Experimental Investigation of Light-Gauge Steel Plate Shear
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Abstract: This paper describes the prototype design, specimen design, experimental setup, and experimental results of three light-gaug
steel plate shear wall concepts. Prototype light-gauge steel plate shear walls are designed as seismic retrofits for a hospital structure in
area of high seismicity, and emphasis is placed on minimizing their impact on the existing framing. Three single-story test specimens art
designed using these prototypes as a basis, two specimens with flat infill glatésesses of 0.9 myand a third using a corrugated

infill plate (thickness of 0.7 mm Connection of the infill plates to the boundary frames is achieved through the use of bolts in
combination with industrial strength epoxy or welds, allowing for mobility of the infills if desired. Testing of the systems is done under
quasi-static conditions. It is shown that one of the flat infill plate specimens, as well as the specimen utilizing a corrugated infill plate,
achieve significant ductility and energy dissipation while minimizing the demands placed on the surrounding framing. Experimental
results are compared to monotonic pushover predictions from computer analysis using a simple model and good agreement is observe
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Introduction mic forces, and yet light enough to avoid having to heavily rein-
force existing framing due to the increased demands the retrofit

Past research on steel plate shear W@BSW has investigated ~ Stratégy may place on it. Furthermore, an interest exists in creat-
the use of flat hot-rolled plates as infill panels. By allowing the g Systems that could be installed with minimum disruption to
infill plates to buckle in shear, develop diagonal tension field the function and_ocgupants_ of an existing building, and, in the
action, and then dissipate energy through the cyclic yielding of conteg.t of the selsmic retroﬁt.of hospltals_, t.hat could be modular
the infill in tension, researchers have shown that SPSWs can be d° facilitate relocatl_on of the I|ght-gauge_|nf|lls as roo_r plans are
useful seismic energy dissipation syst€fhorburn et al. 1983; rearrgngec(someth_mg that often_ occurs n hOSp'DaEh'S paper,
Timler and Kulak 1983: Caccese et al. 1993; Elgaaly et al, 1993; describes the design and quasi-static testing of three such light-

Driver et al. 1997; Rezai 1999; efcSuch research has also pro- gauge SPSW systems.
duced useful analytical models for representing SPSWs that are
allowed to develop tension field action, and some of these have
been implemented in a steel design stand&@ahadian Standards

Association(CSA) 2001. However, use of SPSWs with hot- 5 hrototype light-gauge steel plate shear walls were designed
rolled infill plates(typically 5 mm, 3/16 in., minimum thickness 55 seismic retrofit options for a prototype demonstration hospital
in a retrofit situation, in which it would be used to infill an exist- (Yang and Whittaker 2002 This hospital is a four-story steel
ing bay, would likely require significant reinforcement of the ex-  framed building with plan dimensions of 83.5 @74 fi in the
isting beams and columns due to the large demands induced frompast—west direction and 17.2 (86.4 fi in the north—south direc-
the plate yielding. tion. The floor plan is shown in Fig. 1. The first story has a height
Light-gauge SPSWs could provide engineers with an effective of 4.1 m(13.5 ft) and the others are 3.8 m high2.5 fi). Gravity
option for the seismic retrofit of older buildings. The concept is to framing consists of 140 mr5.5 in) thick reinforced concrete
create a system that is strong enough to resist the necessary seigtoor slabs on steel deck that rest on steel floor beams and girders
which carry the gravity loads to columns. In the north—south di-
PhD Candidate, Dept. of Civil, Structural and Environmental re€ction (the direction of interest heyethere are four moment-
Engineering, Univ. at Buffalo, Amherst, NY 14260. E-mail: resisting three-bay frames that act as the primary lateral load re-
jwberman@eng.buffalo.edu sisting system(located on frame lines B, H, J, and).NThe
’Deputy Director, Multidisciplinary Center for Earthquake remaining framestermed gravity framesin the north—south di-
Engineering Research, Professor, Dept. of Civil Structural and rection utilize flexible web—angle connections that are assumed to
Environmental I_Enginee_ring, Un@v. at Buffalo, Buffalq, NY }4260-4300. _ have no resistance to lateral loading. Yang and Whittake02)
Note. Associate Editor: Christopher J. Earls. Discussion open until describe several sets of steel section sizes meant to represent hos-

July 1, 2005. Separate discussions must be submitted for individual pa'epitals constructed in different time periods and locations, there-
pers. To extend the closing date by one month, a written request must b

filed with the ASCE Managing Editor. The manuscript for this paper was fore, satls_fylng d|fferent bu.|ld|ng code requirements. The de§|gn
submitted for review and possible publication on March 25, 2003; ap- feépresenting a typical hospital constructed on the west coast in the

Prototype Design

proved on May 11, 2004. This paper is part of thwirnal of Structural 1960s(WC60) was used in this study. The test specimens were
Engineering Vol. 131, No. 2, February 1, 2005. ©ASCE, ISSN 0733- designed to retrofit the north—south frames and they included the
9445/2005/2-259-267/$25.00. flexible web—angle beam-to-column connections. To minimize the
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Fig. 1. Demonstration hospital floor plagidapted from Yang and

Whittaker 2002 hs

forces applied to the existing framing by the yielding infill plates
(i.e., to avoid having to strengthen the existing columitswas
decided that every line of gravity framing in the north—south di-
rection would be retrofitted. The middle baletween framing / L 7
lines 3 and 4was arbitrarily chosen as the location for the retrofit
on each frame line. This choice may restrict access and cause
serviceability issues that would have to be considered in imple-

mentation. shown in Fig. 3L =bay width; andx=angle of inclination of the
The equivalent lateral force procedure of Federal Emergency strips as shown in Fig. @aken as 45° for the corrugated infill to

Management AgencyFEMA) Document, FEMA 302(FEMA match the orientation of the tension field calculated for the flat
1997, was used to calculate a design base shear. Tributary gravityinfills). Note that tension field action can only develop in the
loads for one bay of north—south framing were determined. Thesedijrection parallel to the corrugations, and that pairs of retrofitted
and a portion of the deSign live load were used as the active bays(w”:h Corrugations oriented in Opposite directimnﬂ'e re-
seismic weight for a single-gravity frame line. The hospital was quired to implement this system. The corrugated infills were also
assumed to be located in Northridge, California on a class D soil. grientated with the ribs at 45° because the additional compression
Because a SPSW is not a structural system covered by FEMAresistance they provide was thought to be a possible advantage.

302, a seismic force reduction factd®, was derived from the  Eq. (1) with R, equal to 1.0 was used to calculate the needed
SPSW design provisions of the Canadian Steel Design Standardthijckness of the flat infills.

CAN/CSA-S16-01(CSA 200). For a limited ductility SPSW

(i.e., SPSW in frames with simple beam-to-column connecjjons

the CSA requirements would be equivalent toRaof 3.33 for use Test Specimen Design
in FEMA 302, which was used for calculation of the base shear.

An importance factor|, of 1.5 was used because this is consid- Using the prototype designs as a basis, three light-gauge SPSW
ered a critical facility. The resulting seismic coefficier@, specimengtwo flat infill plate specimens with different infill-to-
was determined to be 0.58 and the corresponding base shear trib%oundary frame connections, and one corrugated spegiwene
tary to one of the gravity frames was approximately designed for quasi-static testing in the Structural Engineering and
1,420 kN(320 kips. Note that the calculation of base shear ap- Earthquake Simulation Laboratof@EESL) at the University at
plied to one of the gravity frames neglected the stiffness of the gyffalo. The infill plate thicknesses for the specimens were se-
existing moment frameghey were assumed to have a small stiff- |ected to be identical to those for the prototype retrofits for the
ness relative to the infilled gravity frameas well as the effect of  gemonstration hospital. This was done to maintain practical plate
torsional response in plan, but still provides a reasonable basis togauge thicknesses. However, the maximum force available for
develop plate sizes for the purpose of this study. quasi-static testing using a single actuator in the SEESL is
For the calculated design base shear, plate thicknesses for bOﬂl,llO kN (250 kips. Therefore, the bay width was scaled down
flat and corrugated plate specimens were found using the procefrom the prototype, as this parameter, aside from yield stress and
dure described in Berman and Brung2003b. This procedureis  plate thickness, determines the ultimate strength of SPSWs in
based on development of the plastic collapse mechanisms for thesingle-story frames having simple beam-to-column connections.
Strip model illustrated in F|g 2, that was formulated by Timler The 21(Lh) aspect ratio of the prototype was also maintained
and Kulak(1983 and implemented in CAN/CSA-S16-QCSA for the specimens. The bay width and story height of the speci-
200D. Minimum required plate thicknesses at the first floor level mens were designed to be 3,660 rih2 ft) and 1,830 mn{6 ft),
were found to be 22 Gaug®.75 mm or 0.0295 i for the cor- respectively(i.e., approximately; scale from the prototypgs
rugated infill plate, and 20 Gaugé.0 mm or 0.0396 in.for the Ultimate strengths of specimens having the same plate thick-

flat infill plates. A yield stress of 380 MP@&5 ks) was assumed  asses determined above were estimated to be 72QA60kip9
in both cases. A Type B steel deck, as illustrated in Fig. 3, with

the corrugations orientated at 45° from the horizontal was as-
sumed above, and the required plate thickness was calculated

! €, _ _ ess 13 mm '-89 mmj
using a modified version of the design equation in Berman and lomm™—
Bruneau(2003b, namely, \ /: \ /
B |

Fig. 2. Strip model

2v 38 mm— v
t=—— 1
R.F,L sin 2x @ 38 mm
whereV=story shear forceR.=ratio of one wavelength of cor- |
rugation,f,,, to the projected flat length of one corrugatidp, as P
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and 645 kN(145 kip9g for the corrugated and flat infills, respec-
tively [using a yield stress 380 MR&5 ksi for each, neglecting
the contribution of the web—angle beam-to-column flexible con-
nections in the boundary frame. Resulting slenderness r@tids
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Fig. 5. Sections of infill of Specimen C1

four sections as shown in Fig. 5. These sections were connected
to each other using 1.6 mfi/16 in) diameter steel pop rivets
spaced at 100 mrg# in.) on center.

The test setup is shown in Fig. 6. Specimens are mounted on
large clevises attached to a foundation beam, itself tensioned to
the strong floor of the SEESL. Lateral load was applied at the top
of the wall by a servocontrolled hydraulic actuator mounted be-
tween the specimen and a reaction frame. The recommended Ap-
plied Technology CouncilATC) loading protocol of ATC 24
(ATC 1992 was followed. Table 1 shows the displacement his-
tory for each specimen and Figgarand ) show Specimens F1
and C1 prior to testing.

Coupon tests of the infill material were performed and the

were 4,880 and 3,636, respectively, for the corrugated and flatresyiting stress—strain curves are shown in Figsa—8. Yield

infill plates.
Strip models of each specimen using a vyield stress of
380 MPa(55 ks for the infill material were developed and,

stresses of 152, 214, and 330 MPa were obtained for specimens
F1, F2, and C1. The material for specimens F1 and F2 was ASTM
A1008, which is a cold-rolled, carbon, commercial steel sheet

using the results of pushover analyses, boundary frames for theyjth no mandatory mechanical properties. ASTM states that typi-

infills were designed to remain elastic with a safety factor of 2.5,
resulting in W 310X 143 (US-W 12X 96) columns andW 460

X 128 (US-W 12X 86) beams. The beam-to-column connections
using L 203x 102x 12.7(US-L 8x 4 x %) angles on both sides

cal yield stresses are between 140 MPa and 275 k2@aand
40 ks and elongations at fracture of 20% in 50 nfgnin.)
(ASTM 1997. The material for specimen C1 was ASTM A653
Grade 33, which is a galvanized material with a minimum yield

of the beam web were welded to the beam and bolted to thestress of 230 MP#33 ks) and a minimum elongation at fracture

column flanges.

Connecting the infill plates to the surrounding frame members
proved difficult and a number of different options were explored,
some of which are detailed in Berman and Bruné2@033. In
the case of the flat infills, two alternatives were developed for
Specimens F1 and F2 as illustrated in Figa 4nd b. The con-
nection for Specimen F1 relied on industrial strength epdogc-
tite 2001, which was determined to have a lap shear strength of
approximately 17.2 MP&2.5 ksj) and a handling time of roughly
30 min. Details about how this epoxy was selected and how the
108 mm length of overlap shown in Fig. 4 was obtained are given
in Berman and Brunea20033. The infill plate was fully welded
for Specimen F2. In both cases, the infill was attached to inter-
mediateWT 180X 39.5(US-WT 7 X 26.5 sections that were then
bolted to the boundary frame to model a connection detail that
would allow possible future relocation of the infill. To test the
effectiveness of SPSW with corrugated infills, Specimen C1 was
developed, in which the corrugated infill was connected to the
boundary frame using the epoxy and intermediat&52x 102
X 19 (US-L 6XxX4x3/4) as shown in Fig. &). Due to the fact
that corrugated metal deck is available in only 910 (@ft) or
610 mm(2 ft) widths, the infill of Specimen C1 was made up of

of 20% in 50 mm(2 in.) (ASTM 1998. Measured thicknesses of
the infills were 0.91, 0.98, and 0.75 m(0.0358, 0.0386, and
0.0295 in) for specimens F1, F2, and C1, respectively. Coupon
tests of the boundary frames were not performed because the
boundary frames were expected to remain elastic, but the material
was specified to be ASTM A572 Grade 50.

Reaction Frame 1
1110 kN (250 kip) 2590 mml |
Miller Servo-Controlied —
North Static Actuator South
i i I
‘ L3160 mm
2820 mmi
/Clevis
| ¢——3660 mm—-‘t@
%}I QAT TT T 11 [ NILT | 1=

Strong Floor Foundation Beam

Fig. 6. Test setup
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Table 1. Cyclic Displacement Histories

Number Cumulative

Displacement  of number DisplacementDisplacementDrift
step cycles of cycles AlA, (mm) (%)
Specimen F1
1 3 3 0.25 1.3 0.07
2 3 6 0.4 2.0 0.11
3 1 7 1 5.1 0.25
Specimen C1
1 3 3 0.17 14 0.08
2 3 6 0.42 34 0.19
3 3 9 0.70 5.7 0.31
4 3 12 1 8.1 0.44
5 3 15 2 16.5 0.90
6 3 18 3 25.0 1.38
7 15 195 4 335 1.83
Specimen F2
1 3 3 0.25 1.3 0.07
2 3 6 0.64 34 0.19
3 3 9 1 5.3 0.29
4 3 12 2 10.7 0.58
5 3 15 3 16.5 0.90
6 2 17 4 221 1.21
7 2 19 5 28.0 1.53
8 2 21 6 333 1.82
9 2 23 7 39.0 2.13
10 2 25 8 44.6 2.44
11 2 27 10 56.2 3.07
12 4 31 12 67.0 3.65

(b)

Fig. 7. Specimens prior to testinga) Specimen F1 angb) Speci-

Experimental Results men C1

Specimen F1

Despite the numerous ancillary tests that were performed to selectbehavior is similar to that of a braced frame with a single slender
an adequate connection configuration and epoxy, Specimen Flbrace(Bruneau et al. 1997and the additional strength provided
suffered a premature failure of the epoxy during Cycle 7 at 0.25% by the compression of the corrugations was not observed after
drift while still exhibiting elastic behavior. The epoxy failed in the buckling occurred.

connection along the top beam of the specimen, and the poor Following the cycles at three times yield the yield displace-
epoxy coverage is shown in Fig. 9. Epoxy was directly applied to ment, 3\, at 1.4% drift, Specimen C1 suffered a rapid loss in
the infill plate only and not to th&/Ts, which could have con-  strength as is shown on the positive drift side of Figal0This
tributed to cause this insufficient coverage. Qualitatively, this hy- was due to infill plate fractures that occurred at locations of re-
pothesis was verified by the successful testing of Specimen C1, inpeated local buckling which developed on the corrugated profile
which epoxy was applied to both the infill plate and intermediate of the specimen. The buckling occurred as the specimen was
angles. Quantitative results on the response measured for Speciloaded in the negative drift direction, which put the corrugations
men F1 are presented in Table 2. in compression. An example of the buckling atAyds shown in

Fig. 11 and examples of the fractures at 4re shown in Fig. 12.

At the end of the test, there were three such areas of infill frac-
tures.

The hysteresis curves for Specimen C1 are shown in Fig) 10 The epoxy connection of the infill plate to the boundary frame
along with the monotonic pushover curve obtained from a strip of specimen C1 cracked in some locations; however, according to
model of the specimen using the measured material propertiesstrain gauge data the entire plate yielded. This shows that epoxy
Quantitative values of displacement ductility ratjo, and other connections are capable of developing the yield forces in thin
key hysteretic response parameters are presented in Table 2. Asteel plates, although more research is needed to determine the
shown, Specimen C1 reacheqreof 3 prior to losing substantial  reliability of such connections.

strength. Contribution of the infill to the total initial stiffness ex-
ceeded 90%. As expected, tension field action developed only in
the direction parallel to the corrugations, resulting in unsymmetric
hysteresis loops. Pinching of the hysteresis due to permaneniStable and ductile behavior was observed in Specimen F2 as
plastic deformations of the infill is also apparent. This hysteretic shown by the hysteresis loops of Fig.(fip Also shown in Fig.

Specimen C1

Specimen F2
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Ultimate failure of Specimen F2 was due to fractures that
propagated from the endpoint of the welds that connected the
infill to the intermediateNTs. The progression of the fracture in

w
s the lower south corner of the infill is shown in Fig. 14. Similar
@ iy fractures and propagation were observed in all four corners of the
& 200 | : infill.
100 i e e ]
Boundary Frame Modeling
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Fig. 8. Infill coupon test resultéa) Specimen F1b) Specimen FZc)
Specimen C1

10(b) is the monotonic pushover curve obtained from a strip

retrofit alternatives, it is necessary to separate the infill behavior
from the boundary frame behavior. To do this, it is necessary to
model the hysteretic behavior of the bare-boundary frame, using
results of bare-boundary frame testing to calibrate the model. The
results of that model can then be numerically subtracted from the
experimental data.

Cook (1983 and Goto et al(1991) used the bounding surface

model of the specimen. Reasonable agreement in terms of initialmodel with internal variables, originally formulated by Dafalias
stiffness and yield base shear are evident. Specimen F2 reached and Popov(1976), to represent the hysteretic behavior of semi-

ductility ratio of 12 and drift of 3.7%, as shown in Table 2, prior
to losing significant strength. Additionally, from the data pre-

rigid frames. A summary of the model and how it is applied is
given in Chen et al(1996 and is briefly reviewed here.
The bounding surface model with internal variables is defined

sented in Table 2, the infill of Specimen F2 contributed approxi-
mately 90% of the initial stiffness of the system. The pinching in incremental form as either a moment-rotation or a force—
exhibited by the hysteresis loops of Fig.(fiDis again due to the  displacement relationship and is shown schematically in Fig. 15.
accumulation of nonrecoverable plastic strains, a hysteretic be-Because it is to be calibrated and used with hysteretic force—
havior comparable to that of a concentrically braced frame having displacement curves, it takes the form:

Table 2. Hysteretic Properties of Test Specimens

Initial
Total initial stiffness Yield base Yield Maximum Total Energy-infill
stiffness without BF shear displacement drift energy only
Specimen (KN/mm) (KN/mm) (kN) (mm) (%) n (KN/m) (KN/m)
F1 84 73 372 4.6 0.25 1 NA NA
C1 93 86 518 8 14 3 73 50
F2 106 96 364 5.3 3.7 12 444 212

Note: BF=Bounddary Frame, NANot Applicable.
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Table 3. Bounding Surface Model Parameters

Error
in energy
Boundary Rof R, Ry dy dissipated
frame (kN) (KN/mm) h (KN/mm) (mm) a b (%)
BF1 90 3 100 10.64 13.5 0.67 0.42 9.71
BF2 75 3 25 14.46 13.5 0.67 0.42 -3.76
AF =R A% 2 )
_ ‘ _ Rq=Rqal £ +b (5
where AF=incremental base shedR,=tangent stiffness at the y

current displacement; andd=incremental displacement. The

: - - whereRy; =initial stiffness prior to any displacement reaching the
tangent stiffness at the current displacement is expressed as

yield displacementa and b=parameters used to fit the experi-

ReR. mental dataéy:initial yield displacement of the boundary frame;
Rkt:Rk—lei— 3 and 8,,,,=the maximum displacement reached during the next
i p

cycle of loading. Additionally, a limit of 2.5 times the initial stiff-
whereR,;=initial stiffness of the system; arf§,=tangent plastic = ness(Ry;) was placed orR;;.

stiffness at a given displacement and is calculated as Figs. 16a and b show the experimentally obtained hystereses
and the results of the application of the bounding surface model
Rep=Ro+ h( ) 4) with internal variables described above, for Bifhe boundary
din—d frame used in Specimens F1 and)FRghd BF2(the boundary
where R,=slope of the bounding lines with force interceRy; frame used in Specimen §lrespectively. The values for the

and is calibrated to asymptotically match the largest displacementP@rameters used in each model are presented in Table 3, along
excursions in the observed results; hardening paramet¢used ~ With the percent error in cumulative energy dissipatedind by

to fit the model to the experimental data=distance from the numerically integrating both the experimental and modeled)data
current force to the corresponding bound in the direction of cur- NOt€ thatin both cases the error is less than 10%. The model was

rent loading; and,, =value ofd at the initiation of loading or at ~ IMmPlemented in MatLatMathWorks 1999,

every load reversal. This model is designed to provide curves that

asymptotically approach the specified bound lines. Energy Dissipation by the Infills

It was found necessary to modify this model slightly in order . . .

to capture changes in the initial stiffness of each cycle in which Using the model desc_rlbed above, t_he behavior O.f the boundary

the peak displacement was larger than initial yield displacement.frar.nes could pe predicted fo.r the displacement hlstory recorded

A linear change in initial stiffness with respect to the maximum during the testing of the_ specimens. The results, supe_rlmposed on

displacement of a cycle was defined as follows: the hystereses_of Specimen C1, and F2, are S.“O"Y” in Figa. 17

and b, respectively. The boundary frame contributions can then

be directly subtracted from the total specimen hystereses, result-

700 _ T ing in Figs. 18a and b, representing the contribution of the infills

600 | T ;‘::ﬁg:/‘ee? Cli o alone to the hysteretic behavior.

500 [— ‘ Using the hystereses of the infills only, as well as the total

;gg i hystereses of the specimens, the values reported in Table 3 were
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Fig. 10. Specimen hystereses and pushover cuagSpecimen C1 Fig. 11. Global and local buckling of Specimen C1 atA;3of Cycle
and(b) Specimen F2 16
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Fig. 12. Examples of infill fractures at&, Specimen C1

(@) (b)

Fig. 13. Infill buckling of Specimen F2a) at &, and(b) at zero load
after &,

(b)

FA Bounding
Line
Rb \ _/
Ry
d
di,
Rb d, Rb d;,
.
»
)
- d {”/
Ry R,

Fig. 15. Schematic of bounding surface modetapted from Chen
et al. 1996

found. As mentioned before, the initial stiffness of the specimens
was largely due to the infills. Furthermore, the energy dissipated
by the infills corresponds to 2/3 of the total energy dissipated for
Specimen C1 and almost 1/2 the total energy dissipated for
Specimen F2. The latter of these two is somewhat misleading due
to the large drifts reached by Specimen F2. Fig. 19 shows the
cumulative energy dissipated by component for Specimen F2.
From this figure, it is apparent that the infill dissipates more than
50% of the total energy dissipated until about Cycle 28, which
corresponds to a ductility ratio of 12 and drift of 3.7%. These
drifts exceed what would be expected for SPSW during a major

Fig. 14. Fracture propagation-Lower south corner-Specimerar3A,; (b) 6Ay; (c) 8A,; and(d) 104,
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Fig. 18. Infill-only hystereses(a) Specimen C1 an(b) Specimen F2

5A,), Fig. 19 shows that approximately 2/3 of the hysteretic en- plates, one with an epoxy connection to the boundary frame and

ergy is dissipa

Conclusions

ted by the infill.

one with a welded connection, while the third was designed with
a corrugated infill plate and also utilized an epoxy connection to
the boundary frame. Specimen design was based on prototype
light-gauge SPSWs, themselves designed as seismic retrofit op-
tions for a demonstration hospital. Two of the three specimens

Three light-gauge SPSW specimens were designed and testegvere shown to achieve the goals of increased stiffness, energy
using quasi-static loading. Two of the specimens had flat infill dissipation capability, and ductility of the existing framing, while
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Fig. 17. Specimen and modeled boundary frame hystere&®s:
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using bolted connections detailed in a manner that provides a
possibility to relocate the infills elsewhere in the building.

From the experimental results, it was shown that the entire
infill of the light-gauge SPSW specimens participated in dissipat-
ing energy. Though the hysteretic curves of the specimens were
pinched, they were stable and provided significant energy dissi-
pation in the cases of the specimens with the corrugated infill and
the flat infill in which the welded connection was ugéte former
being significantly more ductije Furthermore, the adequacy of
the strip model in predicting the monotonic behavior of light-
gauge SPSWs into the nonlinear range was found to be acceptable
through comparison with the experimental results.
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Fig. 19. Energy dissipated by component for Specimen F2
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The ultimate failure mode of the specimen which utilized a steel plate shear wallsJ. Struct. Eng. 12911), 1148-1156.
corrugated infill was found to be fracture of the infill at locations Bruneau, M., Uang, C. M., and Whittaker, AL997). Ductile design of
of repeated local buckling and an industrial strength epoxy was  steel structuresMcGraw-Hill, N.Y.
found to be an adequate material to connect the infill to the Caccese, V., Elgaaly, M., and Chen, ®993. “Experimental study of
boundary frame in this case. For the specimen using the flat infill ~ thin steel-plate shear walls under cyclic load.'Struct. Eng. 1192),
and an epoxy connection to the boundary frame, failure occurred 573’_‘587- o I )
in the epoxy prior to yielding of the infill. The specimen utilizing Canadl?n Standards ASSOCIatigBSA). (flooj)' IL'm't states design of
a flat infill and a welded connection to the boundary frame was steel structures. CAN/CSA slG'Q]W' owdale, Omar.'c.” Cane}da.
significantly more ductile than the other two and failure was the Chesr;’m\i’x'gi';"er;fs’Vzil‘e;ng I\;'ew’ J. Y. R1996. Stability design of
result of fraCFur'es in the infill adjacent to the f'.”et weld used to Cook, N. E.(1983. “Strer;gth of flexibly-connected steel frames under
connect the infill to the boundary frame. Despite these fractures load histories.” PhD dissertation, Univ. of Colorado—Boulder, Boul-
near the welded connection, which appeared in the early stages of der, Colo.
the test, this specimen did not suffer a significant loss of strength pafajias, V. F., and Popov, E. PL976. “Plastic internal variables for-
until 12 times the yield displacement. malism of cyclic plasticity.”J. Appl. Mech. 43, 645-651.
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