Available online at www.sciencedirect.com

. JOURNAL OF
s°'E"°E@°'“°T CONSTRUCTIONAL
STEEL RESEARCH

ELSEVIER Journal of Constructional Steel Research 62 (2006) 1026—1038

www.elsever.com/locate/jcsr

Panel bear strength of steel coupling beam—wall connections in a hybrid
wall system

Park Wan-Shif, Yun Hyun-Dd*

aDepartment of Civil and Environmentahgineering, University of Cincinnat65 Baldwin Hall, Cincinnati, OH 45221, USA
bDepartment of Architectural Engineering, Chungnantibizal University, Daejeon, 305-764, Republic of Korea

Received 21 March 2005; accepted 3 January 2006

Abstract

One o the most common types of hybrid systems is represented by a hybrid coupled shear wall consisting of steel coupling beams anc
reinforced concrete shear walls, known as a hybrid wall system. This paper addressed the shear strength of connection between structur
steel coupling beams and reinforced concrete shear walls. No specific guidelines are available for predicting the panel shear strength of ste
coupling beam-wall connections in a hybrid coupled shear wall system. The panel shear strength of steel coupling beam—wall connections i
a hybrid coupled shear wall system is examined through results of an experimental research programme whe@ shade fpecimens were
tested under cyclic loading. Panel shear striengflects enhancement achieved through motitraof the reinforced concrete panel using
face bearing plates and/or horizontal ties in the panel region of steel coupling beam—wall connections. The results and discussion presented
this paper are compared with ASCE design guidelines for RCS composite joints, which form a similar structural system. Finally, this paper
provides the background for design guidelines that include a design model to calculate the panel shear strength of steel coupling beam—we
connections.

(© 2006 Elsevier Ltd. All rights reserved.
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compression field

1. Introduction Structures in Steel and Concrete published a set of design
guidelines for joints in RCS composite frame&k However, no

This paper is the second of two papers addressing thepecific guidelines are'available for comquing the panel shear
behavior and design of steel coupling beam-wall connectiong€ngth of steel coupling beamait connections because of a
for hybrid coupled shear walls in a panel shear panel. The fird@iCk of test data for hybrid coupled shear walls.
paper [l] provides a description of the hybrid coupled shear The objective of this research was to investigate the
walls. Recent experimental research-f| on seel coupling Panel shear strength of steel coupling beam-wall connections
beam-wall connections whicheed seismic performance governed by panel shear failure. Based on the resistance
is also summarized in the Cqu‘anion paper. As reported mechanism of siitar structural systems (RCS structures),
here, experimental tests have demonstrated that connectidie shear resistance mechanisf seel coupling beam-wall
detal with face bearing plates and horizontal ties can resuliconnections is investigated. To evaluate the contribution
in significant enhancement thé strength of steel coupling Of each mechanism, depending upon connection details,
beam-wall connections. an experimental study was carried out. The results and

From testing programmes conducted in the late 198@,[  discussion presented in this paper are compared with ASCE
the ASCE Task Committee on Design Criteria for Compositedesign guidelines for RCS composite joints, which form

a simlar structural system. Finally, this paper provides
background for design guidelines that include a design model to

* Corresponding author. Tel.: +82 42 821 5622; fax: +82 42 823 9467.  calculate the panel shear stremgf seel coupling beam-wall
E-mail addresswiseroad®cnu.ac.ki(H.-D. Yun). connections.
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2. RCS composite connections P Mol
Vel

2.1. Previous research studies

During the 1990s and early 2000s, a large number of
research programmes on RCS composite joints have been /' A
conducted in Japan and US, primarily by private construction
companies, and therefore thesults are seldom available in \
English in the technical literature. During the mid-1990s, as a I ji
consequence of the advantages recognized in RCS structures,
an extensive research programme, focused primarily on interior A
RCS composite joints, was undertaken in the United States Ve
and Japan. In Japan, several research@rd( have also Mc}\j/‘
investigated the seismic behaviour of RCS composite joints T
and frames. The behaviour of exterior RCS composite joints AV
has been analytically studied by Noguchi et all{13
on the basis of experimental results from tests performed
at Chiba University and the Building Research Institute in (1) Steel web paneNen)

Japa. The first important attempts to study the behaviour Tne nominal strength of the steel web panel, is

of RCS compositgoints in the United States were reported -5iculated as follows:

at the University of Texas at Austin by Sheikh et &4

Seventeen interior RCS composite joints with various jointVsn= 0.6Fysgtspjh (1)
details were tested under monotonic and cyclic IoadlngWhere Fysp @ndtp are the yield strength and thickness of the

The joint details included face bearing plates, steel column teel panel. respectively. and the effective ioint derith. is
embedded in the RC column, dowel bars, and shear stucise b : 18P ¥ J R,

; termined through an iteration procedure based on external
attached to the beam flange. Kanno and Deierlethieported load and join1propgerties P

the testing of 19 interior RCS composite joints, subjected to (2) Concrete compressive stii¥csy)

cydic loading, at Cornell University. This research investigated The nominal strength of the concrete compression strut
different joints and has extended the joint behaviour mOdel?nechanismvcsn is caleulated as follows:

to account for different joint details and different stiffeners

and shear stud arrangements, as well as for the presence \bfsn= 1.7y/f{bph < 0.5f/bpd,, (2)

trs)nsr\;?;i;eef;c:g; ?:?r:ESAST ch:(é lg‘zssifrr?Teégﬁgeenxgg'me?tal where f{ and\/TC/ are the joint concrete compressive strength,
Prog Y . . oo bp is the effective width of the face bearing platésjs the
RC column—leam moment connections in composite frames.

. . column depth, and,, is the height of the steel beam web.
Montesions et al. 16] evaluaed the effectiveness of the (3) Concrete compression fieltfc)
. . . cmn
design procedure through the design and reversed-cyclic load The nominal strength of the concrete compression field
testing of two RCS column-beam—slab subassemblies. Thﬁechanismvf is calculated as follows:
ability of the design equations to limit joint deformations, cn '

Fig. 1. RCS composites joints design forces (Sheikh, 1989).

and thus damage, was evaluated, as well as the contributioVem = V¢ + V¢ < 1.7,/ flboh, (3)
from different mechaisms to total storey drift. In addition, V, = 0.4,/Tlboh. ()

Moore and Goasain 1f/] have shown that the RCS ;
composite joint details with band plates possess excellen\(s = AsnFyst0.9n/sy ()
strength and stiffness retention capacity under large loagvhere b, is the width of the outer concrete panehsh

reversals. is the cross-section area of joint ties measured in a plane
_ o o perpendicular to the beam axiBysh is the yield strength of
2.2. ASCE design guidelines for RCS joints joint ties, ands, is the spacing of joint ties.

The horizontal shear strength is considered adequate if the
The ASCE Task Committee on Design Criteria for following equation is satisfied:

Conposite Structures in Steel and Concrei® published )

a series of dsign guidelines for joints in RCS composite Z Mc — Vbjh < ¢[Vsrdt + 0.75Vesrlw + Vein(d + do)] (6)
frames. The_se g_uidelines were intended for dgter.m_ining thez Mc = (M + Mg2), 7
strength of interior and exterior RCS composite joints an _ (Vb1 + Vi) /2 ®)
the detailing of face bearing plates and horizontal ties in b bl b2
those joints. The nominal shear panel strength of the steethere Mc1, Mc2, Vb1, and Vp2 are the column moments and
web, Vs, inner concrete compression stri¥sp, and outer  beam shear forces, as showrfig. 1L Thedistanceds, is the
concrete compression fieldler,, specified in the ASCE design centre-to-centre distaacbetween the beam flanged, is the
guidelines are as follows. total height of the steel beam, is the additional #ective joint
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Fig. 2. Reinforcement details of connection.

depth provided by attachments to beam flanges, jini$ the  gaps typically open between the steel coupling beam and
horizontal distance between the bearing force resultant. concrete shear walls. Verticalinéorcement of connection may

consist of standard reinforcing bars, Dywidag reinforcing bars,
3. Resistance mechanism of steel coupling beam-wall structual stud bolts, or other eleemts attached to the steel
connections coupling beam.

No specific guidelines are avalil for computing the panel 3.2. Failure modes

shear strength of steel coupling beam—wall connections because _ . . .
of a lack of test data for hybrid coupled shear walls, but The behawour of stegl coupling beam—vyall connectlons_ls
references to previous studies show the adequacy of mode&@aracterlzed by .tWO. primary modes of fa|lure! as shown in
proposed by the ASCE design guidelinéd for reinforced 9. 3‘. As shown inFig. 3a), the pgnellshear failure of ;teel
coupling beam-wall connections is similar to that typically

cor_lcrete colurr_m_s and steel begrand RCS composite joints, associated with structural steetams and reinforced concrete
which form a similar structural systerti). g . L

column joints for composite frame8][ As shown inFig. 3(b),
the bearing failure occurs dbcationsof high compressive
stress and permits rigid body rotation of the steel beam

Generally, the connection details used to mobilize joint sheaW'thm the concrete shear walls. As will be described, vertical

. : . reinforcement of steel colipg beam—wall onnections is one

in a hybrid coupled shear wall system are as showRim 2 means of strengthening against bearing failure

Face bearing plates (FBPs)chted at the face of the concrete '

shear walls, mobilize a concrete compression strut between the  panel shear mechanism

steel coupling beam flanges through direct bearing, as shown

in Fig. 2a). As shown in this sedn, the face bearg plates Fig. 4 shows idealied panel shear mechanisms for steel
can vary in width and may be either full height or split for coupling beam—wall connections. Panel shear is carried through
ease of fabrication. The extended face bearing plates (E-FBP#)e connection by a combination of the three mechanisms
shown in Fig. 2(b) mobilize the concrete compression field shown inFig. 4 the seel web panel, the concrete compression
outside the flanges through struts. Other attachments, such sgut, and theoncrete compression field. In general, the relative
welded shear studs or inset bearing plates (IBPs), can enhangarticipation of each mech@mm depends upon connection
panel shear strength in a similar manner, as showfign2(c)  detals.

and (d). Vertical connection mngfiorcement attached to the steel  The steel web panel acts similarly in hybrid and structural
coupling beam, as shown iRig. 2(c), increases the bearing steel connections, as shown kfig. 4(a). The web is idealized
strength when bearing failure controls. Such reinforcementas carrying pure shear stress over an effective panel leftgth,
resists compression where the beam flange bears on thehich is depends on the location and diribution of vertical
concrete, and it resists tension at the opposite flange wheflearing tresses.

3.1. Connection details
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Fig. 3. Failure mode of connection.

The concrete compression strut is similar to the mechaniswere conducted on full-sized bar samples in accordance with
used to model shear in composite frame connections, as showd8TM Standard A370 to determine the yield strength, ultimate
in Fig. 4b). In connections of hybrid coupled shear wall strength, and total elongation. The observed material properties
systems, the concrete strut is mobilized by face bearing plateare reported iffrig. 6. A scheméic diagram dthe test @aparatus
attached to the steel coupling beam, that bear against trend the observed displacement history of the tests are also
concrete. As will be described, the location and width of theidentical to those presented in previous reseatth [
face bearing plates determine how effectively the concrete
compression strut is mobilized iresisting shear force. 4.2. Hysteretic response

The concrete compression field consists of several compres-
sion struts that act with horizontal ties to form a truss mech- Fig. 7 shows the failure modes and hysteretic response for
anism, as shown ifrig. 4(c). The concrete compression field specimens PSF, PSFF, and PSFFT. All specimens exhibited
is mobilized in the region outside the steel coupling beansevere dange in the conaction region at the end of the test.
flanges. This mechanism is similar to truss models for shear ihe severity of the damage observed in the connection region
reinforced concrete beams widhe $rength is limited by the  for all specimens is shown clearly. Specimen PSF sustained
sun of concrete and reinforcing steel components. Shear i$ower panel shear force, as thegons of the walls adjacent
transferred horizontally fromhe beam flange to the compres- to the steel coupling beam figes exhibited more damage
sion field through bearing against the coupled shear walls.  than did specimens PSFF and PSFFT. From the observed

failure modes, specimen PSFFT, with face bearing plates

4. Experimental program and horizontal ties in the panel region, was a more viable
candidate than specimens PSF and PSFF for rehabilitation or
4.1. Test specimens and setup retrofitting when considering the degree of building damage.

The load—rotation angle response for specimen PSF, which

The overall concrete shear wall and steel coupling beans representative of the cyclic tests, indicated that the steel
dimensions of specimens used in this study are identical tooupling beam—-wall connections are not very ductile, as shown
those presented in previous researh The test variables and in Fig. 7(a). Specimen PSFF showed a 47% increase of panel
detals used in this study are summarizedliable landFig. 5. shear strengtmiconparison with specimens PSF, as shown in
The steel coupling beam was used in the tests to force failurgig. 7(b). Specimen PSFFT, which had face bearing plates and
in the connection regions, bt desgn, the members would horizontal ties vithin the width of the steel coupling beams,
be proportional so that failure occurs in the beams before thehowed no degradation of strength throughout the tests and only
connection or wall strength is reached. a small dgradation of #sffness during repeated cycles at the

The specimens were cast vertically, but typical constructiorsame rotation angle level, iromparison with specimens PSF
jointsin the wall around the connections were not reproducedand PSFF.
Ready-mix concrete with a minimum specified 28-day The relationship between noelized measured load and
compressive strength of 30.0 MPa was used for each of thetational angle is shown ifrig. 8 Fig. 8a) shows average
three specimens. ie measured concrete strength and thevalues oVes)/ Vnascp for specimens PSF, PSFF, and PSFFT
elastic modulus were tested using the method defined in thef 1.14, 1.06, and 1.08, respectively. Compared with the
ASTM standards. Thdorizontal and vertical reinforcement test results of Mntesinos et al.16], specimen PSFFT and
consisted of 13 mm diameter deformed bars. Tension testspecimen 4, which had face bearing plates and horizontal ties in
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Table 1

Test variables

Specimen  Detal of f¢ Beam section Wall Loading Eccentricity of vertical load  Predided failure mode
name connection (MPa)(mm x mm x mm x mm) thickness method e(mm)

- (mm)

oo o
PSF « - — 30.0 H-175x 175x 5x 15 300 Cyclic +150 Panel shear failure
PSFF e o - 30.0 H-175x 175x 5x 15 300 Cyclic +150 Panel shear failure
PSFFT o o . 30.0 H-175x 175x 5x 15 300 Cyclic +150 Panel shear failure

OST: Studbolts; OFBP: Facebearing plate{JHT: Horizontal ties.
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the connection regions, showed more stable responses, without Displacement, (mm)

significant strength degradatiobeyond ultimate load, than D i ol L L A R P S
specimen PSF and specimen 1, as showhig 8b). tod o ] ;

4.3. Stresses of embedded steel beam web 3: !

Fig. 9 shows thedistribution of stresses in the embedded § 0id panas i ‘ ; |
steel beam web of specimens PSF, PSFF, and PSFFT.>$ 0.29----
The strains in the embedded steel web of steel coupling =~ ¢ T 1
beam-wall connections were measured at three different }é 02----
locations, 50 mm,150 mm, and 250 mm inside the walls, —04---- e
by means of rosette strain gauges, in order to determine the 067~
distribution of stresses. It can be seen that the distribution 08 - -og i
of stresses does not follow armaynetrical pettern, with the 1.0 p===s : T
higher stresses recorded in the front half of the embedded steel -12- - 7112 : 7:9 - :6 A

coupling beam length. In specimen PSF with normal detail
connection, significant detenation of the conaction started

to take place after yielding of the steel web panel occurred, (2) Specimens PSF, PSFF, and PSFFT.
characterized by a rapid increase in the width of diagonal
cracks, and spalling of the concrete, as showfim Ya). In 1.2
specimen PSFF, yielding of the steel web panel started to occur

at a rotation angle of about 0.045 rad, spreading rapidly toward 0.8
the wall face as the load was increased, as showrign9(b).

The stresses near the back face of the connection (point A) were 0.4
approximately 20% lower than those measured at the front face Lo
(point C). Compared with those in specimens PSF, PSFF, and = 0.0 e
PSFFT, the distribution of steel web stresses was sensitive to !

Rotation 8, (Radians x 1079

(max)

--- PSF (Author)

V(Iesl)

IS
the chages in the connection detail, as showrrig. Yc). —04}---- Fmmmemmmdmoo 4o fR - m- - PSFF (Author)
] | L i ,_‘ +— PSFFT (Author)
4.4. Strains of horizontal ties s . 0___1____ig/L {a- Specimen I(Montesinos)
' ‘\‘\ \ "t ‘l‘. 3 —-8- - Specimen 2(Montesinos)
iy W b | s 4 st
Fig. 10 shows thedistribution of strains in the horizontal 5 i el Sl s il
ties at two different locatins inside the connection for -5 -2 9 % -3 0 3 6 9 12 I5
specimen PSFFT. The pre-cracking behaviour is characterized Rotation 6, (Radians x 10-2)

by negligible strains because of the small tensile stresses (b) Normalzed envelope curve.

acting in the connection, which are primarily resisted by the

concrete and the web of the steel beam. After the first crack Fig. 8. Strength characteristics.
occurred, the tensile stresses previously acting in the concrete

were pr_|mar|Iy re_5|sted by the honzo_nta! tes, Iea_dlng to_astress of stud bolts calculated mgiclassical bending theory for

sudden increase in the measured strains in the horizontal tleg|I specimens. When the connection was loaded as shown in the
as |I_ndd|cta;1ted byh the ne;rtlz linear relar'glor)shu: Ib?tweten_ thff‘igure, the upper gauge recorded tension and the lower gauge
applied beam shear an € average horizontal u€ stram. iy, qeq compression. Initially, the measured tensile stress was

Flg..1.0(a), the dn‘fe_rent responses can be observed for th@lightly less than the theoretical stress, probably because of
positive and negative loading directions after several CraCk?ension in the ancrete and an unequal distribution of force

formed in tte connectionFig. 10(b) shows the strains measured between all the stud bolts, neither of which is accounted for

in the bottom U-shaped ties for specimen PSFFT. A S|m||arb classical beam theory. Theffdirence in the measured and

re-cracking an -cracking r n mpared with th ; O
pre-cracking a_d post cracking response, compa ed with t eoretical bar stress indicates that transfer of force to the
for the top horizontal ties, can be observed. However, at the . . .
. . : : Stud bolts in the steel coupling beam-wall connections was
bottom horizontal tiedarger tensile strains were measured for .
. : R . . i roughly one-half that predicted by theory. In the tests, loss
the positive loading direction. The changes in tensile strains for . !
N ) : ; ._1In transfer appeared to resdlom concrete cracking, which
both directions of loading primarily depended on the cracklng[ . .
. . Zended to isolate the corner stud bolts from the connection
patern and the location of the cracks with respect to the strain

region.
gauges.
4.5. Stresses of stud bolts 5. Panel shear strengths

Strain gauge readings for stud bolts adjacent to the Panel &ear strengths of steel coupling beam—wall connec-
connection are shown iRig. 11. Also shownis the theoretical tions are governed by a combination of three mechanisms:
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Fig. 9. Stresses of steel web.
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Fig. 10. Strains in horizontal ties inside connection (specimen PSFFT).

the steel web panel, the concrete compression strut, and tel. Concrete compression strut

concrete compression field. A description of the connection de-

tails and test results of the parstlear strengs is presented in Specimen PSF consisted of a plain steel beam and thus
Table 2 had no means other than friction and adhesion of transferring



W-S. Park, H.-D. Yun / Journal of Constructional Steel Research 62 (2006) 1026-1038 1035

Displacement, (mm) Displacement,(mm)
0 9 18 27 36 45 0 9 18 27 30 45
600 ) 1 | L 87.0 600 - - - . L - 87.0
Theoretical L 69.6 Theoretical = - L 69.6
A0 o &;’-;-"" Cls22 F52.2
Web yielding "
L 34.8
200 34.8 Ak
5 174 7 L1742
-
2 Ll = oo 3
z 174 3 o174 &
2001 uppes” = F-34.8 L 34.8
gage “‘ """"" -
ower*” e -52.2
—400 1 o e TR &5
L 69.6 F—69.6
-600 ‘ T ‘ r —87.0 —600 ‘ : - - —87.0
0.0 3.0 6.0 9.0 12.0 15.0 0.0 3.0 6.0 9.0 12.0 15.0
Rotation 6, (Radianx 107%) Rotation 6, (Radianx 107%)
(a) Specimen PSF. (b) Specimen PSFF.
Displacement, (mm)
0 9 18 27 36 45
600 : : : R S 87.0
Theoretical . P [so6
A e s NS m s 522
gl
200 £ 348
£ Etira =
2 =
= 04 00 o
E ZH-174 2
001 El-348
—400 A e ’ Tragzommmmmmmmmoee- [ 522
' F—69.6
—600 -87.0
0.0 15.0
Rotation GL(RadianxJU’zJ
(c) Specimen PSFFT.
Fig. 11. Stresses of stud bolts.
Table 2
Test resuts
Specimen  Detdl of Observed failure Panel ear strength (kN) Comparison V(tesy/ Vnasce
name connection mode i . ratio?
oo o Observedaveiage values Predited values (ASCE Guideliney]
Vites Vn(asce
PSF °« - - Parml shear 192.2 189.4 1.00 1.14
failure
PSFF e o Panel ear 2824 265.9 1.47 1.06
failure
PSFFT e o . Panel &ear 342.6 316.9 1.78 1.08
failure

OST: Studbolts; OFBP: Facebearing platef1HT: Horizontal ties.
@ Normalized value by standard specimen PSF.

horizontal force from the beam flanges into the concrete. Astrut. In specimens PSFF, face bearing plates as wide as

detailed analysis of specimen PSF indicated that roughly 80%he beam flange mobilized theomcrete compression strut

of its shear strength was contributed by the steel web, and 20% the inner connectio regbn. The panel shear strength of

by the concrete. specimen PSFF could develop a shear force of 291 kN in the
Specimens PSF and PSFF demonstrate the effectivenessafmpression cycles (beam push down). Panel shear strengths

the face bearing plates in mobilizing the concrete compressioaf 50% above that of specimen PSF were measured. The face
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bearing pate details increased the strength of the plain steel 120 71
beam by 50% by developing the concrete compression strut
mechanism. This significant increase in panel shear strength &
was dtributed to the mobilization of concrete compressive
struts inside the width of the steel coupling beam flanges.
Based on theobservation of the test results from a previous
study [6], the thickness and configuration of the FBPs did
not have significant effects on their performance. The results
showed that the concrete compression strut width, and therefore
its strength, was proportional to the width of the FBPs.

0O Concrete compression field

Contribution of shear strength (%

B Concrete compression strut

5.2. Concrete compression field & Sieel web ponel

Specimens PSFF and PSFFT demonstrated the participation ;
of the concrete compression field outside the beam flange. Rotation 8 (Radian x 10-2)
Recall that the concrete compression field is mobilized through
horizontal transfer struts such as those shownFig. 4. Fig. 12. Percentage contribution ohear strength mechanisms (specimen
Specimen PSFFT, which had FBPs and horizontal ties attach&r™1)-

within the steel coupling beam pith, carried aload 19% greater o5 ;se of the fact that no stips were used in the connection
than that of specimen PSFF. This is attributed to the concretreegion_ Therefore, only the concrete contribution from the

confinement effect of two-part U-shaped horizontal ties passingoncrete compression field described in the ASCE guidelines
through holes drilled in the web of the steel coupling beam, 55 ohtained for the outer concrete panel. The lowest ratio
Comparison pf the capacity. of 'specimens PSF and PSFF withy, 4 092, obtained for specimen 1 by Montesinos et &f][
that of specimen PSFFT irwited that about 50% of the the highest ratio was 1.54, obtained for Kanno's specimen
increase could be attributed to the FBPs between the flangeg,j5o.g 15. For specimen 0JS2-0, no shear keys were used
and the remainder, 19%, could be attributed to the horizontgl, ransfer shear forces to the outer connection regions. Thus,
ties within the steel coupling beam depth. ~ the only contribution to shear strength from the concrete in
The cpntnbu'gon of each 'meahlsm' to the connect!on the ASCEguidelines would be given by the inner concrete
strength in specimen PSFFT is showrFilg. 12. As shown in - hane| petween the steel beam flanges. However, it is very likely
Fig. 12, the seel web and inner concrete panels were the twapa¢ 5 slightly wider region would have been mobilized by
mechanisms that contributeblet most to the shear strength of {he face bearing plates, thus leading to the underestimation of

the steel coupling beam-wall coartions. The contribution of e shear panel strength of the connection. A similar situation
the steel web panel to shear strength exceeded 40% beyogfty occurred for specimens 10 and 11 by Deierlein and

embedded web yielding. At a rotation angle of 0.002 radyoguchi [L3], but underestimation of the shear panel strength
the deformation to connection strgth at which yielding had 35 |es sgnificant.

occurred over most of the steel web panel exceeded 50% of ag shown inFig. 13, the aveage values of the ratio of

the total shear. For larger shedistortions, this contribution Vitess/ Vnasce for specimens PSF, PSFF, and PSFFT of
diminished slightly because ofétincrease in the contribution 1 14 1,06, and 1.08 were obtained, respectively. The predicted
of the inner concrete strut, reaching a minimum of 50% aygyes from the ASCE design guidelines are generally in good
11% connection shear deformation. The contribution from the,greement with the measured strengths. Therefore, based on
inner diagonal concrete strut also represented approximatefie test results, the ASCE sign guidelines may be applied
37% of the total connection at 11% joint shear deformationgs equations for predicting the panel shear strength of steel
and the contribution from the outer concrete strut representeghpling beam-wall connections.

approximately 13% of the joint shear capacity for all levels of

joint shear deformation. 7. Conclusions

6. Comparison of test resultsand ASCE design guidelines The following conclusions were derived from the results of

studies on the panel shear strength of steel coupling beam—wall
Fig. 13 and Table 3 show the V(tesy/ Vnascp ratio for  connections in a hybrid coupled shear wall system:

all the test specimens, but applying the shear panel strength (1) All specimens exhibited severe damage in the connection

equations given in the ASCE guidelineg].[ For most of region at the end of testing. From the observed failure modes,

the specimens showin this figure, theVitesy/ Vnascp ratio  specimen PSFFT, with face bearing plates and horizontal

ranged between 0.92 and 1.54. For specimen PSF, a 14fies in thepanel region, was a more viable candidate than

underestimation of the shear strength was obtained using ASC&pecimens PSF and PSFF for rehabilitation or retrofitting when

guidelines. On the other hand, these guidelines predicted onlyonsidering the degree of building damage.

6% underestimation of the shear panel strength of specimen (2) Comparison of the capacity of specimens PSF and PSFF

PSFF. This underestimation of the connection strength wawith that of specimen PSFFhdicated that about 50% of the



W-S. Park, H.-D. Yun / Journal of Constructional Steel Research 62 (2006) 1026-1038 1037

Table 3
Comparisons of other test results
Researcher Specimen name Observed value (kN) Predicted value (kN) OliBeeditbd Failure mode
Specimen 4 118.4 107.6 1.10 PF
Specimen 5 1255 107.3 1.17 PF
. Specimen 7 150.4 139.3 1.08 PF
Sheikh et al. (1989) Specimen 8 205.6 197.7 1.04 PF
Specimen 10 129.1 112.2 1.15 PF
Specimen 11 209.2 199.2 1.05 PF
Specimen 1 166.0 180.4 0.92 PF
Montesinos et al. (2003) Specimen 2 148.0 107.6 1.05 PF
Specimen 4 192.0 107.6 1.06 PF
0Js2-0 1731.0 1125.2 1.54 PF
0JS3-0 2082.0 1582.3 1.32 PF
. 0JS5-0 2299.0 1862.2 1.23 PF
Kanno and Deierlein (2002) 5,57 2408.0 1613.4 1.49 PF
HJS1-0 2534.0 2204.6 1.15 PF
HJS2-0 2535.0 1977.3 1.28 PF
. . IN-1 715.0 707.9 1.01 PF
Noguchi and Kim (1998) EX-3 564.0 575.5 0.98 PF
PSF 192.2 189.4 1.14 PF
Pak and Yun (2005) PSFF 282.4 265.9 1.06 PF
PSFFT 342.6 316.9 1.18 PF

2 PF: Panel shear failure.

) I A R OO R : tensile stresses previously acting in the concrete were primarily
PEEINNEEERIERINRE A REEN resisted by the horizontal ties.
N (5) The average values of the ratio ®tesy/Vnasce

1.2~i—£— R S sy e e et obtained for specimens PSF, PSFF, and PSFFT were 1.14, 1.06,
_n IS ERERE R L EE R and 1.08, respectively. Thegdlicted values from the ASCE
QI‘G L A i guidelines are generally in good agreement with the measured
>§ 08 gii/iii%iii strengths. Therefore, based on the test results, the ASCE design
Z BN 'ASéEbc;igl;gu'idc‘nn; ' guidelines may be applied_as equations for predic_tingthe panel
S e ¥ i shear strength of skl coupling beam—wall connections.

Viowr= Vsn+ VetV

csn cfn
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