Lateral Bracing of Seismic Beams
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In Special Moment Resisting Frames (SMRFs) that are designed with the Strong Column,
Weak Beam (SCWB) rationale to prevent the overall collapse of the structure in a seismic
event, plastic hinges form in the beam-to-column connections as shown in Figures 1 and
2 The plastic hinge locations in SMRFs with SlottedWeb™ (SW) connections form at
the face of the column (Figure 1) whereas the plastic hinge locations in SMRFs with the
Reduced Beam Section (RBS) or SidePlate™ (SP) connections form at approximately the
depth of the beam from the face of the column (Figure 2)..
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Figure 1. SMRF with SlottedWeb™ Connections
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Figure 2. SMRF with RBS or SidePlate™ Connections

There are two modes of lateral torsional buckling that may occur in beams subject the
seismic loadings. These modes are (1) inelastic global lateral torsional buckling of the
beam as shown in Figure 3, and (2) inelastic local lateral torsional buckling in the beam-
to-column connections of non-slotted beams as shown in the tested beams in Figure 4.
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Figure 3. Global Lateral Torsional Buckling Mode of Beams
(From Salmon and Johnson Steel Structures: Design and Behavior)

Figure 4. RBS Lateral Torsional Buckling (University of Texas — Austin)



Maximum Unbraced Length for Beams vusing the SSDA SW Connection

The AISC Specifications global plastic design lateral bracing requirements apply to
seismically loaded beams using the SSDA SW connection where local lateral torsional
buckling does not occur at the connections. The maximum unbraced beam length
required to prevent global lateral torsional buckling for beams in SMRFs using SSDA
slotted web connections is given in the 13" Edition of the AISC Specifications, Appendix
1, page 16.1 — 154 in the section titled “Inelastic Analysis and Design.” The plastic
design maximum unbraced length equation is

Loa = [0.12 + 0.076 (Mo/My)] (E/F,) 1, Eq. (1)

where:
M, = smaller moment at the end of unbraced length

M; = larger moment at the end of unbraced length
ry = radius of gyration about the beam minor axis

and (M/M,) is positive for moments which cause reverse curvature and negative for
moments which cause single curvature.

In SMRFs under seismic loading with SW connections the plastic hinges and plastic
moments in the beam occur at the face of the column with an inflection point at midspan

as shown in the following moment diagram where the maximum unbraced length is
shown equal to the span of the beam.
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Figure 5. Moment Diagram for a Seismically Loaded Beam

For example, for a W36x150 beam with ry = 2.47”, F, = 50 ksi, and E = 29,000 ksi
the maximum unbraced clear span would be 280 or 23’- 4”.



If the beam is laterally braced at midspan, one half the beam can be modeled as a
cantilever beam laterally braced at the tip. In this case with M, =0, Eq. (1) reduces to

Loa = [0.12] (E/Fy) 1y Eq. (2)
where the maximum unbraced length is equal to one half the clear span of the beam.

For example, if a W36x150 beam with ry = 2.47” ”, F, = 50 ksi, and E = 29,000 ksi is
braced at midspan, Lyqin EQ. 2 is 14’-4” so that this beam can have a clear span of
28’-8” with only a single brace at midspan

Shown below are pp. 526 -527 “Design and Behavior of Steel Structures” by Salmon and
Johnson (Harper and Row, 3" Edition) which give the basis for Eq. (1) which is Eq.
(9.6.2) in this text. As cited, this equation applies when “Plastic Moment (Mp) is Reached
Along With Large Rotational Capacity” — i.e., for compact beam sections.

Tests performed at the University of Texas (J. Bansal, 1971) were the basis of Eq. 1.
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J. Bansal, “The Lateral Instability of Continuous Beams”, AlISI Report No. 3, American
Iron and Steel Institute, New York, 1971.



Lateral Torsional Bracing Strength Requirements for Inelastic Steel Beams

A long used empirical procedure that has been accepted by the structural engineering
profession to design the lateral bracing is given by Lay and Galambos, “Bracing
Requirements for Inelastic Steel Beams”, Journal of the Structural Division, ASCE, 92,
ST2 (April 1966), pp. 207-228. This procedure recommends providing a brace that has
strength equal to or greater than 2 percent of the compressive strength of the compression
element being braced.

Commentary

In the 2005 AISC Seismic Provisions, Part 1 — Special Moment Frames, Section 9.8,
Lateral Bracing of Beams, page 35, the maximum unbraced length is given as

Ly = 0.086 r, (E/F,) Eq. (3)

The reason for the difference in the two maximum unbraced length criteria given in the
AISC Specifications and the AISC Seismic Provisions is that under seismic loading, local
lateral torsional buckling occurs near the ends in all beams that are not slotted. In beams
using the SW connection the beam slots allow the beam flanges and the beam web to
buckle independently which eliminates local lateral torsional buckling It is for this same
reason that deep columns do not need to be laterally braced as stated explicitly in ANSI -
ICC ER-5861 Section 2.3. None of the qualifying SSDA ATC-24 slotted web connection
tests used lateral braces at the columns. Moreover, since the plastic hinges in beams that
use the slotted web connection occur at the end of the shear plate, no lateral bracing of
the beam is required at that location because it is essentially at the face of the column
flange. In the following Attachment 1 (Modern Steel Construction, November 2000) the
effects of lateral torsional buckling by RBS beams is discussed and a recommended
bracing of the flange of a RBS connection is presented by AISC Regional Engineer
Lanny J. Flynn.



B e L car Editor:

b 1 enjoyed the ardcle, “Failure Analysis
af a Column k-Area Fracturs” written by
Jobn M. Barscm and J. V. Pellegrina, Ir.,
which appeared I the September 2000
issue of Modern Steel Conntracivon. [t was
nteresting to learn that the cause of the
fracture in the test specimen was not
miluenced by a material defect ar by the
fracture toughress of the material in the
k-area but rather thatit was related to
simply exceeding the tensile strength of
the steel.

The article raises a good question.
Why didn't this full-scale moment con-
nection test provide the same robust per-
formance exhibited in the numerous full-
soale reduced beam saction [RBS) tests
perfarmed by SAC ard other independent
researchers? To date well over 75 suc-
cessful full-scale RBS tests have been per-
formed by researchers throughout the
warld. Even though this RES test pro-
vided a performance level that subatan-
tially excesded the sstimated moment
conpection retatioral demands experi-
enced during the Northridge earthquake,
this partdcular test dide’t perform as well
as the numerous BBS connections previ-
ously teated.

In my opinion, the answer to this
question can be found in the report
“Cyclic Resporse of RRS Moment Con-
nections: Weak-Axis Configuration and
Dieep Column Effects” written by Chia-
Ming Uang, Chad Gilten and Brandon
Chi. This report summarizes the ressarch
they conducted on deep column effects for
the 5A C Joint Venture Phase 2. The spec-
men discussed in the Barsom and Pelle-
grino article was tested as part of this
research This report states that torsion,
primarily warping torsion, in the deep
column was a cause of the high tensile
streases which helped imitiate the column
fracture.

It needs to be mated that there was mo
diaphragm or beam flamge bracing at the
hinge location of the test assembly. Pre-
vious full scale RES conpections tests
using Wi+ columns excesded SAC'S per-
formance criteria without aid of these
additional brace elements. Itis recag-
nized that the RRS beamn will terd to
twist slightly due to lateral torsicnal
buckling {L'TE} as is shown in Fagure 1.
However when using beavy Wid or
cedumns with similar torsioral character-
istics, LTR does not significantly reduce
the overall performance of the connection.

Priar to L'TB there is essentially no
tarsion applied to the column smee the
flarige force 1s transmitted directly
through the shear center as shown in Fig-
ure 2. When beam LTB ccrurs, a torque
15 produced about the column as is shown

in Figure 8. Since E_ is much langer in
deep column sections than in the shallow
W14 sectons the tarque produced in the
deep column sections by LTH will be
larger. Also the torsioral stfmess of the
deeper column ssctiors, which are typi-
cally selected in moment frames based on
strong-axis stifness, are less than an
equivalent (and heavier] W4 section
with respect to strong-axis stiffneas. This
abvicusly will result in a mare crifcal
torsicnal effect.

How do we, ns structural engineers,
typically bandle torsion? First, we try o
eliminate the tarsion without compramis-
ing the economy and effciency of the sys
tem. O at least we should! One example
of thisas shown in Figare 4is to provide
abrace to eliminate or significantly
reduce any torsion in the system. Even
though additional cost 1s added to the
structural frame by adding the brace, this
cost 15 much less than the svings provid-
ed by using the deep column section.
Typically, moment frame columns utiliz-
ing deep column sections are $0% to 506
lighter than frames using shallow column
sectons.

Amnother aption is to design the struc-
tural sections so that they are strong ard
stiff encugh to resist the torsicn. In the
aforementioned repart, Uang et. al. sug-

gest providing a column with a lower
&ty value for the deep column section
thamn that provided by the column used in
a successful full-scale test In this formu-
la, &is the depth of the column minus .
and #,is the column fange thickness.
However, it should be noted that prowvid-
ing deep column sections with a lower
&'ty value than that provided in a full
scale test using W4 sections resultsin
about the same column weight thus tak-
ing away ane of the main benefits of using
deep column sections.

A fmal alternative is to conduct the
required test of the desired pratotype
design to demanstrate its ductility in
accordance with AISC and SAC recom-
mendations,

[n summary, the ey issoe in this sin-
gle isclated test amang so many athers
was the torsicnal effect in deep columns,
mot any metallurgical or material concern.
The use of deep columns is expected to be
a focus of further discussions and/or
stodies by ATSC and athers.

Lanmy I. Flynn, P.E., 8E.
Hegionai Exgimesr
AISC Mirketimg, e
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Attachment 1. RBS Lateral Torsional Buckling Effects
(Modern Steel Construction, November, 2000)



In the SSDA slotted web connection tests the column sizes ranged from W14 columns to
W30 columns (as shown in Table 1) wherein the columns were laterally braced only at
the top and bottom of the columns and not at the level of the beams. There were no
column torsional or lateral instability problems in any of these tests that included the deep
columns. Shown in Table 1, column 3, are the braced lengths of the cantilevered ATC-24
test beams measured from the face of the column to the center of the brace. Shown in
Table 1, column 4, are the corresponding maximum unbraced length as given in the AISC
Specifications for a cantilevered beam braced at the tip (Eg. 2) and the maximum
unbraced length as given in the AISC Seismic Provisions (Eq. 3).

This table shows that the cantilever ATC-24 tests for the W33x141, W27x94, W24x94
and W36x170 beams all had unbraced lengths that exceeded the maximum unbraced
lengths of the AISC Seismic Provisions (Eq. 3). None of these tests exhibited any lateral
torsional buckling which demonstrates that the plastic design maximum unbraced length
equation (Eqg. (1) of the AISC Specifications) is appropriate for beams using the SSDA
slotted web seismic connection.

AISC Seismic Provisions

These seismic lateral bracing requirements apply to beams where lateral torsional
buckling would occur in the beams at the plastic hinge locations if the beam were not
braced.

1. For local lateral torsional buckling at the connections both flanges must be
laterally braced with the exception of where the beam supports a concrete
structural slab that is connected between the protected zones with welded
shear connectors.

2. For global lateral torsional buckling, the maximum brace spacing is

L, =0.086 1, E/F,

e Refer to Section 9.8 of the AISC Seismic Provisions.

e Refer also to the 1993 LRFD Specifications Eqg. C-F1-3, p. 6-199.

e This bracing length equation was developed by Lay and Galambos, “Inelastic
Steel Beams Under Uniform Moment”, Journal of the Structural Division, ASCE,
91, ST6 (December, 1965), pp. 67-93.

3. The required strength of the lateral bracing provided adjacent to the plastic
hinge given in Section 9.8 of the AISC Seismic Provisions shall be

Py =0.06 My/ho

ho is the distance between the flange centroids.
The required stiffness is given by Eq. A-6-8 in Appendix 6 of the 13" Edition of
the AISC Specifications.



This strength requirement for local lateral buckling was generated from
laboratory tests, e.g. as reported by Zekioglu, et al., ”Designing After

Northridge”, Modern Steel Construction, March, 1997 where lateral brace forces

at the RBS connections were found to be equal to 4% to 6% of the beam flange

forces.
Table 1. Test Braced Length vs. Seismic Provisions Requirement
TEST | BEAM Braced Length of Lpg (AISC Specifications)
Nos. COL. ATC-24 Test (AISC Seismic Provisions)
Specimens
17 33x141 1567=13’ 1697=14.1"
18 14x283 1217=10.7°
ry=2.43
19 27x94 1567=13’ 1487=12.3’
20 14x176 1067=8.84’
ry=212
21 36x300 1567=13’ 2667=22’
22 14x500 1907=15.9’
ry=3.83
23 24x94 1487=12.33’ 1387=11.5"
24 30x135 98.97=8.24’
ry=1.98
25 36x170 1487=12.33’ 1767=14.7"
26 30x235 1267=10.5’
ry=2.53
1 36x256 66”=5.5 1847=15.4"
27x307 1327=11.0°
ry=2.65
2A 36x393 72°=6’ 2717=22.6
3A | 14x550 1947=16.2’
(Grade 65)
ry =3.90




