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INTRODUCTION

The Cold-Formed Steel (CFS) structures are able to ensgwedastructural response in seismic
areas. Among them, the stick-built constructions raise a conilderdgerest in recent studies. In
these structures, the lateral load bearing systems arstGér@/alls, that are generally realized with
a frame in CFS profiles that can be braced by light gaugel straps installed in an X
configuration. In this case, the "all steel" design methodolagy lme adopted and the lateral
resisting system is assured by the CFS strap-braced stud walls.

The unconventionality of CFS structures has motivated, in recent,tithes experimental
characterization carried out by many international researchpg. The investigations included
several aspects that affect the seismic behaviour of C&f-lstaced stud walls. In particular, the
monotonic and cyclic response of these systems has been exagnihédamet al. [1], Serrette &
Ogunfunmi [2], Gackt al.[3], Fulop & Dubina [4], Tiaret al.[5], Al-Kharat & Rogers [6], Kimet

al. [7], Casafontet al. [8], Moghimi & Ronagh [9] and Velchegt al [10] which have observed a
satisfactory experimental behaviour in terms of energy dissipatstiffness, strength and
deformation capacity. The contribution of the frame without bracingbkas analyzed by many
studies [2], [5] and [7]. Specifically, Tiaet al. [5] estimated that a frame without any bracing
system has a lateral strength 5% less than the braced oné&aifteeto-strap connections have
been investigated in [3], [4], [6], [8] and [10]. These studies hawneladed that the connection
behaviour highly influences the failure load and mechanism of thedtesgalls. In particular,
Casafontet al. [8] demonstrated that the screws are the preferable connegbennt the seismic
design, because their small diameter involves a net-sectiorgaa&®r than other fastener types.
Moreover, taking into account that gypsum sheathing panels are usi@ted as wall finishing,
the effect of those panels at varying of their thickness omtpéane shear response of CFS strap-
braced stud walls has been evaluated in [1], [2], [3] and [9]. Thdtgesf these studies
demonstrated a significant contribution to shear capacity providedhegtitsng panels. In
particular, Gadet al. [3] observed that the overall stiffness and strength of themysan be
obtained as the sum of the individual contributions of plasterboard andostiags. The effect of
loading type (monotonic and cyclic) on the wall lateral behavioubkas investigated in [1], [3],
[4], [5], [6], [8], [9] and [10]. These researches observed hligon-linear behaviour and a cyclic
response characterized by the phenomenon of “pinching” and, thereforereujuced energy
dissipation capacity. Furthermore, the stiffness and strengjfadition becomes larger as the
number of cycles increases, as highlighted in [1] and [8].

As an attempt to provide a contribution for the knowledge improvement cfyttism, a theoretical
and experimental study has been carried out at Universityplelsl Federico Il within the research
project RELUIS-DPC 2010-2013. The research program has been #eticudiawo main phases.
The experimental phase has been devoted to the evaluation of thenldaglbbal behaviour of
CFS strap-braced stud walls by an experimental study. In tleeetltal phase, seismic design
criteria have been deeply investigated [11]. This paper mainlgepte the results of the
experimental phase.



1 TEST PROGRAM

The first phase of research program has been devoted to the developimeidy cases
representative of typical seismic applications, in order to define the ypesoto be tested. With the
purpose to investigate a large number of possible applications, thrdmdmillocated in different
seismic area have been designed and for each of them thdateaah resisting system has been
defined. In particular, these last are composed of CFS strapdbstice walls that have been
designed according to elastic or dissipative design approacherefdile, three configurations have
been defined: elastic light (WLE), dissipative light (WLD) amehvy (WHD) walls. The WLE
typology represents the seismic force resisting system sihgle-story building in low-medium
seismic area and all wall components have been designed acdordim@lastic approach. Instead,
the dissipative wall configurations (WLD and WHD) have beesighed and detailed by adopting
capacity design principles, in such a way to ensure a ductilerpance by promoting the brace
yielding. The WLD system corresponds to the same conditions of, Wiide the WHD wall
represents the lateral resisting system of three-stordibgilin high-medium seismic area. The
lateral response of these systems has been investigate@stiygteach of three selected
configuration by two monotonic and two cyclic tests for a totawaflve tests on full-scale wall
specimens in size of 2.4 m x 2.7 m. Moreover, taking into account ttatials and components
affect the wall seismic global response in terms of latersistance, stiffness and ductility, the
component response has been investigated by means of 17 tests oalgn&teshear tests on
elementary connections between steel profiles and 28 sheaonestsinections between gussets
and strap-bracing. The experimental campaign has been cautietl the Department of Structures
for Engineering and Architecture of the University of Naples Feddrico

2 TESTS ON MATERIAL AND COMPONENTS

The global lateral response of CFS strap-braced stud wallsthendbcal behaviour of their
components are strongly interrelated, therefore tests on n®terlamentary connections and
gussets - to - strap connections have been performed.

The material coupons of straps and frame members have beectesiltge conventional tension
tests according to EN ISO 6892-1: 2009 [12]. In particular, tests Ibeee performed on three
specimen types S235-2.0, S350-1.5, S350-3.0, characterized by steel gradestiszginmal
yield stresd,= 235 MPa and ultimate streks= 360 MPa, S350GD + Z witl) = 350 MPa and =
420 MPa and thicknesses 2.0 mm, 1.5 mm, 3.0 mm, respectively. In orderesiigate the
phenomenon of "strain-rate”, tests at low rate (0.05 mm/s) andraigh(50 mm/s) have been
carried out for each specimen type. The effects of “stra@i hetve been assessed to observe how
the behaviour can change by increasing the test rate. This last aspect has inotdstigated in the
quasi-static tests on wall specimefiable 1shows the average values of measured yiglg é&nd
ultimate stressf{,) for each test rate, the ratio between nominal and aveedgesvand the ratio
between average values at low (L) and high (H) rate. As rederdteists at low rate, the
experimental values of the yield stress are larger than thenabwalues (28%, 2%, 4% for S235-
2.0, S350-1.5, S350-3.0, respectively), while the results in terms of tdtisteess record a
moderate increase for S235-2.0 and S350-3.0 specimens (2% e 1%, respectdal reduction of
3% for S350-1.5 specimens. The "strain-rate" effect produces an gmresh the strength. In
particular, the yield and ultimate stresses increases betvéeand 7%, respectively, as the test
rate increases.

Table 1 Tests results on material

v = 0.05 mm/s v =50 mm/s

Type  Steel grade Thickness.

. fy,rr ft,rr f n/f f m/f n. f\/,rr ft,n’ fy,m(H/ ft,m(H)/
[mm] tests [MPa] [MPa] ™Y ™' tests [MPa] [MPa] fyme fime

S235-2.0 S235 2.0 3 302 366 128 102 2 323 389 7 1.01.06

S350-1.5 S350GD+Z 15 3 355 409 1.02 097 3 380 430.07 1.05

S350-3.0 S350GD+Z 3.0 3 364 425 1.04 101 3 387 454.06 1.07




The elementary connectionetween frame and sti-bracing have beetested. The shear tethave
been carried out accordindo the procedure described in ECCS " TWG 7:1( [13]. Three
connection configurations, yrresponding tceach of the investigatewall typologies, have been
considered: (SLExonnectins between 1.5 mm thick S350GD + :zeel plateswith 6.3 mm
diameter selfdrilling screws (SLD) connections between 1.5 mm k S350GD + Z and 2.0 m
thick S235 steel plates with.8 mm diameter sedrilling screws; (SHD connections between 1
mm thick S350GD + Z an2.0 mm thick S235 steel plates with 6nm diameter sedrilling
screws.The results in ters of average faire load Fiy) and stiffness(ken) and the failure
mechanisms are listed Table z. The results show that the average fre loads of SLE and SH
types are greatehan the failre value of SLCspecimenrespectively by 7% and 37%. In additiol
the forcedisplacement cues Fig. 18 show a very limited defonation capacity of SLI
specimens. The differetiehaviour is due to ssimilarfailure mechanims: tilting and pu-out of
screws for SLE and Sbiconfigurations and shear failure for SLD contions Eig. 1b).

Table 2.Test results on elementary connection

Plate type Screw .
Type steel thicknes: Tvpe diameter Fim ke Frﬁgléree
[mm] yp [mm] kN]  [kN/mm]
SLE S350GD+Z 1.5 AB 04 63 040 6.3 3 7.6 4.0 T+ PO
S350GD+Z 1.5
SLD S35 5C Cl 0148016 4.8 3 6.5 3.4 S
S350GD+Z 1.t
SHD S235 5C AB 04 63 040 6.3 2 8.9 4.6 T+ PO

T: tilting; PO: pull-out; S: shear

FIKN] —SLE
— -SHD

4? ~ N ===SLD

0 1 2 3“ 4 s 6 % ‘é 9 10 (a) SLE SLD

Fig. 1. Test on elementaryinnection: aF-d curves; b) Failure modder SLE, SLD and SHD specimer

The CFS strafpraced studvalls behaviour is particularlinfluenced by the design of frame-to-
strap connectionswhich uswually takes place through steel gussetor this reason, the loc
response evaluation tfie invesigated X-braced CFSystems has beerompleted with shear tes
on connection prototypes reodudng the joints between gusset and stibageing The behaviour of
the connectionadopted for he three selected wall configurations (imted with subscrigl) has
beeninvestigated. Furthernre, threeadditional connection types faWLD and WHD systems,
corresponding to differersicrew layouts in stre-bracing cross-sectiohave beertested. Therefore,
by namingAn; andA,; the mnimum net areas defined by consideringpendicular cro-sections
to strapbracing axis and cris-sections obtained by a broken limespecively, the following joint
types for dissipative wallsave beerconsideredKig. 2a): (1) connectio configuration adopted in
the selected walls, in whichAn< Ay (2) connection withaligned screvs arrangement, in whic
Ani< Anz; (3) connectiorwith staggered screws, in whish= A..; (4) connectionwith staggered
screws, in whichA,1> An2. The phenomenon of "strerate” has been in:stigated only fothe type
1 configurations. The exaned configurationsthe number of teststhe everage failure loadF; )
and stiffnessk ) and the bserved failure mechanisms are summ:d inTable 3 The force-
displacement curves obtail for the type 1 configuratic (Fig. 2b) demonstratethat the CHD-1
specimens show the bestsponse in terms of strength and stiffnevith average failure loa



valuesapproximately twice the vaes obtained fothe CLE-1 and CLD-kpecmens.Furthermore,
the strength increases between and 9% and the deformation capacity eases between 5C
and 65% as the test rate increagesregards the connection response evalu for different screv
geometrical arrangementsSig. 2¢), the configurations do not play significanfluence in terms of
strength and stiffness, btlie type 1 connections have larger deformationability. For all test:
the failure mechanism was scréiting with subsequentet section failure of «afs (Fig. 2d).

Table 3 Test results on gusset-strap connection

Plate type Screw Test N E k. Eailure

Type steel thickness. diameter SCrews Configuration rate tests tm m mode
[mm] [mm] [mm/s] [KN]  [KN/mm]

0.05 3 504 38.9 T+NSF

CLE S350GD+z 1.5 6.3 10 CLE-1 50 3 519 . T+NSE

CLD-1 0.05 3 43.8 59.7 T+NSF

S350GD+Z 15 50 3 47.9 - T+NSF

CLD 4.8 15 CLD-2 0.05 2 442 59.1 T+NSF

CLD-3 0.05 2 444 51.8 T+NSF

5235 2.0 CLD-4 005 2 438 664 _ T+NSF

CHD-1 0.05 3 90.3 1534 T+NSF

S350GD+Z 15 50 1 95.1 - T+NSF

CHD 6.3 25 CHD-2 0.05 2 84.4 134.0 T+NSF

CHD-3 0.05 2 849 1254 T+NSF

S235 2.0 CHD-4 0.05 2 84.4 187.6 T+NSF

T: screw tilting;NSF: net section failuref strap-bracing

100
FIkN] CLE-1(L)
90 CLE-1[H)
20 —CLD-1(L)
--- CLD-1(H}
70 CHE-1(L)
CHD-1{H)

Configuration | Configuration 2 Configuration 3 Configuration 4

60

Ay <y Ay <4y, A=Ay, Ay A
AJA,=092  AJA,=098 A A,=1.00 A A= 106

d [mm]

30 35 (b)

F[kN] —CLD-1

d [mm] |
0 2 4 6 8 10 12 (C) CLE-1 CHD-1

Fig. 2. Test on gusset-tstrap connectics: a) CHD specimens; B}d curves for type 1 confurations; ¢ F-d curves
for CLD specimens; dpilure modes for CLE-1, CLD-1 and CHDspecinzns

(d)

3 TESTS ON FULL-SCALE CFS STRAF-BRACED STUD WALLS

The lateral in-plane behaviowrf the selecte wall configurations (WLE, WD, WHD) has beel
investigated by means of 12 phtal tests, including 6 monotonic tests ancyclic tests orfull-
scale 2400 mm log and 2700 m high wall specimens. The all framing is made with stu
members, having lipped channsections ((-sections), spaced at 600 rmon the center an
connected at the ends to track noers, having unlipped channel section-sections). Since cird
studs are subjected togher axial oac, they are composed by doubles€ctiors screwed ba-to-



back. In order to reduce thanbraced length of the chord iinterior stucs, flat straps are placed
the midheight of the wall secimens anare conneetd to blocking melbers at the ends of wal
The local buckling phenoma of tracks are avoided by reinforcing tnds of members with-
section profiles and then layeating box sections. Uplift forces are trarred from the chord stuc
to the testing frame by holdewn devices made with S700 steel g, each ofwhich is connected
to the studs by four M16 8@&ade bolts and to the bottom beam of tdsting fram by one M24
8.8 grade boltThe upper ad bottom tracks of the tested walls connecte: respectively to the
loading (top) and bottorheans of the testing frar by M8 8.8 graddolts, which are used as shear
connections and are spacet 300 mm o the centerThe wall specimer are completed with str:
braces installed in an X cdguration  both sides and connected te wall framing by guss:
plates. All the connections emade with sel@drilling screws. All the stel members are fabricat
by S350GD+Z steel gradegcept the diagonal straps of dissipative sms, which are made with
S235 steel gradd.able 4lists the nominal design dimensions and mal properties of the teste
wall components. Schematdrawings of the WHD wall configuration provided inFig. 3. Tests
on full-scale wall specimenwere carried out by usingspecificallydesiyned testing frame for -
plane shear loading. Rack loads were transmitted to the upper wrack by means of a ste
beam with rectangular holle section. The wall prototype was constred to the laborato strong
floor by the bottom bearof testing frame. The o-of-plane displacemer of the wall were avoide
by two lateral supports reced with HEB 140 columns and equippwith double roller wheels.
The tests have begrerformed by using a hydraulic actug having 5@ mm strokedisplacement
and 500 kN load capacity slidinc-hinge has beeplaced between the:tuator and the tested w
in order to avoid additionalzrtical load components. Eight LVD have beerused to measure the
specimens displacements, shown irFig. 4. In particular, three LVDT$W;, W, e WWs) have been
installed to record the heontal displacements and two LVDTW,, Ws) for the vertical
displacements. The local drmations of the diagonal strahave beemecorded by means of tv
strain-gauges (p A load cellhas been used to measure the racking loads.

Table 4.Nominal design dimensions and material properties of thiedewall component

WLE WLD WHD

Section mm] Grade Section [mm] Grade  Section [mm] Grade
Studs C150x50xX0x1.E" S350  C150x50x20x1°5 S350 C150x50x20x3.0 S350
Tracks U153x5(x1.5 S350 U153x50x1%5 S350 U153x50x1.5 S350
Diagonal straps 90x1E° S350 70x2.D S235 140x2.6 S235
Gusset plates 270x27(x1.5° S350 290x290x175 S350 365x365x1.3 S350
Track reinforcements C150x50x0x1.5° S350  C150x50x20x1'5 S350 C150x50x20x3.0 S350
Blocking C150x50xX0x1.E S350  C150x50x20x1’5 S350 C150x50x20x3.0 S350
Flat straps 50x1E° S350 50x1.5 S350 50x1.5 S350

IC-section: outside-teutside web dep x outsid-to-outside flange size x outsidedatside lip sie x thickness
2U-section: outside-t@utside web deh x outsid-to-outside flange size x thickne3B|ate: widthx thicknes

Actuator Load cell HEB 140 Loading beam

]
[ 3000 mm

-to-testi Lt i 77 e - 2 0 A —~
Holddown-to-testing - L Shear connections 777 I I e e e A
frame connection [ {MEciacs 8.5 bolts) %«/ = |-ali o /3 I T T JAE =
e / s \
{M24-class 8.8 balt} ' _‘ i Chord studs % I :hdlng \ W,
| (C150x50x20x3.0 mm; 77/} Reacting inge N ;
N\ S/
Gusset plates Ml $350GD+Z) 7; % structure NP N
{365x365x1.5 mm; 77, | AN "4 | S
. S.4flas E
5350GD+2) 1l Blocking 7 Y 4 \\\ ]
Interior studs L {C150x50%20x3.0 mm; 7 v/ N
= = Yy Bottom L/ q
(C150x50%20%3.0 mm; & $350GD+2) //,/ beam Il T W, < || W
§350GD+2) o = 4/5 4 T 1 A | h w,
Flat straps il R | | Diagonal straps 74 - e aiomu | o]
(50x1.5 mm; (140x2.0 mmy; A ey TR 5 — ey = 8- = oy =

2400 mm

$350GD+Z) $235)
= W;: LVDTs for wall; T;: LVDTs for testing frame

Tracks Il | Track reinforcements = S, strain gauges
{U153x50x1.5 mm; (C150x50%x20%3.0 mmy;
53506D+2) U - _ S350GD+Z)

- o = S

e me™

v 8 P =0
- wi () W ’
oo a0

- LVDTs Actuator Strain gauges
Fig. 3. WHD specimerconfiguratiot Fig. 4. Test on full-scale walls



3.1 Monotonic tests

In the monotonic loading regimithe testshave beerperformed by applyin a loading protocc
organizedn two phases. In the fit phase the wall specimehave been pulld and in the second
phase they have been push@&wth phaseshave beenfollowed by the umading of the wal
prototypes in order to lead th¢ back to the initial position. This testi protocol involvec
displacements at a rate of 0.10 rs. Test results in terms of yield strengtt ), maximum strengt
(Hmay, displacement at the cventional elastic limit dy), maximum dsplacement dmay,
conventional elastic stiffnesg), defined a the secant stiffness 40% of themaximum strengtt
and observed failure mechanisnre shown irTable 5 Moreover, the theoreal predicted value
of the strengthHy , and Hmaxp and stiffnesske ), which are evaluated ug the experimente
mechanical properties, are pided. Figure 5shows the acting loadsl) vstop wall displacements
(d) curve for the WHDM2 prototype and the measured and predicted parais, which are used
evaluate the structural responsfest results reveal variations of maxim strength contaed
within 14% between the pulling d pushing phases, while the conventionaktic stiffness recorc
significant decreases up to 42% the pushing phase, due to the occurrenf local damages
some wall components in the prous pulling phase. Fohe WLE configuratins the collapse we
governed by the net section faili of diagonal strapsFig. 68, while WLD and WHD specimen
showed the brace yielding withoreaching therupture, in accordance withe maximum stroke ¢
the actuator Kig. 6b). The results highlight variations up to 10% betweere experimental an
theoretical strengths.

Table 5.Test results of monotonic tests on -scale walls

Type Hv (Hv,t) Hma) (Hmax,r) dv dma> ke (ker) Failure
[kN] [kN] [mm] [mm] [kN/mm] mode

WLE-M1  pull/push 64.9/65.6  66.3/66.6 18.7/24.2 36.7/35.3 3.5/2.% NSF/NSF

WLE-M2  pull/push 65.9/63.7 67.6/64.3 15.1/15.6 30.2/27.1 4.4/4.1 NSF/NSF
theoretical 62.0 61.4 - - 4.4 NSF
Exper./theor. - 1.05+1.10 - - 0.61+ 1.0C

WLD-M1  pull/push 56.7/58.8 61.7/62.3 14.1/18.6 214.5/244.2 4.0/3. BY/BY

WLD-M2  pull/push 56.0/54.4 64.2/56.5 13.1/17.0 237.9/139.0 4.3/3. BY/BY
theoretical 55.0 57.6 - - 4.9 BY
Exper./theor 0.99 +1.07 - - - 0.65 + 0.8¢

WHD-M1  pull/push 110.3/107.8 116.9/119.3 17.7/29.7 157.6/159.7 6.2/3.¢ BY/BY

WHD-M2  pull/push 109.5/114.2 118.4/119.3 18.6/40.1 203.5/217.6 5.9/3. BY/BY
theoretical 110.0 115.5 - - 6.6 BY
Exper./theor 0.98 +1.04 - - - 0.52 + 0.9¢

NSF: net section failure of strap-bracin@Y: brace yieldin¢

g Hv!nul_l) Hv(push) Hmax“ﬁm "I‘ma:(push)
120 ]
w 17 ‘
k. b ",ri -—1 Phase: Pull ]
- ; : — -ll Phase: Push ;:
i i I
g / i —ke(pull} ,i
26 JI =helpsn) /!
j O o prediction I
! 1 |
40 / H |
f’ k?{rw'h ,I :
/ i L
i k
20 5 |Keputn /o
AN L
0 d iy Sy fousn) T it Gt
0 50 100 150 200 250

d [mm]

Fig. 5. Monotonic test on WHDM2 specmen: load vs  Fig. 6. Monotonic tests on walls: axet section failur for
displacement curve WLE-M1; b) brace yieldindor WLD-M1



3.2 Cyclic tests

The cyclic tests have been carried out by adopting a loadotggol known as "CUREE ordinary
ground motions reversed cyclic load protocol” developed for wood wallddwyinkler et al. [14]
and modified for CFS strap-braced stud walls by Velcaewl [10]. The cyclic loading test
protocol consists of a series of stepwise increasing defanmatycles. The displacement
amplitudes have been defined starting from a reference deforntatoisA = 2.664y, where4, is
the displacement at the conventional elastic limit evaluated inntbeotonic tests on wall
specimens. The cyclic protocol involved displacements at a r&& ohm/s, for displacements up
t0 9.97 mm, 7.36 mm e 7.27 mm for WLE, WLD and WHD walls respectiaaky,of 2.0 mm/s for
displacement greater than those mentioned above. The adopted tesil govtd/LE specimens is
shown inFig. 7. Figure 8 provides the acting load#l)] versus the measured displacemen)s (
curve and the analyzed parameters for the WLD-C2 specimen. 3ililesref the cyclic tests are
shown inTable 6 The results show that the strength and stiffness recordetdedwb loading
directions have maximum differences of 4% and 15%, respectivelgpea variation of 26% for
the stiffness of WHD-C1 specimen. For all prototypes the obsenlapse mode has been the net
section failure of diagonal straps, except for WHD wall spensnwhich have showed the brace
yielding in the pushing phase. The results highlight variations 6% and 23% between the
experimental and theoretical values for strengths and stiffnespgeatively. The comparison
between the monotonic and cyclic responses in terms of strengthifmesstis quantified with
variations contained within 12% and 17%, respectively.

Table 6.Test results of cyclic tests on full-scale walls

HV (HVqF)

Hma> (Hmax,[)

dma>

Ke (Ke)

Tipologia [KN] [kN] ] KN/mm] Failure mode

WLE-C1 pull/push 69.6/68.9 70.6/69.4 38.1/35.7 3.7/3.4 NSF/NSF

WLE-C2 pull/push 68.0/69.9 68.3/70.5 26.5/31.3 4.0/4.7 NSF/NSF
theoretical 62.0 61.4 - 4.4 NSF
Exper./theor. - 1.11+1.15 - 0.77 + 1.07

WLD-C1 pull/push 58.7/59.8 63.1/64.4 176.2/165.5 3.8/4.0 NSF/NSF

WLD-C2 pull/push 58.7/60.0 66.6/64.9 141.2/144.8 4.6/4.5 NSF/NSF
theoretical 55.0 57.6 - 4.9 BY
Exper./theor. - 1.10+1.16 - 0.78 + 0.94

WHD-C1 pull/push 116.7/116.0 124.0/124.2  197.0/221.0 5.7/7.7 NSF/BY

WHD-C2 pull/push 112.9/111.6 118.9/124.2 67.5/221.8 7.5/6.7 NSF/BY
theoretical 110.0 115.5 - 6.6 BY
Exper./theor. - 1.03 +1.08 - 0.86 + 1.17

NSF: net section failure of strap-bracing ; BY: beayielding

210
180

0

Fig. 7. Cyclic protocol for WLE specimens

5

10

15 20 25

30

35

Number of cycles

40 45 50

55 60

Fig. 8. Cyclic test on WLD-C2 specimen: load vs.
displacement curve



4 CONCLUSIONS

An experimental investigation for the evaluation of the seismicviinaof CFS strap-braced stud
walls has been presented and discussed in the current paper. Thedalesutte from the wall and
connections tests show a satisfactory response in terms oftkjrel@jormation capacity and
stiffness. In particular, a good correspondence between wallieegoeal and theoretical predicted
values is highlighted in terms of strength (maximum gap of 16%)eThesults can be considered
as a reference for theoretical studies aimed at defininigedesign criteria for the investigated
systems.
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