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SCOPE

This report summarizes progress on the experimental portion of the AISC
sponsored research project on the behavior of link beams in seismic-resistant steel
eccentrically braced frames (EBFs). Experiments for this project are being conducted at
the University of Texas at Austin, with concurrent analytical studies being conducted at
the University of California at San Diego. This progress report pertains only to the
experimental portion of the project.

This progress report discusses the design and construction details of the test setup

and the test specimens, and concludes with a report on the project status and anticipated
schedule for testing.

BACKGROUND STUDIES OF TEST SETUP

A schematic representation of the test setup is shown in Fig. 1. The setup consists
of a link, the beam segment outside of the link, and a column segment. Displacements
will be applied at the bottom end of the column segment, while holding the beam
segment outside of the link in place. The rigid-plastic kinematics of the test setup are
shown in Fig. 2. Figures 3 and 4 qualitatively illustrate the shear forces and moments
developed within the link, beam and column of the setup. Note that the kinematics and
internal forces of the test setup closely replicate those of an actual EBF where the links
are attached to the columns.

The design of this test setup combines features of previous EBF test setups by
Kasai and Popov (1986) and Engelhardt and Popov (1989). The primary design objective
for this test setup is to impose large shear forces on the link, combined with unequal end
moments in the link, but with no axial force in the link. In the design of the setup,
consideration was given so that the initial elastic link end moments would be unequal
(greater at the column end of the link), similar to the condition of an actual EBF with



links attached to the columns. With respect to evaluating flange local buckling in the link
(a primary objective of this research project), the case of unequal end moment was
considered an important case to investigate, due to the larger flexural demands at the
column end of the link. Kasai and Popov (1986) demonstrated that unequal end moments
result in a significantly different behavior for links as compared to the equal end moment
case.

To evaluate typical elastic values of link end moments in an actual EBF, a six
story — three bay prototype EBF designed by Ricles and Popov (1987) was analyzed.
Details of the frame are shown in Fig. 5. A series of elastic analyses were conducted on
this frame using the loading shown in Fig. 6. This figure also shows numbers identifying
each link on the frame. This frame was analyzed for six different link lengths. Further, for
each link length, the frame was analyzed for two conditions. For the first condition, all
beam-to-column connections were modeled as moment-resisting connections (dual
system). For the second condition, all beam-to-column connections were modeled as pins
(non-dual system). For each case that was analyzed, the ratio of elastic link end moments
was computed. This ratio was computed as M,/Mp, where M, is the elastic moment at the
column end of the link, and M5 is the elastic moment at the beam end of the link.

Results of these frame analyses are plotted in Fig. 7 for the dual system, and in
Fig. 8 in the non-dual system. In each plot, the elastic link end moment ratio M,/Mp is
plotted on the vertical axis, and the link length in plotted on the horizontal axis. Note that
the link length is normalized by e, = M,/V,,. The link location identifiers shown in the
plots in Figs. 7 and 8 correspond to the links in Fig. 6. Results are only plotted for the
links in the outer bays (links attached to columns). For links in the central bay, the end
moment ratios were very close to unity regardless of link length. The plots in Figs. 7 and
8 show that a wide range of elastic link end moment ratios are possible, depending on the
location of the link within the frame and depending on the link length. Very large link
end moment ratios, on the order of 4 or more, are possible for very short links. However,
this ratio reduces quickly as link length increases.

To assist in evaluating the elastic link end moment ratio for the test setup, an
analysis was conducted on an isolated link under bending and shear, with rotational
springs at each end, as illustrated in Fig. 9. In this figure, the “A” end refers to the
column end of the link, and the “B” end refers to the beam end of the link. If the spring
constants at each end of the link are taken as k4 and kg, then

My =-ky 6, (la)
MB =- kB 03 (lb)

A first order elastic analysis results in the following expression for link end moment
ratio:
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where o and 3 are measures of the relative flexural stiffness of the link and the end
springs. These parameters are defined as follows:

e
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where e is the link length and E1};, 1s the elastic flexural stiffness of the link section.
Equations 2 and 3 show the link end moment ratio is a function of the end restraints, as
well as being a function of the ratio of the end spring stiffness to the bending stiffness of
the link itself. If this ratio is large, then the link end moment ratio will be close to zero. If
this ratio is small, then the end restraint will have a large influence on the link end
moment ratio.

Applying the above analysis to the test setup (Fig. 1), the values of k4 and kp can
be computed as follows:
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The lines plotted in Fig. 10 show the link end moment ratio computed for four different
link sections: W10x19, W10x33, W16x36 and W18x40. As in the test setup, the column
and beam sections are taken as W12x120 and W18x76, respectively, with dimensions L.,
=96 inches and L., = 200 inches. In these plots, link length is normalized by e, =
M,/V,. The plots in Fig. 10 show that the test setup will result in a unequal link end
moments, as desired, with a wide range of end moment ratios possible, depending on the
link section and link length. The smaller link sections (such as the W10x19) will
experience link end moment ratios close to unity, whereas the larger link sections (such
as the W16x36 and W18x40) will experience significantly higher end moment ratios.
Note that for this research program, W10x19, W10x33 and W16x36 link sections will be
tested. However, W18x40 link sections will be tested in this setup as part of a companion
study, and so data on W18x40 links (with e = e,, 2e, and 3¢,) will also be available.

In addition to the analytical study conducted for the test setup, as described above,
the setup was also analyzed with the SAP2000 frame analysis program. In this frame
analysis, rigid zones were added to each end of the link to more realistically represent the
joint conditions. The results of these analyses are plotted as discrete points (marked with
an “X”) in Fig. 10. Note that the results of the SAP2000 analysis agree quite well with the



analytically generated curves. The values of elastic link end moment ratio computed for
each specimen from SAP2000 are also listed in Table 2 under the column marked M ,/Mp.

DETAILS OF TEST SETUP

An overall view of the test setup is shown in Fig. 11. Figures 12 to 15 provide
additional views of the setup. The same beam and column sections will be reused for all
specimens. Only the link section will be changed from one test to another. Note that the
link specimen is provided with thick end plates at each end, and is bolted to the column
flanges and to a mating end plate on the beam. The entire beam assembly outside of the
link (along with the vertical support rods at each end of the beam) can be moved to
accommodate different link lengths.

An overall view of the lateral support system is illustrated in Fig. 16, with further
details shown in Figs. 17 to 20. Lateral supports are provided near the top and bottom
ends of the column, at the beam end of the link, and at the far end of the beam away from
the link. Each lateral support is designed to permit free movement in the plane of the
specimen, but to prevent out-of-plane movement. All sliding contact surfaces at the
column ends and link end are provided with a Teflon coating to minimize friction, so as
to permit accurate measurement of link forces.

All components of the test setup were fabricated at the University of Texas
Ferguson Laboratory for this project. Details of the test setup components are shown in
Appendix B.

TEST SPECIMENS

A total of nine link specimens will be tested to evaluate flange slenderness limits
for A992 steel. Three different sections will be used for the specimens: W10x19,
W10x33 and W16x36. Key attributes of these sections are listed in Table 1. All
specimens of a given section will be taken from the same heat of steel. Certified Mill Test
Reports (CMTRs) for the test sections are reproduced in Appendix C. Tensile properties
from the CMTRs are also listed in Table 1. Tensile coupon tests will be conducted on
flange and web samples from each section later in the project.

Table 2 provides details of each of the nine test specimens. Listed in this table for
each specimen is the link section (W10x19, W10x33 or W16x36), the expected elastic
link end moment ratio M /M3, the link length, stiffener locations, and target link plastic
rotation angle according to the AISC Seismic Provisions for Structural Steel Buildings.
Note that the test specimens represent a wide range of link lengths, including shear
yielding links, flexural yielding links, and combined shear and flexural yielding links.
Drawings of the test specimens are shown in Appendix A.



INSTRUMENTATION

Load cells are provided in the supporting rods at the top and bottom of the
column, at the end of the link, and at the end of the beam. These load cells will permit
determination of all internal forces in the link, beam and column. All load cells have been
calibrated for this project against a calibration load cell traceable to NIST. In addition to
the load cells, displacements and rotations will be measured at each end of the link, and at
other locations in the test setup to permit complete determination of specimen
deformations.

PROJECT STATUS AND SCHEDULE

The project is currently behind the originally anticipated schedule. The
complexity of the test setup and time required to fabricate the setup were considerably
greater than originally anticipated. However, the complexity of the test setup was
ultimately deemed necessary to adequately control the specimen boundary conditions so
as to generate high quality experimental data suitable for meeting the project objectives.

As of early December 2001, all components of the test setup have been fabricated,
and the setup is being assembled. Figures 21 and 22 are photos of the setup during
assembly. The first specimen has been fabricated (Fig. 23), and fabrication of five
additional specimens is proceeding.

It is currently anticipated that the test setup will be completely assembled by early
to mid January 2002, and that the first test will be completed by the end of January. It is
also anticipated that all testing for this project will be completed by the end of May,
2002.
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Table 1 - Test Specimen Sections

CMTR Tensile Properties

Section b/ 2t Mp/Vp F, (ksi) F, (ksi)
W10x19 5.1 15.2” 58.1 74.9
W10x33 9.1 25.2” 58.5 76.9
W16x36 8.1 24.1” 51.9 72.6

Table 2 - Test Specimens

S,\?S_C Section | Ma/Mg Link Length Iné?%gii'f;e Ta;fet

1 W10x19 1.23 237 (=1.5 Mp/V,) 4@5.75 .08 rad

2 ” 117 30” (=2.0 My/V,) 4@6" .055 rad

3 ” 1.11 48” (=3.2 M/V,) 1 @ 6” from each end .02 rad

4 | w1ox33 | 147 23” (=0.9 My/V,) 3@5.75" .08 rad

5 ” 1.29 36.6” (=1.5 My/V,) 5@ 6.125" .08 rad

6 ” 122 | 48" (=1.9M,V,) 4@ 9.625 .06 rad

7 ” 1.15 737 (=2.9 My/V,) | 1 @12” from each end .02 rad

8 W16x36 1.83 36.6” (=1.5 My/V,) 6 @ 5.25 .08 rad

9 ” 163 | 48" (=2.0 My/V,) 5@8 055 rad

Notes:

1.

2. Intermediate stiffeners:

Target v, = maximum link plastic rotation angle specified in Sect. 15.2g — AISC

Seismic Spec.

3/8” thick; one side only (per Sect. 15.3b — AISC Seismic
Spec.); spacing per Sect 15.3b to develop target v,
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Fig. 3 — Moment Diagram for Test Setup

Fig. 4 — Shear Diagram for Test Setup
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Fig. 9 — Isolated Link for Analysis of End Moment Ratio
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Fig. 23 — Specimen 1 After Fabrication

21



APPENDIX A

TEST SPECIMENS
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APPENDIX B

DETAILS OF TEST FRAME COMPONENTS
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