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AISC Live Webinars

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

Thank you.

Need Help?
Call ReadyTalk Support: 800.843.9166

There’s always a solution in steel.

There’s always a solution in Steel

AISC Live Webinars

Today’s audio will be broadcast through the
internet.

Alternatively, to hear the audio through the phone,
dial 855-697-4479.

Conference ID: 18882640

For additional support, please press *0 and you will
be connected to a live operator.

© Copyright 2015
American Institute of Steel Construction




AISC Live Webinar Analysis and Design of Chevron Brace
April 9, 2015 Connections with Flat Bar Gussets — Part 1

AISC Live Webinars

Today’s live webinar will begin shortly.

Please standby.

As a reminder, all lines have been muted. Please type any
questions or comments through the Chat feature on the
left portion of your screen.

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial
(855) 697-4479

Conference ID: 18882640

For additional support, please press *0 and you will be
connected to a live operator.

AISC Live Webinars

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

This program is registered with AIA/CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the 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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AISC Live Webinars

Copyright Materials

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

© The American Institute of Steel Construction 2015

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

use.

Course Description

Analysis and Design of Chevron Brace Connections with Flat Bar
Gussets — Part 1: Non-Seismic Applications

April 9, 2015

Typically, chevron brace connections are detailed with one gusset
plate used to connect all of the braces framing to a joint. When
geometry permits, it may be more economical to provide a
separate gusset for each brace. The analysis and design of
chevron brace connections used in low seismic and wind
applications are presented. The force distribution through the
connection and the frame beam, and detailing considerations are
presented. A design example will be used to support the
discussion.

© Copyright 2015
/ American Institute of Steel Construction




AISC Live Webinar Analysis and Design of Chevron Brace
April 9, 2015 Connections with Flat Bar Gussets — Part 1

Learning Objectives

* Become familiar with analysis and design of chevron brace
connections use in low seismic and wind applications.

* Gain an understanding of force distribution through the
connection and the frame beam.

* Gain an understanding of chevron brace connection analysis and
design through an in-depth design example.

* Become familiar with detailing considerations for chevron brace
connections with separate flat bar gussets for each brace.

Analysis and Design of
Chevron Brace Connections

with Flat Bar Gussets
PART 1: Non-Seismic Applications

written and presented by
Patrick J. Fortney, Ph.D., P.E., S.E., P.Eng

President: Cives Engineering Corporation
Chief Engineer: Cives Steel Company
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CHEVRON BRACE CONNECTIONS
Use of Flat Bar and Shaped Single Gussets

Inverted V-Type FRAME

/ Configuration / BEAM

7~ <
| | %w R
! i
i | b /T
FLAT BAR
GUSSET - O Gusser
Frame Column, 7
Typical \ .
8 e 7] BRACE 2
Configuration BRACE 1
Frame Beam, /
Typical "\ N4 s
i i BEAM
\ J Two-Story
e L~ X-Brace
/ Configuration w.p.
VA h T
} i SHAPED
4 \ SINGLE $ SHAPED
GUSSET SINGLE
GUSSET
BRACE 1 BRACE 2
Presented by:

Patrick J. Fortney, Ph.D., P.E., S.E., P.Eng
President: Cives Engineering Corporation
Chief Engineer: Cives Steel Company

CHEVRON BRACE CONNECTIONS
A Two-Part Seminar

FRAME
BEAM

PART 1: Non-Seismic Applications % E
Y

¢ The use of flat bar and ratTBaR . g N QB FIATBAR
. . CIEERI / \ GUSSET
shaped single gussets will i
BRACE 1 BRACE 2

be discussed

% A design example problem
using flat bar gussets will
be presented

» Not to suggest that rTm‘\ " Contpusion
shaped single gussets
cannot/should not be
used in non-seismic
applications
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CHEVRON BRACE CONNECTIONS
A Two-Part Seminar

PART 2: Seismic Applications
% The use of shaped single — _ %
gussets will be discussed GUSSETW y%%?z%
» Typically, flat bar gussets e /[Cng:g;dmv[g"ype

do not work for the ‘
connection design N
requirements for seismic
braced frames

% A design example problem
using shaped single gussets
g"m will be presented

Nor

CHEVRON BRACE CONNECTIONS
Flat Bar and Individual Shaped Gussets

PART 1: Non-Seismic Applications

FRAME

/ BEAM
)

FLAT BAR
GUSSET

FLAT BAR
GUSSET

BRACE 1
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AGENDA
PART 1: Non-Seismic Applications
¢ Introduction

» Chevron Configurations

*  V-Type Configuration
* Inverted V-Type Configuration
* Two-Story X Configuration

AGENDA
PART 1: Non-Seismic Applications

+* Introduction

» Connection Hardware
* Combined Gussets
* Individual Gussets
o Flat Bars
o Shaped

% Connection Geometry

+* Brace Force Distribution

¥ © Copyright 2015
/ American Institute of Steel Construction
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AGENDA

PART 1: Non-Seismic Applications

% Impact on Beam
» Shear Force Distribution

» Bending Moment Distribution
% Limit State Checks

» Connection Hardware

» Frame Beam

% Example Problem

15

INTRODUCTION

Inverted V-Type

/ Configuration

/ <

Frame Column,

Typical \ V-Type
" Configuration
Frame Beam, /
Typical \ N~ A«
- |
|
|

Two-Story
S 1~ X-Brace
Configuration
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INTRODUCTION
FRAME FRAME
/BEAM /BEAM

W.p.
8| B A

COMBINED SINGLE
GUSSET GUSSET y &ZISSSLEET
BRACE | BRACE 2

Combined Gusset Single Gussets

We’ll focus on Single gussets, but it’s important to recognize that
the same concepts can be applied to the combined gusset

SATING

5@’? configuration (with some slight differences)

Lunory

INTRODUCTION

FLAT BAR
GUSSET

FRAME
/ BEAM
I .
Single Flat Bar B

SHAPED
m SINGLE / - SHAPED
GUSSET y SINGLE
1 GUSSET
BRACE 1 BRACE 2

Single Shaped
Gussets
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INTRODUCTION

Examples of When Flat Bars May be More Economical

INTRODUCTION

¥ © Copyright 2015
/") American Institute of Steel Construction
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INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

¢ Flat Bars
» Generally available in:

* AS572-50 (more common)
* Typically available in A36 and 529-50

* Consult with your local service center(s) or producer(s)

INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

¢ Flat Bars
» Generally available in:
* A572-50 (more common)
* Typically available in A36 and 529-50
* Consult with your local service center(s) or producer(s)
» Width and thickness:
* Upto 12” wide
* Up to 2” thick

{:@ )* Consult with your local service center(s) or producer(s)

¥ © Copyright 2015
/") American Institute of Steel Construction
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INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

+» Flat Bars
» Width Increments:
* < 3” wide; use ¥4 increments
* Between 3” and 6” wide; use %4” increments
* Between 6” and 12” wide; use 1” increments

* Consult with your local service center(s) or producer(s)

INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

+¢ Flat Bars
» Thickness Increments:
* Up to 17 thick; use 1/8” increments
* Over 1: thick; use %4 increments

* Consult with your local service center(s) or producer(s)

¥ © Copyright 2015
/") American Institute of Steel Construction
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INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

+¢ Flat Bars
» Thickness Increments:
* Up to 1” thick; use 1/8” increments
* Over 1: thick; use %4 increments

* Consult with your local service center(s) or producer(s)

» Typically used:

¢ To eliminate moments on interface

* When brace forces are relatively small (economical

interface welds and gusset thickness)

INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

+* Shaped Single Gussets
» Typically cut from plate material:
» Typically available in:
e AS572-50 (most common)

* Generally available in A36 and A529-50

* Consult your local service center(s) and producer(s)

¥ © Copyright 2015
/") American Institute of Steel Construction
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INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

% Shaped Single Gussets
» Typically used:

* When brace forces are relatively large (economical

interface welds and gusset thickness)

* Seismic applications

INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

+* Shaped Single Gussets

» Try to Minimize eccentricities on shallow brace bevel

connections:

¥ © Copyright 2015
/") American Institute of Steel Construction
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April 9, 2015

INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

¢ Shaped Single Gussets
» Try to Minimize eccentricities on shallow brace bevel

connections:

% Ay e i%
) “/T

e

TR R

VPNt ptr il

—~

INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

+* Shaped Single Gussets

» Try to minimize analysis efforts and impact on beam:

— =

X
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INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

% Shaped Single Gussets

» Try to minimize analysis efforts and impact on beam:

INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

+* Shaped Single Gussets

» Try to minimize analysis efforts and impact on beam:

N\

e s
N\
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INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

% Shaped Single Gussets

» Try to minimize analysis efforts and impact on beam:

INTRODUCTION
Notes on Flat Bar and Shaped Single Gussets

+* Shaped Single Gussets

» Try to minimize analysis efforts and impact on beam:

¥ © Copyright 2015
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CONNECTION GEOMETRY
Flat Bar Gussets

L L,
= Lln') -
Cp
X

x, = horizontal length of Brace 1 flat bar gusset-to-beam interface
x, = horizontal length of Brace 2 flat bar gusset-to-beam interface
X, = horizontal dimension between right egde of Brace 1 gusset to work point
X, = horizontal dimension between left egde of Brace 2 gusset to work point
e, = one-half the depth of the frame beam
L,, = length of brace-to-gusset weld at Brace 1 and 2

CONNECTION GEOMETRY

Flat Bar Gussets

L L,

H, = horizontal components of Brace 1 and Brace 2 forces

V, = vertical components of Brace 1 and Brace 2 forces

L, =horizontal dimension between Brace 1 interface centroid to work point
L, = horizontal dimension between Brace 2 interface centroid to work point
6, = Brace 1 and Brace 2 bevel angles measured off the horizontal
L,; = unbraced bukling length of gussets on Braces 1 and 2

© Copyright 2015

American Institute of Steel Construction
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CONNECTION GEOMETRY
Flat Bar Gussets

7L|n7 -
Cp
X

Sign Convention

For Brace Tension;
H;,V; is (+)
For Brace Compression;
Hi s \/1 is (')

CONNECTION GEOMETRY
Shaped Single Gussets

.

6 = angles formed by the shaped gussets measured between the edges of the theoretical flat bar line
and the free edges of the shaped gussets
A, = horizontal dimension measured at the face of the beam flange between the lines of action of

Braces 1 and 2 and the centroids of the gusset-to-beam interface

i © Copyright 2015
°J American Institute of Steel Construction
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CONNECTION GEOMETRY
Shaped Single Gussets

Ll L2
b2 — — -
/ .

Hl_fJ
\2 Sign Convention

For Brace Tension;
H;,V; is (+)
For Brace Compression;
Hi s \/1 is (')

CONNECTION GEOMETRY
Getting Started (Trial Geometry and Hardware)

L L,

+»» Will Flat Bars Work? | ;

» The brace bevel, size, \ -

and force impact the

decision

Vi
* Choose the bar width such that the there is room for a

single pass brace-to-gusset fillet weld

~ow, = B, +2(0.5in) = B+1in

¥ © Copyright 2015
/") American Institute of Steel Construction
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CONNECTION GEOMETRY
Getting Started (Trial Geometry and Hardware)

< Will Flat Bars Work? g

> The brace bevel, size, if,vf,,,, -
e brace bevel, size % ; T \ /\Lbk %j

and force impact the 1

decision 1 \> PLy, 4/ A

* Make an assumption regarding the clear distance from

the leading corner of the brace to the beam flange

o My standard is 2 but, use whatever you think is
appropriate based on workmanship, inspection, access,
etc.

CONNECTION GEOMETRY
Getting Started (Trial Geometry and Hardware)

& Will Flat Bars Work? ;

EQ|EQ EQ | EQ
» The brace bevel, size,f,i,i%gf,, PN P
—y!

and force impact the p

decision 1S O\ 4/ ) n
H, 6, > >

\A

Vi

* X,;ztx,z must be greater than zero

[, = Sin(90-6) e .Wla .
sin 6, sin 6, Xig+ %, >0
e, sin(90—6,) w, 1
[, =230 %) X, =—2 =L, A
sin 6, sin &, 2

¥ © Copyright 2015
/ American Institute of Steel Construction
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CONNECTION GEOMETRY
Getting Started (Trial Geometry and Hardware)
< Will Flat Bars Work? T

» The brace bevel, sme,g> CEQ - — . Q?gk%j
and force impact the - =% b

decision b \> Ly Py 4/ \ ml_.ﬁ
VZ

 Estimate /,, based on brace force (I typically start out
assuming a single pass fillet weld (1/47))

[l .>B

1,>B e - -
L E, (LRFD) A.ssummg D=4 and 1,2 (ITW = 22"3 (LRFD)

1.392Dn with n=4 welds, F F

> 1w asp) l,2—— ="l (ASD)
"~ 0.928Dn (0.928)(4)(4) 148
CONNECTION GEOMETRY
Getting Started (Trial Geometry and Hardware)
L L,
+»» Will Flat Bars Work?

» The brace bevel, size, \ -

and force impact the

decision

* Estimate 7, based on gusset buckling:

o Use K=0.70 (more on that later)

o Use L=L,,

t
o r= simply calculated as » =—2

J12

¥ © Copyright 2015
/ American Institute of Steel Construction
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Brace Force Distribution
Flat Bar Gussets

i 2

jeb The Normal and Shear
forces acting at the gusset-

L L to-beam interface are equal

vz TR

Since the centroid of the gusset-to-beam interface coincides with the line of action of

to the vertical and horizontal

components of the brace

forces, respectively.

the brace (i.e., point 1 coincides with point a; point 2 coincides with point b), there is no

moment acting on the interface, i.e., VL, =He,
L, =Hye,

Brace Force Distribution
Shaped Single Gussets

L - The Normal and Shear
% % forces acting at the gusset-
Y fﬁ\i\fjiffifif _ 3
o &7, jeh to-beam interface are equal
PN ] o to the vertical and horizontal
N~ e components of the brace
L L

forces, respectively.

T

Since the centroids of the

gusset-to-beam interfaces do
not coincide with the lines of
action of the braces, there are

moments acting on the

interfaces, i.e., the moments

2 acting on the horizontal edges
5|
i@E of the gussets are...
Lotnpes 152

© Copyright 2015
/ American Institute of Steel Construction
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Brace Force Distribution
Shaped Single Gussets

X, X,
% :Si/ _ P\\% 2 %jeb For weld and gusset
% Ndl I\J’ TS plate design, the
L Nll N‘,gql 5 moments acting on the
A A interface are converted
’ v Xzz ) ‘ to equivalent normal
HY A forces and added to the
7; 9 RN # N, forces.

b 2L A

(see DG 29 App. B, Figure B-1 for discussion regarding N,,).

Distribution of Forces on Beam
Flat Bar Gussets

Va Cb Ll LZ &

R AA—%}—ﬁWwﬁ;w_h——ﬁg —————— —-

X lla ~2 X,

> The uniformly distributed moment acting along the gravity axis of the beam

captures the eccentricity of the shear forces acting along the flange.

i © Copyright 2015
°J American Institute of Steel Construction
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Distribution of Forces on Beam

Flat Bar Gussets

L

L,

Vbeb
29)

|
o I VO Y
A

};)%Lbi’i

X, Cy

=

Ny

X2

X5

% The uniformly distributed moment acting along the gravity axis of the beam

captures the eccentricity of the shear forces acting along the flange.

<+ Resultant interface welds work fine for sizing the gusset and weld...

...but too conservative when evaluating beam shear and moment distribution!

Distribution of Forces on Beam
Flat Bar Gussets

Va Cb Ll LZ &

o I AA—%}—HWw;;;w_h——ﬁg —————— —-

X la” ~2 29

> The uniformly distributed moment acting along the gravity axis of the beam

captures the eccentricity of the shear forces acting along the flange.

«

+ Resultant interface welds work fine for sizing the gusset and weld...

...but too conservative when evaluating beam shear and moment distribution!

> The interface forces and moments are treated as externally-applied loads and are

used to determine the beam shear and moment distribution.

ST,

®

o

© Copyright 2015
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Distribution of Forces on Beam

Flat Bar Gussets
Vaeyp L L Vbeb
| . . |
R N _rttees Vo .
T 4}1§§W$}\H> g)%leﬁ jfeb
i Na — E———— ;
A Tlf 1 N,
X X2 | X,
Ry a b Rgj
# The uniformly distributed moment acting along the gravity axis of the beam
captures the eccentricity of the shear forces acting along the flange.
<+ Resultant interface welds work fine for sizing the gusset and weld...
...but too conservative when evaluating beam shear and moment distribution!
+ The interface forces and moments are treated as externally-applied loads and are
used to determine the beam shear and moment distribution.
<+ Note that the resultant loads are used to check Chapter J limits states (e.g., web
local yielding and web local crippling).
Distribution of Forces on Beam
Shaped Single Gussets
L L,
FT‘ Vaep é:l 2 r Vbep
i X T X i
|
e & - = «#‘ yb; N —— —
| betgpr |
| N, TTTR R |
X j)))))) )))))))t Xlz)
M, %) X5 M,
Ry a X B Ry

> The uniformly distributed moment acting along the gravity axis of the beam

captures the eccentricity of the shear forces acting along the flange.

ST,

oy,
¥ )
5@
e 75
TS

© Copyright 2015
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Distribution of Forces on Beam

Shaped Single Gussets
Ll L2
j” Vaep é:l %1 Ve j”
| — 8 |
e 3Z@l—— e —\Zb——— ——————— —
i PG ;\f};lr_xz & i
| N, o =N |
X I T P\
Ma S| X2 Mb
Ry, a X = b Rg|

% The uniformly distributed moment acting along the gravity axis of the beam

captures the eccentricity of the shear forces acting along the flange.

% Moments M, and M, are distributed uniformly along the interfaces

Distribution of Forces on Beam
Shaped Single Gussets

L, L
FT‘ Vaep é:l r Vbep
X ]

1 Ve _ 5 Ny o o
| Yt |
! N, S Ny !
i

A

T NINMPHNIN T
M, YxLT N ,

a X % b Ry

« The uniformly distributed moment acting along the gravity axis of the beam

captures the eccentricity of the shear forces acting along the flange.
% Moments M, and M, are distributed uniformly along the interfaces

<+ The interface forces and moments are treated as externally-applied loads and are
used to determine the beam shear and moment distribution.

Ly,

®

Ztnuey 5

© Copyright 2015
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LIMIT STATE CHECKS
«» CONNECTION

» Brace tensile rupture on net section (D2)

P,=F4, (D2-2)
A =AU (D3-1)

P=FAU L z
n u‘n —T

¢: 0.75, Q2=2.00 GUSSET— —
o €— |
WELD, ‘ >
TYP L

BRACE/ GUSSET/ WF:I_L\P];) BRACEJ

I typically assume that the slot in the brace is 1/8” + the gusset
thickness. However, you can calculate 4, based on your particular

% practice. Also, be sure to consult with your local

fabricator/erector.

LIMIT STATE CHECKS
«» CONNECTION

» Brace tensile rupture on net section (D2)

* Assuming a rectangular HSS brace, use Case 6 of Table
D3.1

H /

:

2
B +2BH BRACE/ GUSSET/ wELD, ) BRACEJ

X=—- TYP

4(B+H)

* For other types of braces or gusset conditions, refer to
table D3.1.

w GUSSET— =
X i
U=1-— o <+—r | —
[ WELD, \
w TYP I I

¥ © Copyright 2015
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* Assuming a rectangular HSS
brace, use Case 6 of Table D3.1

LIMIT STATE CHECKS
TABLE D3.1 )
% CONNECTION e Tonsion Nembers.

Shear Lag Factor,

6 |Rectangular HSS | with a single N /
concentric guSSP( IzH..U=1 )}/’ > i

plate B2 4 28H L—l 0.
HB+H) [ — A | R0

O U
with two side gusset IsH. U=1-X/ -« o
plates : A s T et
4B+H) ke Y M=t

&

T

i

sa

57

% CONNECTION

» Brace-to-Gusset Connection

* Brace-to-gusset weld (Manual, Part 8)

H

GUSSET—
M
WELD,
TYP

@R =1392D/  (LRFD)

o
n

R, _ 0.928DI
Q

(ASD)

«

BRACE/

D=weld size in sixteenths of an inch

[=weld length (in.)

5

".,,,\\W iz
@

Lounoce 15

A0

GUSSET / WELD’)

TYP

58

© Copyright 2015
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LIMIT STATE CHECKS
«» CONNECTION

» Brace-to-Gusset Connection
* Shear rupture strength of brace wall

H /

GUSSET— e 17 —
R =0.6F A (J4-4) ) | ]
$=0.75,Q=2.00 WELD, T | >
TYP [ I

A, =4lt,, BRACE/ GUSSET/ WETL\]?];) BRACEJ

[=weld length
t.s—design tube wall thickness (Manual, Part 1)

LIMIT STATE CHECKS
«» CONNECTION

» Gusset Limit States

* Tensile yield on gross section (D2)

P =F4, (D2-1)
$=0.90, Q=1.67

* Tensile rupture on net section (D2)

P =FA (D2-2)

u'n

9=0.75,Q=2.00

¥ © Copyright 2015
/") American Institute of Steel Construction
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LIMIT STATE CHECKS
s CONNECTION
L
» Gusset Limit States X

* Buckling (E3)
B =FA4, (E3-1)
9=0.90, Q=1.67

When ﬁs 4.71 £
r \/ F,

F,
7
E,=[O.658 ]Fy (E3-2)

LIMIT STATE CHECKS
«» CONNECTION

L

» Gusset Limit States X,

* Buckling (E3)
P =F A (E3-1)

cr’g

$=0.90, Q=1.67

When ﬁ >4.71 £
r Fy

F,=0877F,  (E3-3)

2
F= °E

(7

(E3-4)

¥ © Copyright 2015
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LIMIT STATE CHECKS
«» CONNECTION

» Gusset Limit States X

* Buckling (E3)
£ =F,4, (E3-1)
9=0.90, Q=1.67

oF,,, F.,/£2 can be taken
from Table 4-22 of the

Manual, in lieu of

crunching Equations E3-2
through E3-4.

63
Table 4-22
* h Al . re
ot C,O Q \] E C,TION Available Critical Stress for
Compression Members
R 4 . . \ Fy=3 ksi Fy =42 ksi Fy =50 ksi
~ Gusset Limit States | e AT
Tl ks ks | ks | kel | ksi | ksi
ASD | LRFD ASD | LRFD ASD | LRFD
A6 ‘4 51 ar. 1 |88 5
a8 2 |3 29
¢F .., F. /€2 can be taken from Table 4- —HH- 2
cr C 2s + | &1 + |20
as F-2 1]
o o g s o = 55
22 of the Manual, in lieu of crunching " HH
as 9 |50 28
24 10 | 250 a7
Equati E3-2 th h E3-4 R =
quations = roug -4. - HH gg;;
a3 14| 248 4|25
n3 15| 2un ns
23 16 | 248 24
Fy=35Kksl Fy= 36 ksl Fy= 42 ksl Fy = 46 ksl Fy =50 ks 22 7 (247 83
a2 18 | 247 22
K ForlS2| GoFer " ForlQg | tcFer K For/ | GcFer " Farl Qo | oFer " ForlQo| dFer Be n [us me
T ksi ksi T ksi ksi T ksi ksi n ksl ksi T ksi ksi 211 21 | 245 20
ASD | LRFD ASD | LRFD ASD | LRFD ASD | LRFD ASD | LRFD L B o [
1210 |35 | 1 [216 |24 | 1 [250 |97 | 1 [275 | 414 | 1 [209 [450 o9 w7
2 (210 315 |2 [218 [s24 | 2 | 261 |378 | 2 | 275 |414 | 2 | 298 [450 fed =1
312089 |15 3|25 32.4 3 | 251 37.8 31215 | 414 3 | 299 | 450 27 7| ms
412089 |15 | 4 |215 | 324 | 4 | 250 (378 | 4 | 275 |414 | 4 | 208 | 449 ] ol | —
51209 |15 | 5 |215 | 324 | 5 |250 (377 | 5 |276 |41 | 5 | 208 | 449 w8 © [mo
6|28 (314 |6 | 215 [323 | 6 | 251 |377 | 6 [27.6 | 413 | 6 [299 | 449 o e
71289 |314 |7 |215 (323 | 7 | 254 (377 | 7 (275 |413 | 7 | 208 | 448 24 w @7
8 |209 |14 |8 |215 |323 |8 |250 [37.7 | 8 |274 |412 | 8 | 298 | 448 = » |
9 1209 |314 9 (215 323 9 25.0 376 9 |274 |42 9 298 44.7 201 : 72
10 | 209 | 313 10 | 21.4 32.2 10 | 25.0 37.6 10 [ 27.4 | 411 10 | 207 | 447 21 aas
11208 | 313 |11 | 214 322 |11 [ 250 [a75 |11 | 278|410 |11 | 207 | 446 ||] 1 | [es | 2 g =
12 (208 | 313 |12 | 214 322 |12 [ 249 |375 |12 [27.8 | 410 |12 [ 208 [ 445 «© 198 © [ms
13 | 208 | 31.2 13214 321 13 | 249 374 13 | 27.2 | 409 13 | 206 44.4 64
141207 | 31.2 14 (213 321 14 | 248 373 14 [ 27.2 | 409 14 | 205 444
15 Lang | 111 1R lo1a 1wn |15 [oam laza l15 1971 | ana 115 looR | as9 AMERICAN IESTITUTE OF STERL CONFTRUCTION
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LIMIT STATE CHECKS
+* CONNECTION
L
» Gusset Limit States X

* Buckling (E3)

o L in KL/r taken as L,

o For flat bar connections, the
Whitmore width does not

apply. Take the effective

width as w; .. 4, =wi,

o Use K=0.70 (see Dowswell 2006 and/or AISC DG29)

LIMIT STATE CHECKS
«» CONNECTION

L

» Gusset Limit States X,

¢ @Gross shear on horizontal

section; sections a or b (J4)

P, =0.6F 4, (J4-3)
$=1.00,Q=1.50

A4, =x1t,

» Shear rupture on horizontal section; sections a or b (J4)
P, =0.6F A, (J4-4)
$=0.75,Q=2.00

A, =x,t,

¥ © Copyright 2015
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LIMIT STATE CHECKS

% CONNECTION

» Gusset Limit States

* Gusset-to-Beam Weld

_ 1.392DL(1+0.5sin" 0)

L

a,eq

D
e

R = (LRFD)
1.25
R 0.928DL(1+0.5sin'"" 6)
Sno (ASD)
Q 1.25
VA
LIMIT STATE CHECKS
+» CONNECTION
» Gusset Limit States
* Gusset-to-Beam Weld
1.392DL(1+0.5sin'’ 6)
R = (LRFD)
1.25
R 0.928DL(1+0.5sin'" 6)
= (ASD)
Q 1.25
6= tan’l [—Ni’eq M N’ j L= X
4
The 1.25 factor is the ductility factor that
R= ( N +N )2 L2 accounts for non-uniform distribution of
5 ieq i i
‘ stresses along interface

¥ © Copyright 2015
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LIMIT STATE CHECKS
<+ BEAM
» Local Limit States From Concentrated Forces
- Web Yielding (J10) S
g)i‘i/ '“\t%z%j%
N l I\;r' b~
R=Fo(sk+l,) @102

¢=1.00, Q=150

[,=interface length, x;

k=k,,; (Manual, Part 1)

LIMIT STATE CHECKS

< BEAM
» Local Limit States From Concentrated Forces

* Web Yielding (J10) x

%ﬁy '“\%z%j%
I;l" N
Nl

L L,

R, =F,1, (5k+1,) (J10-2)

wow

¢=1.00, 2=1.50

It is assumed in this presentation that points a and b are located a distance
greater than the depth of the member from the end of the beam. If this is not the

case, refer to Equation J10-3.

¥ © Copyright 2015
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LIMIT STATE CHECKS

* BEAM

» Local Limit States From Concentrated Forces
L L,

* Web Crippling (J10) X X

)/BN’i J"’\ j

1.5
EF t
Rn:O.SOti{l+3(%’j£j&J ] t;f J10-4)
f w

9=0.75,Q=2.00

It is assumed in this presentation that points a and b are located a distance
greater than one-half the depth of the member (d/2) from the end of the beam.
If this is not the case, refer to Section J10.3 (Equations J10-5a and J10-5b)!

LIMIT STATE CHECKS

* BEAM

» Local Limit States From Concentrated Forces

* Web Compression Buckling (J10) N

R —
Needs to be checked when braces N i%{it - %
frame to both the top and bottom sides L ] -
of the beam (two-story x-brace o
configuration) and a C-C load case
needs to be considered (RARE!). N‘Nﬂl N‘"l
N P

RN b2
Refer to Section J10.5, Equation J10-8 % s——- %{,\7 s— %

i © Copyright 2015
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LIMIT STATE CHECKS

* BEAM

» Beam shear and bending distribution along the length of the
beam

COLUMN
\\
/
COLUMN

R]+Vl
V, (e-Lgl4)-Vi(etLgAyH(HHH ey Vj(a-LgyHVo(art Ly /4)-(HiH ey

L T
Rl1\

R, (a-Lg/4)
Hiey LY

MOMENT DIAGRAM

Representative beam shear and moment distribution using resultant loads

R
SHEAR DIAGRAM

LIMIT STATE CHECKS

* BEAM

» Beam shear and bending distribution along the length of the

beam
+ Flexure (F2) i J;#f%ﬁ
M,=M,=FZ  (F21) |

¢ =090. Q=167
b R T

© Copyright 2015
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LIMIT STATE CHECKS

* BEAM

» Beam shear and bending distribution along the length of the
beam

* Shear (G2) ﬁ Auzzf%ﬂ

V,=0.6F,4,C, (G2-1)
$=1.00,Q=1.50

h E
ASZ'% //V

CHEVRON BRACE CONNECTIONS
Flat Bar Gussets

PART 1: Non-Seismic Applications

Example Problem

FRAME

/ BEAM

Q
)

FLAT BAR
GUSSET

76
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Example Problem
30"
+* The elevation of a braced frame is 17 13
Shown. nuuxu?lzsukx/f T Roof
5 . . . ‘W24x84
¢ The frame is used in a structure with - .
design criteria such that the brace Sy e
connections require no seismic 3 O E =
oo = 1.8 k/ft =
Strength or detalllng. Jl\;‘/lzlz;;dl;j‘lHHIHIHHIHH Level 2 %
% An analysis of the structure produces S .
11111“11111[% Ty Level 1
the following loading and brace Wanss
forces. ® @ -
+* The brace forces shown are a result of D HsS6xexd
15' 15' @ HSS7x7x%
factored LRFD load combinations
Example Problem
30" 30"
17 13' 17' 13
. 0.75 k/ft 0.75 k/ft .
\4:87](11)5 —_— “l\;/lzlil;;:“““ TITTITTTTTIT lll‘i;zl;léilulll TITTITTTTTIT ‘A:Vr:87k1pA
©) @ s 3
. 1.8 k/ft 1.8 k/ft .
\/3:64](11)5 » lll{xlllzz‘lxlslilIHIHIHIHIH IH{"I/JZ:‘AX%IA:JIHIHIHIHIH < V3:64k]p
3 ONENONGEE = = z 3
. = 1.8 k/ft = = 1.8 k/ft = .
\/2:38k1ps » II\Jleli)ldlg:tlHIHIHIHIHIH % Zﬁ H\Jleli)l(é:llHIHIHIHIHIH < V2:38k1p‘
©) @ = s
. 1.8 k/ft 1.8 k/ft .
\/‘:12](1])5 » l\lkllzlzi)l(éi‘lllll JITITTITTITTL 1\311211;)1(;;211111 JITITTITTITTL < V|:12klp
(D) HSS6x6x% o) © (D) HSS6x6x}
() HSS7x7x} @ [©) (@) HSSTx7x}
4.8 PRI 116 848,
211 4395 576 ¢ 535 |11
15 15 N4 ~ 15
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Example Problem
30 30
17 13 17 13
) 0.75 k/ft 0.75 k/ft .
\/‘_:87k1p5%llllllllllllllll ITITTITIITIT ITITITIIITITITT llllllllllll%\/r:87k1pA
W24x84 W24x84
O -
6 o x - > <
V=64 kips uunlunliikal/ﬁnuuun nuuluuliiflkl/ﬁnnuu11 V=64 kip!
3 T W24x84 W24x84 < :
=) & =N (=3 > (=3
i O ok 3 = = I BE
) = 1.8 k/ft = = 1.8 k/ft = )
\/2:381(!])5 » AT LI I TITTIT] o o TIITITTIT I T I I TITTITT] < VZ:38k|p
W24x84 7 & W24x84
) 2
\\“ﬁ@ @V’@ 3 =z
. 1.8 k/ft 1.8 k/ft .
\/]:lzklps — T T TTI T TT T T T T T 47\/1:12](11)
W24x84 W24x84
) % &
(1) HSS6x6x} \\%é %’@ o © \@@ “’@ (D) HSS6x6x}
@) HSS7x7x} @ (2) HSS7x7x}
a R s, 248y
395 576§ 53.5”712“
15 150 764 15 5
Example Problem
30"
o o 17" 13
For the joint at Level 2,
1. Perform all of the appropriate e Roor
W24x84
imi B 2. )
limit state checks for the flat bar 25 X Y
brace ConneCtlon Shown‘ lllllulllllisllkl/lﬁllllulllll Level 3
‘W24x84
2. Draw the b h d . e, |
. Draw the beam shear an i <6 ONE 5
. z == =
moment diagrams for the beam G A etz |
W24x84 ~ 3
considering the applied gravity o
loadS al’ld the loadS detel’l’nined tO uuluuuli% kl/xﬁuuuulu Level 1
W24x84
act at the gusset-to-beam 9 U )
D) 7 bt
. V) ® ©) %
interfaces.
"S‘q\(ﬂm&% o -
g k Negative sign on brace forces indicates compression (D HSS6x6x3
NEY. 15 15' Q) HSSTx7x3
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Example Problem
30'
. . 17 13'
For the joint at Level 2,
3. Check the beam for the following | WBKE ey Root
W24x84
1mi . x &
limits states: S XK .
a) Web Local Yleldln lll{;]lzzllslégizflkl/ﬁlllulllu Level 3
2 g & S E
2 5 % s HE =
b) Web Local Crippling 3 U __ON S
ll\l).vlzlzléglllizflkl/lﬂlllll}lllu Level 2 -
c) Beam Shear Ny ”
d) Beam Bending o Lot
l\;{lzlzl‘;ézlllll JIJITTITTIITI] Vel
I & .
o | | ®
5| Negative sign on brace forces indicates compression (D HsS6x6x3
SEY. 15 15 (2) HSS7x7x}
Example Problem
30
.. 17' 13
For the joint at Level 2,
4. Determine the required web i Root
W24x
o 0 . & &
doubler plate thickness if one 1s S %
g : 1.8 k/ft
I'equlred, and pronde all xxwazi‘;lg;uuuuuuuu Level 3
. o 3 9 3 3
appropriate details for same. I <0 X Z %
g lllllulgl?igllkl/lﬁllll\l}lllu g Level 2 _
W24x84 ~ &
uuluuuli%kl/xﬂuuuulu Level 1
W24x84
>€’ G .
\\%»@ @“’q; =
""“‘m‘%%‘ 77777 7777
g k Negative sign on brace forces indicates compression (D HSS6x6x3
NEY. 15 15 (2) HSS7x7x%
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Example Problem

' §n in
1—28 1116

1 311
1-18 11

[

" 2
i >\«
1
A 5
R
N E‘
N
1 X?
g 900%)
1 P Ty
4 AN
IO\
s 9z N
$ 12
12
111

Example Problem

The brace connection design

considers the worst case T-C and C-T

load cases.

However, when checking beam limit

states, check only the T-C load case

as shown below. In practice both load

cases need to be considered

W“X%Z

o 17 . ’ 9%
118 kips A~ .
i g
£
‘=’  Load Case for check beam limit states

12 .
149 kips
113

30"

17' 13'
Hlllllll(l)llsllklll TITIIITITIIT Roof
W24x84
> &
0 O\e S
xxLuuuuli%lkl/ﬁuuuuu Level 3
W24x84
= > =
Oy
E @»09 < |2 %
F <O (O =
5 = =< S
lllllul(llligllkl/lﬁlllll}lllll Level 2 _
W24x84 ~ %
s,
uuluuuli%kl/xﬂuuuulu Level 1
W24x84
7,
>€’ 7 .
&3 A ©
N @ @ 54
77777, 7777
(1) HSS6x6x}
15' 15' @ HSS7x7x}
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Example Problem

30"
. . . . . 17 13'
The following information is given:
+* HSS Shapes: A500-B m\;\]lzli;ézlzsxh/xﬂuumum Roof
A 2,
o X3 oy =
+ Wide Flange shapes: A992-50 20 OX =
o . llllllllllllizflkl/lﬂllllulllu Level 3
+¢ Plate material: A572-50 gl o 5 e
3| & N x
o . = £ @ @ 7 = =
++ Flat bar material: A572-50 = ETTRANE
N T I T Level 2 _
W24x84 ~ 3
uuluuulitf LTI Level 1
W24x84
/\6" /@ -
\\%© @ % -
(1) HSS6x6x}
15' 15' (2) HSS7x7x}
Example Problem
30"
SOLUTION 17 13
Section and Material Properties
0.75 k1 -
LTI II T I I TITTdI0T 00!
W24x84
W24x84 HSS7x7x1/2 N 7
. < N2 )
F, = 50ksi F, = 46ksi v
xxLuuuuli%lkl/ﬁuuuuu Level 3
F, = 65ksi F, =58ksi W24x84
3 9 3 3
d =24.1in A=11.6in’ il £ O |3 *
tf =0.770in r=2.63in g Hlllul(l?igl-l-kl/lﬁ:ll\l}lllu g Level 2 _
x84 ~ 2
b, =9.02in b/ b/ - ke “
/ ! 7 = =i i
Koy =1.27in 14, = 0.465in
k =1-1/16i ) uuluuuli%kl/xﬂuuuulu Level 1
1 =1 ue workable flat = 4.75in W24x84
>€’ G )
\\%»@ @“’q; =
;"““m""g‘ 77777 7777
i@; (D) HSS6x6x%
NEY. 15 15 (2) HSS7x7x%
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Example Problem

iR i
SOLUTION Tk
BRACE 1 — Brace-to-Gusset
e R oo 77—
+ Component Brace Forces °°/<\ T />\),, J H
P, =118kips i 5 pL L X
& PL§ : ¢
6, =tan™ [m) =39.5° Qs”‘;:\%’ : - Bf\%
12 \

P
s
=

S

— &
[SEeY

—7

;

N
H, =c0s(39.5)(118) =91.1kips J
V. =sin(39.5)(118) = 75.1kips

P =163kips
6, =tan™' 93715 _395
12

H, =—c0s(39.5)(163) = —126kips
g“m V. = —sin(39.5)(163) = —104kips

1LY
Example Problem
123 1
SOLUTION Tk
BRACE 1 — Brace-to-Gusset ZZ 2
_W24x84 7‘:%% L ;pi’ e —
+ Brace-to-gusset weld V{\ Vel X H
¢R, =1.392DL % 2 AN N Al
9R, = (1.392)(4)4)®) <% VAN
@R, =178kips >163kips OK X i e
I =8in>B=Tin oK 2, * ol

ST,

oy,
¥ )
5@
e 75
i
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Example Problem

iR i
SOLUTION |
BRACE 1 — Brace-to-Gusset
ML - R 1 R e —
«* Brace-to-gusset weld SN N J H
¢R, =1.392DL W L N &
PR, =(1.392)(4)(4)(8) %%q%*‘@j PLi" | S,
OR, =178kips > 163kips oK &7 4 ; DY
[=8in>B="Tin oK 2|’

+¢ Shear rupture of brace walls
oR =¢0.6F 4lt,,
PR =(0.75)(0.6)(58)(4)(8)(0.465)
oR, =388kips >163kips OK

Example Problem

1
SOLUTION dr 1ok
BRACE 1 — Brace-to-Gusset "
_W24x8: _ “:%%

+¢ Brace tensile rupture on net section

A =11.6—(2)(0.5)(0.625+0.125) =10.9in> ™ pLY 4
2 2 ) PLY /) 4

s BA2BH _THADD) _, o5 S5O - %%

AB+H)  4T+7) A ' st

— 8 12

U:l—%:l—%zomz * m
¢Rn = ¢E{AnU
#R, = (0.75)(58)(10.9)(0.672)
oR, =319kips >118kips OK
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Example Problem

Tov

SOLUTION g |
BRACE 1 — Brace-to-Gusset

W%% e 2
2 o
+¢ Brace tensile rupture on net section °°/<\ oS )

A =11.6—(2)(0.5)(0.625+0.125) = 10.9in>  * 79\ ey x 0

__BH2BH _T+2ND) _, s &f% s 5,
AB+H)  HT+7) . ' S

— 8 12

U=1—§=1—%=0.672 = ng

PR, =pF, AU

#R, =(0.75)(58)(10.9)(0.672)

@R =319%kips >118kips OK

+* Note that I use the nominal brace wall thickness to calculate 4,

« The 0.125 is to account for a slot width equal to 7, + 1/8”

Example Problem

93w 113
1-28 136

SOLUTION "

BRACE 1 - Gusset
WAL 1 AR mY 6,,2 Z
(NS

11

[EE

+¢ Tensile yield

_ _ i N
OR, = 9F, 4, = 9F, wit, P
oR, =(0.90)(50)(8.50)(0.625) 7 o >

R =239k ) %4% : " : 2?“5‘»
OR, = 239kips >118kips OK PRI 1 Y
- 9% N

12

12
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Example Problem

SOLUTION

BRACE 1 - Gusset

¢ Tensile yield

¢Rn = ¢FVAg = ¢F}wltg g é/, pLL i%
#R, = (0.90)(50)(8.50)(0.625) 2 mE W g
@R, =239%kips >118kips OK % ] <Y
_ 9% 12 :
% Tensile rupture " L&
PR, =9F A4, =9pFwt,
#R, = (0.75)(65)(8.50)(0.625)
OR, = 259kips >118kips OK
93
Example Problem
23 1
SOLUTION oy |k
BRACE 1 - Gusset ZZ 2
_W24x84 _ ‘:%% L ;% e e A
+ Buckling V{\ Z s />\),, . H
is S &N
IR, =¢F A, =9F wt, s PLY x
K =0.70 %é%/ 3 PL" ) 9;%
L=L, =7375in P2 : ) \’v;)t«
- 9% N
t,  0.625 ) 7 .
r=—42-=—""-=0.180in T
\/E \/E 11§
KL _(0.70)(7375) _ )
r 0.180
¢F =423  (Manual Table 4-22 with KL/ r =29.0)
OR, = (42.3)(8.50)(0.625)
@R, =225kips >163kips OK
28 | 201 | 303 |28 [207 |311 |28 | 240 |360 |28 | 261 |393 |28 1283 |425
29 (201 |302 |29 |206 [31.0 [ 29 |239 |359 |29 |260 |39.1 ¢29 | 282 |42.3
230 1200 1301 030 (206 309 0300238 1358 [301250 (300 |30 ToROT751
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Example Problem

SOLUTION

BRACE 1 - Gusset

+¢+ Shear yield on section a
@R, =$0.6F, 4, = p0.6F xt,
@R, =(1.0)(0.6)(50)(13.375)(0.625)
OR =251kips >126kips OK

Example Problem

SOLUTION

BRACE 1 - Gusset

+¢ Shear yield on section a
@R, = 90.6F, 4, = p0.6F x,
¢R, = (1.0)(0.6)(50)(13.375)(0.625)
OR, = 251kips >126kips OK

+¢ Shear rupture on section a
R, = 0.6F, 4, =0.6F,x,
OR, = (0.75)(0.6)(65)(13.375)(0.625)
OR, = 244kips >126kips

ST,

oy,

¥ )

5@

e 75
i

OK
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Example Problem

SOLUTION
BRACE 1 - Gusset M%Z

«» Weld at section a

N =104kips

V =126kips

M=0 i
R=AIN" 477 =104 +126" =163kips, 4+

6=tan™ (ﬁj =39.5°
126

u=1+0.5sin"’ @ =1+(0.5)sin'*(39.5) =1.25
_ (1392)2)(5)(13.375)(1.25)

R
R, 1.25
@R, =186kips >163kips OK
Example Problem
23 1
SOLUTION |
BRACE 2 — Brace-to-Gusset ZZ 2
_W24x84 7‘:%% 777;%7 e —
% Component Brace Forces V{\ Ve X H
B 2 N
P, =98kips s b X &
% CE VA
6, = tan™ (L) =472 \x%%“%’ : i 3;?“5‘3,)
11.125 S ] DY
- 9% N
H, = cos(47.2)(98) = 66.6kips - 2

V, = sin(47.2)(98) = 71.9kips

P =149%ips

92=tan_]( 12 j=47.2"
11.125

H, =—cos(47.2)(149) = —101kips
V, = —sin(47.2)(149) = —109kips

ST,

oy,
¥ )
5@
e 75

i
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Example Problem

iR i
SOLUTION o |
BRACE 2 — Brace-to-Gusset
B N I B o P A

«* Brace-to-gusset weld SN N J H

¢R, =1.392DL p st S

R, =(1.392)(4)(4)(7 W :
IR, =( .)( )4 ) A% Ly /) .
@R, =156kips >149kips OK S h &

[=7in=B="Tin oK - %

¥
=
</
= &
S
K
;

Example Problem

123 1
SOLUTION |
BRACE 2 — Brace-to-Gusset ZZ 2
_W24x84 7‘:%% L ;pi’ e —

+ Brace-to-gusset weld V{\ Vel X H

gR, =1.392DL : - i

PR, = (1.392)(4)(4)(7) % i/ o

@R, =156kips >149kips a1 ] <Y

OK RS 1 o35
[=7in>B="Tin OK e % N

+* Shear rupture of brace walls
OR = g0.6F, Alt,.

@R, =(0.75)(0.6)(58)(4)(7)(0.465)
@R =340kips > 149%kips OK
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Example Problem

iR i
SOLUTION |l
BRACE 2 — Brace-to-Gusset Zz 2
B T I B i o e
+¢ Brace tensile rupture on net section °°/<\ NPT . H
4, =11.6—(2)(0.5)(0.50+0.125) =11.0in>  * S0\ > 0
MR PL" : )
s Br2BH _THADD) _, 005, G50 ; &“&)
4B+ H) AT+7) (ﬂ\\ ! 5
- ¢ 1|
U=1—§=1—i725=0.625 E T
#R, =oF, AU
#R =(0.75)(58)(11.0)(0.625)
@R =299%kips > 98.0kips OK

Example Problem

23 1
SOLUTION oy |k
BRACE 2 — Brace-to-Gusset WM%Z . i 2
AN 2V U
+¢ Brace tensile rupture on net section g d A ?

o
St
N

=

A =11.6—(2)(0.5)(0.50+0.125) =11.0in>

PL I

C_B42BH _T+2ND) _, s ﬁ%/ B 4 };@%
AB+H)  4(7+7) o ' Ry
— € 12
U:I—%:l—¥:0.625 . i
PR, =9F, AU
OR, = (0.75)(58)(11.0)(0.625)
@R, =299kips > 98.0kips OK

¢ Note that I use the nominal brace wall thickness to calculate 4,

ST,

&
g@§ «+ The 0.125 is to account for a slot width equal to 7, + 1/8”

o
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Example Problem

iR i
SOLUTION JE Tk
BRACE 2 - Gusset
W) s B —

+¢ Tensile yield °°/<\ Y />\),, H

¢Rn = ¢EvAg = ¢F:vwltg g 4’/, g N z

R = (0. . . > - 25" N
PR, =(0.90)(50)(8.50)(0.50) 2 e/ e,
@R, =191kips > 98.0kips OK &~ |} 1 2%

¥
e
N
= &
[SEeS
X
;

Example Problem

123 1
SOLUTION oy |
BRACE 2 - Gusset ZZ 2
_W24x84 7‘:%% L ;pi’ e —
% Tensile yield V{\ Vel X H
¢R, = OF A, = oF wt, < . < :D
SR = (0.90)(50)(8.50)(0.50) & mE o g
9 b i o
@R, =191kips >98.0kips OK % | ff%@
- 9% N
12

+¢ Tensile rupture i
¢Rn = ¢EA An = ¢F;1 Wltg
@R, =(0.75)(65)(8.50)(0.50)
@R, =207kips > 98.0kips OK
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Example Problem

BRACE 2 - Gusset

+¢ Shear yield on section b
R, = $0.6F, A, = p0.6F x,1,
@R, =(1.0)(0.6)(50)(11.625)(0.50)
@R, =174kips >101kips OK

",,,,\\w I

“ ARy
X J‘W‘Sﬁ

Lounoce 15

e
a5
SR

N
R
118 kips“ 1>

iR i
SOLUTION JE Tk
BRACE 2 - Gusset Zz 2
W) s B A —
+« Buckling °°/<\ s />\>'/ H
@R, =F, A, =OF, wit, % Jo AN
K =0.70 %‘g\%/ % PL3 4: ‘03‘2%
L= Lbz =6.0in ‘(\\(%” 4 4 "/7‘0%\/
- 9;; N
t 0.50 . z 2 N
r=—4=2==—""—=0.144in T
\/ﬁ \/E 11g
KL _ (0.70)(6.0) —292
r 0.144
oF, =421 (Manual Table 4-22 with KL/r=30.0)
PR, =(42.1)(8.50)(0.50)
oR =179kips >109kips OK
29 | 201 30.2 29 | 206 31.0 29 | 239 | 359 29 | 26.0 | 39.1 29 282
30 | 20.0 | 3041 30 | 206 30.9 30 | 23.8 | 358 30 | 25.9 | 39.0 0 | 28.0 | 421
Example Problem
SOLUTION

106
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Example Problem

SOLUTION
BRACE 2 - Gusset

+¢ Shear yield on section b
R, = 90.6F, 4, = §0.6F x,t,
¢R = (1.0)(0.6)(50)(11.625)(0.50)
OR =174kips >101kips OK

+ Shear rupture on section b ..“%E
@R, = §0.6F, 4, = §0.6F,x,t,

u*"nv

@R, =(0.75)(0.6)(65)(11.625)(0.50)
@R =170kips >101kips OK

Example Problem

SOLUTION
BRACE 2 - Gusset

«» Weld at section b

N =109kips
V =101kips X 3
M=0 y\’??\«:'/t@ ;:S“P)f

R=N?+V2 =109 +101 =149kip1‘v““:y%/ﬁ
6 =tan™ (@j =472
101

u=1+0.5sin"’ @ =1+(0.5)sin'*(47.2) =1.31

or_= (1392611625131

v 1.25
m @R, =170kips > 149%kips OK
R

g.

A
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Example Problem

SOLUTION

Beam Limit States

+ Loading diagram for the T-C load case

i iigln
. 1527g" i 117
1 ind g

1.8 I/ft
* DITTTLTL Tyt il Ty RITITITTIITITITIITIIId
N w4 w0
| 1 2 t
91fl'g10*

'%@75'1 109 3 §
118 kips 15 12 149 kips g
113

Uniform Loads on Section b

Uniform Loads on Section a

vV, 9l.lkips ... , . V, 10lkips .. .
=la 12in/ fy=81.7k/ fi =l 12in/ fi)=104k / fi
Y= S 13375 02 D % %= T Tieasia 02 ) f
N, 75.1lkips . .. N, 10%ips .
=D 12in/ fi)=67.4k/ fi L/ 12in/ fiy=113k/ fi
T = T 13 a7s 2 D= 6T AR "= T Teasia O 2D f
Ve, (91.1kips)(12.05in) Ve, _(101kips)(12.05in) _
=—42= =82.1k— ft/ ft === =105k — ft/ ft
M=y 13.375in fil A " 11.625in Sl A
Example Problem
SOLUTION

Beam Limit States

+ Loading diagram for the T-C load case

e 1.8 k/ft T~
f NN NN NN NN N NN NN RN NN N NN ! *
S _ W24x84 _wp. ] L
| 81.7 k/ft_1a" fgglmk/ft T |
“‘F 67.4k/MATH  IRIBKE = j
L G

+
17" I

[el|98)
—
=
ooln

Load Diagram for T-C Load Case (uniformly distributed loads)
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SOLUTION

Beam Limit States

Example Problem

+ Loading diagram for the T-C load case

o

111K/
692 K/t

1.8 K/ft m 1.8 K/t |
VIV V VP T UL T P P P P T P T PO TN P TP P I e Ui iidd *

,,,,,,,,,,, —Wodx84 821 k-fi/ftere W -Perrrel 05 k-ft/ft S
LN 2
ST S NI ‘

8 N8 8

1520 Iy L o 117" T

Equivalent Beam Model for T-C Load Case

Example Problem

111 k/ft
69.2 k/ft
1.8 k/ft 1.8 k/ft
# LT L T T P R T T L TP P T Lyl #
,,,,,,,,,,, _W24x84 82 1 k-fi/ftprregV.Pererr105 k-ft/ft [
1 prule
L 15'—2E” l—lr" L o 17" |
12.1 13.1
0 .
SHEAR DIAGRAM (kip}) 5 771
I/u mu.\'=94‘4 k
6'-81171)" 86" 24 49444 7'—3%" 4'-3%"
40.9
85 15.8
4 MOMENT DIAGRAM (kip-ft)
23.8
yﬂ““"’(( 35.4
|5D§ M, ,,.=95.9 k-ft
oo 1> P5.9] T
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Example Problem

SOLUTION

Beam Limit States

+ Bending
oM, =840k — ft (Manual Table 3-6)

M, =959 — ft <¢M, =840k — ft OK
+¢ Shear

oV =340k (Manual Table 3-6)

V. =94.4k < ¢V, =340k OK

Since the beam has sufficient available shear and bending strength, no
web doublers or cover plates are required...Part 4 of this example

problem needs no further consideration.

Example Problem

L3 oS g3
1-1g" 1-1g6" 11§

SOLUTION
BB Limit Statcs VIl b
% Web Local Yielding R

¢Rn = ¢EVM/tM/ (Sk + lb ) E.l 1014-109\
#R, = (1.00)(50)(0.470)[(5)(1.27) +11.625] /4( W%\

@R, =422k > 109k OK
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Example Problem

L3 o g3
118" 115" 113

SOLUTION

3w 118,
1pg" 115

LIPTTL LI

RN

—

Beam Limit States

¢+ Web Local Crippling
/ 1.5 F 1
¢R,,:¢0.80t{1+3[i (’_J ] whs
d)\t, )
11.625)( 0.47 )"
R =(0.75)(0.80)(0.47)*| 1+3 =
IR, =(0.75)(0-80) )[ (24.1 j(o.wj

@R, =314k >109k

of the two normal forces.

OK

Note that Web Local Crippling is checked against the 109k force because
it is a compressive force acting on the flange...not because it is the larger

109"
N
12
149 kips
115

} \/(29, 000)(50)(0.77)

0.47

CHEVRON BRACE CONNECTIONS

FRAME
BEAM

PART 1: Non-Seismic Applications %

ol

This Concludes Part 1

Questions?
Comments

FLAT BAR » N
GUSSET ? 1 GUSSET
BRACE 1 BRACE 2

FLAT BAR

Inverted V-Type

/ Configuration
-

/ |

i i
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NEXT WEEK...

April 16, 2015
1:30 p.m. EDT

Flat Bar and Individual Shaped Gussets
PART 2: Seismic Applications

FRAME
BEAM

- RVEDS -
SHAPED N\ SHAPED
SINGLE - SINGLE

GUSSET \ , GUSSET
e

7 5 ””

<
/

REINF. PL REINF. PL
BRACE 2 BRACE 2

CEU/PDH Certificates

Within 2 business days...

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

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

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

4 [Ty
@

R

CEU/PDH Certificates
Within 2 business days...

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

e Username: Same as AISC website username.

e Password: Same as AISC website password.

Py

7 Wby
@

Lounoce 15

| © Copyright 2015

www.aisc.org/nightschool
Class begins April 27, 2015

AISC

Night Schoo\

Design of Composite Floor Systems
in Steel Framed Buildings

Presented by W. Samuel Easterling, PhD, P.E., William P. Jacobs V, P.E.,
S.E., and Thomas M. Murray, PhD, P.E.

Monday nights 7:00 p.m. Eastern Time ‘
(90 minutes each) v‘
4127, 5/4, 5/11, 5/18, 6/1, 6/8, 6/22 & 6/29 o ”

* Fundamentals of economical
steel-framed floor systems

* Behavior and design of composite
slabs, beams, and girders

* Composite beam stiffness for drift
control, composite drag struts,

and much more... "!

American Institute of Steel Construction
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Thank You

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