

Geometric 
Layout

Final 
Design

Connections – Vertical Bracing

41

Connections – Bracing UFM

Can set β = β and solve for α. 
If α = α, no moment

Can set α = α and solve for β.
If β = β, no moment

To column flange, set β = β 

To column web, set α = α

*Reference AISC’s 
Night School 28 and 

AISC’s DG29

42

• Interface Forces
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Connections – Bracing UFM

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

*Reference AISC’s 
Night School 28 and 

AISC’s DG29

43

• Interface Forces

Connections – Bracing UFM
*Reference AISC’s 

Night School 28 and 
AISC’s DG29

44

• Interface Forces
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Connections – Bracing

TT Uniform Force

Method (UFM)

TT KISS=

45

• Interface Forces

Connections – Bracing KISS

46

• Interface Forces



24

AISC Night School
May 24, 2022

Vertical Bracing Connections
Session 8: Other Topics

© Copyright 2022
American Institute of Steel Construction

Connections – Bracing KISS

47

• Force Resolution Through Beam and Column

• No Hc

• No Vb

• Does not impact beam-to-
column connection

• Need to consider moment 
at beam and at column

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

48

• Force Resolution Through Beam and Column
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Connections – Bracing UFM

49

• Force Resolution Through Beam and Column

• ec = 0” 

• Hc = 0 kips

• Allows for force 
redistribution

Connections – Bracing KISS

50

• Force Resolution Through Beam and Column

• ec = 0” 

• Hc = 0 kips



26

AISC Night School
May 24, 2022

Vertical Bracing Connections
Session 8: Other Topics

© Copyright 2022
American Institute of Steel Construction

Connections – Bracing UFM

• Utilize reserve strength at the  
beam-to-column web 
connection

51

+

• Force Resolution Through Beam and Column

• Which type do you typically use/see

KISS verses UFM

52

1. UFM

2. Kiss

3. N/A
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Connections – Bracing KISS
• Beam-to-Column Connection 

by Others

53

Mandated Connection

Vertical Bracing

54

Items to Note
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• Information needed for design to avoid 
RFIs, assumptions during connection 
design, or potential revisions in the field

Vertical Bracing – Items for EOR

55

• Architectural requirements

Vertical Bracing – Items for EOR

Photo by Jon Miller 56
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Vertical Bracing – Items for EOR

Notes

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

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

57

Vertical Bracing

58

C

T

C

TF
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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

59

Vertical Bracing

60
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Vertical Bracing

61

• Indicate if both braces can be in 
compression

• Impact the effective length factor 
for whitmore compression

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.

62
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Vertical Bracing

63

Vertical Bracing

Expect RFI

64
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Vertical Bracing

• SC Bolt Requirements given in RCSC Specification

65

• Which type of joint requirements do you typically specify/see?

Bolts

66

1. Bearing bolts

2. Slip critical bolts

3. Pretensioned bolts
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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

67

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

68
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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

69

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

70
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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

71

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

72
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Vertical Bracing – Notes to Avoid

DESIGN BEAM CONNECTION 
FOR HORIZONTAL 
COMPONENT OF BRACE 
FORCE, TYP.

73

Vertical Bracing – Notes to Avoid

DESIGN BEAM CONNECTION 
FOR HORIZONTAL 
COMPONENT OF BRACE 
FORCE, TYP.

74
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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  

75

Most Common Blockers/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

76
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Vertical Bracing

77

Potential Issue

Getting Started with Design

• Flooring Type

Precast Floor

1
”

78
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Getting Started with Design

• Check for stiffeners/doublers in columns

Stiffeners for 
congruent 
beam-to-

column flange 
moment 

connection

79

• Double-Angle Requirements
– Stitch Plates

– AISC Section E6

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

Getting Started with Design

80
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Getting Started with Design

81

• Surface Preparation Requirements
– Class A Bolts

– Class B Bolts

– Galvanizing 

82

Getting Started with Design
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Getting Started with Design

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

83

Getting Started with Design

Work Point

Moment in 
beam 

84

• Work Point requirements
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Getting Started with Design

e

Work Point

Moment in 
beam 

85

M=Pe

P

• Work Point requirements
Moment in 

column

*See AISC’s Design Guide 29

Getting Started with Design

• WP requirements

*Reference AISC’s 
Night School 28 and 

AISC’s DG29

86
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• WP requirements 

Getting Started with Design

87

Work Point at Top of Beam

===>>>

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

• WP requirements 

Frame Analysis

88

Brace eccentricity 
moment induced in 
beam

Brace eccentricity 
moment  induced in 
column

Brace eccentricity 
moment induced in 
column and beam
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• Which method do you commonly use/see for offset WP?

Frame Analysis

89

1. Brace eccentricity moment induced in beam

2. Brace eccentricity moment induced in beam and column

3. Not addressed

Chevron Connections

• Stability bracing

• Brace force directions

90
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Chevron Connections

• Stability bracing
– Beam framing into WP

– Tension brace

– Stiffeners and studs on top

91

See AISC Spec
Appendix 
Section 6.2.2 for 
point bracing 
(nodal bracing) 
required strength 
and stiffness

Single Brace Connections

• Stability Concern
– See AISC Spec Chapter C and 

Appendix 6 for Stability 

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

Test Set-up from Chen 
and Oppenheim 1970

92
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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:

93

• Optimize connections

94

Chevron Connections
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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

95

• Transfer Forces at Composite Deck
– Consider topping slab

Diaphragm Strength

Ls = 20’-0”

t s

96

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

Diaphragm Strength

1

2

1

2
Red Arrow = Fx = Brace Horizontal Component

Blue Arrow = Diaphragm Strength

Green Arrow = Transfer Forces

97

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)

98
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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)

99

100

Transfer Forces

500 500

200 200

Continuous column
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• AISC’s Design Guide 29
(DG29)

• Handbook of Structural Steel 
Connection Design and Details

• AISC’s Night School 28

• Steel Tips

• 15th Ed. Manual, Part 13

• AISC’s Design Examples

Vertical Bracing – References

101

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

102
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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

103

Connections – Vertical Bracing

Whitmore off gusset

• Whitmore Falls off Gusset
– Consider Moment

– Use Symmetric Length

P

M
e

P

104

M= P(e)
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Connections – Vertical Bracing

Whitmore off gusset

• Whitmore Falls off Gusset
– Consider Moment

– Use Symmetric Length
P

Peff

e

105

Peff = P + 4M/Leff

M= P(e)

Connections – Vertical Bracing

• Whitmore Falls off Gusset
– Consider Moment

– Use Symmetric Length

106
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Connections – Vertical Bracing

• Equivalent Axial Force
– Gusset-to-Beam Connection

107

Connections – Vertical Bracing

Whitmore off gusset

• Whitmore Falls off Gusset
– Consider Moment

– Use Symmetric Length
P

P

108
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Vertical Bracing

109

Vertical Bracing
Base Connections

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 

110

Ideal WP location
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COLUMN

CAUTION

INFLECTION
POINT

Brace to Base

111

• 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

111

Brace to Base

112

• Work Point location – Top of Plate
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Brace to Base

113

• Work Point location – Bottom of Plate

Sum Moments about β to determine Hb

*Reference DG29

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

• General Work Point FBD

Brace to Base

114

*Reference DG29

Note: ec = 0 in. 
to column webs
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• Transverse Loading at Column Web
– 15th Ed Manual, Part 9

– Design Guide 29, Section 4.3

Brace to Base

115

• Transverse Loading at Column Web
– 15th Ed Manual, Part 9

– Design Guide 29, Section 4.3

Brace to Base

116

Admissible Force Field for Column 
Base – Weak Axis (cont.):
Using k = 16

Mn = 16(¼)Fytw
2L 

= 4 Fytw
2L

For an applied moment of

Note: For HSS columns, a k-value for 
fixed flanges would be appropriate.

Use stiffener
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• General Work Point FBD

Brace to Base

117

*Reference DG29

Note: ec = 0 in. 
to column webs

Brace to Base

Alternate Cut

Can weld extension

• Base Plate Extensions
– Can Extend Base Plates

– Can Weld Plate

– Can Possibly Avoid by Increasing
Weld Size and Gusset 
Thickness

– More Common at Brace
to Column Flange 
Connections

118
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Brace to Base

119

• General Work Point FBD

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

*Reference DG29

Brace to Base

120

Hc resisted by column web. 
Coordinate column web-to-base 
plate weld. Add weld as 
needed.

• General Work Point FBD
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Brace to Base

121

• Work Point location – Top of Plate

Example of
Brace-to-Column Base Plate

Strong-Axis Case:
Distribution of Forces
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Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case

123

Given:

1. AISC 15th Edition Manual, LRFD

2. Brace Force: Pu = ±180 kips

3. Brace Slope: 12:9⅛ (rise:run)

4. W Shape: ASTM A992, Fy = 50 ksi, Fu = 65 ksi

5. Angles/Plate: ASTM A36, Fy = 36 ksi, Fu = 58 ksi

6. Bolts: ⅞-in. dia. A325-N in STD. 15/16” dia. Holes

124

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case 
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Distribution of Forces:

e = 6 in.

ec = dcol/2 = (21.4 in.)/2 = 10.7 in.

125

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case 

Distribution of Forces (cont.):
Horizontal component of brace force:

Vertical component of brace force:

126

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case

=   x
= y
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Distribution of Forces (cont.):

127

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case

Sum moments 
about CF:

Sum moments 
about base plate 
at column face.

Example of
Brace-to-Column Base Plate

Strong-Axis Case:
Gusset-to-Column Connection
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Gusset-to-Column – Shear and Tension 
Yielding of Gusset Plate Along Column 
Flange:

lw = L – clip = 36.0 in. – 0.75 in. = 35.3 in.

From AISC Specification Eq. J4-3,
Shear Yielding:

fRn = f0.60FyAgv

= 1.0(0.60)(36 ksi)(0.625 in.)(35.3 in.)
= 477 kips > Vu = 143 kips  o.k.

From AISC Specification Eq. J4-1
fRn = fFyAg

= 0.9(36 ksi)(0.625 in.)(35.3 in.)
= 715 kips > Huc = 119 kips  o.k.

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case (cont.)

129

Gusset-to-Column – Design Weld for 
Combined Forces:
From AISC Manual Part 13,
the connection should be designed
for the larger of the peak stress and
1.25 times the average stress.
The weld, however, need not be
larger than that required to develop the 
strength of the gusset. The 25% increase
is recommended to provide ductility to 
allow adequate force redistribution in the 
weld group. (Hewitt and Thornton, 2004).

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case (cont.)

130
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Gusset-to-Column – Design Weld for 
Combined Forces (cont.):
Resultant load is:

Resultant load angle is:

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case (cont.)

   

2 2

2 2
119 kips 143 kips

186 kips

u uc uR H V 

 



1 1 119 kips
tan tan

143 kips

39.8

uc

u

H

V
    

     
  

 

131

Gusset-to-Column – Design Weld for Combined Forces (cont.):
From AISC Manual Eq. 8-2 and strength increase from Eq. J2-5,

From AISC Specification
Table J2.4, minimum fillet
weld size of ¼ in.

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case (cont.)

  

  
     

' 1.5

1.5

1.25

1.392 1.0 0.50sin 2 sides

1.25 186 kips

1.392 35.3 in. 1.0 0.50sin 39.8 2

1.88 sixteenths

u
req d

w

R
D

l


 


   


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LRFD Weld Strength:

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case (cont.)

1.392D = D/16 (0.707) (f)0.6Fexx
1.392 = (1/16) (0.707) (0.75)(0.6)(70 ksi)
1.392 = 1.392

Where
D = # of 16th of an inch. For 5/16” fillet weld, D = 5.

133

Gusset-to-Column – Local Yielding on 
Column Web:
Huc is applied at

From AISC Specification Eq. J10-3,

fRn = fFytw(2.5k + lb)
= 1.0(50 ksi)(0.515 in.)

× [2.5(1.34 in.) + 35.25 in.]
= 995 kips > 119 kips  o.k.

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case (cont.)

18.375 in. < 21.4 in.cold  

134
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Gusset-to-Column – Local Crippling on Column Web:
Huc is applied at

From AISC Specification Eq. J10-4,

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case (cont.)

21.4 in.
18.375 in. > 10.7 in.

2 2
cold

   

  

    

1.5

2

1.5
2

0.80 1 3

35.25 in. 0.515 in.
0.75 0.80 0.515 in. 1 3

21.4 in. 0.835 in.

29,000 ksi 50 ksi 0.835 in.

0.515 in.

829 kips > 119 kips

yw fb w
n w

f w

uc

EF tl t
R t

d t t

H

    f  f         

   
    

    



 
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Example of
Brace-to-Column Base Plate

Strong-Axis Case:
Gusset-to-Base Plate 

Connection
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Gusset-to-Base Plate – Shear Yielding on 
Gusset Plate:
From AISC Specification Eq. J4-3,

φRn = φ0.60FyAgv

= 1.0(0.60)(36 ksi)(0.625 in.)

× (39/16 in.)
= 48.1 kips > Hub = 9.86 kips o.k.

137

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case

Gusset-to-Base Plate – Design Weld:
From AISC Manual Eq. 8-2a,

From AISC Specification Table J2.4, 
minimum fillet weld size of ¼ in.

Note: An extension plate could be used if the 
gusset stress and gusset weld to the base plate 
are excessive. Or the base plate could be 
extended to accommodate the gusset.

138

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case 
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Example of
Brace-to-Column Base Plate

Strong-Axis Case:
Column-to-Base Plate 

Connection

Column-to-Base Plate:
The figure on the right shows a common
weld arrangement. For this example, the 
welds need to be designed for the axial 
tension and shear loads that are present.

For gussets to the column strong axis, the 
most effective force distribution is to take 
the horizontal shear to the web-to-base plate 
weld, and the axial tension to the flange-to-
base plate welds.

This force distribution assumes that the 
anchor bolts are placed close to the flanges to avoid excessive base plate 
bending due to the axial tension.

Note: For high uplift, 2-sided fillet welds can be used.

140

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case 

Size for Axial 
Tension

Size for 
Horizontal 

Shear
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Column-to-Base Plate – Shear Yielding on 
Column Web:
From AISC Specification Eq. J4-3,

φRn = φ0.60FyAgv

= 1.0(0.60)(50 ksi)(21.4 in.)

× (0.515 in.)
= 331 kips > Huc = 119 kips  o.k.

141

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case

Column-to-Base Plate – Design Column 
Web-to-Base Plate Welds:
Using the minimum ¼-in. fillet weld 
requirement per AISC Specification Table 
J2.4, determine required weld length from 
AISC Manual Eq. 8-2a,

142

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case
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Column-to-Base Plate – Design Column 
Web-to-Base Plate Welds (cont.):
From AISC Manual Eq. 9-3 and using
lw = 11.0 in. long ¼-in. fillet welds on each 
side of web, check column web shear 
rupture along the weld.

143

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case

Column-to-Base Plate – Design Column 
Flange-to-Base Plate Welds:
Axial load per flange is:

From AISC Specification Table J2.4, 
minimum fillet weld size for thickness of 
thinner part joined > ¾ in. (tf = 0.835 in.) is 
5/16 in.

144

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case
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Column-to-Base Plate – Design Column Flange-to-Base Plate Welds (cont.):
From AISC Manual Eq. 8-2a and strength increase from Eq. J2-5 from the 90°
tension loading,

On the outside of each flange, use 4-in. long 5/16-in. fillet weld and (2) 2-in. long 
welds on the inside of each flange.

From AISC Manual Eq. 9-3, check column flange shear rupture

145

Example of Brace-to-Column Base Plate 
Connection Strong-Axis Case

Note: At column base plate connections, 
there may be additional loads that need to 
be considered. This information would 
need to be provided by the EOR.

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.

146
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AISC | Thank you

AISC | Questions?
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• All WFH individuals associated with a group registration will be issued a 
certificate.

• All individuals attending at your connection: you will receive an email on how 
to report their 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

PDH Certificates

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

8-Session Registrants

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 Friday 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.
• PDHs – If you watch a recorded session, you must pass quiz for 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 PDHs

Information for accessing the recording will be emailed to you by Wednesday.  The recording will be 
available for four 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 PDHs.

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/nightschool28.  Scroll down to Quiz and Attendance records.

• Updated on Friday mornings.
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8-Session Registrants

Night School Resources

• Webinar connection information

• Reminder email sent out Monday mornings

• Links to handouts also found here

AISC | Thank you


