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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.
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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.

Thank you for joining our live
webinar. We will begin shortly.
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Questions related to specific materials, methods, and services will be addressed at the conclusion of this
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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.

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.
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Learning Objectives

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

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

1
2
3
4

. List design considerations in base plate gusset design.

Vertical Bracing Connections
Session 8: Other Topics

. List examples of fabricator preferences that influence connection decisions.

Night School 28
Vertical Bracing

Session 8: Other Topics

Carol Drucker, SE, PE, PEng
Principal

dzse

Chicago, IL

f'""‘\ : Smarter.
i@i : Stronger.
e’ | Steel.

Presentation Outline
Vertical Bracing

1. Project Methodology
2. UFM vs KISS

3. Iltems to Note

4. Potential Issues

5. Base Connections
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Connections — Vertical Bracing Design Requirements
Implementing Design Dias  Establish the Criteria
esign — ASD or LRFD ¥
Criteria — Load criteria %
— Bolt pre-tensioning and/or slip critical requirements qf
System — Shear loads for members in the braced frame ¥ )
Requirements — Connection work points at member centerlines v

— Transfer force notes ¥ )
— Seismic response modification coefficient, Rv

Forces — Surface coating requirements ¥
Member
Sizes
Design Requirements Design Requirements
 Establish the Criteria + Establish the Criteria
"l'l "',' ":,l "','
"l'l "l,' "1,l "c,'

Contractor Engineer
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Design Requirements

+ Establish the Criteria
— Review Contract Drawing Details

EELEL LR

Design Requirements

» Value Engineering

COLUMM

7
\ AR\
- X
RN
\ NN
\ RN\
\
\
‘ i

Design Requirements
+ Value Engineering
= LIFPE
s - ”,/“\\ . ,’f * &
s & & : :
LOWER
CJP Welded

Bolted

Welded Tension Column Splices

Step 1: Check for Tension I =%—%—%
using S and Pmin: 3 x i [
Step 2: If tension, f= v, + Torsion &’
determine stresses in @)Lyar)  (@NLys)
weld
= Bin pange M, _4M,

, PO gty ) @)
Step 3: Determine (E) o M weta
required for shear and (E)= S
axial: (#)(0.6F,,)

Step 4: Sum squares and compare 5 5
to AISC min. (Table J2.3) Enin =4/ Einshear))” + (Emingiension))
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Fabricator Preferences Fabricator Preferences
+ Brace-to-Gusset Connection « Connection Preferences T
~ Bolted — Single Plate, Double-Angles, apposits ends to
~ Weld End Plates ol ot e i
) Be?rr'r:)-to-Cqumn Connection — Matching gusset thickness i
— labs & z S . il
~ Clips - Shfepmg limitations :
« Material Grade + Detailing standards orrss & :
— Plate Grade: 50 ksi or 36 ksi — Preferred angle sizes  thea* 187, E
— Angle Grade: 50 ksi or 36 ksi — HSS slot widths z WAL TA > 13
b O i - @
» Bolt Hole Diameter and Type — Lap start/stops i =
— Bearing Bolts and Standard Holes >
— Slip Critical Bolts and OVS holes
Fabricator Preferences Design Requirements
3" g
CONVENTIONAL PLATE "' + ?;N ::"
. + ——
+ + INFORMATION REQUESTED.
* @
EXTENDED PLATE * ‘* IF ALL PAGES ARE NOT RECIEVED, PLEASE CALL JOB CONTACT AS SOON AS POSSIBLE
‘ * REQUESTED BY. :l:::::tuuv
+ ¢
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Connections — Vertical Bracing

Project Methodology

Mapping

Connections — Vertical Bracing

» Map Connections

& Use tabs moment to
flange with stiffeners
& £8 above
__E : - | weme g
P U [VB442T] asxes™ Va=75k 148 -6
g - % PTF-30k Opposite
e, 3 Witx26
Wiexes = s
skewed e
o
2
T4 E
=
’ MLEVELT
s 130-6°
PTF=0 —
1g=0.75" PTF=0 opgosite
Opposte  [¥B2:1328 L EBE: Wi6x26
W16x26
skewed .
%
%, Iy
& BN el g
Elevation 2

Vertical Bracing Elevations

+ Corner Bracing |

W14x605 (CW)

— Map transfer forces
— Map gravity loads
— Map beam sizes z
Map column sizes PTro m | Y78 VB4.42T [ Waixea Vo=75k
- 8 .
Opposite I
Wiekes =
skewed
T4
PTF=0
opposts. VELITEE e
W16x26
skewed &, N
3 $
) ar2deg 7

Use tabs moment to
flange with stiffeners

above
MLEVEL S
/ PR

PTF-a0k Opposite
Wibx26

MLEVEL?
130°-6 "

vBaia38] "' 0 Opeosite

Wi6x26

Connections — Vertical Bracing

« Coordinate with Plans

G| coLumn

3

&'
=1 |A2.109.2
[A27054) g |A21092] ):_
)HB2.||]
LS 2

WI6X36

A7.107.1]
W16X26

'

W16K36

N HB1-527.0
b3 typ
N

WI6X26

A=35 | /|

[A7o71
typ
Wiaxzz

s
=
\E

[A11073

SSXVEM

AT.071.3
e

Floor Plan

A1.107.3| ‘v\.%
typ

24
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Vertical Bracing Elevations Connections — Vertical Bracing
+ Typically shown .
— Elevations J'r -
— Brace size i | Project Methodology
— Brace force |
— Grid locations ) !
+ Helpful information A Gk
— Beam size I
— Column size :
— Transfer forces i
*&ﬁ%\?,{ﬂ |l q
— Bay length o T Design
— Column orientation Ll
Connections — Vertical Bracing Connections — Vertical Bracing
« Implementing Design ) .
Vertical Bracing
Chevron o wrwv vt
b .
Matching gussets
Brace "
to = i
Gusset Consistent design ~ =|: e
at base, comer, Rl HE
Corner Base and chevron 3 H HES
- E I;
|
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Connections — Vertical Bracing Connections — Vertical Bracing
» Brace to Gusset » Brace to Gusset
B C 2N
<@ Steel Design Guide
Hollow Structural
Section Connections
- -
- - i -
- -
Connections — Vertical Bracing Connections — Vertical Bracing
» Brace to Gusset » Brace to Gusset
Gussets center -.j/
\
: “ ; e= ";"’ P < I ! " for E} =02 (5-3)
T 1 e} AN B o,
: I . 2 ] = Gusset | | - 5 P
e = | P <— for —<0.2 (5-4)
- g - Le - 1 e P
I L Fig. 5-5. Tee stem/gusset as an eccentrically loaded column. koM
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Connections — Vertical Bracing

Connections - Vertical Bracing

» Brace to Gusset

® &7

Vertical Bracing Connections—

* Brace to Gusset VAR
- Welded HSS

'S
33 34
Connections — Vertical Bracing Vertical Bracing
» Brace to Gusset * Brace to Gusset o Bearing bolts in _
. slots perpendicular
— Welded HSS — W-Sections 1 the load ~L
“
OVERCUT FOR ERECTION “ &
o - T - SECTION B-B
o o A r
: . “ B ‘\ d
\}‘ o ¢ _| Horizantal shor slots in \w— T |
NG " | angle at gusset (for Gage in samrs size angle
sirun of brace death) legs to match
k 14 / I S i o RN,
LA & L perpendicular to braca. " ™
' \ o -
. *#=————_ | Exlend angles on one-
= side for erection aid
% SECTION A-A
@
SUPPORT
35 36
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— W-Sections

Connections = Vertical Bracing

« Brace to Gusset

Web Plates -

Vertical Bracing Connections
Session 8: Other Topics

Connections — Vertical Bracing

Geometric
Layout

— Reference Steel Tips 96

Connections — Vertical Bracing

+ Geometric Layout e

Steel
TIPS .
e ————

December 2006

Seismic Detailing of
Gusset Plates for Special
Concentrically Braced Frames

* Geometric Layout

— Reference Steel Tips 96 A

| rd

‘ = i / \\\ ///

I B¢ 7

I ¢

T +

L

| ==

e
15— _
e e
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. . . . . “Reference AISC'
Connections — Vertical Bracing Connections — Bracing UFM Nig(itEE;(%légga:d
S
* Interface Forces R
X8 P o —Btan(8) = ¢, tan() —e. (eq. 13-1)
¥ ~
: - »
- = -
t| 4 o
1 g _I_;.,! . Can set B = B and solve for a.
Final p=p 1 &y T - If @ = «, no moment
. 1 b —»Hb Can set a = a and solve for 8.
DeSIgn NI o ' — If B = B, no moment
e L L 5 To column flange, set B = B
} : To column web, seta = a
C o}
|
§c_!_ o=0 _
. . “Reference AISC' . . “Reference AISC’
Connections — Bracing UFM Nt Sl 20 an Connections — Bracing UFM Nt Sl 20
S S
* Interface Forces R Interf e ey
oy » ) * Interface Forces o V, = —P-AV
o —ftan(8) = ¢, tan(0) —e. (eq. 13-1) % .0\ /}: , -
- _o. . ‘."
% B i : & _ Y
Vv, =P V.=—P ! _._ch £ Hy=—FP
r , 8 T H. . r
a : /T ‘LT._. Hy, e -
Hy =—P HC=—CP - My =—Pla-a)+AVa
r I eb 5 ; M‘h ¥
M, =V, (0. — @) M, =H.(-B) il A ] ‘ ..
boob © VC=EP+AVb H,=<P
| €c o Note: If to column web, e, =0 in. ec| o ‘ ¥ r
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Connections — Bracing

* Interface Forces

Uniform Force KISS
Method (UFM)

45

* Interface Forces

’(—)
T

Connections — Bracing KISS

Hy = P cos(0)
My = Hy(ep)
V., = Psin(0)
Mg =Vele)

Al
|

Connections — Bracing KISS
» Force Resolution Through Beam and Column
f“ﬁi;‘ ““ * No Hc

- ‘ r
M. M, . P> . No b

« Does not impact beam-to-

!" T- d / . -\‘

column connection

c o
* Need to consider moment
Hh\_) Mb at beam and at column
Hb o Mb .
€p
—_— el
TF TF  TF TF + Hy,

a7

* Force Resolution Through Beam and Column

Connections — Bracing UFM

h

P * Hc from gusset-to-column to
. D% p column-to-beam
- “‘
v V. / \‘ « Hb force is not resisted by
l ¢ e T column-to-beam connection
— — " p
H ¢ H C= v Vb from gusset-to-beam to
b T beam-to-column
;g —
H YA M b

Hy 'y s M
. . b._l_ b
lb !z‘J- [.r‘J

H,+TF HJFTF

< Add gravity to Vb
« Consider transfer forces and Hc

« Allows for force redistribution

H, +TF + H,

48
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Connections — Bracing UFM Connections — Bracing KISS
» Force Resolution Through Beam and Column » Force Resolution Through Beam and Column
g \\‘\‘ e ec=0" d ‘\“‘ e« ec=0"
o = P‘\‘ * He=0kips - g P‘\‘ « Hc=0kips
IRA Vet o I A NS
* Allows for force e

redistribution

Hy " xM Hy " M
l W, IbT ‘+I:,J b .
TF TF TF- TF + H, ) @ TF TF TF- TF +H, )
Connections — Bracing UFM KISS verses UFM

» Force Resolution Through Beam and Column

* Which type do you typically use/see

« Utilize reserve strength at the yp y yp y
beam-to-column web
connection

.'. . 1. UFM
: / ':::’{,. P 2. Kiss
ll'f i I.Ib_l_. 3.N/A
£y =
Vg +Vy l : l Y

@ 51
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Connections — Bracing KISS

* Beam-to-Column Connection
by Others

" Mandated Connection

[ A T Y

53

Vertical Bracing

Items to Note

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. BFy)ASDj’ I

4125 08 AR BOLTS

4o
e

e

1

N

-y

b N SNGLE SEARPATE

s SOT movGH Hes ¥ REouRED
BT CONECTION ENGREER
By

Ason umBOUTS

TYP. BRACING DETAIL AT HSS COL

5 Feaeiono
o

55
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Vertical Bracing — Items for EOR

Architectural requirements

BRACE & TAB 1" MIN
ABOVE FINISHED FLOOR E

4325 08 RO BELTS

LOWER BRACE
CONNECTION NOT TO
EXTEND BELOW CEILING,
SEE ARCHITECTURAL

4o

e

&

Photo by Jon Miller

5 Feaeiono
o

T eee

e

N SNGLE SEARPATE

SLOT THRGUGH HSS F REQURED
BY CONNECTION ENGREER
By

AsoR MmBOLTS

TYP. BRACING DETAIL AT HSS COL

14
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Vertical Bracing — Items for EOR

4125 08 AR BOLTS

swaae.
S5 ¥ Azous muukummm
Evone

project is located

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

e oG v Ui TR
e rum —, i
ABE FausD \ S hauce sonce v
All i unless ifi il as -
being completely designed on the structural e
drawings, shall be designed and detailed by a |
structural engineer licensed in the state where the ———

SN SR PATE
T ot e reounco
By

Ason umBOUTS

3 ASSALLOAD AT SHEAR FLATE USE STOMOUES OR 5€ BOLT:

TYP. BRACING DETAIL AT HSS COL

APSAA AL ALLOWABLE SRR CAPACITY OF THE BEAM AS SCHEDULED Fy THE SSTRUCTURAL

5 Feaeiono
o

Vertical Bracing

57
Vertical Bracing
) Ve + Indicate if both top and bottom braces
in compression
- 4
X 7
N
\ Note: Do not use
force from one brace
N to offset force from
A opposite brace
\
59

58
O e &
v
(55 DUGONAL BRACE. SEE BRACIG
ELEVATIONS FOR SIZE ANDBRACE
FORCE. " (TENSON OR COMPRESSION]
A28 ORAROBOLTS SLOT K33 AT GUSSET FLATE
GUSSET PLATE TO DEVELOP
BEANTO.COUAN 0% OF BRAGE FORGE P
FLANGE SHEAR \
ComecTon Tooeimee
kot
TSTEEL
seer®
___________ = L BEAN
y e GOLTEDWELDED DOUBLEANGLE
- CONNECTION OR ALTERNATE CONNECTION
7 OESIGNED BY
WORK PONT ) $085,
STEEL A, TYP v
L J K225 OR MI0BOLTS
STeeL coLua -
NOTES
1 DOUBLE ANGLES, WELDS, AND BOLTS IN THE BRACIG SIDE TOOEVELOR 100% OF
ADDITON 0 THE BRACE FORCES AND ANY TRANSF ER FORCES NOTED ON PLAN
2 USE THEASC LN FORI FORCE VETHO0 L) FORDESIG OF THE VERTICAL BRACNG, DONOT USETHE FORCE FROW OHE
ooy ACE FROV ONE
GRAGE TOOFF ST T UFM 4 FORGE FRON THE OPPOSITE mz
5 EXTENOED TABS AT VERTCAL
( :)*smmv- T
[ L — 0
o o0& roe zo
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Vertical Bracing Code of Standard Practice
* Indicate if both braces can be in — 2016 COSP (303-16) Section 3.1.1 and Section 3.1.2
compression
. H » Option 3: in the structural design documents or specifications, the connection
Impacj[ the effective Ien,gth factor shall be designated to be designed by a licensed engineer working for the
for whitmore compression

fabricator

WEEAM

» 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
f \Q are shown, member reinforcement at connections will not be included in
the bid.
61 62
e —
[ — Pt ety Y .
e e S oo y
s oo »
e b comecron : e | SR e sex mucns evmons ron
- oo N _— o - -
e R e, Expect RFI_ | EE
WRESSON) & sak P ~—— ‘ 2SS DIAGONAL BRACE. SEE BRACING
AT LOCATIONS WITH - LS GusseTPLATE
s, o e ‘ e
prtrel oy H P — \
ot e St Coaninta
W cusser raTe
P o
- = BEAM
e f # <
Bnecnon
o Cwnciin
Ty Aormsh .
> STEEL BEAM, TYP, J WORK POINT STEEL BEAM, TYP.
somn s B e
P s meross owr comucrcusssa e somems e veseon
R oA e A OEAPER Tk I AR sree. couss I
HOTE, & columm
DETAIL AT BRACING JOINT - BRACES-TO-BOTTOM BEAM FLANGE T8, TN EACH SI0E T0/OEVELGE 100% OF MMM ALLGVABLE SHEAR CAPAGITY OF THE BEAN AS
o g S B T O D A e
e R PR TE- BAEATED, BEEL G ADG AL CAP BT B B TE-COLAM
L B PGS s i A
63 64
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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,

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

(4

Bolts in slip-critical joints shall be designed in accordance with the
applicable provisions of Sections 5.1, 5.2, 53, 54 and 5.5, installed in
accordance with Section 8.2 and inspected in accordance with Section 9.3.

Vertical Bracing Connections
Session 8: Other Topics

Bolts

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

1. Bearing bolts
2. Slip critical bolts

3. Pretensioned bolts

Vertical Bracing

GUSSET PL
(GR 50) WITH
DIAGONAL OVERSIZED
BRACE SEE HOLES
ELEVATION
DETAILERTO
DESIGN BEAM
TO COLUMN
CONNECTION
» FOR FORCES
P14 MIN
. AS NOTED ON
GUSSET ELEVATION
T——wr
SEE PLAN FOR
COLUMN
ORIENTATION

© Copyright 2022
American Institute of Steel Construction

DIAGONAL
BRACE SEE
ELEWATION

Pl 2" MIN
GUSSET

Vertical Bracing

Expect RFI

GUSSET PL

|
HHHEH 11—

By .
==
~ e
|
'
: R S
'
i
- |
i
BEAM, SEE SEE PLAM FOR
PLAN COLUMN
ORIENTATION

DETAILER TO
/_ DESIGN BEAM
TO COLUMN
CONNECTION
FOR FORCES
A3 NOTED ON
ELEVATION

[ ——wp

-
£ (GR 50) WITH o
OVERSIZED
HOLES

68
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COMNECT BRACE

AXIALSTRENGTH
OF BRACE OR 75%
TEMNSION
SREMNGTH OF
BRACE AND 20
KIFS SHEAR

FLANGE AND WEB
FORBRACE
FORCE,P = 100%

Vertical Bracing — Notes to Avoid

SCHOLT, TYP
GUESSET-TO-COLUMN CONNECTION
/’7TO DEVELOP"Py"
e

GUSSET-TO-BEAM o
COMNECTIONTO
DEVELOP "Ph"

X

4+ T
-
H
o |
+ | T BOLTEDMYELDED DOUBLE ANGLE
== 5 Bt = : CONMECTIONS AT GUSSET
5l st -
= _—— BEAMTO COLUMN
- $ e CONNECTION PER TABLE ON

- 5200

: - - - - 4 ;l»
+ i
Ld

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”

X

Vertical Bracing — Notes to Avoid

= GUSSET-TO-COLUMN CONNECTION
TO DEVELOP “Pv"
| —

4+ T
=
+
Bs
oY | I
b | \ BOLTED/WELDED DOUBLE ANGLE
\ s ' CONNECTIONS AT GUSSET
o | ——— BEAM TO COLUMN
” [
+ [ —— CONMECTION PER TABLE ON
i 2 5200
g ;L
: - - - - 4
+
(I

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

GUSSET-TO-BEAM
CONNECTION TO
DEVELOP “Ph”

X

Vertical Bracing — Notes to Avoid

SCBOLT, TYP

T GUSSET-TO-COLUMN CONNECTION
TO DEVELOP “Pv’

| \ BOLTED/WELDED DOUBLE ANGLE
CONNECTIONS AT GUSSET

EEE X

g, '
== | | —— BEAMTOCOLUMN
b $ | ——] CONNECTION PER TABLE ON
- 5200
e T o ;l»
+ i
(I
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COMNECT BRACE
FLANGE AND WEB
FOR BRACE
FORCE, P = 100%
AXIAL STRENGTH
OF BRACECR 75%
TENSION Pr
SREMGTH OF
BRACE AND 20
KPS SHEAR

GUSSET-TO-BEAM —o_
CONNECTION TO
DEVELOP"Ph"

X

Vertical Bracing — Notes to Avoid

SC BOLT, TYR

7= GUSSET-TO-COLUNMM CONNECTION
TO DEVELOP"Py"
boe

" ]
Hi
4+ \k&“\,
s | | BOLTEDAVELDED DOUBLEANGLE
) = £ . CONNECTIONSAT GUSZET
< > - |

| —— BEAMTO COLUMN
[ COMNECTION PER TABLE ON

(EXEEC
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Vertical Bracing — Notes to Avoid

—a

(=51
=il

—— DESIGM BEANM CONNECTIOM
FOR HORIZONTAL
COMPOMNENT OF BRACE
FORCE,TYP.

\+++\‘¥¢+++\
— e —
\

F+T
= == —

Vertical Bracing Connections
Session 8: Other Topics

Vertical Bracing — Notes to Avoid

|——— DESIGN BEANM CONNECTIOM

FORHORIZONTAL
COMPOMNENT OF BRACE
FORCE,TYP.

X

General Notes

* Notes that could cause RFI
— All plate and angles are A36
— Hole type requirements
— Specific bolt requirements
— Spacing and edge distance requirements

© Copyright 2022
American Institute of Steel Construction

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

REQUEST FOR INFORMATION - DZSE 001

/dzse\

Drocte Zae: STEUCTOLL BYComs

0.
aTTH:
o8
REF

FROM
OATE
e,

NUMBER OF PAGES:

INFORMATION REQUESTED:

W ALL PAGES ARE WOT RECIEVED, PLE
REQUESTED BY:

ASE CALL JO8 CONTAGT AS SOON AS POSSBLE

ANSWERED BY
COMPANY.
oATE
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Vertical Bracing

Potential Issue

Vertical Bracing Connections
Session 8: Other Topics

* Flooring Type

Getting Started with Design

—‘T_Lﬁ

l

|

l

I

33

e +4i

+ 4 [

!
|

Getting Started with Design

» Check for stiffeners/doublers in columns

e .

‘s
‘.
+
=~ Stiffeners for
congruent
beam-to-
column flange
moment
connection

© Copyright 2022

American Institute of Steel Construction

* Double-Angle Requirements

— Stitch Plates
— AISC Section E6

— Table 4-8 to 4-10: Axial Compression

Double Angles

-

(&) (e &)

(1) When % < 40

(2) When £ 49

Getting Started with Design

;i(r Available Strength in

Axial Compression, kips 7= %"

Double Angles—LLBB

206 LLee

ETo
L I
X
Do [y
3
m = w0 =
" m ™ b
) m m £
/ @ b e s
. = mw i 1
(E6-1) (R i . w " s
7 i m I s
o/ = r b
/ 2 100 e
3 108 i us
/ 2 no mr )
H - 7 s @1
al A @ s @9
HEEIS 570 s i
(E6-23) == - 5
E
a | of m m 24 "
of o e 3 "
il - a =
J | = e m 1
§ || = i i85 .
80 m Iy i " ]
HE w " ma| i

(E6-2b)
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Getting Started with Design Getting Started with Design -

» Surface Preparation Requirements

% — Class A Bolts
L ]
* o — Class B Bolts
[ L ] .
¢ . — Galvanizing
E6. BUILT-UP MEMBERS .

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.

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

Getting Started with Design Getting Started with Design
\

+ Seismic Design, R > 3 (AISC 341-16, Section D2.2(d)) * Work Point requirements
-

(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 Y

or higher. =

-
-
L
-
-

Exceptions: Connection surfaces are permitted to have coatings with a slip coef- Work Point —___ =
ficient less than that of a Class A faying surface for the following: Marantin G o |

. ) X . . . . beam T |~
(1) End plate moment connections conforming to the requirements of Section =

El, or ANSIAISC 358 'H'H-HH_(

(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

© Copyright 2022
American Institute of Steel Construction 21
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Vertical Bracing Connections
Session 8: Other Topics

Getting Started with Design

* Work Point requirements

<
M=Pe S

I_;TIIII'

Work Point — A
oy

“HII

Moment in _
beam e

7
’/ -
/

/
s
IIIIIIL

*See AISC’s Design Guide 29

Getting Started with Design

Getting Started with Design

* WP requirements

Work Point at Top of Beam

e
SEEE

* WP requirements ,‘/': (1-m)M L
AR T 3 = =M
L &+P
T| — Lhmm l o ‘,
T 1)
¥ “eol y "beam [} ' _ R
‘Lmr N Lh(‘uur "f ‘_1_ I _i-. H V' = M —H B
= [vh
l} ' 1
H ,.[_' o gc L g
M *Reference AISC’s
n o , Night School 28 and
I + <—f—H AISC's DG29
I) 1 I) 1
~_" (I-m)M
2 86
Frame Analysis
* WP requirements
R L] ~
N RIGID LINK g ™~
< \\\ RIGID LINK e RIGID LINK
N Ll
g ™ PR — e

Brace eccentricity Brace eccentricity
moment induced in moment induced in
beam column

Brace eccentricity
moment induced in
column and beam

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

© Copyright 2022
American Institute of Steel Construction
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Vertical Bracing Connections
Session 8: Other Topics

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

Chevron Connections
« Stability bracing

— Beam framing into WP /
— Tension brace
— Stiffeners and studs on tog ¢

W-BEAM

H;K**‘*
[To %4 4+ +

Single Brace Connections

+ Stability Concern
— See AISC Spec Chapter C and
Appendix 6 for Stability
— Web compression buckling: AISC Spec p
Equation J10-8 developed from point e \
loads and restrained flanges

Control Test

Test Set-up from Chen
and Oppenheim 1970

4,

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

92

© Copyright 2022
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Ver

tical Bracing Connections
Session 8: Other Topics

Chevron Connections

« Stability bracing
— Beam framing into WP \/
— Tension brace
— Stiffeners and studs

COLUMN-

L

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

. When an infill beam frames into the continuous beam at the column top, the required

stability normally can be provided by using connection elemeni(s) for the infill beam
that cover three-quarters or more of the T-dimension of the conti 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.

Chevron Connections

» Optimize connections

FULL DEPTH STRFENER ———,
FLATE OR SHEAR CONNECTION WOEAM
PLATE EACH SIOE OF WEB \ G IWORK PORT ANO BEAM SPAN. UN.O.
{3 THICK, NN \ h K
wesoouBLER ASRECURED 1N\, N Crmen
Foncomeenonor T N\, VSR

AyyseeL

e SR

453 DAGONAL

ERACE FORCES (P1" AND P7)
TN 50N)
SLOTHSS AT GUSSET PLATE

. AT LLILA | Al e
CONTINUCLS. WELD STIFFENER T0 DOUSLER A% NEEDED

pL b aTIFFE

#L e aTIFFENER
WITH | FLLET WELD
PER DETAIL BEA00,

S 1N FIELD WiLL ADD WELD FOR GAP PER AWS. 00 NOT ADD
AP 1H T AL NG

L, e

93
Transfer Forces
N
Transfer forces on opposite ,\65
sides of the column should be % i
equal Horizontal component of
brace force is internal to
the braced frame and the
- A=470K beam-to-column
TF = 14k connection does not need
to resist the entire
/ s horizontal force
'\q,0 component
%,
@ aré
95

Diaphragm Strength

 Transfer Forces at Composite Deck

— Consider topping slab
$=0.75

L= 200

GV, = L1 (20 f")  ACI12533

-

W1BK26 {10} W21X73 (20)

3" COMPOSITE DECK. 18 GAGE MIN, WITH t, = 3"

NORMAL WEIGHT CONCRETE SLAB OVER DECK.

F'C =4000 PSI. TOTAL SLAB THICKNESS =6"
—

W26 (10}

96

© Copyright 2022
American Institute of Steel Construction

24



AISC Night School
May 24, 2022

Vertical Bracing Connections
Session 8: Other Topics

Diaphragm Strength

» Transfer Forces at Composite Deck

O, = L1, (2 /f)  ACI12.533
6=0.75

ETF= max(abs(XF,, —-XF,)-¢V,,0kips)

Red Arrow = F, = Brace Horizontal Component

Blue Arrow = Diaphragm Strength

Green Arrow = Transfer Forces

Transfer Forces - Discontinuous Braced Bays
10k —> .00k
* To determine transfer
Sum forces in “X” direction| force:
TF=-3.34k-9.6k(0.707) & — Determine the transfer
=10k (T) - N plane
\ — Sum forces either side of
-3.34k < > -0.115k that plane
R - Sum forces in “X” direction
L\ & =
) o TF=-14.0k(0.707)-0.115k
=-10.0k (T)
o o
98

10k —»

TF=-3.34k-9.6k(0.707)

=10k (T) ~ '

Transfer Forces - Discontinuous Braced Bays

Sum forces in “X” direction

-3.34k <
!
X 3+
% S
" ;
A 2

+9.93k
* To determine transfer
force:
) & — Determine the transfer
i N 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)
o o

Transfer Forces

O Continuous column % O
N

200 —| —9 200

500 500

100

© Copyright 2022
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Vertical Bracing — References

» AISC’s Design Guide 29 ,
(DG29) ®

» Handbook of Structural Steel Vertical Bracing Connections—
Connection Design and Details | ____ " 5 and Desigr

+ AISC’s Night School 28

+ Steel Tips

+ 15" Ed. Manual, Part 13 _aimsiisd,

* AISC’s Design Examples = === ==

Steel Desrfn Guide

HANDBDOK OF
STRUCTURAL STEEL
CONNECTION DESIGN
AND DETAILS

Vertical Bracing Connections
Session 8: Other Topics

S4B AKBAR AL TAMBOLI

AlSC

Night School

Vertical Bracing — Articles

* Effective Length Factors for
Gussets Plate Buckling, EJ 2™ Qtr,
2006, Bo Dowswell

 Effective Length Factors for

Gussets Plates in Chevron Braced

Frames, EJ 3 Qitr, 2012, Bo
Dowswell

» The Effect of Eccentricity on
Brace-to-gusset Angles, EJ 4t Qtr,
1996, W.A. Thornton

Tablo 3. Summary of Proposed Effective Length Factors®

Effoctive Poxp.
Length Factor

Gusset Configuration Buckiing Length -

102

Vertical Bracing — Articles

P

» The Whitmore Section, MS, July [ I !
2011, WA Thornton and Carlo |
Lini | 7
* Recommendations for Shear | 1
|

Lag Factors for Longitudinally

Welded Tension Members, EJ
1st Qtr, 2012, Patrick Fortney i
and WA Thornton Pl

NI

(a) Correct Whitmore length.

|

|

| I

T‘:
~

(b) Incorrect Whitmore length.

© Copyright 2022
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Connections — Vertical Bracing

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

+ Whitmare off gusset

104
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Connections — Vertical Bracing

Vertical Bracing Connections
Session 8: Other Topics

Connections — Vertical Bracing

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

+ Whitmore off gusset

i P
"
\ e
5\ Pet ¥
LT Peff = P + 4M/Leff
M= P(e)

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

105
Connections — Vertical Bracing
» Equivalent Axial Force
— Gusset-to-Beam Connection
The total equivalent normal force (including both the force and the moment resolved into a force couple) at the gusset-1o-beam
mterface 150
LRFD [ ASD
ey =V 4 2 Vi =V 200
: L (L
[ 2 ] [ 2 ]
=167 kips + (4)(1.790 kip-in.) =111 kips + (4)(1.190 kip-in.)
31.5in, 31.5in
= 394 kips = 262 kips 107

© Copyright 2022
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Connections — Vertical Bracing

« Whitmore Falls off Gusset
— Consider Moment

. + Whitmare off gusset
— Use Symmetric Length /

108
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Vertical Bracing Connections
Session 8: Other Topics

Vertical Bracing

Vertical Bracing
Base Connections

Brace to Base

* Work Point location: Typically top of
plate or bottom of plate

+ See DG29

COLUMMN

» Indicate base plate can or can not be
extended

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

ala
7

e

=

&
o
%

Fowr ——— |

Ideal WP location

8

|

NG,
N,

—

| BASE PLATE WIDTH

Brace to Base

COl

* 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 ‘J‘E‘L
Table 14-2
* Consider lugs if high shearload and , , -« E .
column has insufficient compression Yo, oL
to resist the shear in friction ’ « . 4
a “ ‘ < N 4 < a
. w4 v

Brace to Base

* Work Point location — Top of Plate H = Psin0
COLUMN
V = Pcos0
H
p Ve =V
P
> H b= H
T ‘ I( i - o
WP ._._\B\ >
& | By,
| |
L BASE PLATE WIDTH L

112

© Copyright 2022
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Vertical Bracing Connections
Session 8: Other Topics

Brace to Base
* Work Point location — Bottom of Plate
COLUMN
Note: “e”is a lL'EEZ"LiSEr
negative if "
below the top of
base plate V
.D
VT, "
< I H(. -
- -
i -
WP 8 .
i ==y ._‘-\ "
+ i i i
T <
- BASE PLATE WIDTH A

H = Psin0
V = Pcos0
VC=V

Sum Moments about B to determine H,,

_HE-o

*Reference DG29

Brace to Base

» General Work Point FBD
A

cowmN ., |
‘ h STIFFENERS
Note: e, = 0in. 1 | ASREQUIRED
|
to column webs ‘
-
N
we
=N
- < 1 |
| | |

A BASE PLATE WIDTH ‘ ‘
®

H = Psin0

V = PcosO

V.=V

H(B-e)-Ve

u - O o
HL =H - Hb

*Reference DG29

114

Brace to Base

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

S S ¢ b
-a--- L - b -
iwmiln 7; 777777 For wide-flange scctions, the edges of the column web are generally assumed to be
'\ pinned:
= ._‘.T___T‘ o= 1w °Fy | 4 2Tabla + b) + Lia + b) 9-31)
i | 4 ab
L 1 |
' i
i i
| i
! YO ¢
{a) Transverse load

115

Brace to Base

» Transverse Loading at Column Web
— 15 Ed Manual, Part 9
— Design Guide 29, Section 4.3
Admissible Force Field for Column
Base — Weak Axis (cont.):
Using k= 16
M, = 16(Y4)F t,2L
=4 Ft2L

For an applied moment of
HP <M, =(4F1,’L)

4L
or i <¢| —=—

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

Use stiffener - Stiffener
45130 i irequirea

Gcolumn—=  Note:e:=0

Bl

116

© Copyright 2022
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Brace to Base
* General Work Point FBD
—
COLUMN
STIFFENERS
Note: e, = 0in. ASREQUIRED gy
to column webs
I
’ P
-
L .
. -
V. .
b T i, .
WP |
i
6
i = !
+ w | Hy
e ] ! -
1 i
@} ke BASE PLATE WIDTH ]

H = Psin0
V = Pcos0
VC=V

_ H(B-e)-Ve,

*Reference DG29

Vertical Bracing Connections
Session 8: Other Topics

+ 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

Brace to Base
COLUMN 1 B
STFFENERS
AS REQUIRED H
’ r
-
-
- . .
¥ .
4 1B . _— Alternate Cut
i o - -
_—— = ./"
~ [*]
=S .
o | Hy
I = ]
| "
o - Can weld extension
BASE PLATE WIDTH e s

Brace to Base
* General Work Point FBD
cowumn .~
H
v
P
- L]
!.‘ T - 2 -
we 0 _‘—:
it i,
- (|
1* or -vﬁt
-~ 1 1 =
@ I BASE PLATE WIDTH % “Reference DG29

H = Psin0

V = Pcos0

VC=V
H(B—e)-Ve,

Hb: (S g) c

H =H-H,

Can also determine Hc by summing
moments about face of column flange

at base plate:
H(e)+V(e,)

¢ B
119

* General Work Point FBD

il
H, H,
I ! —*Hy
I £
He resisted by column web. T I H
Coordinate column web-to-base—__ A, : £ ‘I_b

plate weld. Add weld as
needed.

Brace to Base

120

© Copyright 2022
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COLUMN

WP

Brace to Base

» Work Point location — Top of Plate

Vc = Psin Oh
P
Mc = Vc(ec)
L]
' L] —
V. T L Hb—Pcos()h
Y "1.!1 ¥
& Hy
1 =
|

l;‘“} = BASE PLATE WIDTH M
J
, ., 121

Vertical Bracing Connections
Session 8: Other Topics

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

Col/Brace: A992
Angles/Plate: A36

i

i

Bolts: "¢" dia. A325-N
Holes: std. 155" dia.

8 0
NS and FS

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

W
1, f

o
[

w2183 )
+180 kips
§ Column +143 kips )
W12x65 +109 kips
b \ S
S qor v (4)L's dxdxts
Y r / 2— %" fill plate
LEAs each side
3
3.05' S ¥
Hye = 119 Kips] o
b ) / IV " k PL %x1415"%3-0"
& flanges / %ig” 2"\, ’ = ips shaped
= e NN cipven
%ie %
— WP, y‘D
[ — Y

i
&

|
H,p=9.86 ki 4%30"
y“>"_ o iPs” yof “-PL 1%x1305°x30
AT 300

123

© Copyright 2022
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Example of Brace-to-Column Base Plate
Connection Strong-Axis Case

Given:
1. AISC 15t Edition Manual, LRFD
2. Brace Force: P, = 180 kips
3. Brace Slope: 12:9% (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: %-in. dia. A325-N in STD. '%/,¢” dia. Holes

124
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e, =d./2=(21.4in)2=10.7 in.

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

Distribution of Forces: W21x83
[L —clip) ¢ Column  P,=#180 kips
p=" 5 +elip R VR
=107 <

(36 in.—0.75 in.) , *

= — +0.75 in. L Wi2x65

~18.375 in. (O bt
e=06in. :f

PL 5ix1417%3-0"
shaped
Clip 337"

PL 1%x13/5"x30"

Vertical Bracing Connections
Session 8: Other Topics

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

Distribution of Forces (cont.): W21x83

Horizontal component of brace force: & Column = 4180 Kips
V., = £143 kips, R
xP, (9.125)(180 kips) . 1 Ha= 4109 ips
H.= N = \/ : > ez 107" X
x4y 9.125)" +(12)° /
: ( y+2) W12x65
=109 kips (4)U's dudly

Vertical component of brace force:

Distribution of Forces (cont.):

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

Sum moments g = H,(B-¢)-V.e. (109 kips)(18.375 in.—6.0 in.) - (143 kips)(10.7 in.)

=Tz = 119 kips
lv_= 143 kips

Vi= 143kips
| — Hue = 119 kips
Base plate

about CF: ” B 18375 in.

=-9.86 kips
Sum moments _He+Ve, (109 kips)(é,O in,)+(]43 kips)(lO,? in,) P, = +180 kips
aboutbaseplate " p§ 18.375 in. Va= 143 K94, = 108 i
at column face. . ¢l & vz

=119 kips |

14|
Fo=19.86 kips

H,=9.86 kips

© Copyright 2022
American Institute of Steel Construction

vP, (12)(180 kips)
V.= \4[ = S S PL S4x144%3-0"
Kyt (9.125) +(12) g
=143 kips . PL 13131530
Example of

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

32
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Vertical Bracing Connections
Session 8: Other Topics

Gusset-to-Column — Shear and Tension
Yielding of Gusset Plate Along Column
Flange:

From AISC Specification Eq. J4-3,
Shear Yielding:
OR, = $0.60F 4,

=477 kips > V,, = 143 kips o.k.
From AISC Specification Eq. J4-1

9R, = oF A,
=0.9(36 ksi)(0.625 in.)(35.3 in.)

I, =L—clip=36.0 in.— 0.75 in. = 35.3 in.

= 1.00.60)(36 ksi)(0.625 in)(35.3 in.)

=715 kips > H,. = 119 kips o.k.

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

Bolts: 5" dia. A325-N

Holes: std. "%¢" dia.

Col/Brace: A992
W21x83 Angles/Plate: A36

¢ Column P, = 180 kips
V., = +143 kips
Hy = +109 kips

- 107" ¢
. /‘/‘ ——W12x65
‘)f / —(4)L's 4xad;
/

o
]

O Huc = 119 kips
~ || R .
5 : Vu=/143 kips
3 |12
T o 9 —— PL %x1415"x3-0"
@ il WP shaped
! Lo Clip 34"

Hy,= 9.86 kip: DZPL 1%x13%5"x30"
3%

129

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

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).

‘W21x83
¢ Column

Bolts: 7g" dia. A325-N
Holes: std. "%1¢" dia.
Col/Brace: A992
Angles/Plate: A36

P, = +180 kips

V. = £143 kips
Hy = +109 kips

T e=107 D4
. /‘/‘ ——W12x65
‘)f — (@)L's 4xéxs
- -
o o / Hue = 119 kips
ol )
& . l V. =/143 kips
3 |12
Tl /o —— PL %x14%,"x3-0"
@ Twe, shaped
Al e Clip %"3%4"

[ ——
Hyy= 9.86 kips EIZPL 1%x131%"x30"
3%

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

R, =\H,+V}
= /(119 kips)” +(143 kips)’
=186 kips
Resultant load angle is:
0= tan"' H,|_ tan”! 119 kips
v, 143 kips

=39.8°

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

Bolts: 5" dia. A325-N

Holes: std. "%¢" dia.

Col/Brace: A992
W21x83 Angles/Plate: A36

¢ Column P, = +180 kips
V. = £143 kips
- Hy = +109 kips
T ed=t07 X
A /-" —W12x65
‘/«‘ ~—(4)L's 4x4x
o
gl Hue = 119 kips
o
RS l V. =/143 kips
b |12
W -q/ of —— PL %x1415"x3-0"
@ n| WP. shaped
e Clip %"x%"

[ ————
H,5= 9.86 kips EIZPL 1%x1315"%30"
3%

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,

D g =
"7 1.3921, (1.0 +0.50sin"* ) (2 sides)
(1.25)(186 kips)

T1392(353 in.)[1.0+0.50sin'(39.8°) ] (2)

=1.88 sixteenths

From AISC Specification

TABLE J2.4
Minimum Size of Fillet Welds

Table J2.4, minimum fillet
weld size of ¥ in.

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

Minimum Size of
Fillet Weld, 1 in. (mm)

To i 6) inclusive

1 (@)

Over 2 (13) to %: (19)

i (6)

OVETTETToT

© Copyright 2022
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Vertical Bracing Connections
Session 8: Other Topics

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 Bolts: g" dia. A325-N

Column Web: pooraway- Y
H,,is appled at QU AP e
B=18375in.<d_, =214 in. VKRS = 100k
T elzt0r D4
From AISC Specification Eq. J10-3, . )_/:/ —W12x65
‘)f /i — (@)L's 4xéxs
OR, = OF\1,(2.5k + 1) 0
=1.0(50 ksi)(0.515 in.) gl b= 119 kips
x[2.5(1.34in.) + 35.25 in.] 4 k // lv.,= 143 kips
=995 kips > 119 kips o0.k. sl /4 |12 R
@ Twe. shaped
Lo Clip %"%"

[ ——
Hyp= 9.86 Kips EJ:PL 1%x13%5"x30"
3%

®
Example of Brace-to-Column Base Plate
Connection Strong-Axis Case (cont.)
Gusset-to-Column — Local Crippling on Column Web:
H,.1is applied at .
B=18375in. > Lot 2LAI 100y
2 2
From AISC Specification Eq. J10-4,
OR, =0.80z,* {1 + 3[%’)[%J } E‘l;v-w[r
=0.75(0.80)(0.515 in.)’ {“3[32512451?)(22;2 12)‘ 5}
\/(29,000 ksi) (50 ksi) (0.835 in.)
g 0.515 in.
=829 kips > H, =119 kips
®

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

© Copyright 2022
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Example of Brace-to-Column Base Plate

Connection Strong-Axis Case

Gusset-to-Base Plate — Shear Yielding on Bolts: 4" dia, A325-N
Holes: std. "%1¢" dia.
Gusset Plate: Collbrace: AS6D
v . x AnglesiPlate: A36
From AISC Specification Eq. J4-3, W21x83
pecif 4 & Column P, = £180 kips
Vo = 2143 kips

Vertical Bracing Connections
Session 8: Other Topics

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

&R, = $0.60F,4,,
= 1.0(0.60)(36 ksi)(0.625 in.)

X (3%, in.)

B Hu = £109 kips
=107

f—W12x65
——(d)L's dxax}s

Gusset-to-Base Plate — Design Weld: Bolts: 4" dia, A325-N
From AISC Manual Eq. 8-2a, Coliarae: agos
R W21x83 Angles/Plate: A36
- A Column _
Prrs = 13501 (2 sides) f Vom ta3kipsy L P
A T o Hu=+109 kips
9.86 kips o= 107"

=0.99 sixteenths

/
—Wi2x65

=48.1 kips > H,, = 9.86 kips o.k.
s

[
-

Mo JHue = 119 kips

\lz ! V. =/143 kips
/4 —— PL S 415x3'0"
We. shaped

Clip %434"

H,»=9.86 kips S'&:PL 1%4x133"x30"

——(d)L's dxax}s

From AISC Specification Table J2.4,

minimum fillet weld size of % in. ? e = 119 Kips
X . ~ ! V. =/ 143 kips
Note: An extension plate could be used if the ‘/QJ'Z AL Sl
gusset stress and gusset weld to the base plate we. féhapsd.x: )
are excessive. Or the base plate could be = S
H,o= 986 kips PL 1%4x13%"30
extended to accommodate the gusset. 3

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

© Copyright 2022
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Example of Brace-to-Column Base Plate
Connection Strong-Axis Case

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

weld arrangement. For this example, the [Tz . Base plate
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 WL
most effective force distribution is to take Tension &) wiL
the horizontal shear to the web-to-base plate b "
weld, and the axial tension to the flange-to- Column

base plate welds. Size for

WS ek size Horizontal
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.
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Column-to-Base Plate — Shear Yielding on
Column Web:
From AISC Specification Eq. J4-3,

OR, = 0.60F 4,
= 1.0(0.60)(50 ksi)(21.4 in.)

x(0.515 in.)
=331 kips > H,, = 119 kips o.k.

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

Bolts: 74" dia. A325-N

Holes: std. 516" dia.

Col/Brace: A992
W21x83 Angles/Plate: A36

& Column P, = £180 kips
Ve = 2143 kips,
- Hy = £109 kips
-+ ./
= 10.7"] P
£ W12x65

it
‘/ o PL 5x1415'x3"-0"
W, shaped
Clip %"5"

H,»=9.86 kips 3";5:PL 1%4x133"x30"

Vertical Bracing Connections
Session 8: Other Topics

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 Y-in. fillet weld
requirement per AISC Specification Table
J2.4, determine required weld length from
AISC Manual Eq. 8-2a,
1 = f,
"4 392D (2 sides)
_ 119 kips
© 1.392(4sixteenths)(2)

=10.7 .

Bolts: 74" dia. A325-N

Holes: std. 516" dia.

Col/Brace: A992
W21x83 Angles/Plate: A36

& Column P, = +180 kips
Vo = 2143 kips
- Hy = £109 kips
-+ ./
o= 10.7" .
. / —W12x65
T (4)U's dxdxz

it
‘/ o PL 5x1415'x3"-0"
W, shaped
_ Clip %"
H,»= 9.86 kips

- PL 1%x13'57%30"
3&»

Column-to-Base Plate — Design Column
‘Web-to-Base Plate Welds (cont.):
From AISC Manual Eq. 9-3 and using
1,,=11.0 in. long Y-in. fillet welds on each
side of web, check column web shear
rupture along the weld.

_6.19D _ 6.19(4sixteenths)
R 65 ksi

1

=0381in. <1, =0.515in. ok.

4

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

Bolts: 74" dia. A325-N

Holes: std. 516" dia.

Col/Brace: A992
W21x83 Angles/Plate: A36

& Column P, = £180 kips
Ve = 2143 kips,
B Hu = £109 kips
-+ ./
= 10.7"] / P
1 £ W12x65

/i 9 PL Six14)5°x3"0"
we. shaped
_ Clip %%
H,=9.86 kips

- PL 1%x13'57%30"
3&»

© Copyright 2022
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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:
Axial load per flange is:

143 kips
2

flange force = % = =71.5kips

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

Bolts: 74" dia. A325-N
Holes: std. 516" dia.
Col/Brace: A992
W21x83 Angles/Plate: A36
 Column

P, = £180 kips
Vo= 143 kips,
B Hu = £109 kips
-+ N/
= 10.7"] / S
1 f—W12x65

it
‘/ o PL 5x1415'x3"-0"
W, shaped
_ Clip %"
H,»= 9.86 kips

- PL 1%x13'57%30"
3&»
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Vertical Bracing Connections
Session 8: Other Topics

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=
" 1.392D(1.0+0.50sin'* 0)(2 sides)
_ 71.5 kips
1392(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.

=3.421n.

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

6.19D  6.19(5 sixteenths)
= TR there may be additional loads that need to

£, 65 ksi be considered. This information would
=0.476 in. < = 0.835in. o.k. need to be provided by the EOR.

Note: At column base plate connections,

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.

Vi

AN
AISC | Thank you i@

: Smarter.
: Stronger.
i Steel.

if‘"’“"e‘ : Smarter.
_ St .
AISC | Questions? @ ESt:;T.ger

© Copyright 2022
American Institute of Steel Construction

37



AISC Night School Vertical Bracing Connections

May 24, 2022 Session 8: Other Topics
Individual Session Registrants 8-Session Registrants
PDH Certificates PDH Certificates
* All WFH individuals associated with a group registration will be issued a One certificate will be issued at the conclusion of all 8 sessions.
certificate.

* Allindividuals 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!

8-Session Registrants 8-Session Registrants

Access to the quiz Access to the recording

Information for accessing the quiz will be emailed to you by Wednesday. It will contain a link to access the Information for accessing the recording will be emailed to you by Wednesday. The recording will be

quiz. EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG. available for four weeks. (For 8-session registrants only.) EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.
Quiz and attendance records PDHs via recording

Posted Friday mornings. www.aisc.org/nightschool -- Click on Current Course Details. If you watch a recorded session, you must take and pass the quiz for PDHs.

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
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8-Session Registrants 8-Session Registrants

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

Night School Resources

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

PASSWORD

| s vow |

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

Py AISEC { i) — T = | Ll L

e '
© ek Course Resources

[ vewsesouncr |
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Vertical Bracing Connections
Session 8: Other Topics

8-Session Registrants

Night School Resources

ght 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.

8-Session Registrants
Night School Resources

* Webinar connection information

* Reminder email sent out Monday mornings

¢ Links to handouts also found here

T | Smarter.
AISC | Thank you @Eiﬁ:‘:‘.‘?e"
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