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Abstract

In this papeexperimens are presentetb investigate the seismic responsatekl sheathecbld-

formed steel(CFS) shear wallsusing gypsum and fiber cement board claddin§ix steel
sheathedvall specimenf various cladding configurationsere testedunder cyclic loading

The use of claddings at either or both sides of the walls results in an increase of their lateral
stiffness, shear strength and energy dissipation capacity byGify & and 76%, respgkvely.

Onthe use of claddings connected to @S walls their effects on the shear strength must be

incorporated ito thecurrentdesign specifications for an efficient and safe design.

Keywords: Cold-formed steel, Shearstud-wall, Steel sheathing,Gypsum and fiber cement board cladding,

Shear strength, Energy dissipation.

1. Introduction

Steel sheathedcold-formed steel CFS shear wallsare identified amongst thdateral load
resistansystemsn ASCE710[1]. AISI S21307/S1-09 [2] and recently AISIS24316 [3,4] and
AISI-S400616 [5,6] present the nominal shear strength of steel sheathed CFS shear walls of
0.457 and 0.686 mm sheathing thicknesses with aspect ratios (i.e-tbeigtith ratios) of up to

2:1 and 4:1, respectivelf¥he use of single and double sided steel sheathing on CFS shear walls



increases the shear strength and energy dissipation capa@i8].[The stateof-the-art of the
steel sheathed CFS shear walls has been extensevédyved by the authors elsewh¢i@. To
protect thestructural elements of the wabgjainst fireand for the finishing purposesladdirgs
of differenttypesarebeingused which are commonly assumed aswustructuralcomponentsn
design While several research have been conducted ostthetural effect of claddings on various
configurations of CFS sheavalls [9-17], lack of research is evidefdr that of the steel sheathed
CFS shear wallAdham et al. 9] performedsix cyclic loading testen onesided X-strapbraced,
2.44 mx 2.44 mCFS shear walls, astof whichwerecladded byl6 mm gypsum board on both
sides Serretteand Ogunfunmi10] conducted a comparative experimental work2o#4 m x
2.44 m stragbraced CFS wallsvith and withoutgypsum boarccladding Gad et al. 11,12],
based on their experimental and numerical work, concludedhiatverall stiffness and strength
of the cladded strajoraced shear wallwerethe sum of the contributions frogypsumboard
and strapbraces Moghimi and Ronaghl[3] showed improvements ithhe racking resistance of
shearwalls and the distortional bucklingsistanceof studs and chord membesden cladded
with gypsum boardsResearch have also conductetd-17] on various configurations of
sheathing on the wallgsing oriented strand board (OSB), corrugated steel sheand gypsum
boardled to conclusions highlighting their effects thie shear strength of the walls.

The reportedincreaseof the shear strength of the wallsie tothe claddingengagemenimposes
additional forceson the membes in the load path towards the foundatiomhis effect could
evenually change theype of failure of the wall elements from a ductflglure (e.g. in sheathingp-
wall fasteners) to a brittle failure (e.g. chord stud bucklinghis is particulary important when
consideringa significant reduction in the energlyssipation capacity of theteel sheatheshearwalls

caused by thatterfailure as recently reported by the authpfg



Further, Bortage ofdesignspecification £-6] on the structural effects of claddings limits the
efficient design of such structureBmerican Iron and Steel Institut@lSI) Lateral Design
standard 2] recommends 30% increase cfhearstrength wherusinga wooden sheathing (or
OSB) on one side and fully blocked gypsum board on the other smfethe walls subject to
wind and other ifplane loading. @mmation of the shearstrengths ofdifferent sheathing
materialat both sides of the walls is not permitt@jl [

A comparative experimentatork wasconductedat the Building and Housing Research Centre
(BHRC) of Iran tostudy the structuraleffects(including lateral stiffness, shear strengtluctility

and energy dissipatiotapacity)of claddingon the steel sheatil shear wallsSix full-scalewall
specimes using different cladding configurationsof gypsum and fiber cement board®re
tested undelateralcyclic loading the resultdrom whichare presenteuh the following sectioa

The experimental results are compared against the predictions of the most recentsstandard
estimatinglateral strength of walls with multiple layers of the sheathing material and potentials

for design improvementre discussed.

2. Testing arrangemerts

Presented iTablel and Fig. lare six steel sheathastiearwall specimengladded with various
gypsum and fiber cement boardsnfigurations For ease of referencin§ G and Cstand for
steelsheathinggypsumand cement boardsrespectively The nominalthicknessgs of the steel
sheathingandthe wall membersvere 0.5 mm and1.25 mm, respectively The gypsumand fiber

cement boardsvere 15 mm and 10 mm thick, respectively.The specimen details, design
considerations, test setup, instrumentation, loading protocol and material properties are presented

in the following subsections.



Table 1
Shear wall test specimens

Specimen Front side sheathiigadding

Back side claditig

S Steelsheet (S)

SG Steelsheet (S)

SC Steelsheet (S)

GS-G Gypsum board Steelsheet(GS)
CSG Fiber cemenboard- SteelsheetfCS)
CsC Fiber cemenboard- SteelsheetfCS)

Gypsum boardG)
Fiber cemenboard(C)
Gypsum boardG)
Gypsum boardG)
Fiber cemenboard(C)
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Fig. 1.Plan cosssections othespecimens

2.1. Specimerdetails

Fig. 2 shows typical detasl and screw spacing arrangenwmf the test specimens.The

specimensvere 1200 mm wide and2400 nm high with the studs spaced 00 m. Built-up



backto-back lipped channelswere usedor the chord studs and a single stud placed in the
middle Single tracks were used at the top and bottom of theswHfle nominal depth of the
studs and trackeas 150 mm.The studs were connected to the top and bottom tthc&agh
their flanges by three No. 10x19 mm setfrilling — selftapping pan head screwBhe webs of
the built-up studs wereeonnectedo each otheby two lines of No. 14x32 mm hex washer head
(HWH) seltdrilling screwsat the spacing 0800 mm between the screws in each line. No.
10x19 mm seldrilling — selftappingpan headcrews were usei connecthe steelsheathing

to thewall frame The screws werpositionedalonga single line on the tracks and intaggered
pattern on the chorstudsspa@ed at50 mm.No. 6x32 mmand No. &41 mmselfdrilling screws
spa@dat 200 mmconnectedyypsum andiber cemenboards, respectively.

Blocking members were placealt the mid-height of the wallswith the same section as the
tracks conrected to thenterior and chordstuds (as seenin Fig. 3). The specific blocking

connectiordetailedto providehigher degree abrsionalrestrainng effect tothe studs
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Fig. 2. Framing details and screw arrangentdrthe test specimens
To resist shear forces foddSTM A325-M16 (with 16 mmdiameter boltstwo at each side)
were used to connedhe bottom tracko the base beanifwo hold-downs (fabricated in the
testing lah connectd the chord studso the base beamia ASTM A490-M20 bolts 0 mm
diamete) to resist the overturning forceBig. 4 showsthe hold-down details anddimensions
with relatively thick platego avoid uplift deformations Each holedown wasconnectedo the
chord studhroughthree lines of No. 14x32 mm hex washer head (HWH}dmdling screwsat

40 mm intervals



Fig. 3. Blocking details: (aJrrame prior to installation of sheathing, @pcking connection to
interior studand chord stud
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Fig. 4. Details of the bld-down

2.2. Design considerations

To estimate the shear resistance Sgecimen Sa smplified nonlinear pustover analysis
employed as detailed in a related woekently reportedby the authors [7]The steel sheathing
was modelledby anumberof pin-ended, tensicionly diagonal strips. A tension plastic hinge
wasusedat the midlength of the stripsThis accounts fothe sum of nominal shear resistance

values of the screwattachingthe steel sheathing to the wall membjétls To designthe wall



members of the specimens with claddirg{¥o and60% increaseo Specimen Shear resistance

was assumetbr single and double sidecladding, respectivelyThis assumption is basexh
recommendations drawn by research conducted on CFS shear walls cladded by gypsum boards
[10-17]. The design of the wall specimewsis based on the lateral load resistandbagravity

loading would have no detrimental effezhenthe capacity basedgproach followed in design

[18]. Based on the results obtained from the pushover analysis for the steel sheathed specimens
and the adopted shear resistance increase for the cladded specimens (mentioned earlier), a
capacity design approach was followed fietailed design. An ovestrength factor of 1.1
employed to anticipate the demand on the wall elements such as chord studs, hold downs, and
shear bolts. Accordingly, the design of the chord studs was governed by the overall buckling and
local buckling mode of failure and the holdowns were designed for the nominal tensile

strength of the chord studs.

2.3. Test setuand Instrumentation

Fig. 5 illustrates thavall specimens within theestrig supported on a strong concrete flagro
500kN, 300 mm strokdnydraulicactuatorsand the instrumentation layouthe top and bottom
tracks of the wallspecimenswere bolted toan auxiliary loadng beam anda base beam
respectively Lateral suppostplacedat both sides of the lo&ug beam toavoid potentialout-of-
planedeformatios during the test The specimenswvere loadedusing adisplacementontrol
loadingprotocolpresented in section 3.4h&appliedforce andtherelevant displacementsere
measured throughout the te3iwo universal load cells were placed between the hydraulic
actuatorand the supporting framefo measure the vertical and horizontal displacements of the

chord and interior studs LVDTs were placed at top, middle and battdhe specimeifasseen



in Fig. 5). Two strain gauges were pasted on the web of the right chord stud at 1/6 ahthB/6

wall heighs.
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Fig. 5. Test setumndinstrumentation layout

2.4. Loadingprotocoland materialproperties

Presented in Fig6 are theloading cyclesapplied inconformancewith the CUREEprotocol
specifiedby Method C inASTM E2126[19] in a displacement contrahode The reference
deformation A=48 mm @.0% ofthe wallsheigh) was usedfor consistency purposes, for all

specimens
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Fig. 6. Loadingcycles (CUREE protoco[)19]
Summarized inTable2 are he stressstrain characteristics of the steel pladésainedvia tensile
coupon testgonforming toASTM A370[20]. The steel grade of 230 MPASTM A1003[21],
was used for sheathing and framimgmberswith the specified minimum yield strength and
tensile strengtiof 230 and310 MPa respectivelyThe zinc coating was removed to measure the
true thickness of thdensile coupons The material ductility specificationsof tensildyield
strengthgreaterthan 1.08 and theminimum 10% elongation on a 50 mm gge lengthrequired

by AISI S10012[22] were met

Table 2
Coupon test results
Member Uncoated Yield strength Tensile strength FJ/F, Elongation
thickness (mm) F, (Mpa) Fu (Mpa) (%)
05 mmsteelsheet 048 273 351 129 27
1.25 mmstudtrack 1.20 325 356 110 34

3. Testresults and discussion

10



The hysteretidbehaviour, &ilure observationsfundamental characteristicenergy dissipation

evaluationstrain gauge resulend $ear strengtlof the claddingsrepresenteds follows

3.1. Hysteretic behavior andilure observations

The obtained hysteretic responses anddhserved failure modest different stages of loading

of all the specimens are presented in Figs.10. The difts wereworked outfrom the measured
displacementt the tip of the walls divided by the total height which is 2400.riime points
identified by circles on the hysteretic curves represent the observed progressive failure modes
described as follows. PdgB and B correspond to the sheathing shear buckling at the early
stages of loading. The load sustained and increased in the BC region mainly due to the tension
field action and podbuckling strength in the steel sheathing as well gdane shear stngth of

the cladding. The hysteretic curves show a significant pinching mainly due to the buckling of the
steel sheathing during the early cycles. As expected, the peak load (Points € and @e

initial stiffness of the walls having claddings on bsities (GSG, CSG and CSC) were higher

than those of the walls having earled or no claddings (S,-€ and GS). At the proximity of

Points C and Cthe steel sheathing fasteners failed in bearing and cracks initiated in the gypsum
and fiber cement boasdclose to their fasteners. These were intensified and caused a sharp
strength degradation in CD region. Fig. 8 shows the overall view of the front side (refer to Table
1 and Fig. 1) of all the specimens at 2.5% drift aptective views representing thailtires

experienced in CD region. A detailed failure observations is described below.

11
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Fig. 7. Experimental hysteresis and envelope curves
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b. Bearing and cracks in cladding connections

Fig. 8 Overall views of the front side of all the specimens at 2.5% drift and seléative
views in the region CD

a. Bearing tilting and pulkthrough failurein steel sheathing connections

The bearing failure irsteel sheathingcrewconnectionsntensifiedby tilting and pulithrough
modes of failurein higher load increments arfthally led to rupture and significant damage
aroundthe screw holesThe latter failure ishown for Specimens S;Gand CSC selectively in

Fig. 8.
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b. Bearingactionand cracls in cladding connections

Bearingactionand cracksaroundthe cladding fasteneholes occurredmainly due to thenon
uniform deformation between the claddings and the wall frarBeskling andoutof-plane
deformationof the steelsheathing caused even more severe damages in these connébises.
are shown in Fig. 8 for Specimengs5 SC and CSS (progressivelydr SC).

c. Pulling throughfailure in claddings

As seen in Fig. 9he pulling throughfailure of the claddingscrews at higheroading increments

led to partial detachment tfe claddings from the wall frames

- ¢ 4
S-C: (drift=3.75%) S-G: (drift=3.75%) CSC: (drift=2.0%)
Back side Back side Front side Front side
Fig. 9. Pulling througHfailure in claddings

d. Fracturesin claddings
The initiated cracks around the cladding connections caused fraciturtes following cycles

mainly at the bottom corners where stress concentration developed due to the overturning

14



moment and the shear force effedtbe cladding factures for Specimen$sSand SC in region

CD are shown in Fig. 10.

SG
Fig. 10. Cladding fractures in region CD

3.2 Fundamental characteristics

Presented in Tabl@ are thesecant &ffnessvaluesat 1% drift, he peaload per length of the
walls and thedrifts at 80% postpeak load The use of single and doubkded claddngs
increased thehearstrength by31 and80% and the secastiffness by32 and67%, respectively
compared tahose of thespecimerwithout cladding(Specimers). These values are those of the
specimens having cement board claddingsC(@and CSC) which werehigher than the
corresponding values of their counterparts with gypsum board claddif@safsl GSG). On
comparing the resulfer different claddingsthe CSC specimerpresentednore brittle failuran
the cladding connections (reported in Section,3H)ssharper loss of strengthan theGS-G

specimer(see Fig. 7)
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The drifts atthe 80% pospeakload were 2.76, 2.72 and 30% forthe double sided cladding
specimengGS-G, CS-G and G-C), respectively The performance dhose cladded by gypsum
boardslied within the acceptable limit (greater tharb% specified in ASCETO [1]). Forthe

singlesided claddingspecimens(S-G and S-C), the obtaineddrifts were 2.10 and 2.06%

respectivelywhich areless than the acceptabilmit of 2.5%.

Table 3

Fundamental characteristics of the shear walls

Specimen Stiffness at 1% drift Peak load Drift at 80% postpeak load
(KN/m/mm) Normalised (kN/m) Normalised %

S 0.80 1.00 21.3 1.00 2.34

SG 0.95 1.20 252 1.18 2.10

SC 1.05 1.32 279 131 2.06

GSG 1.07 1.34 30.9 1.45 2.76

CsG 1.08 1.36 35.0 1.64 2.72

CsC 1.33 1.67 38.2 1.80 2.30

3.3. Energy dissipation evaluation

To evaluate the energy dissipaticapacity of thecladdedshear walls two methods were
employed: (i)the equivalentenergy elastic plastic (EEEP) curve conforming toASTM E2126
[19], and (ii) the cumulative energy dissipatioflustrated in Fig.11 is the EEEP methodthe
area under theilinear elasteplastic curveequalsthat ofthe backbonecurve at80% postpeak
load

TheEEEP curveparametergas seen in Fidll) areas follows

Vyield = yielding shearresistanceer lengthof the wall(kN/m)

Ayield = yielding displacement Myieid

Ke = elastic stiffnesper length(kN/m/mm)

Ay = displacement a&f =0.8Vpeak (postpeak)

A = area undepriginal curve(energydissipation at 80% postpeakload

16
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Containedin Table 4 arethe EEEP results for all the specimens derifredh the backbone
curves of the hystereticeversedcyclesandthe bilinear EEEP curv8he doublesided cladding
specimes (GS-G, CS-G and G-C) dissipaed energyin average0% higherthan thosewith

singlesidal claddings(S-G andS-C). Thehighest ductility ratiacorresponds tthat of Specimen

GSG, whichis 27% higher than that of Specimen S with no claddings

Table 4

EEEPresultsfrom reversed cycles

Specimen Vyield  Ayield  Ke Vu Ay Driftosu A M
kN/m  mm KN/m/mm KkN/m mm % N.m

S 194 172 1.13 17.0 56.2 2.34 924 3.3

SG 219 114 1.92 20.1 50.5 2.10 979 4.4

SC 242 13.1 1.86 22.3 495 2.06 1043 3.8

GS-G 272 159 171 247 66.1 2.76 1583 4.2
CSG 30.3 18.1 1.67 28.0 65.3 2.72 1705 3.6
CSC 358 226 1.59 30.6 55.2 2.30 1573 2.4

The cumulative energgissipation(E) curvesderived from the hysteretioad-deformationsare

shown in Fig.12. The pointsmarkedby symbol “ x correspondo 80% posipeak loadswhich

17



are the intetion of comparson hereinThe use ofloublesided cladding$GS-G, CSG and CS
C) increasd the energydissipationby 37% and76% in averagecompared withthat of the

singlesided(S-C and SG) and no claddingS) specimengespectively.

E (kJ)

Drift (%)

Fig. 12. Cumulative lysteretic energy dissipation of all specimens
3.4. Strain distribution inthechord studs
The drain distribution was recorded along the length of the chord studs (see Fig. 5 for the strain
gauges locationsyvhich arethe most critical elements of the wallBg. 13 (a) shows the strain
values normalized to the yielding straitdf) recorded at the base of the chord studs for
SpecimensS, S-G andS-C. The maximum strairior each of the specimensurroundedby a
circlein Fig. 13 (a)jndicates the magnituddess thathe yieldingstrain The strain distribution,
however, cannot be assumed uniform over the eesson due to the local elastic buckling and
postbuckling stress redistribution effects. A more acceptable approximation of the chord studs
forcelevels can be obtained by calculating the normalised average stresses shown in Fig. 13 (b).
This calculation can be performed setting the external equations of equilibrium of th&heall.

higher strain values in the cladded specimens showing an incrpatse 68% reflect higher

18



induced loading demand in their wall elements. This increase must be considered in design to

avoid unfavourable modes of failure. Some aspects of design are addressed in Section 4 as

follows.
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Fig. 13. (a) Normalisedlocal strains( ye= 0.2%)at the base of the chord studs, (b) normalised
average stress¢s, = 230 MP3 for Specimens SS-G andS-C.

3.5. Shear strength of tleaddings

Fig. 14showsthe envelope curngof the tested specimerfdashed lines) subtractéy the base
Specimen dsolid line), representing the shear strength of the claddiligs evident that the
effect of the claddings on the wall shear strength is significant (especially for mualaded

specimens) and must be accounted for in desigisagssed in Section 4.

19



N
D

_ —s

E -~

Sl (S-G)-S s \X

< — --(S-C)-S VAN
% g | (GS-G)-S ',’ PN
2 — —(CSO)S [L A N
: e (CS-C)-S " \\\/._\.\-\.‘_
5 0 T .
S N \

5 Y /;

ke 8 e M

% \‘3{.0 / /

S N

o

= \_/

wn

-24

A

-2 0 2 4
Drift (%)
Fig. 14. Subtracted envelop curves of the cladded specimens

4. Design recommendations

The experimental results presented in Section 3.2 showed that cladding steel sheathed shear
walls by gypsum and fiber cement boardegittier sides would result in a higher shear strength.
The design specifications presented in ABR1307/St09 [2], however, have not yet
incorporated the shear strength increase due to the cladding effects of a variety of materials
comprehensively This is due to the shortage of research on shear walls having different
sheathing materiald$n thefollowing subsectionsthe nominal shear strengtif the walls tested

in this study ar@liscussed@¢omparatively tahe design specifications

4.1. Nominal sheastrength using current design specifications for muligéelded walls

Taken into account the current design specificatidS1¢S21307/SE09 [2] and recently AlSI
S40016 [5]), for walls with multiple layers of sheathing materidde nominal sheastrength
(presented in Table 5Yn, desigs Can be taken as a greatertwb times theshearstrength of the

weaker (2¥%nw) and thestronger(Vn ¢ claddings The values foWnw can be calculateftom the
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peak loads \(peay Of Specimens &£ and SG subtacted bythat of Specimen SThe shear

strength value of 21.3 kN obtained for Specimen S is assuméd s all the specimens.

4.2. Nominal shear strengthased on theveralltest results

The nominal shear strength of the tested shear \abtscalculatedbased on th@verall test
resultsaspresented in Table. Fwo design approachéspecifiedin US and Canada standards)
[2, 6] wereadoptedbased on whiclhe nominal shear strengiascalculated a¢i) the smaller
valueof Vpeak the peakshearoadand 2.%Vosn, the shear valuat 0.5 in. displacemerVny),
and (ii) Wyield determined by th&EEP analysis ¢eesection3.3) (Vi2). The results show more
conservativefigures for the latter \(n2). On comparingthe availableVy, design (discussed in
Section 4.1) and the adopted approaches irsg#ason the differences are noticeafilee Vy/ Vy,
designratios show a maximum of 80% difference betweemtirainalshear strengtbased on th
overall test result&ind that of the currentpscifications which reflect a significant effect of
claddings on design which must be taken into account. This is critically important for a safe
design using capacilyased design approach iroportioning the wall componentBinally, the
overstrengthfactor presented in Table iS the ratio 0fVpead VyielaWhich can be roundetb 1.10

in design
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Table 5
Nominal sheastrengthand overstrength valuesf walls with multiple layers of claddings

Vn| design Vn1 us) Vh2 (Canada)
Specimens 2%Vhw  Vhs Vpeak 2.5%\/05n Vyield Vn1/Vh, design Vno/Vh, design Vpeallvyield
(kN/m)  (kN/m) (kN/m) (kN/m) (kN/m)
S - 21.3 21.3 33.6 194 1.00 0.91 1.10
SG 7.80 21.3 25.2 43.5 21.9 1.18 1.03 1.15
SC 13.2 21.3 27.9 44.2 24.2 1.31 1.14 1.15
GSG 7.80 21.3 30.9 43.0 27.2 1.45 1.28 1.14
CSG 7.80 21.3 35.0 45.9 30.3 1.64 1.42 1.16
CSC 13.2 21.3 38.2 50.8 35.8 1.80 1.68 1.07

5. Concluding remarks

By means of experimenthe effect ofgypsum andhe fiber cementboard claddngs on the

seismic performance dhe steel sheathe@FS shear wallstructureshas been studiedSix

specimens were designedd tested under cyclidisplacementontrol loading The following
conclusions are drawn:

1 The shear strength asgcantstiffness of the CFS steel sheathed wedla be increased by
up to31and32% for singlesided and0 and67% for doublesided claddings, respectively.

1 The hysteretic energy dissipation can be increased by 37 and 76% in average when using
double sided claddings compared to sirgjteed and walls with no cladding.

1 The ductility ratio can be increased when using claddiagseither sidegprovided brittle
failures avoided ithe cladding connections and thus sharp strength degradatoarred in
specimen with doublsided cement boards) prevented

1 The required 2.5% drift at 80@ostpeak load specified b SCE710 was exceeded by the

doublesided cladding specimens using gypsum boards at either or both sides.
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1 Following the capacity based design approach the specifications on the wall shear strength
available in the currenstandards do not suffice efficient and safe design and need to

incorporate the effect of variety of cladding materials.

Acknowledgments
The authorsare grateful tothe Building and Housing Research Center (BHR®)Iran for
providingtestingequipment andechnical support anBlaya Sazeh Pasargad CO, Kniaah CO

and SHERA Cdor providing testingspecimens anchaterials

References

[1] ASCE/SEI 7. Minimum design loads for buildings and other structures. USA: American
Society of Civil Engineers; 2010.

[2] AISI-S21307/S1-09. North American standard for cefdrmed steel framing- Lateral
design. Washington, D.C.: American Iron and Steel Institute9.200

[3] AISI-S24016. North American standard for celdrmed steel structural framing.
Washington, D.C.American Iron and Steel Institute; (Final draft passed by the committee).

[4] AISI-S24016. Commentary on North American standard for dolthed steel structural
framing. Washington, D.C.: American Iron and Steel Institute; (Final draft passed by the
committee).

[5] AISI-S40016. North American Standard for Seismic Design of Getamed Steel Structural
Systems.Washington, D.C.: American Iron and Steel Institute; (Final draft passed by the
committee).

[6] AISI-S40016. Commentary orNorth American Standd for Seismic Design of Cold
FormedSteel Structural Systemi@/ashington, D.C.: American Iron and Steel InstitgEenal
draft passed by the committee)

[7] Mohebbi S, Mirghaderi R, Farahbod F, Bagheri Sabbagh A. Experimental work on single and
doublesided steel sheathed cedlokmed steel shear walls for seismic actions. TWialled
Struct 2015;91:5G2.

23



[8] DaBreo J, Balh N, Ongone C, Rogers CA. Steel sheathed doltned steel framed shear
walls subjected to lateral and gravity loading. TWialled Sruct 2014;74:2325.

[9] Adham SA, Avanessian V, Hart GC, Anderson RW, Elmlinger J, Gregory J. Shear wall
resistance of lightgauge steel stud wall system. Earthquake Spectra 1991;6(1):1

[10] Serrette R, Ogunfunmi K. Shear resistance of gypsoeatied lightgauge steel stud walls.

J Struct Eng ASCE 1996;122(4):383

[11] Gad EF, Duffield CF, Hutchinson GL, Mansell DS, Stark G. Lateral performance of cold
formed steeframed domestic structures. J Eng Struct 1999;29583

[12] Gad EF, Chandler AM, Ofield CF, Stark G. Lateral behaviour of plasterboealad
residential steel frames. J Struct Eng ASCE 1999;125(18):32

[13] Moghimi H, Ronagh HR. Performance of ligituge coleformed steel strap braced stud
walls subjected to cyclic loading. Eng Str@a®09;31:6983.

[14] Serrette RL, Nguyen H, Hall G. Shear wall values for light weight steel framing. Santa
Clara, CA: Santa Clara University; 1996 (Report no. LGSR¥S).

[15] Fulop LA, Dubina D. Performance of watud coldformed shear panels undaonotonic
and cyclic loadig Part I: Experimental research. Thivialled Struct 2004;42:3238.

[16] Xuhong Z, Yu S, Tianhua Z, Yongjian L, Jin D. Study on shear resistance efocoidd
steel stud walls in residential structure. Advances in Engine&ingtures, Mechanics &
Construction 2006;142: 428351.

[17] Liu P, Peterman KD, Schafer BW. Test Report on Gadmed Steel Shear Walls. GFS
NEESRRO03, June 2012.

[18] Hikita K, Rogers CA. Combined gravity and lateral loading of light gauge steel frao/
panel shear walls. Montreal, Canada: Department of Civil Engineering and Applied
Mechanics, McGill Uniersity; 2006 [research report].

[19] American Society for Testing and Materials (ASTM). Standard test methods for cyclic
(reversed) load test for shr resistance ofvalls for building. ASTM E2126. West
Conshohocken, USA. 2007.

[20] American Society for Testing and Materials (ASTM). Standard test methods and definitions
for mechanical testing of steel products. ASTM A370. West Conshohocken, USA. 2006.

24



[21] American Society for Testing and Materials (ASTM). Standard specifications for steel
sheet, carbon, metalli@and nomametalliccoated for coléformed framing members. ASTM
A1003/A1003M-11. West Conshohocken, USA; 2012.

[22] AISI-S10012. North American Specification for theéDesign of ColdFormed Steel

Structural Members. Washington, D.C.: American Iron and Steel Institut2; 20

25



