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Please standby.

3 : Smarter.
: Stronger.
: Steel.

Vertical Bracing Connections, Session 8: Other Topics
May 24, 2022 | Carol Drucker

C In\leg ht School

AlA Credit

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-AlA 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.
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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 2022

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.

C Rﬁg ht School

Course Description

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.
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( AISC
Night School
Learning Objectives
List what is included to establish the design requirements for connections.

List examples of fabricator preferences that influence connection decisions.

Explain differences between the KISS and UFM in connection design.

Eall S

List design considerations in base plate gusset design.

Night School 28
Vertical Bracing

Session 8: Other Topics

Carol Drucker, SE, PE, PEng
Principal

dzse

l o e Zajde sructura ST ;| Smarter.
Chicago, IL i@% : Stronger.

= : Steel.
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Presentation Outline
Vertical Bracing

1. Project Methodology
2. UFM vs KISS

3. ltems to Note

4. Potential Issues

5. Base Connections

Connections — Vertical Bracing

Implementing Design

JaR

Project Methodology

D Design Criteria
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Implementing Design

Connections — Vertical Bracing

Design
Criteria

System
Requirements

Forces

Member
Sizes

- Establish the Criteria
— ASD or LRFD ¥’
— Load criteria

— Surface coating requi

— Bolt pre-tensioning and/or slip critical requirements @/
— Shear loads for members in the braced frame w/

— Connection work points at member centerlines‘%/

— Transfer force notes ‘@/ 4

— Seismic response modification coefficient, Rw/

Design Requirements

rements%/
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Design Requirements

» Establish the Criteria

ESES=

s e v

teee et e

seee

oo de|
+ e

e e

IR

e

Contractor

Design Requirements

» Establish the Criteria
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BOLT ECOENTRIGITY
=doi? + GAGE

Wy
S
e

:

« Establish the Criteria
— Review Contract Drawing Details

Design Requirements

* Value Engineering

Design Requirements

_COLUMN «._
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Design Requirements
» Value Engineering
\‘r\ UPFER
7 7 Al : Ce
rvep AP o T i appens
¢ o Bul
}'v LOWER
CJP Welded Bolted
15

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

Welded Tension Column Splices

Step 1: Check for Tension f.= P M, M,
using S and Pmin: 4, S S,
Step 2: If tension, f = Y, Torsion
determine stresses in L) @)Ly)
weld
fy _ twinstange M. B aM B :
‘ . )Ly (- 17 YL (2U(Lys)
Step 3: Determine (E) o M\ Fweid
required for shear and (E) = f
axial: (#)(0.6F )

2 2
Emin = \/(Emiu(shcar)) + (Emiu(tcusion))
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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
Slot HSS
— Preferred angle sizes  tua* wfﬂ"\
— HSS slot widths "

b

— Lap start/stops S

e

Fabricator Preferences

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

W8 Column
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Fabricator Preferences
3" 3"
* Option for Slip Critical Class B bolts 3 A
I |
+ Single Plate Preferred Geometry - >
CONVENTIONAL PLATE _¢_ _¢_
- *
- -
S
EXTENDED PLATE _¢_ _¢_
* *
* -
19
Design Requirements
« Start-up RFI
REQUEST FOR INFORMATION - DZSE 001 chcﬁgﬁm
20
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Connections — Vertical Bracing

Project Methodology

Mapping

21

Connections — Vertical Bracing

« Map Connections

Use tabs moment to
flange with stiffeners
above
3 ZMLEXELE
PTF=0 1 - 148:6 s
] PTF=30k aDDOS“e
Opposite = 16x26
Wibxes = £3
skewed o
wn
2
T4 —— [=>] k]
=
— o] b . MILEVEL7 g+
PTF=0 - — 130'-67
- 75" a3g1 PTF=0  Opposite
Opposite VB3, VB3.133B W e
W16x26
skewed -
ACAN % K ™
Elevation s
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Vertical Bracing Elevations

» Corner Bracing
— Map transfer forces
— Map gravity loads
— Map beam sizes
— Map column sizes

T4

Opposite
W16x26
skewed

Opposite
W16x26
skewed

\ 20’-0”

[

W14x605 (CW)

Use tabs moment to
flange with stiffeners

above
|/ MLEVELS
148'-6" *

PTF=G0k Opposite
W16x26

W14x605 (CW)

PTF=0  Opposite
W16x26

23
Connections — Vertical Bracing
« Coordinate with Plans
. (E COLUMN
{3 Y 5"
¥ 1~ [A2.109.2]
[A2i094] “2XYV|Az2.109.7] B
\ingol JHBETY] -
- ¥ /
W16X36 T\ W16X36
A2.150.11 \\ TBiE75
A7.107.1 CRIRN W
|LIALTA] . S |
W16X26 ‘ N W16X26
| Y
A1.107.3 A
- 15
v;-; typ b
W14X22 o VK6X26
N
N
4
typ Y
Floor Plan
24
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» Typically shown Qe
— Elevations
— Brace size
— Brace force
— Grid locations R :
« Helpful information 4
— Beam size
— Column size
— Transfer forces
— Bay length
— Column orientation

Vertical Bracing Elevations

3-8 14"

1
¢ ».,;; cALLEVEL  _|
L/
w |

|
GROUND LEVEL L
-0

25

Connections — Vertical Bracing

Project Methodology

Design

26
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Connections — Vertical Bracing

« Implementing Design

~ Chevron

Brace
to
Gusset

Corner Base

27

Connections — Vertical Bracing

Vertical Bracing

Matching gussets

Consistent design
at base, corner,
and chevron

W14X176 (FP) I
W14X176 (FP) |;

I

28
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Connections —

* Brace to Gusset

Vertical Bracing

C

29

Connections —

* Brace to Gusset

&y [ Steel Design Guide

Hollow Structural
Section Connections

Vertical Bracing

il
[ANER) =9
(5t +N) —4-: n
.
|
Wl
D
|

Fig. 7-3. Load dispersion through a cap-plate-to-round
HSS connection.

30
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Connections — Vertical Bracing

* Brace to Gusset
Gussets center /

31

Connections — Vertical Bracing

* Brace to Gusset

t+t, 1 . P
e=— s for —2>0.2
ts - ¢ 1 & 4e P
’ | Tee Stem =
w52 (== SR LA P oM,
- . Gusset | | 2 E
| ; P.< for —<0.2
‘ Le I _l_ + L P‘
F,

Fig. 5-5. Tee stem/gusset as an eccentrically loaded column.

(5-3)

(5-4)

32

© Copyright 2022
American Institute of Steel Construction

16



AISC Night School
May 24, 2022

Vertical Bracing Connections
Session 8: Other Topics

* Brace to Gusset

Connections — Vertical Bracing

: ,‘—_‘})
4

TN

| Steel Desifn Guide

Vertical Bracing Connections—
Analysis and Design

==

Fig. 3.3, Wide-flange brave (flunge 10 view) with foar angles connecting to gusset.

orientation are typically connected to the gussets by WTs or
double angles back-to-back on the near and far side of the
gusset. Alternatively, single angles on each side of the brace
could be employed. If the brace is subjected to compression
as well as tension. plates should not be used in place of the
WTs or angles. Figure 3-3 shows a wide-flange brace, flange
10 view in elevation. This brace is connected to the gusset

with four angles, two on the near side and two on the far side
of the gusset.

Connections — Vertical Bracing
* Brace to Gusset
— Welded HSS
\‘izgjﬁ"c
\‘1\ 6‘9%

s
R %,
=5

\ ~
\o\\sy ~
{m 34
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* Brace to Gusset
— Welded HSS

OVERCUT FOR ERECTION

Connections — Vertical Bracing

\yxe
WA ‘ LA
WA ‘ LA
=
o
o
o
a
=}
(3]
SUPPORT
35
Vertical Bracing
* Brace to Gusset " Bearing bolts in dlBq
% slots perpendicular |-
— W-Sections by to the load B
PY
S‘ :?
.« ¥ . - SECTION B-B
. - amai
\ 2 r
. o B \ B
> * _| Horizontal short slots in T
. ‘//,—- angle at gusset (for Gage in same size angle
. overrun of brace depth) | legs to match
. and brace, slot length
g n perpendicular to brace. 2 )
f L |
" ¥——— | Extend angles on one-
| side for erection aid
SECTION A-A

36
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Connections — Vertical Bracing
* Brace to Gusset
— W-Sections
Web Plates o
\ Yod
%
s .
I .
o L] 9 - ~~ -
L] . . 4 EI‘ L] u Ta
b > (] ) " o
E » -
’ o [ B |
a“" ""\s} SECTION A-A
@ SUPPORT -

Connections — Vertical Bracing

Geometric
Layout

38
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Connections — Vertical Bracing

* Geometric Layout
— Reference Steel Tips 96

STRUCTURAL STEEL EDUCATIONAL COUNCIL

I I I s TECHNICAL INFORMATION & PRODUCT SERVICE

Seismic Detailing of
Gusset Plates for Special
Concentrically Braced Frames

December 2006

39

Connections — Vertical Bracing

» Geometric Layout
— Reference Steel Tips 96

\

*l ‘++++++‘ \
/ \

%+f++
[

T
2
|

40
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Connections — Vertical Bracing

Final
Design
41
. - *Reference AISC’s
Connections — Bracing UFM Night School 28 and
AISC's DG29
* Interface Forces &5
1 T o8 /P _ o —Btan(0) = ¢, tan(0) —e, (eq. 13-1)
I T Cals®: %
v . ),s
i o —T—’ ) Can set B = B and solve for a.
B=B 0 Hc i T . IfH:a,iomoment
b —‘PHb Can set a = a and solve for p.
[ y - ' If B =B, no moment
e 4 To column flange, set B = B
! i To column web, seta = a
L -
7R ec ! o =0
@ .
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€c

* Interface Forces

[ . -

L

Connections — Bracing UFM

%
. \‘ i
- AY /f;
‘ >

b 3
» .
,--. b
Vb —
r
o

Mb :Vb(a_a)

o —ftan(0) = e, tan(0) — e

*Reference AISC’s
Night School 28 and
AISC’s DG29

(eq. 13-1)

M, =H,B-PB)

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

43

. . *Reference AISC’s
Connections — Bracing UFM Night School 28 and
AISC’s DG29
e
* Interface Forces 2\, vV, = b P — AV,
_ o b b
r
o
Hb = P
r
B
e
- M, =—Pla-a)+ AV, a
eb 1 b . ( L) b
.T_...__._ . |
u
¢ : e
V.=—P+AV, =P
Ec r 14
.1_1(/.? 44
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Connections — Bracing

* Interface Forces

Uniform Force 7 KISS
Method (UFM)

45

b’
Wl

Connections — Bracing KISS

* Interface Forces

Hy = Pcos(0)
My, = Hy(ep)
V. = Psin(0)
M. =V, (e.)

ll
|

LI

46
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» Force Resolution Through Beam and Column

b
5 X

MC MC- l.. / “\ :
D (1 ? :

I;C I'C' ..-
— °

Hb\_./" Mb

Hy XM |

— e . =
TF TF TF TF-!-Hb

Connections — Bracing KISS

No Hc
No b

Does not impact beam-to-
column connection

Need to consider moment
at beam and at column

47

» Force Resolution Through Beam and Column

v,
b b.d r
| 1 ’ :
e TR H,+TF H+TF H,+TF + H,

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
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Connections — Bracing UFM

» Force Resolution Through Beam and Column

.
‘\ . ec = O”

b
SR P
- ‘\

l v v, Ti 3 / _\\‘

* Hc =0 Kkips

» Allows for force

redistribution

T %]

. >
Hb\"’" Mb
H M

’ , b<+ b

TF IF TF TF + H,

49

Connections — Bracing KISS
» Force Resolution Through Beam and Column

W

A Y e ec=0"
8
: A p ‘
) 4 - / * Hc =0 kips
lLC I"(:T ‘
Hb _A Mb
TF TF TF TF + H
b

50
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2022

American Institute of Steel Construction

25



AISC Night School
May 24, 2022

Vertical Bracing Connections
Session 8: Other Topics

Vg+Vb l

Connections — Bracing UFM
» Force Resolution Through Beam and Column

» Utilize reserve strength at the
beam-to-column web
. connection

51

1. UFM

2. Kiss

3. N/A

« Which type do you typically use/see

KISS verses UFM

52
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Connections — Bracing KISS

* Beam-to-Column Connection
by Others

\

Mandated Connection

53

Vertical Bracing

Items to Note

54
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Vertical Bracing — Items for EOR

Information needed for design to avoid
RFls, assumptions during connection
design, or potential revisions in the field

SINGLE SHEAR PLATE SLOT THROUGH -|
HSS IF REQUIRED BY CONNECTION
ENGINEER CALCULATIONS

WORK POINT/

‘ FOR CHECKING HSS WALL, USE Pa = 0.75 (0.6Fy) ASD

LOWER BRACE

CCONNECTION NOT TO STEEL COLUMN ]|
EXTEND BELOW CELING, | —

SEE ARCHITECTURAL

A325 OR A490 BOLTS:

ol

BEAM.TO-COLUMN FLANGE
SHEAR CONNECTION. SLOT THROUGH
HSS IF REQUIRED BY CONNECTION
ENGINEER CALCULATIONS

BRACE & TAB 1" MIN
ABOVE FINISHED \
FLOOR

SINGLE SHEAR PLATE SLOT THROUGH| ——. | '
WSS IF REQUIRED BY CONNEGTION I
ENGINEER CALCULATIONS

HSS DIAGONAL BRACE. SEE
BRACING ELEVATIONS FOR SIZE

AND BRACE FORCE, P (TENSION

R
GOMPRESSION). SLOT HSS AT
GUSSET PLATE

TO DEVELOP
FORGE 7

GUSSET PLATE TO DEVELOP

100%
OF BRACE FORCE P

/ £ TSTEEL

WeL SEE PLAN

STEEL BEAM, TYP.

(SEE PLAN) -womc POIN

SINGLE SHEAR PLATE

SLOT THROUGH HSS IF REQUIRED
BY CONNEGTION ENGINEER
CALCULATIONS

¥

A325 OR A490 BOLTS

HOTE:
1. SHEAR PLATE, WELDS, AND BOLTS IN THE BRACING SIDE BEAM CONNECTION TO DEVELOP 100%

OF MINIMUM ALLOWABLE
STEEL NOTES® OR

THE FRAMING PLAN.

E SHEAR CAPACITY OF THE BEAM AS SCHEDULED IN THE “STRUCTURAL

A
2. USE AISC'S UFM FOR BRACING DESIGN. FOR CHECKING HSS WALL, USE Pa = 0.75 (0.6Fy) ASD.

TYP. BRACING DETAIL AT HSS COL

SCALE: NOTTO
SCALE

55
. .
Vertical Bracing — Items for EOR
&
h _t t | . ‘t A325 OR A490 BOLTS: &
Architectural requirements [ \!\L
b~
| | HSS DIAGONAL BRACE. SEE
1 'BRACING ELEVATIONS FOR SIZE
1SS F REGUIRED Bv CONNECTION ] I AND BRACE FORGE, P". (TENSION
ENGINEER CALCULATIONS | c.gupngs.sx)«] SLOT HSS AT
"
BRACE & TAB 1" MIN SHEAR COMNECTION, SLOT THROUGH | s A E o
HSS IF REQUIRED BY CONNECTION o
ABOVE FINISHED FLOOR P AN I | ) Fosce
po——————— GUSSET PLATE TO DEVELOP
BRACE & TAB 1" MIN | | Tooss
ABOVE FINISHED | : H _{>_< OF BRACE FORCE P*
FooR 1
| \ - - /
| I | AL TSTEEL
N U ¥EL SEE PLAN
4 [ l L
e
I I/ \ j
LOWER BRACE et B
CONNECTION NOT TO ! | } EQ
EXTEND BELOW CEILING, L
STEEL BEAM, TYP. SINGLE SHEAR PLATE
SEE ARCHITECTURAL (SEE PLAN) WORK POINT, | | | D SLOTTHROUGH HSS IF REGUIRED
BY CONNECTION ENGINEER
LOWER BRACE ———
Low CEL
SEE ARCHITECTURAL A A325 OR MO0 BOLTS
IOTE:
1. SHEAR PLATE, WELDS, AND BOLTS IN THE BRACING SIDE BEAM CONNECTION TO DEVELOP 100%
OF MINIMUM ALLOWABLE SHEAR CAPACITY OF THE BEAM AS SCHEDULED IN THE "STRUCTURAL
STEEL NOTES® OR
AS INDICATED ON THE FRAMING PLAN
2 USE AISC'S UFM FOR BRACING DESIGN. FOR GHECKING HSS WALL, USE P = 0.75 (0.67y) ASD.
3. IF AXIAL LOAD AT SHEAR PLATE, USE STD HOLES OR SC BOLTS
TYP. BRACING DETAIL AT HSS COL
SCALE: NOTTO
SCALE
56

Photo by Jon Miller
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Vertical Bracing — Items for EOR

A325 OR A490 BOLTS:

E

SINGLE SHEAR PLATE SLOT THROUGH ——|
HSS IF REQUIRED BY CONNECTION
ENGINEER CALCULATIONS

TYPICAL BEAM.TO-COLUMN FLANGE
SHEAR CONNECTION. SLOT THROUGH
HSS IF REQUIRED BY CONNECTION
ENGINEER CALCULATIONS

_y AND BRACE FORCE, “P". (TENSION
oR
/. Souenesson siorwss ar
I/ GUSSET PLATE
/ TO DEVELOP
, FORCE P

HSS DIAGONAL BRACE. SEE
BRACING ELEVATIONS FOR SIZE

BRACE & TAB 1+ M ‘Goﬁ_?a PLATE TO DEVELOP
ABOVE FINISHED ‘\‘ —{—< OF BRACE FORCE "P*

All connections, unless specifically designated as froos l 7

being completely designed on the structural | e e o

drawings, shall be designed and detailed by a

structural engineer licensed in the state where the P Iy 4 | T —_ e

project is located

-
STEEL BEAM, TYP. =
(SEE PLAN) WORK POINT,

A

LOWER 8f

RACE

CCONNECTION NOT TO STEEL COLUMN ]|
EXTEND BELOW CEILING, ——

SEE ARCHITECTURAL

g

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

SINGLE SHEAR PLATE

SLOT THROUGH HSS IF REQUIRED
BY CONNEGTION ENGINEER
CALCULATIONS

A325 OR A490 BOLTS

HOTE:

1. SHEAR PLATE, WELDS, AND BOLTS IN THE BRACING SIDE BEAM CONNECTION TO
OF MINIMUM ALLOWABLE SHEAR CAPACITY OF THE BEAM AS SCHEDULED IN THE
STEEL NOTES® OR

AS INDICATED ON THE FRAMING PLAN.

2 USE AISC'S UFM FOR BRACING DESIGN. FOR CHECKING HSS WALL, USE Pa = 0.75
3. IF AXIAL LOAD AT SHEAR PLATE, USE STD HOLES OR SC BOLTS

5 TYP. BRACING DETAIL AT HSS COL

DEVELOP 100%
STRUCTURAL

(0.6Fy) ASD.

SCALE: NOTTO
SCALE

57

Vertical Bracing

58
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Vertical Bracing

. /

* Indicate if both top and bottom braces

in compression

2N

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

59
Vertical Bracing
&
&
&
&
~ HSS DIAGONAL BRACE. SEE BRACING
ELEVATIONS FOR SIZE AND BRACE
FORCE, "P". (TENSION OR COMPRESSION).
A ORMIOBATS SLOT HSS AT GUSSET PLATE
————— GUSSET PLATE TO DEVELOP

TYPICAL BEAITOCOLUNN — 100% OF BRACE FORCE 'P*

FLANGE SHEAR

CONNECTION J'_‘7_\ TO DEVELOP

FORCE 'P*

N | steeL,

(L £ SEE PLAN
—————— - \ — — = —CLBEAM

| provesmooums e

CONNECTION OR ALTERNATE CONNECTION
~ DESIGNED BY FABRICATOR'S SE
IORK POINT . I\ (3) SIDES,

STEEL BEAM, TYP. — \\ A

(SEE PLAN) L S A325 ORA90 BOLTS

STEEL COLUMN

NOTES

1. DOUBLE ANGLES, WELDS, AND BOLTS IN THE BRACING SIDE BEAM CONNECTION TO DEVELOP 100% OF SCHEDULED SHEAR IN
ADOITION TO THE BRACE FORCES AND ANY TRANSFER FORCES NOTED ON PLAN.

2. USE THE AISC UNIFORM FORCE METHOD (UFM) FOR DESIGN OF THE VERTICAL BRACING. DO NOT USE THE FORCE FROM ONE
'BRACE TO OFESET THE FORCE FROM THE QPPOSITE BRACE FOR EXAMLE_ DO NOT UISE THE LIEM "He® FORCE FROM ONE
BRACE TO OFFSET THE UFM *He FORCE FROM THE OPPOSITE BRACE

3. EXTENDED TABS AT VERTICAL BRACING CONNECTIONS ARE ACCEPTABLE AS DESIGNED BY FABRICATOR'S SE.

2 o 10
J 60
s
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Vertical Bracing

* Indicate if both braces can be in
compression

» Impact the effective length factor
for whitmore compression

W-BEAM

61

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 Connections
Session 8: Other Topics

(112" THICK, MINIMUM)

Vertical Bracing

PROVIDE DOUBLERS IN CHEVRON
FULL DEPTH STIFFENER PLATE BEAMS WHERE REQUIRED PER
OR SHEAR CONNECTION PLATE AISC'S DESIGN GUIDE 29 CHEVRON
EACH SIDE OF WEB 4 BRACING DESIGN PROCEDURE

DOUBLER TO EXTEND FULL HEIGHT

CL WORK POINT AND BEAM
0 OF BEAM AND BE CONTINUOUS AT

\
\spmuuo >
i D)

UPPER BRACE CONNECTION \ D STIFFENER. SEE NOTE 1
\RACING NOT SHOWN. _\ \I T e, /
RACE L Y 71 / i YETE_EE‘,’
MPRESSION). 7/ EL: SEE PLAN
¥
ATLOCATIONSWITH  _ ToRa P8 T -
NING, PROVIDE PL 172 TSN
STIFFENERS IN BEAM A
DGES AND CENTER OF e
GUSSET PL, NSFS
(BTOTAL) ———————— __—+—— FULLDEPTH STIFFENER TO
GUSSETPLATETO —_ | MATCH ABOVE FOR HSS
DEVELOP 100% OF WITH ELEVATOR RAIL
BRACE FORCES SUPPORT LATERAL BRACE
/:,% ATTACHMENTS.
Y ——— HSS DIAGONAL BRACE,
) TYPICAL_SEE BRACING
TODEVELOP ELEVATION FOR SIZES AND
—< FORCE PI" BRACE FORCES ('P1" AND "P).
IGLE ; \ ! PLUS P2" BRAGES CANACT IN
{ CONECTION & S TENSIONCOMPRESSION OR
se \ C TODEVELOP BOTH BRACES CAN BE IN
—b—<rorce P \o  COMPRESSION
,g’(‘ P Y % SLOT HSS AT GUSSET PLATE
o G
SHEARIN NOTES.
1. FOR ESTIMATING PURPOSES ONLY, CONTRAGTOR CAN ASSUME 114" DOUBLERS FILLET WELDED OR 172"
DOUBLERS GROOVE weweom@?(\ OCATIONS WITH TOP AND BOTTH
DETAIL AT BRACING JOINT - BRACES-TO-BOTTOM BEAM FLANGE

SCALE:0™1 -0

20

63
Vertical Braci
&
[
HIGH STRENGTH BOLTS IN A ‘I IB
SLIP-CRITICAL TYPE CONNECTION 3 S TS [oR
, ,
Expect RFI | | (TENSION OR COMPRESSION),
l b M HSS DIAGONAL BRACE. SEE BRACING
DOUBLE ANGLES ] ELEVATIONS FOR SIZE. SLOT HSS AT
. S
&
TYPICAL BEAM-TO-COLUMN (]
FLANGE SHEAR CONNECTION Il
(IF TRANSFER FORCE "TF" ! L5 = GUSSET PLATE
INDICATED, SEE NOTE 2) |\
1" MIN >—<
! rl
I / TISTEEL
| ; P see soan
195
—_— - — - — - — | [E -H—-—-—-—-— - — - ==—¢BEAM
i i :i
= AN =
| L
/ AT S
STEEL BEAM. TYP. WORK POINT | STEEL BEAM, TYP.
(SEE PLAN) (SEE PLAN)
1
STEEL COLUMN /, h
(SEE SCHEDULE) "’l
NOTE ¢ coLumn
7. CONNECTIONS EACH SIDE TO DEVELOP 100% OF MINIMUM ALLOWABLE SHEAR CAPACITY OF THE BEAM AS
SCHEDULED IN THE "STRUCTURAL STEEL NOTES" OR AS INDICATED ON THE FRAMING PLAN.
2. WHERE TRANSFER FORCE. “TF", INDICATED, DEVELOP ADDTIONAL CAPACITY IN BEAM-TO-COLUMN
CONNECTIONS ON BOTH SIDES OF COLUMN. PROVIDE STIFFENERS AND DOUBLERS AS REQ'D
64
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May 24, 2022

Vertical Bracing

« SC Bolt Requirements given in RCSC Specification

4.3. Slip-Critical Joints
Slip-critical joints are required in the following applications involving shear or
combined shear and tension:

(1) Joints that are subject to fatigue load with reversal of the loading
direction;

(2) Joints that utilize oversized holes;

(3) Joints that utilize slotted holes, except those with applied load
approximately normal (within 80 to 100 degrees) to the direction of the
long dimension of the slot; and,

(4) Joints in which slip at the faying surfaces would be detrimental to
the performance of the structure.

Bolts in slip-critical joints shall be designed in accordance with the
applicable provisions of Sections 5.1, 5.2, 5.3, 54 and 5.5, installed in
accordance with Section 8.2 and inspected in accordance with Section 9.3.

Bolts
» Which type of joint requirements do you typically specify/see?
1. Bearing bolts
2. Slip critical bolts
3. Pretensioned bolts
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Vertical Bracing Connections

Session 8: Other Topics

Vertical Bracing

GUSSET PL

(GR 50) WITH
DIAGONAL OVERSIZED
BRACE SEE HOLES
ELEVATION !
i
1 —
! e
1
; | DETAILER TO
| DESIGN BEAM
I TO COLUMN
! i CONNECTION
PI %" MIN ~ ol FOR FORCES
S | | AS NOTED ON
GUSSET ~ ! ELEVATION
- 4
Bl ER{
! | peanen
1
_____ e
1 -
| Sy |
= TT——wp
ﬂ 1
|
| »
BEAM, SEE SEE PLAN FOR — |
PLAN COLUMN
ORIENTATION
67
Vertical Bracing Expect RF!
GUSSET PL P
" (GR50) WITH -
DIAGONAL OVERSIZED
BRACE SEE HOLES
ELEVATION I
:
1 —
! e
1
! ] DETAILER TO
] /_ DESIGN BEAM
N TO COLUMN
! i CONNECTION
Pl %" MIN ~_ : | FOR FORCES
S il I AS NOTED ON
GUSSET < ! ELEVATION
- 1
I |
G & -
1
_____ =
1 |
i
i T —
;‘ 1
|
¥
BEAM, SEE SEEPLANFOR — |
PLAN COLUMN
ORIENTATION
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Vertical Bracing Connections
Session 8: Other Topics

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

GUSSET-TO-BEAM _
CONNECTION TO
DEVELOP “Ph”

SC BOLT, TYP7

Vertical Bracing — Notes to Avoid

7
+ bt
I
+
F
+
\\ 1
.

=
t
i{;

F+ 3+ 4+

\||
-

GUSSET-TO-COLUMN CONNECTION
| TO DEVELOP “PV”

\\— BOLTEDAWELDED DOUBLE ANGLE
CONNECTIONS AT GUSSET

| —— BEAM TO COLUMN
CONNECTION PER TABLE ON

S200

69

CONNECT BRAC
FLANGE AND WEB
FOR BRACE
FORCE, P = 100%

AXIAL STRENGTH
OF BRACE OR 75%
TENSION
SRENGTH OF
BRACE AND 20
KIPS SHEAR

GUSSET-TO-BEAM
CONNECTION TO
DEVELOP “Ph”

SC BOLT, TYP

Vertical Bracing — Notes to Avoid

7
+ L
1"{\
t
R
+
S 1 |
e o

F+ 3+ 4+

\||
-

=l
t

GUSSET-TO-COLUMN CONNECTION
TO DEVELOP “PV”
L

\ BOLTED/WELDED DOUBLE ANGLE
CONNECTIONS AT GUSSET

| ——t BEAM TO COLUMN
CONNECTION PER TABLE ON
5200

70
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Vertical Bracing Connections
Session 8: Other Topics

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

GUSSET-TO-BEAM
CONNECTION TO
DEVELOP “Ph”

Vertical Bracing — Notes to Avoid

SC BOLT, TYP

iy

ll}
Freutdit

i

=l
t
jéi:

F+ 3+ 4+

\||
-

GUSSET-TO-COLUMN CONNECTION
TO DEVELOP “PV”
L

\ BOLTED/WELDED DOUBLE ANGLE
CONNECTIONS AT GUSSET

BEAM TO COLUMN
CONNECTION PER TABLE ON
$§200

71

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

GUSSET-TO-BEAM
CONNECTION TO
DEVELOP “Ph”

Vertical Bracing — Notes to Avoid

SC BOLT, TYP7

17

<+

rﬁﬁ

1

Im

!

\\ 1‘
N

e

T EEE

LE

GUSSET-TO-COLUMN CONNECTION
TO DEVELOP "PV”
—

\\—— BOLTEDAWELDED DOUBLE ANGLE
CONNECTIONS AT GUSSET

| —— BEAM TO COLUMN
CONNECTION PER TABLE ON

S200

=~
N
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Vertical Bracing — Notes to Avoid

{7 -
|
Q r
/ 1|4
~ } i‘
~ |
\ } ?T,
~ I |4
N N #Ef \—— DESIGN BEAM CONNECTION
‘ \t; ] FOR HORIZONTAL
S ] COMPONENT OF BRACE
» ii FORCE. TYP.
iy
7 =
e |
— i ! x
RS
\ s
\ } 9 \7
et B

73

Vertical Bracing — Notes to Avoid

6/ I |
‘ |
L) I
1|4
N jE= §
™~ [+
N Ml
~o L |— DESIGN BEAM CONNECTION
o jﬁ | __—"  FORHORIZONTAL
I« COMPONENT OF BRACE
D S i’#*’ FORCE. TYP.
| +7i7
| |-
e
|

X

74
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May 24, 2022 Session 8: Other Topics

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 rdzseN

. Use of Slip Critical bolts REQUEST FOR INFORMATION - DZSE 001 B st o e ) TS
» Alternate Connections T FrOM
ATTN: DATE
» Full Strength Jo8: o
REF:
* HSS Beam Loading NUMBER OF PAGES
» Transfer forces (TF) INFORMATION REQUESTED:

» Column splice loading (Min. Axial)
» Material grade

» Restrictions

» Stitch Plates

» Shear load in beams (especially if a
percentage of the Maximum Total

f L DL . IF ALL PAGES ARE NOT RECIEVED, PLEASE CALL JOB CONTACT AS SOON AS POSSIBLE
Uniform Load, UDL, is used) REQUESTED BY ANSWERED BY.

+  Work Point oo

76
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Vertical Bracing

Potential Issue

77

* Flooring Type

Getting Started with Desi%

Precast Floor

¥_______iil____________:

78
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Vertical Bracing Connections
Session 8: Other Topics

* Check for stiffeners/doublers in columns

Getting Started with Design

’,
4
‘e, .,
4
. 4
LR Stiffeners for T
* e congruent .
- beam-to- .
column flange
. o moment
. connection
- - L]
" .

O I I A A 2
R A A Y

O I A S I
R R

79
Getting Started with Design
I Table 4-9 (continued)
* Double-Angle Requirements Tr Availsble Strengthin .
: Axial Compression, kips
— Stitch Plates A Double Angles—LLBB
— AISC Section E6 ol — T
. . b/t 544 12
— Table 4-8 to 4-10: Axial Compression P .7 2 T
LRFD LRFD
Double Angles I ERERERE
4 200 244
6 an 234
8 261 220
10 242 204
. 12 220 185
(E6-1) MEIRD 197 166
B|x| 16 173 146
B|=| 8 150 127
B |2 127 108
g |z 106 .
2l |2 890 J 7
g |2 759 4
L, 1 HEE e
(TJ =(’—] (E6-2a) ; . e =
m =1 7] 273 224
1 i}
(2) When 25 40 % : Ef? 3 fsg
il | H
I g § 1 163 & 133
[L;;L] = (E6-2b) x| e 187 112

80
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Vertical Bracing Connections
Session 8: Other Topics

Getting Started with Design

DN
¢ N X
e
R \i\

e x\ \\\\

\\ 3 3 \\\
N 1 )\ \/§
N\ .
E6. BUILT-UP MEMBERS e

1. Compressive Strength

This section applies to built-up members composed of two shapes either (a) inter-
connected by bolts or welds or (b) with at least one open side interconnected by
perforated cover plates or lacing with tie plates. The end connection shall be welded
or connected by means of pretensioned bolts with Class A or B faying surfaces.

81

— Class A Bolts
— Class B Bolts
— Galvanizing

» Surface Preparation Requirements

Getting Started with Design

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

82
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AISC Night School Vertical Bracing Connections
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Getting Started with Design
» Seismic Design, R > 3 (AISC 341-16, Section D2.2(d))

(d) All bolts shall be installed as pretensioned high-strength bolts. Faying surfaces
shall satisfy the requirements for slip-critical connections in accordance with
Specification Section J3.8 with a faying surface with a Class A slip coefficient
or higher.

Exceptions: Connection surfaces are permitted to have coatings with a slip coef-

ficient less than that of a Class A faying surface for the following:

(1) End plate moment connections conforming to the requirements of Section
El, or ANSI/AISC 358

(2) Bolted joints where the seismic load effects are transferred either by tension
in bolts or by compression bearing but not by shear in bolts

Getting Started with Design
« Work Point requirements ,>‘ Y
£
Work Point E
Moment in \
beam ] | o
\ :
=
=
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Vertical Bracing Connections
Session 8: Other Topics

Getting Started with Design

Moment in

Work Point n A
o
L
beam \

. . % ¥ S~—___ Momentin
* Work Point requirements % column
'.
M=Pe ’*.p\ ...
a.. X o i
y, \D =
\\P, '—TE

*See AISC’s Design Guide 29

85

Getting Started with Design
* WP requirements . ",' (1-n)M
B "3
beam . .
n — [ bmm] " V 1 I” f
ng_m'+Lhe(11u H |(_T_ : —l‘)H‘
col ‘beam
=m
viE' |
L) R 5.
Aa AR
w ( + 4
: \ H'
H v
~__ (1-n)M
2

*Reference AISC’s
Night School 28 and
AISC’s DG29

86
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Vertical Bracing Connections
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* WP requirements

m
=)
=

Work Point at Top of Beam

Getting Started with Design

===>>>

Member M1,LC 1:1

s 10 12
Member Location (ft)

87

* WP requirements

RIGID LINK

I
Brace eccentricity

moment induced in
beam

®

Xy

Frame Analysis

RIGID LINK

| | ——

Brace eccentricity
moment induced in
column

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

RIGID LINK

Brace eccentricity
moment induced in
column and beam

88
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Frame Analysis

* Which method do you commonly use/see for offset WP?

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

Iy

i@’ 920

Lamas
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Vertical Bracing Connections
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Chevron Connections
« Stability bracing

— Beam framing into WP ﬁ/

— 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 ‘

800% Machine

Control Test

Test Set-up from Chen
and Oppenheim 1970

Section 6.2.2 for
point bracing
(nodal bracing)
required strength
and stiffness

..
— Tension brace Y-BEAM f f
— Stiffeners and studs on tog - : :
91
Single Brace Connections
See AISC Spec
« Stability Concern Appendix

92
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« Stability bracing

— Tension brace

Chevron Connections

— Beam framing into WP V/
— Stiffeners and studs

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

1. When an infill beam frames into the continuous beam at the column top. the required
stability normally can be provided by using connection element(s) for the infill beam
that cover three-quarters or more of the T-dimension of the continuous beam.

Alternatively, connection elements that cover less than three-quarters of the T-dimen-
sion of the continuous beam can be used in conjunction with partial-depth stiffeners in
the beam web along with a moment connection between the column top and beam bot-
tom to maintain alignment of the beam/column assembly. A cap plate of reasonable
proportions and four bolts will normally suffice.

GIRDER CONT.
OVER COL.
l‘ INFILL BEAM
e
4 <
s
CLIP OR STAGGER
ANGLES
INFILL BEAM
GIRDER CONT.
r OVER COL.
1
<
1
BOLTS ——/ \— CAPPL.
COLUMN-——=| o3

» Optimize connections

FULL DEPTH STIFFENER

PLATE OR SHEAR CONNECTION
PLATE EACH SIDE OF WEB

(38" THICK, MINIMUM) ‘

'WEB DOUBLER AS REQUIRED 1
FOR CONNECTION DESIGN

Chevron Connections

GUSSET PLATE —————=

W-BEAM
G WORK POINT AND BEAM SPAN, UN.O.
/—HWP\CAL
& TISTEEL
WEL SEE PLAN
- oBEAM
- ¢ BE » .
HSS DIAGONAL BRACE, 1
TYPICAL. SEE BRACING ‘91170
ELEVATION FOR SIZES AND 2,
BRACE FORCES (P1" AND "PZ") ‘
(TENSION OR COMPRESSION) vg4-1. TYPICAL BRACE AT BEAM CENTER - GHEVRON
SLOT HSS AT GUSSET PLATE NOTE:
N1, WELDERS IN FIELD WILL ADD WELD FOR GAP PER AWS. DO NOT ADD
WELD FOR GAP IN DETAILING
. INTO CHE 3 g Fl 20 A ;
& N2, Al LUGAIIINS |HA | HEUUIRE DUUBLERS, UUUBLER 10U BE
CONTINUOUS, WELD STIFFENER TC DOUBLER AS NEEDED.

PL 3" STIFFENER

WITH * FILLET WELD
PER DETAIL 5/540-04,
N2 N3

94
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Transfer Forces

Transfer forces on opposite
sides of the column should be %,

equal Horizontal component of

brace force is internal to
the braced frame and the

[ ] . A=+70Kk beam-to-column
7 TF = 14k connection does not need

to resist the entire

' / N horizontal force
TL \qu component

T ZIN

95

Diaphragm Strength

» Transfer Forces at Composite Deck

— Consider topping slab OV, =OLLMT)  ACHI2533

$=0.75 -
I )

L =200

—%

— %

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

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

B ——

96
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Diaphragm Strength

» Transfer Forces at Composite Deck

OV, = 0Lt (20[f",)  ACI12.533
b=0.75

ETF=max(abs(ZF,, —ZF,)—V,,0kips)
Red Arrow = F, = Brace Horizontal Component

Blue Arrow = Diaphragm Strength

Green Arrow = Transfer Forces

97

10k —»>

Sum forces in “X” direction
TF=-3.34k-9.6k(0.707)

=-10k (T) \

-3.34k < —

Transfer Forces - Discontinuous Braced Bays

+9.93k
* To determine transfer
force:
& — Determine the transfer
ol plane
— Sum forces either side of
-0.115k that plane

= Sum forces in “X” direction
TF=-14.0k(0.707)-0.115k
=-10.0k (T)

98
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Transfer Forces - Discontinuous Braced Bays
10k —> +9.93k
* To determine transfer
Sum forces in “X” direction force:
TF=-3.34k-9.6k(0.707) & — Determine the transfer
=10k (T) N plane
\ A — Sum forces either side of
-3.34k ‘< -0.115k that plane
é \\ Sum forces in “X” direction
XY) "OQ | i
NP) TF=-14.0k(0.707)-0.115k
=-10.0k (T)
L & L
99

Transfer Forces

Continuous column

100
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Vertical Bracing Connections
Session 8: Other Topics

« AISC’s Design Guide 29
(DG29)

¢ Handbook of Structural Steel
Connection Design and Details

» AISC’s Night School 28
» Steel Tips

« 15% Ed. Manual, Part 13
» AISC’s Design Examples

Vertical Bracing — References

=

[ = ] / —
) | E———

Docember 006

Seismic Detailing of
Gusset Plates for Special
Concentrically Braced Frames

@ A
@ &7

Vertical Bracing Connections—
Analysis and Design

HANDROOK OF
STRUCTURAL STEEL °
CONNECTION DESIGN
AND DETAILS

@5 AKBAR R. TAMBOLI

AISC

Night School

webinar today
stan

Need Help?

Call Re:

adyTalk Support: 800.843.9166

101
Vertical Bracing — Articles
 Effective Length Factors for
Gussets Plate BUCkling, EJ 2nd Qtr’ Gusset Configy a:::la i summ:f:::i:opused E“:‘::::‘::I‘.ge':g:clorsa F'l
2006, Bo Dowswell e Wi o =
- Effective Length Factors for Bt o as i .
Gussets Plates in Chevron Braced ——==———= :
Frames, EJ 3 Qtr, 2012, Bo S .
Dowswell
» The Effect of Eccentricity on T et
Brace-to-gusset Angles, EJ 4" Qfr, T o T e
1996, W.A. Thornton
102
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Vertical Bracing Connections
Session 8: Other Topics

Vertical Bracing — Articles

+ The Whitmore Section, MS, July [ 1
2011, WA Thornton and Carlo fle
Lini

« Recommendations for Shear
Lag Factors for Longitudinally
Welded Tension Members, EJ
1st Qtr, 2012, Patrick Fortney e
and WA Thornton / ) (a) Correct Whitmore length.

i,
\ L/
~ e ~

|
|
1/
|

(b) Incorrect Whitmore length.

« Whitmore Falls off Gusset
— Consider Moment
— Use Symmetric Length

Connections — Vertical Bracing

- Whitmore off gusset
/ / P

M= P(e)
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Connections — Vertical Bracing

« Whitmore Falls off Gusset
— Consider Moment  Whitmore off gusset

— Use Symmetric Length /
P
/ L300
\ (=]
s\ Peff /ﬁl
= \./
Peff = P + 4M/Leff
//
M= P(e)

105

Connections — Vertical Bracing
« Whitmore Falls off Gusset
— Consider Moment
— Use Symmetric Length
i /
- 00
_" ,’vg ,6
< %
R
<
£
% 106
(e
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» Equivalent Axial Force
— Gusset-to-Beam Connection

mterface 1s:

Connections — Vertical Bracing

The total equivalent normal force (including both the force and the moment resolved into a force couple) at the gusset-to-beam

| 300°

LRFD

ASD

M,
Ny couiv = Vap + 2

L
2
4)(1.790 kip-i

=167 Kips + u

M,

B

(4)(1,190 kip-in.)

=111Kkips+

31.5in 31.5in
= 394 Kips = 262 kips 107
Connections — Vertical Bracing
« Whitmore Falls off Gusset
— Consider Mon_]ent Whitmore off gusset
— Use Symmetric Length
. ?

© Copyright 2022
American Institute of Steel Construction

54



AISC Night School

May 24, 2022

Vertical Bracing Connections

Session 8: Other Topics

Vertical Bracing

Vertical Bracing
Base Connections

109

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

Ideal WP location \

COLUMN

WCPs LC

WC|~ LC

FouP —r—— |

| BASE PLATE WIDTH

tg GUSSET

g

LB

110
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Vertical Bracing Connections
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* Check anchor rods for shear and
bending if washer plate is welded to
base plate

* Base plate hole size per 15™ Ed.
Manual Table 14-2

* Washer plates per 15™ Ed. Manual
Table 14-2

* Consider lugs if high shear load and , , ~

column has insufficient compression
to resist the shear in friction

Brace to Base

COLUMN

.
Hl
=

wp

BASE PLATE WIDTH

a - 4 < 4 < - 9
< 5 4 34 4
111 111
Brace to Base
* Work Point location — Top of Plate H = Psin®
COLUMN
V = PcosO
H
_ ; V,=V
P

112
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COLUMN

Note: “e” is a
negative if
below the top of
base plate
4
A
£ Ih’c
— s
wp L
i oy ‘—\-
* ! !
- i N g

BASE PLATE WIDTH

* Work Point location — Bottom of Plate

Brace to Base

H = Psin®
V =PcosH
STIFFENERS
AS REQUIRED
H V.=V
V o
i Sum Moments about B to determine H,
;8 i, - 2B
-
.’ B
L]
Hb 3 HC - H - Hb
1
.

*Reference DG29
113

» General Work Point FBD

Brace to Base

H = Psin®
€c
COLUMN «_
= STIFFENERS V = Pcos0
Note: e, =0 in. __ASREQUIRED | g7
to column webs ' 7/\‘/
r Ve =V
I
I\ J—
g H(B-e)-Vec
Hb = —
wp B
TN
H.=H-H b
|
BASE PLATE WIDTH L‘_| *Reference DG29

114
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Brace to Base

» Transverse Loading at Column Web
— 15t Ed Manual, Part 9
— Design Guide 29, Section 4.3

(a) Transverse load

H =H-H
T 4 b
—a--— c —— -
777777777 For wide-flange sections, the edges of the column web are generally assumed to be
N / pinned:
\ >~ 2 Y7
= R,= s Fy | 4N 2Tab(a+ b) + Lia + b) 9-31)
! 4 ab
L 1
I
I
I
1 -

415

Brace to Base

+ Transverse Loading at Column Web
— 15t Ed Manual, Part 9
— Design Guide 29, Section 4.3

Use stiffener

. 4F
ifH.>¢

Base — Weak Axis (cont.):
Using k=16
M, = 16("a)F t,2L
=4 Ft,2L

—

For an applied moment of
H(-E S (I)Mn = ¢(4}ryt\r2L)

Admissible Force Field for Column ' :,1,,‘:.} N

|/~ Stiffener
if required

5 t"p! [
4F L =
B

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

orH < 4)(

Extension plate
v if required

116
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* General Work Point FBD

(s

COLUMN

Note: e, =0 in.
to column webs

WP i

Brace to Base

H = Psin0
STIFFENERS V =PcosO
ASREQUIRED  f7
= I V.=V
-
[ ] —
~ L ‘f{ _ }ﬂr([3'_f?)“pqgc
® b B
Hc = H - Hb

*Reference DG29

117

- Base Plate Extensions
Can Extend Base Plates
Can Weld Plate

Weld Size and Gusset
Thickness

More Common at Brace
to Column Flange
Connections

Can Possibly Avoid by Increasing

Brace to Base

Ec

COLUMN
STIFFENERS

AS REQUIRED H
r V
’ P
[ ]
i i §—. .
[ ] [ ] y
v, ®
| | H, ® Alternate Cut
we | —. ¢ /
| ==
' 0
o — N
| | H,
1 ! —
i |
““u_ .
— —~ Can weld extension
BASE PLATE WIDTH x|

118

© Copyright 2022
American Institute of Steel Construction

59



AISC Night School
May 24, 2022

Vertical Bracing Connections
Session 8: Other Topics

Brace to Base

Hc resisted by column web.

plate weld. Add weld as
needed.

»

L -

Coordinate column web-to- ba\sem\\_:f|r

* General Work Point FBD H = Psin©
COLUMN —
V = PcosH
H
vV _
£ V.=V
<N T H(B—e)-Ve,
r L] [ ] -
V. . b B
L ]
WP 6 | H‘_ =H — Hb
L = Hc.
e Can also determine Hc by summing
| . moments about face of column flange
+ » H), at base plate:
-— 1 _,—
I i H(e)+V(e,)
- BASE PLATE WIDTH _ x| *Reference DG29 Ht‘ - B
119
Brace to Base
* General Work Point FBD ™y
COLUMN .| 1

v

*—.—
H, H,
| T o —>H,
v,
T V H,
il
— |
n BASE PLATE WIDTH LA
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Brace-to-Column Base Plate
Strong-Axis Case:
Distribution of Forces

Brace to Base
* Work Point location — Top of Plate
&
COLUMN )
VC = Psin Bh
P
Mc - Vc (ec)
[ ]
WP 4 bl —
v T i Hb = Pcos 9h
L
N "Jw(' *
! e, H
+ " b\ ks
| i |
L BASE PLATE WIDTH x|
Example of
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Example of Brace-to-Column Base Plate
Connection Strong-Axis Case

Bolts: 75" dia. A325-N
Holes: std. '54¢" dia.
Col/Brace: A992

W21x83

¢ Column

J

+180 kips

+143 kipsl i .
W12x65 +109 kips
— S

Angles/Plate: A36 & 107 / (4)L's 4xdxs
o/ 7 %" fill plate
v each side
&7
3.05"| N N
35
o Huye = 119 kips}i ©
“ 5 a1
o | NS and FS> ) PL %x14%5"x3"-0'
5 flanges / 6" 2" _,Jé qu = /143 kips shaped
i (% o) Ta& Clip %"
Q| W.P. %
: g %
=
. . Hyp=9.86 kips ;.\PL 1%x13%"x30"
B &yL B
= IAGER

30"

123

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

Given:

1. AISC 15" Edition Manual, LRFD

2. Brace Force: P, = 180 kips

3. Brace Slope: 12:97% (rise:run)

4. W Shape: ASTM A992, F, = 50 ksi, F, = 65 ksi
5. Angles/Plate: ASTM A36, F, = 36 ksi, F, = 58 ksi
6. Bolts: 7-in. dia. A325-N in STD. '%/,4” dia. Holes

124
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Example of Brace-to-Column Base Plate
Connection Strong-Axis Case

Distribution of Forces:

B= —(L _ZChp) +clip

_ (36 111—20.75 in.) +075 in.

=18.375 in.

e=01n.

e.=d.,/2=(21.4in)2=10.7 in.

W21x83

¢ Column

L =36"

P, =+180 kips

W12x65
(4)L's 4xaxls

PL %gx14%"x3'-0"
shaped
Clip :9/4 ..x3/4 "

PL 1%4x13/5"x30"

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

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

xP,  (9.125)(180 kips)

SRyt Jonasy +(12)

Vertical component of brace force:

v YR _ (12)(180 kips)
DRt Joazsy <12y
=143 kips

W21x83
¢ Column P, = +180 kips
| Vu=t‘143kipsl i"’ - 1001
) - =% ips
;ciﬁ 10.7" / 4
1
| 7W12x65
i () —(4)L's dxdxth
o
bk I
n 3
e
5 12
? o g;[= xy PL %x141"x3'-0"
@ ,,“ W.P. shaped
1O Clip %4"x34"

PL 1%4x13%5"x30"
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Example of Brace-to-Column Base Plate
Connection Strong-Axis Case

Distributit_)n of Forces (cont.):

Sum moments _ H.(B—e€)~V.e. (109 kips)(18.375 in.—6.0 in.) - (143 kips)(10.7 in.)
about CF: . B 18.375 in.

=-9.86 kips
Sum moments _ H,e+V,e. (109 kips)(6.0 in.)+(143 kips)(10.7 in.) P,= 180 kips
about base plate " B B 18.375 in. V=143 KPS| b, = 100 kips
at column face. P ¢ Caomn o 12

=119 kips g
6115-10.7' ;

Hue = 119 kips

F Vu= 143K sl
V,= 143 kips

Wwe. WP,

= Hu = 119 kips Hy,=9.86 kips
1\/‘, = 143 kips
Vu= 143 kips _ N
— Hue = 119 kips dam S Kes
]
Base plate 127

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

Connection Strong-Axis Case (cont.)

Gusset-to-Column — Shear and Tension Bolts: 75" dia. A325-N
Holes: std. 1%4¢" dia.

Yielding of Gusset Plate Along Column Col/Brace: A992
x Angles/Plate: A36
[,=L—clip=36.0in.—0.75 in. =35.3 in. ‘ V=143 kipsz_
- Hy = £109 kips
Tz g /
From AISC Specification Eq. J4-3, = 1 an
Shear Yielding: i —W12x65
OR, = $0.60F 4, w (4)L's 4xdxds
=1.0(0.60)(36 ksi)(0.625 in.)(35.3 in.) ‘
=477 kips > V,= 143 kips o.k. & _
i an Hyc = 119 kips
From AISC Specification Eq. J4-1 P _ ;12 t e kll3p|_85/x141/“x3‘-0“
OR, = OF A, & j/ shaped
Clip %"34"

Jo

=0.9(36 ksi)(0.625 in.)(35.3 in. :
:715( Kips >)(H - 119)(kips o.k). Hu= 988 Kips' | | PL DAITS0

ol

129

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

Bolts: 75" dia. A325-N

Holes: std. 1%4¢" dia.

Col/Brace: A992
W21x83 Angles/Plate: A36

Gusset-to-Column — Design Weld for
Combined Forces:

From AISC Manual Part 13, ¢ Column P, = £180 kips
the connection should be designed ‘ Vu= £143 kipsZ/iu - £100 kige
for the larger of the peak stress and Tk ;0'7‘ va
1.25 times the average stress. }
The weld, however, need not be { n/“f —W12x65
larger than that required to develop the : f; ()L's 4xxds
strength of the gusset. The 25% increase ‘
is recommended to provide ductility to f T Hao = 119 kips
allow adequate force redistribution in the B ’ t Ve=/143 kips
weld group. (Hewitt and Thornton, 2004). 3 7:1/9;12 PL S4x14%5x3 0"
@ | W.P. shaped
) Clip %"

Jo

Hyy=9.86 kips ~—PL 1%4x13},"x30"
9

ol
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Combined Forces (cont.):
Resultant load is:

Ru = VHML‘Z +V;2
= J(119 kips)’ +(143 kips)’
=186 kips

Resultant load angle is:

0= tan"' | Hue | qnt | 112KPS k%ps
v 143 kips

=39.8°

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

Gusset-to-Column — Design Weld for

Bolts: 75" dia. A325-N

Holes: std. 1%4¢" dia.

Col/Brace: A992
W21x83 Angles/Plate: A36

¢ Column Py, = +180 kips

‘ V= 143 kips
- Hy = £109 kips

[ ed=107" N

««ﬁ?’

h Hyc = 119 kips
L Vu=/143 kips

PL %x1415"x3'-0"
shaped
Clip %4"x%,"

Hyo= 9.86 kips’ \PL 1%x13%"x30"
1

—W12x65
(4)L's 4x4xY,

\w

ol

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

Gusset-to-Column — Design Weld for Combined Forces (cont.):
From AISC Manual Eq. 8-2 and strength increase from Eq. J2-5,
1.25R,

l%@d: . .
13921, (1.0+0.50sin"* 0)(2 sides)
~ (1.25)(186 kips)
1.392(35.3 in.)[ 1.0+0.50sin"* (39.8°) |(2)
=1.88 sixteenths

TABLE J2.4

From AISC Specification Minimum Size of Fillet Welds
Table J2.4, minimum fillet

weld size of % in.

Minimum Size of
Fillet Weld, ©! in. (mm)

Material Thickness of
Thinner Part Joined, in. (mm)

To /4 (6) inclusive s (3)
Overli{B)toto 3 Liod5.
Over 12 (13) to %4 (19) 74 (6)

OVET~77 {19} TE (87
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Example of Brace-to-Column Base Plate
Connection Strong-Axis Case (cont.)

LRFD Weld Strength:

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

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

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

Gusset-to-Column — Local Yielding on Bl . Agoe-A
Column Web: CollBrace: ASS2
. . x Angles/Plate: A36
H,. is applied at Q\(/:Vglln?r? gesret Py = £180 kips
B=18375in.<d_, =214 in. | e 100 ks
I ez 107" P
From AISC Specification Eq. J10-3, i —W12x65
| (4)L's 4xdxds
OR, = OF,1,(2.5k +1,) |
=1.0(50 ksi)(0.515 in.) ) L - 116 kios
x [2.5(1.34in.) +35.25in] " || of t o has °
=995 kips > 119 kips o.k. ? ?J/gjé” T
| | WP shaped
) Clip %"

Hyy=9.86 kips ~—PL 1%4x13},"x30"
9

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

Gusset-to-Column — Local Crippling on Column Web:
Hu(z is applled at J .
B =18.375 in.> ﬂ:&
2 2

From AISC Specification Eq. J10-4,

1.5
EF 1,
OR, =¢0.80zj[1+3(11j[iJ ] [
d\t, t,

. . 1.5
=0.75(0.80)(0.515 in.)’ {1+3(35-25 m-j(“ 15 m-j }

21.4 in. )\ 0.835 in.

=10.7 in.

. \/(29,000 ksi) (50 ksi)(0.835 in.)
0.515 in,

=829 kips > H,, =119 kips

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

Gusset-to-Base Plate — Shear Yielding on
Gusset Plate:

Bolts: 7g" dia. A325-N
Holes: std. 194" dia.
Col/Brace: A992

From AISC Specification Eq. J4-3 W21x83  AnglosiPlate: A0
pecifi q > T_Column P, = +180 kips
Vi = +143 kips ]
R, = $0.60F A, g - /KHu = 109 dps
= 1.0(0.60)(36 ksi)(0.625 in.) &= 10.0y ¢
' %  W12x65
x (3%, 1n.) ‘ (4)L's 4xdxds
=48.1 kips > H,, = 9.86 kips 0.k. |
:8 Huec = 119 kips
M o F uc =
= E ,|1/2 l w =/ 143 kips
@
2. /4 PL $4x14%5"x3-0"
@ ‘f,’i 498 shaped ’
1 ] Clip %4"34"
Hyy= 9.86 kips \‘;PL 134x13%5"x30"
| 3"

Example of Brace-to-Column Base Plate

Connection Strong-Axis

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

W21x83 Angles/Plate: A36

Case

Bolts: 7g" dia. A325-N
Holes: std. 191" dia.
Col/Brace: A992

R
_ u ¢ Column - .
DPrega = 1.3921, (2 sides) ‘ Vu = +143 kips - et
7oy o [{ Hy = +109 kips
__ 9.86kips " el=t0r] e
1.392(3%, in.)(2) ' % Wi2x65
=0.99 sixteenths w / (4)L's 4xdxs
From AISC Specification Table J2.4, . ‘
.. . . ©
minimum fillet weld size of % in. S . s Hue = 119 Kips
'I!' E / l Vu=/143 kips
Note: An extension plate could be used if the = /9;'12 PL St d%a0"
gusset stress and gusset weld to the base plate @ i we shaped
. K} Clip %"34"
are excessive. Or the base plate could be TsoBokpe | | PL 130"
extended to accommodate the gusset. e 3%
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Example of
Brace-to-Column Base Plate
Strong-Axis Case:
Column-to-Base Plate
Connection

Connection Strong-Axis Case

Column-to-Base Plate:
The figure on the right shows a common

weld arrangement. For this example, the A -~ Baseplate
welds need to be designed for the axial \\

tension and shear loads that are present. \

For gussets to the column strong axis, the ~ Size for Axial ~ wrL
most effective force distribution is to take Tension \'WET
the horizontal shear to the web-to-base plate

weld, and the axial tension to the flange-to- Column

base plate welds. W = weld size Hanzli (:g:al
This force distribution assumes that the L = length of Weld Shear

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.

Example of Brace-to-Column Base Plate

140
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Example of Brace-to-Column Base Plate
Connection Strong-Axis Case

Bolts: 7g" dia. A325-N

Column-to-Base Plate — Shear Yielding on Holos: std. ™,," dia.
Column Web: W21x83 gﬁgi:‘g?;l‘:?%a
From AISC Specification Eq. J4-3, € Column Py = 180 kips
‘ - Vu=2143 kipsm .
R, = $0.60F 4, —1 . Vi

ecr_=_ 0.7}

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

; % W12x65
x (0.515 in.) ‘ / (4)L's 4xdxds

=331kips > H,.= 119 kips o.k.

©
@

-la Ixn‘ / Huc=‘119kips
5 ’ w =/ 143 kips
& 12
Tl / g} PL %4x1415"x3'-0"
=Y ui WP shaped
1 — Clip ¥4"x%4"
Hyy= 9.86 kips T -PL 1%x134"x30"
3"

141

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

Bolts: 7g" dia. A325-N

Column-to-Base Plate — Design Column Holes: std. 15" dia.
Web-to-Base Plate Welds: Col/Brace: A992

1 i 1/ 3 W21x83 Angles/Plate: A36
Using the minimum Y4-in. fillet weld ¢ Column I

requirement per AISC Specification Table V=143 "ipsl :’H 1109 kips

J2.4, determine required weld length from — o Y
AISC Manual Eq. 8-2a, T ’
| ——WA12x65
L, - M. ' ! / (4)L's 4xdxts
w_req'd .
1.392D(2 sides) |
= 119 kips :8 I3 Huec = 119 kips
1.392(4sixteenths )(2) Sk |/ \ Va=/143 kins
5 12
=10.7 in. i o 4 9 ;Il.afzs:y}e"xa'-o"
1 nn! Clip %4"34"

Hyy= 9.86 kips T -PL 1%x134"x30"
1 918
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Example of Brace-to-Column Base Plate
Connection Strong-Axis Case

Bolts: 7g" dia. A325-N

Column-to-Base Plate — Design Column ol o
‘Web-to-Base Plate Welds (cont.): ColfBrace: A992
. W21x83 Angles/Plate: A36
From AISC Manual Eq. 9-3 and using € Column I
I,=11.0 in. long Y-in. fillet welds on each | i kipsm 4109 s
side of web, check column web shear — ‘_-TD' 7~- p
CF___-___ ’

rupture along the weld.

. ' | 12465
, _619D _ 6.19(4sixteenths) [ / st
m F, 65 ksi ‘

u

=0.381in. <z, =0.515 in. o.k.

36"

-la Ixn‘ / Huc=‘119kips
5 ’ w =/ 143 kips
& 12
Tl / g} PL %4x1415"x3'-0"
=Y ui WP shaped
1 — Clip ¥4"x%4"
Hyy= 9.86 kips T -PL 1%x134"x30"
3"

143

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

Bolts: 7g" dia. A325-N

Column-to-Base Plate — Design Column Holes: std. 15" dia.
Flange-to-Base Plate Welds: WotxE3 ﬁﬁi_;ﬁi?é?;{l?izsa
Axial load per flange is: € Column P, = 180 kips
V, 143 kips . Vi = £143 kips ]
flange force = - = PP o715 kips B ‘ - m = +109 kips
2 ezt0ry .
From AISC Specification Table J2.4, r % = WISKES
minimum fillet weld size for thickness of ‘ (A)L's At
thinner part joined > % in. (z,= 0.835 in.) is ‘
516 in. 81 ~ Hue = 119 kips
S8 e l Vi =/143 kips
@
N PL 9x14)5"x3-0"
@ ‘f,’i 498 sha;:d o
1 1 Clip %4"34"

Hyy= 9.86 kips T -PL 1%x134"x30"
1 918

144
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Example of Brace-to-Column Base Plate
Connection Strong-Axis Case

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,
flange force

1.392D(1.0+0.50sin"* 6)(2 sides)
_ 71.5 kips
1.392(5 sixteenths)[ 1.0+0.50sin"* (90°) ] (2)

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

w_reqd =

=3.42in.

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

6.19D 6.19 (5 sixteenths) Note: At column base plate connections,
min I = 65 ksi there may be additional loads that need to
u be considered. This information would
=0476 in. < t[ =0.8351in. o.k. 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

ﬁ““""‘“q,é : Smarter.
5@; : Stronger.

: Steel.

AISC | Questions?

“\nﬂﬂ‘

ﬁ““""‘“q,é : Smarter.
5@; : Stronger.

: Steel.
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Individual Session Registrants

PDH Certificates

* All WFH individuals associated with a group registration will be issued a

certificate.

* Allindividuals attending at your connection: you will receive an email on how

to report their attendance from: registration@aisc.org.

* Beon 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!

8-Session Registrants
PDH Certificates

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

Access to the quiz

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.

Quiz and attendance records

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

Reasons for quiz

* 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.

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

8-Session Registrants

Access to the recording

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.

PDHs via recording

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

Login

USERNAME DON'T HAVE AN ACCOUNT?

PASSWORD
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8-Session Registrants

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

IN THIS SECTION My#“SC

MY PROFILE

EDIT PROFILE

MY PURCHASED DOWNLOADS

VIEW DOWNLOADS

MY COURSE RESOURCES

View online resources for Night School aRd Live Webinar package registrat

VIEW RESOURCES

8-Session Registrants

Night School Resources

145 13 8-Secsion Package-Night School 13 - Design of Industrial Suiidin

NS 14 8-Session Pack ot Schizol

© Copyright 2022
American Institute of Steel Construction

78



AISC Night School Vertical Bracing Connections
May 24, 2022 Session 8: Other Topics

8-Session Registrants

Night School Resources

Night School 13: Design of Industrial Buildings

8-SESSION PACKAGE 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

ST : Smarter.
AISC | Thank you i@% Stronger.

e : Steel.
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