STRUCTURAL STEEL EDUCATIONAL COUNCIL

[ —

TECHNICAL INFORMATION & PRODUCT SERVICE

December 2006

Seismic Detailing of
Gusset Plates for Special
Concentrically Braced Frames

By
Abolhassan Astaneh-Asl, Ph.D., P.E., Michael L. Cochran, S.E.
Professor Vice President
Department of Civil and Env. Engineering, and Brian L. Cochran Associates, Inc.
Center for Catastrophic Risk Management Consulting Structural Engineers, Los Angeles
University of California, Berkeley
And

Rafael Sabelli, S.E.

Principal, Director of Technical Development
DASSE Design Inc.

Structural Engineers

San Francisco and Oakland

Copyright © 2006 by Abolhassan Astaneh-Asl, Michael L. Cochran, and Rafael Sabelli,
All rights reserved.




Seismic Detailing of Gusset Plates for Special
Concentrically Braced Frames

By Abolhassan Astaneh-Asl, Michael L. Cochran, and Rafael Sabelli
Summary

This Steel Technical Information and Product Services (Steel TIPS) report focuses on
providing information to steel fabricators, detailers, and structural engineers on detailing gusset
plates in special concentrically braced frames (SCBFs). Current seismic design requirements
(AISC 2005c¢) for special concentrically braced frames permit braces that buckle out of the plane
of the gusset to be designed with pinned ends if a detail can be provided that allows for the end
rotation that is expected from the buckling of the brace. Tests by Astaneh-Asl, Goel, and Hanson
(1982) using hinge-zone lengths of zero, t, 2t, and 4t showed that the length of 2t is sufficient to
accommodate the expected cyclic rotation of the end of the bracing member as it undergoes
cyclic buckling. Note that the parameter t is the thickness of the gusset plate. The specimens with
hinge-zone length of less than 2t did not perform in a sufficiently ductile manner to be qualified
for use in special concentrically braced frames. Satisfying this requirement in design offices or
fabricating shops can be an iterative and sometimes a time-consuming process. The main goal of
this report is to provide assistance in this regard by presenting simple and closed-form equations
that can be used in detailing the gusset plate without a need for iterations. The equations that are
given in this report can be programmed into a spreadsheet to calculate the dimensions of the
gusset plate automatically. One such spreadsheet has been developed by the first author, A.
Astaneh-Asl, and is offered by the Engineering & Publishing Services (EPS) at its web site
http://www.ENGPUB.com.

In addition, this Steel TIPS report provides a number of suggested details for special
concentrically braced frame gusset plates that can assist design professionals as well as steel
fabricators and erectors in proper and economical detailing. Appendix A provides suggestions
for improved details. Appendix B provides information on gusset-plate detailing when the beam
is sloped, and Appendix C is on gusset plates at the base of columns.
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Notations

A = Dimension of vertical side of gusset plate (shown in Figure 2.1)

Aq = Gross area of bracing member

B = Dimension of horizontal side of gusset plate (shown in Figure 2.1)

C = For cases where the gusset plate is connected to the flange of the column, C is the

horizontal distance from the “work point” to the column flange connected to the gusset
plate as shown in Figures 2.7, 2.8, and 2.9. For double symmetric columns, C would be
half the column depth. For cases where the gusset plate is connected to the web of the
column (see Figure 3.4), parameter C is the horizontal distance from the work point to
the tip of the gusset plate stiffener.

C = Vertical dimension measured from the intersection of the beam and column centerlines
to the intersection of the line of restraint at the column flange and the column centerline
(shown in Figure 2.10)

C, = Vertical dimension measured from the intersection of the beam and column centerlines
to the intersection of the line of restraint at the beam flange and the column centerline
(shown in Figure 2.10)

CJP = abbreviation for Complete Joint Penetration

D = Vertical distance from the work point to the beam flange connected to the gusset plate
as shown in Figures 2.7, 2.8, and 2.9. For double symmetric beams, D is equal to half
the depth of the beam.

F = Distance from the center line of a sloped beam to the flange that is connected to the

gusset plate (used in Appendix B)

Fy = Specified minimum yield stress of the bracing member material

Fyo = Specified minimum yield stress of the gusset-plate material

L, = Side dimension of the gusset plate (shown in Figure 2.1)

L, = Side dimension of the gusset plate (shown in Figure 2.1)

Ls = Side dimension of the gusset plate (shown in Figure 2.1)

L4 = Side dimension of the gusset plate (shown in Figure 2.1)

Ls = Side dimension of the gusset plate (shown in Figure 2.1)

Le = Side dimension of the gusset plate (shown in Figure 2.1)

L, = Side dimension of the gusset plate (shown in Appendix B for gusset plates connected to
sloped beams)

Ly = Length of the bracing member on the gusset plate (shown in Figure 2.2)

Lg = Length of the bolted connection, the center-to-center distance of the first and last bolts
(shown in Figure 2.5b)

Lic = Length of the bolted connection of the bracing member to the gusset plate (shown in

Figure 2.5b)

Lgon = Length of the gusset-plate hinge zone (shown in Figure 2.2)

Lw = Length of the weld connecting the bracing member to the gusset plate (shown in
Figures 2.2 and 2.5a)
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M, = Plastic moment capacity of the brace member with respect to its axis of buckling equal
to FyZba
Ry = Ratio of the expected yield stress to the specified minimum yield stress, Fy. Ry values
for various steel are given in Table I-6-1 of the Seismic Provisions (AISC 2005¢).
RyFy = Expected yield stress of the bracing member
T, = Maximum required tensile strength for connection design given in Section 13 of the
AISC Seismic Provisions (AISC 2005c), as the lesser of the following:
a. The expected yield strength, in tension, of the bracing member, determined as
RyFyAq (LRFD) and RyFyAy/1.5 (ASD), as appropriate
b. The maximum load effect, indicated by analysis that can be transferred to the brace
by the system.

U = Nonrepresentational quantity calculated to identify the first line of restraint (see
Equation 2.9)

W = Width of the gusset plate at the end of the brace (measured perpendicular to the brace
axis; see Figure 2.3)

W, = Portion of the width of the gusset plate at the end of the brace (measured perpendicular
to the brace axis) corresponding to angle a; (shown in Figure 2.6)

W, = Portion of the width of the gusset plate at the end of the brace (measured perpendicular

to the brace axis) corresponding to angle a, (shown in Figure 2.6)
Wpn = Width of the gusset-plate restraint line = Wp; + Wp, (shown in Figure 2.6 )

Wp; = Width of the gusset-plate restraint line corresponding to angle o; (shown in Figure 2.6 )

Wp, = Width of the gusset-plate restraint line corresponding to angle o, (shown in Figure 2.6 )

Wwnitmore= Width of the gusset plate at the end of the brace established using Whitmore’s method
(shown in Figure 2.3)

Zya = Plastic section modulus of the cross-section of the bracing member with respect to the
governing axis of buckling

a = Distance from the face of the bracing to the edge of the gusset plate (shown in Figure
2.6)

b = Width of the bracing member on the gusset plate (shown in Figure 2.6)

t = Thickness of the gusset plate

o = Angle of the gusset edge to the brace axis (shown in Figure 2.6)

o = Angle of the gusset edge to the brace axis (shown in Figure 2.6)

Y = Angle between the axis of the sloped beam and the horizontal line (used in Appendix
B).

0 = Angle between the axis of the bracing and the axis of the horizontal beam (shown in
Figure 2.6)

dy = Resistance factor for yielding of gross area in LRFD = 0.90
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1. CURRENT SEISMIC
CODE 2t HINGE ZONE
REQUIREMENT IN 5.0
GUSSET PLATES

1.1. Introduction

Currently, seismic design codes such as the AISC Seismic Provisions (AISC 2005c) have
provisions regarding design of braced frame gusset plates in seismic regions. Figure 1.1 shows
excerpts from the AISC Seismic Provisions (AISC 2005¢) that are relevant to the gusset-plate 2t
hinge zone. The “User Note” in Figure 1.1 refers to the gusset-plate “line of restraint” and “2t
offset” in the AISC Seismic Provisions Commentary as shown in the sketch in Figure 1.1. It
should be mentioned that the excerpts in Figure 1.1 are for information only, and for actual
design, the AISC Seismic Provisions (AISC 2005c¢) should be used. According to Section 13.3b
of the AISC Seismic Provisions (see Figure 1.1), the bracing connection should have a bending
strength equal to or greater than 1.1RyMp in the Load and Resistance Factor Design (LRFD)

1F3.3. Required Strength of Bracing Connections
13.3a. Required Tensile Strength

The required tensile strength of bracing connections (including beam-to-column
connections if part of the bracing system) shall be the lesser of the following:

(a) The expected yield strength, in tension, of the bracing member, determined
as R, F A, (LRFD) or R, F,A,/1.5 (ASD), as appropriate.

Foryre

(b) The maximum load effect, indicated by analysis that can be transferred to
the brace by the system.

13.3b. Required Flexural Strength
The required flexural strength of bracing connections shall be equal to LI1R, M, N
(LRFD) or (1.1/1.5)R,M,, (ASD), as appropriate, of the brace about the critical >
buckling axis. N /

can accommodate the inelastic rotations associated with brace post-buckling

Exception: Brace connections that meet the requirements of Section 13.3a and , / NS
deformations need not meet this requirement.

Line of
Restraint

User Note: Accommodation of inelastic rotation is typically accomplished
by means of a single gusset plate with the brace terminating before the line
of restraint. The detailing requirements for such a connection are described
in the commentary.

Seismic Provisions for Structural Steel Buildings, March 9. 2005, incl. Supolement No. 1
Copyright © 2005 Ansrican Instrmute oF SteeL Construcion, Ine. - Al rights reserved.

Figure 1.1. Excerpts from the AISC Seismic Provisions (AISC 2005c)
Relevant to the 2t Requirement

Seismic Detailing of Gusset Plates for Special Concentrically Braced Frames
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method and (1.1/1.5)RyM, in the Allowable Stress Design (ASD) method where Ry is given in
Table I-6-1 of the AISC Seismic Provisions (AISC 2005¢) and My is the plastic moment capacity
of the bracing member with respect to the governing buckling axis. The provisions in Section
13.3b can be satisfied easily for a double gusset-plate connection, such as those shown in Figure
1.2 for the case of a bolted gusset connection with bracing members being wide flange sections.
For hollow steel sections (HSS), similar double gusset-plate connections can be used, but the
HSS section needs to be field-welded to the gusset plates.

For in-plane buckling, Figure 1.2(a), and out-of-plane buckling, Figure 1.2(b), of the
bracing member, the relatively large in-plane and out-of-plane strength and stiffness of the
double gussets will force yielding into the bracing member with the gusset plates remaining
essentially elastic. Double gusset-plate connections have been used for more than a century and
continue to be used frequently in concentrically braced frames of bridge towers, as shown in
Figure 1.3, as well as in various trusses in buildings and bridges.

Buckling
Causes Plastic
Hinge in the . :
Member with o Bucklin
it ST Gusset Plate o ] Causesg
. ' EEREEREEE] I to Remain ot o] =z2d2zzaza- Plastic Hinge
. ; pONn Essentially o ||| 8l Beio20000c in the Member
o1 e Elastic cifl o with Gusset
[ e - T Plate to
Top and Q Remain
Bottom Essentially
Edges of Elastic
Gusset Can
: N Be Horizontal ;
i as Well. i
(a) In-Plane Buckling of Member (b) Out-of-Plane Buckling of Member

Graphics: Copyright © 2006 Abolhassan Astaneh-Asl. All rights reserved.

Figure 1.2. Double Gusset-Plate Connections

“PAAISSDI SIS [V
[SV-YRURISY 'V ‘L661 © Pue £q s0j0Ud

Figure 1.3. Double Gusset-Plate Connections of Carquinez Bridge
Braced Frame Towers, Northern California
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For single gusset-plate connections, the selection of the brace member type (that is, wide
flange, pipe, rectangular HSS, double angles, and so on) and brace member orientation (that is,
the strong axis of the cross-section being in or out of the plane of the frame) will influence the
direction of brace member buckling. If the critical buckling axis of the brace member lies in the
plane of the frame, as shown in Figure 1.4(a), the gusset plate can easily provide an in-plane
plastic moment capacity greater than the above-mentioned required values of 1.1RyM, in LRFD
and (1.1/1.5)RyM, in ASD. However, the most common case in braced-frame design today is for
the critical buckling axis of the selected brace member (that is, the weak axis) to be in the plane
of the frame, as shown in Figure 1.4(b), resulting in out-of-plane buckling of the brace.

When the brace buckles out of the plane of the frame, its end rotations force the gusset
plate to bend out of plane, as illustrated in Figure 1.4(b). In almost all such cases, the out-of-
plane bending capacity of the single gusset plate will not be sufficient to satisfy the above
requirement. For these cases, the “Exception” in Section 13.3b in Figure 1.1 can be used. The
“Exception” given in Section 13.3b and the “User Note” below it in Figure 1.1 are based on the
tests and recommendations of Astaneh-Asl, Goel, and Hanson (1982, 1983, and 1985), who
studied seismic behavior of gusset plates as part of a larger research program on concentrically
braced frames and recommended for gusset-plate design the use of a minimum 2t hinge-zone
length beyond the end of the bracing member to the line of restraint to accommodate end
rotations of the buckled brace member (where t is the thickness of the gusset plate).

Plastic Hinge in
the Gusset Plate

Plastic Hinge
in the Double
Angle Bracing : )
Member : e Line of
B ) I . Restraint
i L
t = Thickness of Gusset Plate
(a) In-Plane Buckling of Member (b) Out-of-Plane Buckling of Member

Graphics: Copyright © 2006 Abolhassan Astaneh-Asl. All rights reserved.

Figure 1.4. Single Gusset-Plate Connections

In the research program by Astaneh-Asl, Goel, and Hanson (1982), a total of eighteen
specimens, which included specimens of gusset plates with zero, t, 2t, and 4t hinge-zone lengths,
were tested. It was observed that gusset plates with 2t and 4t hinge-zone lengths were very
ductile and their cyclic behavior desirable, and these gusset plates easily qualify to be part of a

Seismic Detailing of Gusset Plates for Special Concentrically Braced Frames
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special concentrically braced frame. Therefore, in gusset-plate design, a minimum hinge-zone
length of 2t measured from the end of the brace member to the line of restraint was
recommended by Astaneh-Asl, Goel, and Hanson (1982). A maximum hinge-zone length equal
to 4t was also suggested by the researchers as an upper limit for single-gusset brace connections
buckling out of plane of the gusset plate. While the ability to form a hinge is not affected by
increasing the hinge length, designers should be mindful of the overall length of the gusset plate
and should verify that buckling of the gusset plate will not occur prior to buckling of the bracing
member. Also, attention should be paid to the possibility of rigid-body buckling of the brace
member if the hinge-zone length in the gusset plate is longer than 4t. Rigid-body buckling of a
brace occurs when two hinges form in one gusset plate, due to the long free length of the gusset
plate between restraint points, and one hinge forms in the other gusset plate. The formation of
three hinges results in a buckling mechanism, while the brace itself stays elastic and rotates as a
rigid body; see Figure 1.5(b).

A Steel TIPS report on gusset plates by Astaneh-Asl (1998) provides more information
on various aspects of seismic behavior and design of gusset plates including the 2t hinge-zone
length.

Long Gusset-
Free Length Can
Result in
Formation

of Two Hinges in
One Gusset

t
() (b)

Figure 1.5. (a) A Brace Member with a Long Gusset; and (b) Buckling of the Gusset
Resulting in Rigid-Body Buckling of the Brace Member

Seismic Detailing of Gusset Plates for Special Concentrically Braced Frames
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2. SEISMIC

DETAILING OF
GUSSET PLATES

A
A
y

2.1. Introduction

This chapter provides equations that can be used for layout and detailing of gusset plates at the
beam/column/brace connection. The information is specifically for gusset plates in special
concentrically braced frames where a minimum of 2t hinge-zone length is required beyond the
end of the bracing member, as occurs when the brace buckles out of plane of a single gusset
plate. Figure 2.1(a) shows a typical gusset plate in a concentrically braced frame, where the
bracing is buckling out of plane of the frame, with a minimum hinge-zone distance Lgpn = 2t
between the end of the bracing member and the line of restraint that occurs at the first reentrant
corner of the gusset. The angle between the centerlines of the bracing member and the horizontal
beam is 0.

1

! i
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e !

; : Ls LL4

! i it i BN

; ; ‘ SN,

i n /,// . ‘.‘ /\:

: Le A : v.»’/‘/ ”/:;,L1

; I g.,’/_/‘ ) bid

i i \:\(' I;;a 1

i A . '/,- 573 ]

| | -

i Y ! - \i 2

! ! . -

| \ PRie

i \ K B L3‘

i I |
4] S [} SIS ISR | . _ .
,. - ,

! 1

i i

i i

1
1
€Y (b)

Figure 2.1. (a) Parameters Needed to Calculate the Gusset-Plate Dimensions
(b) Gusset-Plate Dimensions Needed for Gusset-Plate Detailing
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There are eight edge dimensions for a gusset plate as shown in Figure 2.1(b). These
dimensions, given as A, B, and L; through L¢, can be obtained from the equations presented in
this chapter in terms of the geometry of the connection (that is, in terms of dimensions a, b, C, D,
t, Ly, and Lgpn and angles 6, o, and o, in Figure 2.1[a]) and used for easy layout of the gusset
plate.

Figures 2.2(a) and 2.2(b) show gusset plates in which the plastic-hinge-zone line of
restraint at the reentrant corner, indicated by the circle, intersects the beam and the column,
respectively. Figure 2.2(c) shows a special case in which the gusset plastic-hinge-zone line of
restraint intersects both the beam and the column. Figure 2.2(d), 2.2(e) and 2.2(f) show gusset
plates for chevron bracing configurations. Figure 2.2(g) shows a gusset plate detail for X-brace
joint at the mid-span. Later in this chapter, equations for calculating the eight gusset plate edge
dimensions are given for each of the three cases in Figures 2.2(a) through 2.2(g). For cases with
sloped beam and gusset plates at the base of columns, see Appendices B and C respectively.

The equations given in this chapter are meant to be used for cases where 0, the angle
between the axes of the brace and the beam, is from 30 degrees to 60 degrees. Brace angles
smaller than 30 degrees and larger than 60 degrees are not economical and can result in relatively
large gusset plates. In such cases, the engineer should look into changing the configuration of the
bracing system such that the angle 0 remains within the range of 30 to 60 degrees.

C ls  Ls

<% Lo

A
Lo Y L 4
A 6 L
A A
A
\
\
D A
Yo D
YU

One
Brace

Graphics: Copyright © 2006 Abolhassan Astaneh-Asl. All rights reserved.

(a) Point of Intersection of the Line of Restraint Is on the Beam

Figure 2.2. Dimensions A, B, and L, to L¢ for Gusset Plates (continued on next page)
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Figure 2.2. Dimensions A, B, and L, to L¢ for Gusset Plates (continued on next page)
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First

Reentrant

Corner Is
on the
Beam

First Reentrant
Corner Is on the

Beam

! Work Point

D

Grind transition
smooth, no sharp cut
allowed, typical.

(d) Point of Intersection of the Line of Restraint Is on the Beam

,"Work Point

Grind transition from
sloped edge to horizontal
edge smooth between
braces. No sharp cuts
allowed.

J
A

(e) Point of Intersection of the Line of Restraint Is on the Beam

Figure 2.2. Dimensions A, B, and L, to L for Gusset Plates (continued on next page)
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Work Point

First Reentrant Corner
Is on the Centerline of
the Beam

(f) Point of Intersection of the Line of Restraint Is on the Vertical Centerline

. Depending upon length may

SN

< “\\\\ require horizontal stiffener. s

For dimensions of
top gusset plate,
see Figure 2.2(e)

oy

(g) Point of Intersection of the Line of Restraint Is on the Vertical Centerline

Figure 2.2. Dimensions A, B, and L, to Ls for Gusset Plates (continued)
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2.2. Selection of 2t Length

In this report the length of the gusset-plate hinge zone is denoted as Lgpn. This length is
typically a minimum of 2t (that is, twice the thickness of the gusset plate). Note that the length
Lgpn 1s the gusset-plate hinge-zone dimension along the axis of the bracing member measured
from the end of the bracing member to the closest line of restraint that occurs at the reentrant
corner of the gusset plate, Figure 2.1(b). To allow for some brace fit-up tolerance during field
erection of the brace on the gusset plate, the designer should consider a hinge-zone length for the
gusset larger than 2t such as Lgon = 2t + % inch + % inch for detailing and Lgpnh = 2t + 1'% inch for
design purposes. As long as the hinge-zone buckling length Lgph of the installed brace/gusset-
plate connection at each end of the brace does not become excessive at either gusset plate, the
gusset will remain stable while providing adequate cyclic rotational ductility to accommodate the
brace cyclic buckling expected in special concentrically braced frames. A maximum hinge-zone
length dimension of 4t was recommended by Astaneh-Asl, Goel, and Hanson (1982) based on
the range of their testing.

The following example demonstrates the reason for brace erection tolerances. During
either shop fabrication or field erection of the braced frame bay, the brace may not be installed
correctly centered between the connection gusset plates at each end as normally shown on the
structural drawings. Instead the brace may be installed with a gusset-plate hinge-zone length of
2t + Y4 inch on one end and 2t + 1% inch on the other end instead of an equal length of 2t + %
inch at each end. Gusset-plate design should address accidentally created hinge-zone lengths
longer than intended in the design due to the brace not being installed centered on the gusset
plate at each end. The authors suggest that the length of the gusset-plate hinge zone Lgpn shown
on structural details not exceed 3t or 2t + 3% inch, whichever is smaller, in case the brace is
installed off center between the end gusset plates, so that the actual hinge-zone length at either
end of the brace will remain less than 4t.

The length, Ly, for the brace lap onto the gusset plate when welding is used should be
detailed 1 to 2 inches longer than the specified weld length, Ly, as shown in Figure 2.3. This
allows for beginning and termination of the weld slightly away from the end of the brace
member and end of the gusset plate. It also allows for additional welding should there be a field
installation problem.

Figure 2.3. Length of Weld, Ly, and Length of Brace Lap on Gusset, Ly,
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When edge plates are provided to stiffen the free edge of the gusset plate, they should
terminate outside the gusset-plate hinge zone as shown in Figure 2.4. This offset prevents the
welds of the edge stiffener plate to the gusset plate from occurring in the area of gusset-plate
rotation in the plastic hinge zone. Avoid wrapping the fillet weld around the edge of the gusset
plate since it can cause an undercut in the gusset plate edge and possibly lead to fracture
initiation in or near the gusset plate hinge-zone area where inelastic rotation will occur when the
brace member buckles out of plane.

Lpgh !
/ Stiffener Plate for
o Edge of Gusset Plate
S /’_ Stiffener Offset from Hinge
/ —F Zone = 2t Stiffener Offset from
J Hinge Zone = 2t

Stiffener Plate for Edge of
Gusset Plate

! \!— LQPh
!
| — .
Gusset - ,e’_ ......................... -
Plate Work
Paint

Figure 2.4. Edge Stiffeners and Offset Distance for Welds Near Plastic Hinge Zone

2.3. Computing Gusset Width at Hinge Zone, W, and Thickness of Gusset Plate, t

The width of the gusset plate at the hinge zone, W, shown in Figure 2.4, is one of the most
important parameters in the design of gusset plates for out-of-plane buckling of bracing
members. The required width, W, depends on the gusset thickness, the yield stress of the gusset
plate, and, of course, the applied tension force. To establish the width of the gusset plate to resist
the applied axial force, Whitmore’s method is used. In this method, proposed by Whitmore
(1952) for bolted gusset plates, as shown in Figure 2.5(a), 30-degree lines are drawn from the
first bolt on the gusset to intersect the centerline axis of the last bolt. The width of the gusset
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plate between the two intersection points is used in design as the effective width of the gusset
plate to carry the applied load. The area outside this “Whitmore’s width” is not considered in
design to resist applied load. Astaneh, Goel, and Hanson (1982) extended the use of Whitmore’s
method to welded connections as shown in Figure 2.5(a) and suggested that, for welded
connections, the 30-degree lines be drawn from the starting point of the weld to intersect a line
passing through the end points of the weld. For more information on Whitmore’s width, the
reader is referred to Whitmore (1952) or, for a brief summary, to Astaneh-Asl (1998).

W 2 WWhitm:Jre
Whitmore
Only this shaded

area is used in design.
(@) (b)
Figure 2.5. Whitmore’s Width, (a) for a Welded and (b) for a Bolted Gusset Plate

Whitmore’s width, Wynitmore, can be calculated by using the following Equations 2.1a and
2.1b for welded and bolted connections, respectively (see Figure 2.5):

Winnitmore = b + 24/3 Ly (for welded member) (2.1a)

Winitmore = b + 2+/3 Lo (for bolted member) (2.1b)
Where
Wwnitmore= Width of the gusset plate at the end of the brace welding established using Whitmore’s
method (shown in Figure 2.5)

Lw = Length of the weld connecting the bracing member to the gusset plate (Figure 2.5a)
Lic = Length of the bolted connection of the bracing member to the gusset plate (Figure 2.5b)
b = Distance between the weld lines or bolt lines (Figure 2.5)

The width of the plate, W, at the cross section along the end of the weld lines (or bolt
lines for bolted connections) is suggested to be equal or slightly less than the Whitmore’s width
of Wwnitmore Such that the angle between the edge of the gusset plate and the axis of the brace
member, shown as o and o, in Figure 2.6, are between 25 and 30 degrees. Where the actual
value of W exceeds Wwhitmore, the material outside of the Whitmore width cannot be utilized in the
design and is therefore wasted. Furthermore, the additional width moves the gusset-plate line of

Seismic Detailing of Gusset Plates for Special Concentrically Braced Frames
Copyright © 2006 by Abolhassan Astaneh-Asl, Michael L. Cochran, and Rafael Sabelli. All rights reserved. 17



restraint further from the connection work point, making the gusset plate larger in the direction
of the brace axis as well, and thus increasing the gusset-plate buckling length.

After selection of W, the thickness of the gusset plate can be calculated as:

t=T¢/ (dy Fyp W) (2.2)
Where
t = Thickness of the gusset plate
T, = Maximum required tensile strength for connection design. T, for special concentrically

braced frames is given in Section 13 of the AISC Seismic Provisions (AISC 2005c)

as the lesser of the following:

a. The expected yield strength, in tension, of the bracing member, determined as RyFyAq
(LRFD) and RyFyAy/1.5 (ASD), as appropriate

b. The maximum load effect, indicated by analysis that can be transferred to the brace
by the system

Ry = Ratio of the expected yield stress to the specified minimum yield stress, Fy. Ry values
for various steel are given in Table I-6-1 of the AISC Seismic Provisions
(AISC 2005c).

Fy = Specified minimum yield stress of the bracing member material

RyFy = Expected yield stress of the bracing member

Ag = Gross area of the bracing member

dy = Resistance factor for yielding of the gross area in LRFD = 0.90

Fyo = Specified minimum yield stress of the gusset-plate material

W = Width of the gusset plate at the end of the brace (measured perpendicular

to the brace axis); see Figures 2.3 and 2.5.

Figure 2.6. Widths of Gusset Plate Corresponding to Angles a; and o,
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2.4. Calculating Angles a; and a;

The authors recommend using gusset plates symmetric about their brace axis. This will
permit efficient use of the gusset-plate material at its most highly stressed section at the end of
the brace. Keeping the gusset centered on the brace axis results in dimensions W, and W, as well
as angles a; and o, in Figure 2.6 being equal.

From geometry of the gusset plate in Figure 2.6, angles a,; and o, can be calculated from:

oy =tan ' [(W, —b/2 —a)/ L] (2.3)
ar=tan ' [(W,—b/2—a)/ L] (2.4)
Where
oy and o, = Angle of the gusset edge to the brace axis (shown in Figure 2.6)
W, = Portion of the width of the gusset plate at the end of the brace (measured perpendicular
to the brace axis) corresponding to angle o; (shown in Figure 2.6)
W, = Portion of the width of the gusset plate at the end of the brace (measured perpendicular
to the brace axis) corresponding to angle o, (shown in Figure 2.6)
a = Distance from the face of the bracing to the edge of the gusset plate (shown in Figure
2.6)
b = Width of the bracing member on the gusset plate (shown in Figure 2.6)
L, =  Length of brace member lap on the gusset plate (shown in Figure 2.6)

If angles a; and a,; are not equal, they should preferably not differ from each other by
more than 2 degrees. As mentioned earlier, for efficiency of design, angles a; and o, are
preferred to be between 25 and 30 degrees.

Dimensions Wp; and Wp;, are shown in Figure 2.6 and are given by the following
equations:

Wpi =a+b/2+ (Lp+ Lgpn) tan(o) = Wy + Lgpn tan(o;) (2.5)
Wp, =a+b/2+ (Lp+ Lgpn) tan(oz) = W5 + Lgpn tan(an) (2.6)
Wori = Wpy + Wp; (2.7)
Wopr = (2a + b) + (Lp + Lgpn) tan(ot;) + (Lp + Lgpn) tan(ot) (2.8)

2.5. Establishing Gusset Dimensions A, B, and L; to Lg

The parameters that are needed to establish dimensions A, B, and L, to L¢ of the gusset plate are
a, b, C, D, t, Ly, and Lgprand angles 6, a;, and o, For definition of these parameters see the
“Notations” section on page 4. Depending on the angle 0, the depth of the column, C, and the
depth of the beam, D, the gusset-plate first line of restraint will be on the beam flange, Figure
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2.7, or on the column flange, Figure 2.8. In a special case the first line of restraint will intersect
both the beam and the column flange, Figure 2.9. The following section provides information on
how to establish the location of the first line of restraint point of intersection.
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Figure 2.7. Intersection of the Plastic-Hinge-Zone Restraint Line with the Beam
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Figure 2.8. Intersection of the Plastic-Hinge-Zone Restraint Line with the Column
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Figure 2.9. Intersection of the Plastic-Hinge-Zone Restraint Line with Both
the Beam and the Column (Special Case)
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2.5.a. Determining whether the first re-entrant corner is at the beam or the column flange

Determining whether the first reentrant corner of the gusset plate (line of restraint) will occur at
the column or the beam flange (or both simultaneously) is dependent on many variables: brace
slope, beam and column depths, gusset angles a; and ., and the gusset width. Minor changes to
any of these can change the location of the gusset-plate first line of restraint and the size of the
gusset plate.

In order to establish whether the first line of restraint occurs at the reentrant gusset corner
at the column or the one at the beam, consider the gusset plates in Figure 2.10 where the first line
of restraint point of intersection is shown on the column to define the geometry of the
connection. A parameter U is defined as:

U= Cl—Cz (29)

Where C; and C, are vertical coordinates at the centerline of the column of two
intersection lines 1 and 2 as shown in Figure 2.10. Line 1 is a line perpendicular to the axis of the
brace and passes through the reentrant corner of the gusset plate on the column. Line 2 is also
perpendicular to the axis of the brace, but this line passes through point a on the beam as shown
in Figure 2.10. Point a is found by drawing a line parallel to the axis of the brace starting from
the edge of the gusset plate at Wp, and intersecting this line with the beam flange.

W projection line to
column flange

' C
Line 2, -~

C/sin(6)cos(0)

'
C T

Whp,/cos(0)

I

D/sin®(0)

1
lez/[Sin(e) t+an(6)]

Wh, /sin(0)

— W, projection line to
beam flange

Figure 2.10. Dimensions Used to Derive Equation 2.9 for U Function
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The values of C; and C, are calculated from the geometry of the gusset plates shown in
Figure 2.10 as:

C We,
C, =— +
sin(#)cos(6) cos(6) (2.10)
D W
Co=eg 2 2.11)
sin“(#) sin(6) tan(6)
Where,
C = For cases where the gusset plate is connected to the flange of the column, the horizontal

distance from the work point to the column flange connected to the gusset plate as shown
in Figures 2.7, 2.8, and 2.9. For double symmetric columns, C would be half the column
depth. For cases where the gusset plate is connected to the web of the column (see Figure
3.4 in Chapter 3), parameter C is the horizontal distance from the work point to the tip of
the gusset-plate stiffener.

D = Vertical distance from the work point to the beam flange connected to the gusset plate as
shown in Figures 2.7, 2.8, and 2.9. For double symmetric horizontal beams, D would be
half the beam depth.

Both C; and C, are vertical dimensions measured from the intersection of the beam and
column centerlines to the intersection of the line of restraint and the column centerline. C; is
based upon the perpendicular line passing through the column flange reentrant corner (or the Wy
projection line at the column flange), and C, is based upon the perpendicular line passing
through the beam flange reentrant corner (or the Wpy projection line at the beam flange). Steep
brace angles and deeper columns will result in a large C;; shallow brace angles and deeper beams
will result in a large C,. Thus which line of restraint governs depends on the brace angle and
relative column and beam depth; shallow brace angles, deeper beams, and shallower columns
will tend to make the first reentrant corner occur on the beam flange, and the opposite will tend
to make the first reentrant corner occur on the column flange.

By comparing values of C; and C,, the location of the line of first restraint point of
intersection, whether being on the beam flange, on the column flange, or both, can be established
as follows:

(1) If U>0 then the point of intersection of the restraint line is on the column

(2) If U<O0 then the point of intersection of the restraint line is on the beam; and

(3) If U=0 then the point of intersection of the restraint line is on the beam as well as
on the column.
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In the following sections, equations for the three cases of the gusset-plate reentrant corner
intersecting the beam, the column, or both are provided. The parameter U, and also the eight
gusset-plate dimensions given in the following sections, have been defined and established for
gusset-plate connections with horizontal beams. For connections with sloped beams, the reader is
referred to Appendix B of this Steel TIPS report. For gusset plates at the base of columns, see
Appendix C.

The equations that follow can be programmed into a spreadsheet to calculate the
dimensions of the gusset plate automatically. One such spreadsheet has been developed by the
first author, A. Astaneh-Asl, and is offered by Engineering & Publishing Services (EPS). For
more information on this spreadsheet and how to obtain a copy, the interested reader is referred
to the EPS web site, http:// www.ENGPUB.com. The spreadsheet calculates gusset dimensions
for connections with horizontal and sloped beams as well as connections at the base of columns.

2.5.b. Establishing gusset dimensions A, B, and L; to Ls when the point of intersection of
the restraint line (the first reentrant corner) is on the beam

Referring to Figure 2.7, the following relationships can be established among various dimensions
of gusset-plate geometry when the intersection of the restraint line is on the beam.

L, = (2a + b) cos(0) (2.12)
Lo, + L 2.13
L :(Mj sin@ + a,) @.13)
cos(a,
L (2.14)
> tan(0+ a,)
__ D We (2.15)
tan(@) sin(@)
Ly  =(2a+b)sin(®) (2.16)
Ls  =B+L;—Ly (2.17)
Lo  =Lstan(6—oy) (2.18)
A =L+ Ly Lg (2.19)

For definition of the terms in the preceding equations, please see the “Notations” section
on page 4 and Figures 2.7, 2.8, and 2.9.

2.5.c. Establishing gusset dimensions A, B, and L; to Lg when the point of intersection of
the restraint line (the first reentrant corner) is on the column

Referring to Figure 2.8, the following relationships can be established among the various
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dimensions of gusset-plate geometry.

Ls = [(Lgph+ Lp) / cos(a1)] sin(0 — aty) (2.20)
Ls = [(Lgph* L) / cos(au1)] cos(6 — aur) (2.21)
Ls = (2a+ b) sin(0) (2.22)
Wp, B
A =Ctan(0)+ cos(0) D (2.23)
L= (2a+ Db) cos(0) (2.24)
L2 =A+ |—6 — L] (225)
L; =L, tan (90°— 0 — ap) (2.26)
B= L4+ L5 — |_3 (227)

2.5.d. Establishing gusset dimensions A, B, and L; to Lgwhen the point of intersection of the
restraint line (the first reentrant corner) is on the column as well as on the beam

Referring to Figure 2.9, for this special case, the intersection of the restraint line is both on the
beam as well as on the column. For this special case, either set of the preceding equations given
for intersection on the beam or on the column can be used.

Figure 2.11 shows examples of gusset-plate geometries resulting from using the
preceding equations.

2.6. Gusset-Plate Detailing

Once the gusset-plate design is complete, the information needs to be shown on the structural
drawings. The gusset-plate design is based upon specific dimensions (bay width, floor to floor
height, beam and column depths), and any changes in these dimensions will change the gusset-
plate dimensions, particularly those that depend on the location of the hinge zone. There may be
minor changes in the brace frame bay width dimensions or beam sizes after completion of the
braced frame design requiring the gusset dimension to be modified, so some dimensional
tolerances need to be allowed for in gusset-plate dimensioning. Another area where gusset design
may require adjustment is at roof connections. Where the gusset design has been based upon a
level beam, a sloped roof beam will require a somewhat different gusset.

The information shown on the structural plans should allow the steel detailer or fabricator
some tolerance on the design of the gusset plate to address minor changes. If the engineers show
all of the required gusset-plate dimensions, some of the dimensions are likely to require
adjustment when the detailer checks the design, so the detailer may submit the shop drawings to
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Figure 2.11. Examples of Gusset Plates Resulting from Equations in the Text
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all of the required gusset-plate dimensions but to allow the detailer to finalize the dimensions and
slopes. The dimensions that are recommended to be shown are one of the angles o, or a, a, Ly,
Ly, and Lgph. The designer can give one of the dimensions A or B if she or he wishes. Some
engineers prefer not to give the dimensions A or B. These dimensions are then determined by the
detailer based on the brace slope, the angles o and a., @, Lw, Lgph, Lb, and the beam and column
depths using the equations provided earlier.

Figure 2.12 shows suggested gusset detail information (dimensions and tolerances) and a
“Fabricator Notes for Gusset Plate Dimensioning” section for gusset plates to possibly be shown
on the structural drawings.

Fabricator Notes for Gusset Plate Dimensioning

L

Bracing Provided Information
Member

t = Gusset-plate thickness (Given)

a (linch typicall
( yp y) a1 and oz = One of these angles to

susset Plate (f) be given. The other to be
determined but should be equal
to the given a angle + 2 degrees.

(051

A (Values of a4 and o should be
v Hinge Zone selected such that the width
i 90 Degrees Whp falls within Whitmore’s width.)
| foSlope of | | 4, = 2t + % inch (Given)
[~ Governing Lw = Required length of weld (Given)
' x_ ;
— ¢ B Beam ngtr:?rgid A and B = One of these dimensions
' “Given” Corner (This can be given. If not given, A and
— Line of Example) B to be determined.

Example Detail Restant
Fabricator Instructions

o Verify that angle o, is similar to angle o4 (+/— 2 degrees).
Determine A and B dimensions, if not given, based upon plate information shown.
Verify that the extension of the hinge zone line of restraint does not intersect the plate
dimensions A or B but crosses the free edge of the gusset plate. (Note that the hinge zone line
of restraint starts from the governing restrained reentrant corner at the end of dimension B or A
depending on the geometry of the gusset using equations in Steel TIPS by Astaneh-Asl,
Cochran, and Sabelli [2006] at www.steeltips.org.)

¢ Notify the structural engineer if any of the above items cannot be met.
The detailer or fabricator may adjust the A, B, and L,, dimensions (+/— 1/4 inch), as detailed, in
order to facilitate the fabrication of the gusset plate.

e The length Ly, the overlap of the brace on the gusset at each end, can be selected to be equal
to Ly + 1 inch and need not exceed Ly, + 2 inches.

STRUCTURAL DRAWING | S5.1

Figure 2.12. Example of a Fabricator Detailing Note to Be Placed on
Drawings (Brace to Column Connection)
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The hinge-zone width, Lygn, 1s specified to be a range as discussed earlier and provided on
the drawings for detailing purposes. The slope of the side of the gusset (a; and ) is selected
as described in Section 2.4 earlier. Ly is the required weld length, and Ly, is the length of overlap
of the brace onto the gusset. Length B or A can also be provided. Note that in deciding which
dimension, A or B, should be given, usually the dimension on the side where the gusset-plate
hinge zone is first restrained (see Fig 2.12) is given. The given slope (a; or o) is usually
associated on the side of the brace for which dimension A or B is provided. The fabricator can
then determine length A and verify that the slope of the gusset edge angle that is not given is
within the tolerance of the given edge angle, preferably the same as the given angle or differing
from it by not more than 2 degrees. Notes like those listed as “Fabricator Instructions” in Figure
2.12 giving direction to the fabricator on required tolerances and what to check may be provided
on the structural drawings. A summary table can be established on the structural drawings for the
various dimensions of the gusset plate. Other variations of detailing requirements and tolerances
for various gusset-plate shapes are possible than those suggested here. For the suggested details
shown in Chapter 3, the gusset-plate detailing requirements may be different from those shown
in Figure 2.12.

One important item to require of the steel shop drawings is for the gusset plates to be
drawn to scale for each location so the engineer can verify that they comply with the original
design intent. In some cases, a problem is caused when the engineer uses a generic 0 = 45 degree
drawing to fit all of the gusset information. When the fabricator lays the gussets out and sends
shop drawings for approval, it is not unusual to find that the gussets are a great deal larger than
expected. This can cause considerable problems, both due to conflicts with doorways,
mechanical ducts, and so on, and due to larger-than expected buckling lengths for the gusset
plate. If the gusset-plate vertical dimension has become too large and crosses over the column
field splice, this can become a fabrication/erection issue. To avoid these problems, it is suggested
that gusset plates be drawn to scale using the actual value of angle 0 as well as the actual beam
and column depths.
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3. SUGGESTED | 4
GUSSET-PLATE |
DETAILS FOR SCBFs =1Ll

3.1. Introduction

This chapter provides a number of suggested details for gusset-plate connections of special
concentrically braced frames. As discussed in Chapter 2, when in single gusset-plate
connections, the bracing member buckles out of plane of the gusset, a minimum distance of Lgpn
equal to 2t is required in the gusset plate to provide room for the formation of a plastic hinge in
the gusset. The suggested details are not meant to be the only appropriate details nor the most
economical. The economy of design and construction depends on many variables, many of them
beyond the scope of this document and the qualifications of the authors. These suggested details
are developed in consultation with structural engineers, fabricators, and erectors and are
suggested only as samples of connection details that satisfy the intent of the current AISC
Seismic Provisions (AISC 2005¢) and can be economical with current fabrication and erection
procedures practiced by the fabricators who were consulted. Four major steel fabrication
companies, two from the West Coast, one from the Midwest, and one from the East Coast were
contacted for this report and provided very valuable information to the authors on gusset
detailing. We have used those comments in developing the suggested details for gusset plates for
SCBFs presented in this chapter.

3.2. Suggested Details for Single Gusset Plates of In-Plane Buckling Braces

When a bracing member buckles in the plane of the braced frame, which is the same plane as the
plane of the gusset plate, the gusset plate remains almost elastic, and plastic hinges form in the
brace member itself due to the relatively large in-plane stiffness and the strength of the gusset
plate. In this case, there is no need to provide the 2t distance in the gusset plate. Figures 3.1 and
3.2 illustrate two suggested details for gusset plates for braces configured to buckle in plane.
Figure 3.1 is for a wide flange brace and Figure 3.2 is for a double—angle brace with short legs of
angles back to back.

3.3. Suggested Details for Single Gusset Plates of Out-of-Plane Buckling Braces
When a typical bracing member buckles out of plane of the frame, plastic hinges form in the
gusset plates. In this case, there is a need to consider providing the 2t hinge zone in the gusset

plate. Figures 3.3 through 3.8 show suggested details for braces configured to buckle out of
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plane. Details in Figures 3.3 through 3.8 show wide-flange, double-channel, double-angle, and
rectangular or round HSS bracings.

Appendix A to this report shows additional gusset-plate details for out-of-plane buckling
braces. The details given in Appendix A are modified versions of some of the gusset-plate details
currently used in special concentrically braced frames. The modifications are made to make the
details more economical while enhancing their cyclic performance so that the connection can
provide more ductility than the current version. In the opinion of the authors, the suggested
details given in this chapter are expected to exhibit better performance and be easier to fabricate
and more economical than those in Appendix A. The suggested details in this chapter should be
used whenever possible over the details provided in the appendix.

3.4. General Notes for Details Shown in Figures 3.1-3.6 and in Appendixes A and B

The following notes are applicable to gusset-plate details shown in Figures 3.1 through 3.8,
Figures A.1 through A.5 in Appendix A, and Figures B.4 and B.5 in Appendix B.

1. Gusset material should have a minimum specified yield stress, Fy, of 50 ksi. Buckling of
the free edges of gusset plates should be investigated and edge stiffeners provided if needed
(see Steel TIPS by A. Astaneh-Asl [1998]). The possibility of block shear failure at the
connection of the brace to the gusset, especially for bolted connections, should be
investigated. See Figures 3.1 through 3.8, A.1 through A.5, B.4 and B.5. When a gusset
plate serves as the beam-to-column connection and has a reentrant corner (as in Figures
3.3,3.4, 3.5, 3.6, 3.7 and 3.8) the reentrant corner should be cut with a transition radius and
not a sharp notch.

2. Bolts in Figures 3.1 through 3.6, A.1 through A.5, B.4 and B.5 are slip-critical bolts
designed as bearing bolts following the AISC Seismic Provisions (AISC 2005c). Note that
the AISC Seismic Provisions also place limitations on bolt holes.

3. Welds in Figures 3.1 through 3.4, A.1, A.3, A4, A.5, B.4 and B.5 connecting the gusset
plate to column flange should be designed to develop Ry times the shear yield strength as
well as the tensile yield strength of the gusset plate.

4. In Figures 3.2,3.3,3.4,3.6,3.7, 3.8, B.4 and B.5, a reinforcing plate is typically required
for bolted SCBF brace connections to prevent net-section rupture from becoming the
governing failure mode, which would not be acceptable for SCBFs.

5. The Lgpn 1s the length of the gusset-plate plastic hinge zone when the member buckles out
of plane of the gusset plate as is the case for details in Figures 3.3, 3.4, 3.5, 3.6, 3.7, 3.8,
A.1 through A.5, B.4 and B.5. The value of Lgpn should satisfy: 2t < Lgon < 4t. A length of 2t
+ 3/4 inch is recommended as a practical value for Lgon. This length is needed only in
gusset plates where the member buckles out of plane of the gusset, bending it and forming
a plastic hinge in this Lgpn region. If the brace buckles in the plane of the gusset, as is the
case in details given in Figures 3.1 and 3.2, there is no need for a 2t hinge zone.
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6. At least one erection aid (for example, a bolt hole) should be provided at each end of the
bracing members; see Figures 3.2, 3.3, 3.6, 3.7, 3.8, A.4, B4 and B.5. Erection aids should
also be provided on the single plate at approximately 6 inches center-to-center spacing.

7. The width of the slotted lap plate in Figures 3.1 through 3.5, A.3, B.4 and B.5 for the top
flange is preferred to be less than the beam flange width and for the bottom flange greater
than the beam flange width to allow for down welding. However, beam top and bottom
flange lap plates that are both the same width are also acceptable but may require overhead
welding for one of the plates. The width of the top and bottom flange lap plates should not
be the same as the width of the beam flange for welded connections. If there are detailing
or fabrication errors that prevent the bolts from aligning, the connection cannot be field-
welded without field cutting the lap plate width enough to provide clearance for field
welding to the beam flanges. Reducing the lap plate width could also cause design
inadequacies.

8. Lap plates and single plates on the beams in Figures 3.1 through 3.5, 3.8, B.4 and B.5
should be designed for combined axial and shear forces and bending moments established
using a rational analysis method satisfying equilibrium and compatibility of deformations.

9. Where a single plate (on the column) is used, it should be designed for combined axial and
shear forces and bending moments established using a rational gusset-plate analysis method
satisfying equilibrium and compatibility of deformations. See Figures A.1 through A.4 in
Appendix A.

10. If the thicknesses of the gusset and beam web in Figures A.1 through A.5 differ by more
than 3/16 inch, welded shim plates need to be provided either on the beam web or on the
gusset plate to make the thicknesses of the web and gusset plate the same. If the difference
in thicknesses is less than 3/16, the gusset plate can be slightly eccentric with respect to the
beam web to make the front surfaces of the gusset and the beam web in the same plane.

11. Where a single plate extending from the column web is used, as is the case in Figures 3.4,
A.3, B.4 and B.5, it should be designed to resist the forces and moments that the beam
imposes on its support. The procedure for the design of extended shear tabs given in a Steel
TIPS Report by Astaneh-Asl (2005) or another strength-design method that is based on a
hierarchy of failure modes ensuring yielding to be the governing failure mode can be used
for this purpose.

12. The need for gusset plate edge stiffeners can be checked by following the procedures given
in the Steel TIPS by A. Astaneh-Asl (1998).

13. Additional gusset plate bracing may be required to prevent out-of-plane buckling of the
beam mid-span gusset plate, especially, when the gusset plate projects a long distance
below the bottom of the beam as shown in Figure 3.6.
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3.5. Suggested Details for Gusset Plates of Special Concentrically
Braced Frames

Figures 3.1 through 3.8 show gusset-plate details suggested by the authors for special
concentrically braced frames. The details are developed using components from design done by
structural engineers or fabricators as indicated in the “Credit” note below the figures. The details
are expected to perform in a sufficiently ductile manner under cyclic loading to qualify them to
be part of special concentrically braced frames. In addition, in developing these details, the
authors have benefited from the review comments and input by the engineers from four major
steel fabrication and erection companies, two from the West Coast, one from the Midwest, and
one from the East Coast. As a result, the authors believe these connections can result in ductile,
yet economical steel structures that are easy to design, fabricate, and erect.

Wide Flange Buckles in Plane of Gusset

Plates Shop-Welded to Flanges

Slotted Plates E‘

(Web Plate Is Optional)
Gusset Plate (See Note 1)

Continuity Plates if Required —

3 Sides

Cover Plate

Floor /

Collector Beam

3 Sides Slotted Plate, Top & Bottom (See Note 7)

=

Bolts (See Note 2)

(See Note 3) é

Bolts (See Note 2)

Lap Plate (See Note 8)

4 Sides

Notes referred to are in Section 3.4 on pages 30 and 31.

Graphics Copyright © 2006 by Abolhassan Astaneh-Asl. All rights reserved.

Figure 3.1. Suggested Detail for Gusset Plates of In-Plane Buckling
Wide Flange Brace Members

(Credit: The above detail was developed by using designs by the Cives Steel Company for the connection of braces to
the gusset and Brian L. Cochran Associates, Inc., Consulting Structural Engineers, Los Angeles, for the rest of the data.)
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(Brace Buckles in Plane)

< 4 Sides
/\ Reinforcing Plate (See Note 4)

Bolts (See Note 2)
Gusset Plate (See Note 1)
Cover Plate lotted Plate, Top & Bottom (See Note 7)

,, \\‘\I. 4 A . EI

\C7—< 3 Sides

Bolts (See Note 2)

Lap Plate (See Note 8)
4 Sides

3 Sides

Continuity Plates if Required i
N :

3 Sides » v

V

Floor

Collector Beam
3 Sides
Bolts (See Note 2)

E . Welded

(See Note 3) i || Brace

Erection Aid (e.g., Bolt) :
(See Note 6) Notes referred to are in Section 3.4 on pages 30 and 31.
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Figure 3.2. Suggested Detail for Gusset Plates of In-Plane Buckling Double Angles
(Credit: The above gusset/brace connection for in-plane buckling double-angle braces is taken from
Astaneh-Asl, Goel, and Hanson [1982]).
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Notes referred to are in Section 3.4 on pages 30 and 31.

(See Note 3)

Erection Aid (e.g., Bolt) i
(See Note 6) ) Graphics Copyright © 2006 by Abolhassan Astaneh-Asl. All rights reserved.

Figure 3.3. Suggested Detail for Gusset Plates of HSS Brace Members

(Credit: The above connection was developed by Brian L. Cochran Associates, Inc.,
Consulting Structural Engineers, Los Angeles, and is presented herein with permission.)
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Notes referred to are in Section 3.4 on pages 30 and 31.
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Figure 3.4. Suggested Detail for Gusset Plates of HSS Brace Members

(Credit: The above connection was developed by the Brian L. Cochran Associates, Inc., Consulting Structural Engineers, Los Angeles.)
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Figure 3.5. Suggested Detail for Gusset Plates of Wide Flange Brace Members

(Credit: The above detail was developed by using designs by the Cives Steel Company for the connection of the brace to

the gusset and by Brian L. Cochran Associates, Inc., Consulting Stru
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Figure 3.6. Suggested Detail for Gusset Plates of HSS Brace Members
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(See Note 12) Graphics Copyright © 2006 by Abolhassan Astaneh-Asl. Al rights reserved.

Figure 3.7. Suggested Detail for Gusset Plates of HSS Brace Members
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3.6. Suggested Details for Single-Sided Gusset Plates of Special Concentrically
Braced Frames

Figure 3.8 is an example of suggested details for cases where only the top or bottom gusset exists, such as
in the case of roof-level gusset plates. For information not shown on the detail in the figure, the reader is
referred to the two-sided connections shown in Figures 3.1 through 3.5.
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3 Sides 1 ;
| : Plain Plate Top,
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Notes referred to are in Section 3.4 on pages 30 and 31.
Graphics: Copyright © 2006 by Abolhassan Astaneh-Asl. All rights reserved.

Figure 3.8 Suggested Detail for One-Sided Gusset Plates of HSS Brace Members

(Credit: The above connection was developed by the Brian L. Cochran Associates, Inc.,
Consulting Structural Engineers, Los Angeles.)
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Appendix A

Other Gusset-Plate Detalls for SCBFs

The gusset-plate connections presented in this appendix are refined versions of some of the
connections currently in use. We have attempted to introduce the 2t distance in these
connections and detail them such that a high level of ductility, consistent with special concentric
braced frames, is expected. The suggested details of the gusset-plate connections shown in
Figures 3.1 through 3.5 of Chapter 3 are preferred to the connections given in this appendix for
several reasons:
a. A simple shop connection of one large gusset plate to the column due to the elimination
of a direct beam-to-column connection.
b. Uniformity of shear transfer to the column through a single gusset plate instead of plates
of varying thickness (gusset plate, beam web, filler plates, shear tabs).
c. Cleaner drag/collector beam connections across the beam/column/gusset plate
connection through use of lap plates on the beam flanges.

Single Plate
(See Note 9) . Erection
2L or2CB
or racing Bolts (See
; Reinforcing Plate : Note 6)

(See Note 4)

4

Gusset Plate, Q
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(a) Field-Bolted (b) Field-Welded

Notes referred to are in Section 3.4 on pages 30 and 31.
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Figure A.1. Gusset-Plate Connection of Out-of-Plane Buckling
Double Angle or Double Channel Brace Members
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Figure A.2. All-Welded Gusset-Plate Connection of HSS Brace Member
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Notes referred to are in Section 3.4 on pages 30 and 31.
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Figure A.3. All-Welded Gusset-Plate Connection of Wide Flange Brace Member
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Figure A.4. All-Welded Gusset-Plate Connection of Wide Flange Brace Member
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Notes referred to are in Section 3.4 on pages 30 and 31.
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Figure A.5. Shop-Welded, Field-Bolted Gusset-Plate Connection of Wide Flange
Brace Member
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Appendix B

Gusset Plates with Sloped Beams

B.1. Introduction

In some cases the beam in a gusset-plate connection is sloped; such cases include roof framing, stadium-
style seating, and others. Figure B.1 shows examples of connections with sloped beams. For gusset plates
with horizontal beams, as discussed in Chapter 2 and shown in Figure B.2, eight dimensions are
established: A, B, and L, through L¢ For gusset plates with sloped beams, as shown in Figure B.3, an
additional dimension, L, is also needed to define the geometry of the gusset plate. The parameters used in
Figures B.2 and B.3 are identical. Of course, for the sloped beam details in Figure B.3, the angle y, which
is the angle of the sloped beam (measured from horizontal), is an additional parameter to be considered.
The case of the horizontal beam covered in Chapter 2 is a special case of the sloped beam covered in this
appendix, but with angle y being equal to zero. Designers should consider use of a single large gusset
plate for sloped beam connections, similar to the details shown in Figures 3.1 thru 3.6. Figures B.4 and
B.5 show examples of a single gusset plate used with sloped beams.

In the remainder of this appendix the direct sloped beam to column connections with the gusset
plate occurring either above or below the beam are shown for ease of illustrating the gusset-plate
geometry equations.
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Figure B.1. Examples of Gusset-Plate Connections with Sloped Beams
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Figure B.2. Horizontal Beam:
(a) Parameters Needed to Calculate Gusset-Plate Dimensions
(b) Gusset-Plate Dimensions Needed for Gusset-Plate Detailing
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Figure B.3. Sloped Beams:
(a) Parameters Needed to Calculate Gusset-Plate Dimensions
(b) Gusset-Plate Dimensions Needed for Gusset-Plate Detailing
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HSS or Pipe Bracing
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(See Note 6)

(See Note 7)
Bolts (See Note 2)
Lap Plate (See Note 8)

—

4 Sides

Lgph (See Note 5)

Notes referred to are in Section 3.4 on pages 30 and 31.

Graphics Copyright © 2006 by Abolhassan Astaneh-Asl. All rights reserved.

Figure B.4. Suggested Detail for Gusset Plates of HHS or Pipe Brace Members
and Sloped Beam

(Credit: The above connection was developed by Brian L. Cochran Associates, Inc.,
Consulting Structural Engineers, Los Angeles, and is presented herein with permission.)
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Notes referred to are in Section 3.4 on pages 30 and 31.
Graphics Copyright © 2006 by Abolhassan Astaneh-Asl. All rights reserved.

Figure B.5. Suggested Detail for Gusset Plates of HSS or Pipe Brace Members
and Sloped Beam Connection to Column Web

(Credit: The above connection was developed by Brian L. Cochran Associates, Inc.,
Consulting Structural Engineers, Los Angeles, and is presented herein with permission.)
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B.2. Establishing Gusset Dimensions for Cases with Sloped Beams

As mentioned earlier, in the case of a sloped beam there are nine gusset-plate dimensions that
need to be established: A, B, and L, through L;. The first step in establishing these dimensions is
to establish the location of the first reentrant corner of the gusset plate. As shown in Figures B.6
and B.7, respectively, the first reentrant corner can be either on the beam or on the column. In the
following, the equations to be used for each of these two cases are provided. It should be
mentioned that, like the case of the horizontal beam covered in Chapter 2, there is a special case
where the two reentrant corners of the gusset define the same line of restraint.
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Figure B.6. Sloped Beam with Point of Intersection of the Reentrant Corner on the Beam

B.2.a. Establishing the location of the point of intersection of the first reentrant corner

To establish the location of the point of intersection of the first reentrant corner, the
procedure given in Section 2.5.a of Chapter 2 can be used. In this procedure, first a parameter U
given below as Equation B.1 is established.

L C Wy D Wy ®1)
sin(@)cos(@) cos(@) sin*(0) sin(0)tan(b)

Where dimensions Wp; and Wp, are shown in Figures B.6 and B.7 and are given as:
Wpi=a+Db/2+(Ly+ Lgpn) tan(o;) (B.2)

Wp = a +b/2 + (Lp + Lgpn) tan(arz) (B.3)
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Figure B.7. Sloped Beam with Point of Intersection of the Reentrant Corner on the Column

The dimension D used in the equations and shown in Figures B.3, B.6, and B.7, is
defined as the vertical distance from the “work point” to the point of intersection of the reentrant
corner on the beam. In the special case of the double symmetric horizontal beam, this dimension
would be half the beam depth. The value of D for the sloped beam case is given by:

F n Wp, tan(y)
D cos(y) sin(6) (B.4)
[ tan()
tan(&)
In Equation B.4, referring to Figures B.6 and B.7, angle y should be entered positive if

the angle between the beam and column is less than 90 degrees and negative if the angle between
the beam and column is greater than 90 degrees.

After establishing the value of U using Equation B.1, the following conditions will
establish the location of the first reentrant corner (that is, the intersection of the restraint line):

(1) If U> 0 the point of intersection of the restraint line is on the column
(2) If U< 0 the point of intersection of the restraint line is on the beam; and

(3) If U =0 the point of intersection of the restraint line is occurring simultaneously
both on the column and on the beam flange

Seismic Detailing of Gusset Plates for Special Concentrically Braced Frames
Copyright © 2006 by Abolhassan Astaneh-Asl, Michael L. Cochran, and Rafael Sabelli. All rights reserved. 46



B.2.b. Establishing gusset dimensions A, B, and L; to L; when the restraint line point of
intersection (the first reentrant corner) is on the beam

Referring to Figure B.6, the following relationships can be established among various
dimensions of the gusset-plate geometry when the intersection of the restraint line is on the beam
and the beam is sloped. The equations for A, B, and L; to L¢ are the same as were given in
Chapter 2. The equation for L;, Equation 2.19a, is new and is needed for cases of gusset plates
with sloped beams. For gusset plates with horizontal beams, both angle y and L; are equal to
Zero.

The following equations from Chapter 2 for the gusset-plate dimensions can be
programmed into a spreadsheet to calculate the gusset-plate dimensions automatically. One such
spreadsheet has been developed by the first author, A. Astaneh-Asl, and is offered by
Engineering & Publishing Services (EPS). For more information on this spreadsheet and how to
obtain a copy, the interested reader is referred to the EPS web site, http://www.ENGPUB.com.

L,=(2a + b) cos() (2.12)
Loon +L
L, =(Mj sin(@+ a,) (2.13)
cos(a,
B L, (2.14)
> tan(@+ a,)
__ b N \.NP2 _C (2.15)
tan(d) sin(6)
Ls= (2a + b) sin(0) (2.16)
L5:B+L3—L4 (217)
Le=Ls tan(0 — o)) (2.18)
A :L1+L2—L6 (219)
L;= B tan(y) (2.19a)

The value of D in the preceding equations should be the value defined by Equation B.4
above.

Figure B.8 shows examples of gusset-plate geometries resulting from using the preceding
equations.
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B.2.c. Establishing gusset dimensions A, B, and L; to L; when the restraint line point of
intersection (the first reentrant corner) is on the column

Referring to Figure B.7, the following relationships, which are the same as established in
Chapter 2, can be established among the various dimensions of the gusset-plate geometry. Again,
the equations for A, B, and L, to L¢ are the same as were given in Chapter 2. The following
equation for L;, Equation 2.19a, is new and is needed for cases of gusset plates with sloped
beams.

Ls = [(Lgph* Lp) / cos(a) ] sin(0 — o) (2.20)
Ls = [(Lgpn+ Lp) / cos(au1) ] cos(B — 1) (2.21)
Ls = (2a+ b) sin(0) (2.22)

A= Ctan(<9)+M

cos(6) (2.23)
L, = (2a + b) cos(0) (2.24)
Ly=A+Ls—L, (2.25)
Ls =L, tan (90°— 0 — oto) (2.26)
B =L+ Ls—L; (2.27)
L, =B tan(y) (2.19a)

Figure B.8 shows examples of gusset-plate geometries resulting from using the preceding
equations.

B.2.d. Establishing gusset dimensions A, B, and L; to L; when the restraint line point of
intersection (the first reentrant corner) is on the column as well as on the beam

For this special case, the intersection of the restraint line is both on the beam as well as on the
column. For this special case, either set of the preceding equations for intersection on the beam
or on the column can be used. Identical designs will result.

A spreadsheet developed by the first author, A. Astaneh-Asl, can be used to establish
dimensions of the gusset plates at the base of columns. For more information on this spreadsheet
and how to obtain a copy, the interested reader is referred to the EPS web site,
http://www.ENGPUB.com.
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B.3 Gusset Dimensions for Braces Intersecting a Sloping Beam from Below

The gusset-plate dimensions derived in section B.2 for sloped beams were illustrated for braces
framing to the top side of the beam. Where brace members frame to the underside of the sloping
beam (Figures B.1[b] and B.3) the same design equations can still be used. The connection detail
of a brace member framing to the underside of the sloped beam is simply the mirror image
(reflected across a horizontal line) of the details illustrated in Figures B.6 and B.7.
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Figure B.8. Examples of Gusset Plates Resulting from Equations in the Text
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Appendix C

Gusset Plates at the Base of Columns

C.1. Introduction

In a typical braced frame, the lowest braced member is connected to the base of the boundary column
where the column is supported on the base plate as shown in Figure C.1. This “gusset-to-base plate” detail
is the subject of this appendix.

Work
Point -

Shear
Key if
Needed

rﬁg:

‘agus®

(b) Point of Intersection of First Reentrant Corner Is on the Column

Figure C.1. Examples of Gusset-Plate Connections at the Base of Columns
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Figure C.2. Gusset Plate to Base Plate Connection:
(a) Nine Parameters Needed to Calculate Eight Gusset-Plate Dimensions
(b) Eight Gusset-Plate Dimensions Needed for Gusset-Plate Detailing

C.2. Establishing Gusset Dimensions for Gussets at the Base of Columns

Figure C.2 shows a typical gusset plate at the base of a column in a special concentrically braced
frame (SCBF). Figure C.2 (a) shows the nine parameters needed to establish the eight gusset-
plate dimensions A, B, and L, through L shown in Figure C.2 (b).

The equations that are needed to establish the gusset-plate dimensions are exactly the
same as given in Chapter 2. Notice that for the case of gusset plates at the base of columns, the
dimension D in the equations should be entered as zero since the work point is assumed to be on
the top surface of the base plate.

As was discussed in Chapter 2, the first step in establishing the gusset-plate dimensions is
to establish the location of the point of intersection of the reentrant corner of the gusset plate. As
shown in Figures C.1(a) and C.1(b), respectively, the reentrant corner can intersect the base plate
or the column. If the reentrant corner intersects the base plate, Equations 2.12 through 2.19 given
in Chapter 2 should be used, and if the intersection point is on the column, Equations 2.20
through 2.27 given in Chapter 2 will be applicable. If in special cases the first line of restraint
intersects both the base plate and the column, either set of equations can be used.

C.3  Topping Slabs and Hinge Zones at Base-Plate Connections

Typically the column base plate is located below the finish floor (top of slab) and consideration
needs to be given as to how the confinement in concrete will restrain the gusset plate from
forming a hinge on the assumed restraint line. As was shown in Chapter 3 for the gusset plate to
beam connection with a slab present, the gusset plate can also be isolated from the ground-floor
slab to allow the first line of restraint to extend to the base plate. Figure C.3(a) shows a gusset-
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plate restraint line that extends below the slab-on-grade and thus needs to be isolated from the
slab for the gusset plate to perform properly. This restraint line is typically defined by the gusset
reentrant corner at the base plate.

Figure C.3(b) shows a gusset-plate restraint line that occurs above the elevation of the

finish slab. This second case may be treated identically with the case of a horizontal beam

addressed in Chapter 2, with the dimension D (the beam half-depth) equal to the thickness of the

slab above the work point, as shown in the figure. This restraint line may be defined by the

gusset reentrant corner at the slab surface, at the column, or by both, as discussed in Chapter 2.
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Figure C.3: Topping Slabs and Hinge Zones at Base-Plate Connections

(a) Gusset-Plate First Restraint Line Extends below the Surface of the Slab
(b) Gusset-Plate First Restraint Line above the Slab
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FRED BREISMEISTER, P.E.; STROCAL, INC.

MICHAEL COCHRAN, S.E.; BRIAN L. COCHRAN ASSOCIATES
RICH DENIO; KPFF CONSULTING ENGINEERS

JEFFREY EANDI, P.E.; EANDI METAL WORKS, INC.

PATRICK M. HASSETT, S.E.; HASSETT ENGINEERING, INC.
JOHN KONECHNE, P.E.; CALIFORNIA ERECTORS, INC.
WALTERIO LOPEZ, S.E.; RUTHERFORD/CHEKENE

BRETT MANNING, S.E.

LARRY MCLEAN; MCLEAN STEEL, INC.

KEVIN MOORE; CETUS CONSULTING INC.

JAY MURPHY; MURPHY PACIFIC CORPORATION

RICHARD PERSONS; U.S. STEEL

JAMES J. PUTKEY, P.E.; CONSULTING CIVIL ENGINEER
STEVE THOMPSON; SME STEEL CONTRACTORS




