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SUMMARY:

Cold-formed steel (CFS) has been an attractivergtive to traditional materials and light steelnfred (LSF)
building has been a suitable replacement for fiadit building systems. Light steel framed (LSF3teyns with
cold formed steel members have a widespread usdoferand medium rise residential, industrial and
commercial building construction in the US, AusaalCanada, Japan and some European countriescémtr
years important research activities have been teddsn in order to evaluate the performance of {gguge
steel stud walls. This paper reviews the researelatuated the lateral behaviour of sheathed ColdrEd
Steel shear walls and Cold-Formed Steel strap-braedls. Many of the researches concern aboutédtesdl
performance of the light wall systems and have $eduon the failure modes of different systems amdhe
main factors contributing to the ductile responthe CFS walls.
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1. INTRODUCTION

The steady-growth in the housing requirements hasergted the searches for new constructive
materials and construction methods to improve djémlity, cost-efficiency and ease construction.
Cold-formed steel (CFS) has been an attractiveratve to traditional materials such as concrete o
timber while light steel framed (LSF) building Hasen a suitable replacement for traditional bugdin
systems. LSF systems with cold formed steel memihave a widespread use for low and medium
rise residential, industrial and commercial buitdiconstruction in the US, Australia, Canada, Japan
and some European countries. The advantages offawoietd steel, such as being dimensionally
stable, non-combustible, termite and borer proafalle, lightweight and 100% recyclable, are the
main factors for this increase in use.

Cold formed steel (CFS) walls can be built up frGashaped light gauge steel studs fastened to C-
shaped light gauge steel tracks at the top andidtiaving different solutions for interior and aide
cladding. In order to maintain the integrity of $kestructures when subjected to horizontal foroes d
to wind or an earthquake, the use of diagonalsile€! strap cross bracing or structural sheathiag a
practical solutions. The straps act as a vertioakentric bracing system which transfers the latera
forces from the roof and floor levels to the fourola The overall lateral strength, ductility and
stiffness of this bracing system may not be relatadly to the steel straps; many other elementsan
lateral load carrying path can play a role, suclthasstrap connections, the gusset plates (if mhede
the anchorage including hold down and anchor rad, @S walls with structural sheathing named
shear walls are the main structural elements whitlagainst horizontal loads. However, the behavior
of shear walls subjected to earthquake is notylst tinderstood, in recent years an important éffor
has been made to clarify certain aspects relatetheéd shear strength, stiffness and ductility.
According to experimental evidences, the perforreapicthe wall panels, as a whole, is governed by
the performance of the connectors e.g.: sheetirglideting connectors, and sheeting-to-framing
connectors.



This paper reviews the researches which have dealuhe lateral behaviour of sheathed Cold-
Formed Steel shear walls and Cold-Formed Stegb-biraced walls. Almost all studies approach the
problem of seismic response of these walls by dbarizing, experimentally and numerically, the

performance of wall panels. Many of them conceraualihe lateral performance of the light wall

systems and have focused on the failure modes ftdrelit systems and on the main factors
contributing to the ductile response of the CFSsval

2. RESEARCHESON THE CFS STRAP-BRACED WALLS

Rogers et al. [1] have a research to evaluateniastic lateral load carrying performance of tgpic
weld and screw-connected single-storey strap bra@ddconfigurations. These walls were designed
based on the capacity approach, required for thigef limited ductility walls, as described in&it
S213 [2]. The results were used to verify the shiggred wall seismic design provisions in the 2007
version of AISI-S213. The scope of the researcl aisluded the determination of “test-based”
seismic force modification factors based on thesuesad ductility and over strength of the test walls
for comparison with the R-values recommended inl/AS13. The strap braces were expected to
experience gross cross-section yielding along tlegigth, while the other elements in the seismic
force resisting system (SFRS) were selected tdoleeta carry the probable brace capacity. A tofal o
44 tension- only X- braced walls ranging in sizenir610-2440 mmto 2440-2440 mf(aspect ratios
from 4:1 to 1:1), designed in three brace sizestange wall sizes consisting of light, medium and
heavy CFS construction. All wall specimens wer¢egsising displacement controlled monotonic and
reversed cyclic protocols.

Test results consisted of material properties lier straps, chords, tracks and gusset plates, neesur
wall performance and failure mode and seismic foncaification factors. The results of this testing
illustrated the ability of walls with an aspectioaiess than or equal to 2:1 to reach and mairiteeir
yield resistance in the inelastic range of deforomaif capacity design principles were implemented
and material requirements were met, as describ@dShS213. It was, however, recommended that
the use of high aspect ratio strap braced walls,hiaving aspect ratios greater than 2:1, be asloide
unless the moments associated with flexure of tierdc studs are included in the capacity design
procedure for these studs. Inelastic deformatiesslted from brace yielding in the 1:1(2440 mm) and
2:1(1220 mm) aspect ratio walls, where as the 810 (mm) walls experienced combined axial
compression and flexure of the chord studs and amlyimal brace yielding. The seismic force
modification factors 2.0 and RB=1.3 listed in AISI-S213 were appropriate for t#2Q and 2440
mm long walls, however not for the 610 mm long walthich did not show adequate ductility or over
strength.

Moghimi and Ronagh [3] studied on 20 full-scale@p®ns of CFS strap-braced walls to evaluate the
performance of five different bracing arrangemeoysmeans of cyclic loading. In the first strap-
bracing scheme, similar to the conventional braciognal in Australian trade practice, straps were
screwed to top and bottom tracks and to left agldt studs. These walls were tested with and without
vertical load. In the second scheme four bracketse placed at the four corners of the wall. The
strength, stiffness and ductility of this systemudodepend mostly on the brackets' shape and size a
to a lesser extent on the chords. The effect osgypboard in conjunction with bracket members was
studied. The third scheme investigated direct saemnection of straps to the four outer corners of
the wall panel. The effects of chords, verticaldoand double side-strap bracing on the lateral
performance of this wall system were investigatedimilar study was conducted for the connection
of straps to the interior frame joints. Finallyettateral performance of a wall panel strap-bragitd
gusset plates at four corners was investigatedthgllspecimens were designed based on FEMA 450
[4] regulations apart from Type I. The followingfedfts were studied in this research: the effect of
vertical load on the lateral response, the efféctom-structural gypsum board on lateral perforneanc
of a strap-braced wall system with and without igaftload, the effect of double-sided bracing, and
the effect of doubling the chords. The followinguks were made from the study.



1-In general, it would be more conservative notirtolude gypsum boards in lateral resistance
calculations. 2-The conventional bracing type iagtice, rendered unacceptable results because of th
premature distortional buckling of the left andhtigtuds. 3-If the chord members were selected so
that each chord could carry the strap's full resist capacity (due to yielding and strain hardening
the strap material), the existence of a concurwemtical load up to 80% of actual vertical load
capacity of the remaining studs would have no axveffect on the lateral load resistance of thé wal
panel. 4-Adding brackets at four corners of thel ywahel would improve the lateral performance
(strength, stiffness and ductility) of the wall paconsiderably. 5-Double-side bracing did not o#e
great deal of advantage over single-side bracingrwén wall panel was designed to allow straps to
develop their full plastic capacity. 6-Although gas plates provided enough room for connecting
straps to the panel (eliminating the possibilitystfap-to-panel connection failure), and preseited
good performance with sufficient ductility and Bt#ss, they would be manually too labor intensive,
their added thickness may cause aesthetic probdierso unevenness of the covering plasterboard,
and weakness at the position of the tension uhé Wwould remain a problem. 7- Using double section
chords would offer a lot of advantages, such angthening of the track-to-stud joints under begrin
failure and providing more room for the insertidrsorews that connect the strap to the wall paiel.
Strap-braced walls without gypsum board or brackembers presented severe pinching in their
hysteretic loops due to plastic slack of strap &saand lack of redundancies. This may triggerléritt
connection failure or damage to non-structural elets1 The use of brackets would be therefore
recommended at the corner of the wall panels.

In another research, Moghimi and Ronagh [5] intoedunew strap- bracing systems that comply with
codes provisions and satisfy ductility criteria.eTpprogram consisted of nine full-scale specimens to
evaluate the performance of four different strapebd walls. The first strapping scheme had four
brackets at the four corners of the wall. Strengtiffness and ductility of this system depended
mostly on the bracket’'s shape and size and to @rl@xtent on the chords. The second scheme
investigated direct screw connection of strapsh four outermost corners of the wall panel. A
similar study was conducted for the connectionti@ps to the interior frame joints. Finally, théekal
performance of a strap-braced wall panel with setidp connected to gusset plates at four corners
was investigated.

Based on the results, following conclusions cowddibawn: (a) New systems for strap-braced system:
1- Adding brackets at four corners of a wall pamelld improve the lateral performance of the panel
considerably, even in the case of using only alsimjud as a chord member. 2- By choosing
appropriate perforated straps, the tearing of thepsat the tension unit location or at the st@p-t
frame connection would not occur. In addition, giey of the strap would occur along side the
distributed holes. For a strap with close tensilé geld strength, perforating may be the only @pti
to eliminate the brittle tension failure. (b) Appriate details to improve seismic performance of
strap-braced system: 1- When straps are conneoteétet exterior chord—track joints, the overall
buckling load capacities of these members woulddve especially when hold-downs were not
provided at the top track. In order not to allove thndesirable buckling failure modes to govern,
double back-to-back studs could be used as chordbees. This restored the strap yielding failure
mode as long as the chords were properly conndotéghcks. 2. The performance of the X-strap
system could be improved by placing four C-sectiattoffs in the track at the four corners of the
frame where the straps were connected. 3- Whepsstvare connected to interior joints, a very good
performance was observed, even with single chardsaaop track without hold-downs. 4- The initial
slackness in the strap should be as small as pessibherwise, premature failure in the strap at th
tension device location would occur. 5- When hobdvds were located inside the frame, better
performance and strength would be achieved, inrashto hold-downs that were connected to the
outer face of the chord members, due to higher lgngcshear capacity. (c) Lateral performance of
strap-braced system: although the system repesdaghly pinched hysteretic behavior, it would be
still very much ductile and could reach a shearstasce equal to that of the first cycle in every
subsequent stabilized cycle.



3. RESEARCHESON THE SHEATHED CFSSHEAR WALLS

Pan and Shan [6] are focused on the experimenidy sif the structural strength of cold-formed steel
wall frames with sheathing under monotonic sheadilog. Two aspect ratios, 1.0 and 2.0 were
considered in the design of wall specimens. Thréferent kinds of sheathing material, gypsum

board, calcium silicate board, and oriented-stiamakd, with two different thicknesses (9 and 12 mm)
were adopted in the test specimens. Totally, 13 sgEcimens including 5 walls with gypsum board

sheathed, 5 walls with calcium silicate board diedt 2 walls with oriented-strand board sheathed,
and 1 wall frame without sheathing were tested. @itienate strength, stiffness, energy absorption,
and ductility ratio were studied for each test spea.

Based on the test results, the following findingsrevconcluded: (1) there were five types of failure
for wall specimens with sheathing 1-Bearing failafesheathing material, 2-Shear failure of self-
drilling screw, 3-Sheathing relative movement, ddture of sheathing material and 5-Deformation of
stud and track. The bearing failure of sheathirmgiad the self-drilling screw area and the sepamatio
between sheathing and screw were the main reasomgluce failure. (2) Based on the test result
analysis, the full-size specimens with two-sideashigs had the highest ultimate strength, and wall
frame without sheathing had the lowest value ofiimate strength, as expected. And the ultimate
strength of wall frame with sheathing increasedhwitcreasing the thickness of board. (3) As
comparing the ultimate strength for the same tyjpspecimens, the wall frame with OSB sheathing
had the greatest value, the wall frame with calcgilicate board had the secondary value, and the
wall frame with gypsum boards had the smallesteza{d) The ultimate strengths of specimens with
one-side sheathing were about 50% less than thfageeoimens with two-side sheathing for the wall
frames having the same aspect ratio. And the ulirsisengths of specimens having an aspect ratio of
2.0 were about 35% less than those of the speciitmnag an aspect ratio of 1.0 for the wall frames
with the same sheathing configuration. (5) The gyneabsorption of full-size or half-size specimen
with two-side sheathing was greater than the fak-®r half-size specimen with one-side sheathing.
For the same type of specimens, the specimen withiuen silicate board had the highest value of
energy absorption, the specimen with oriented-dttarard had the secondary value, and the specimen
with gypsum had the lowest value. (6) For the gpeais with the same sheathing arrangement, the
ductility ratio of the half-size specimen was gegahan that of the full-size specimen. And, fog th
specimens with the same aspect ratio and sheathaterial, the ductility ratio of the specimen with
one-side sheathing was greater than that of theimpa with two-side sheathing. (7) For the cold-
formed steel framing wall employed to resist shieace, it was suggested that the design ductility
ratio of wall sheathed with gypsum board, calciulicate board, or an OSB may be assumed to be
6.6, 3.8, or 3.9, respectively. However, changesanéw arrangement and anchor condition would
affect the ductility ratio. From the test resuitsshowed that the mechanic properties of sheathing
material would influence not only the specimenadimg capacity, but also the structural behavior.

Yu and Chen [7] studied on the cold-formed steedl Stamed shear wall using steel sheet sheathing
(referred as CFS sheet steel shear). Although #B& m wide 2.44 m high CFS shear walls were
practically used in the field, it had not been ctstely studied and the codified nominal strengths o
CFS sheet steel shear in AISI-S213 were only baseskperimental results on 0.61 and 1.22 m wide
and 2.44 m high walls. Therefore the objectivehsf tesearch was to experimentally investigate the
behavior and shear strength of 1.83 m wide 2.44igh ICFS shear walls and to identify the
appropriate framing and sheathing details to ensatsfactory seismic performance. The test
program included both monotonic and cyclic testsadotal of 19 CFS shear walls using 4 different
framing and sheathing configurations. The varimst parameters were framing member web depth
and thickness, sheathing sheet thickness, joirt datails, and shear wall bracing details. The test
results indicated that besides the sheet bucklidgsarew pull out, the interior studs may bucklewh
the 1.83 m wide shear wall was subjected to cyatieral forces if the minimum framing required by
AISI-S213 was used without additional detailing. @revent the failure in the studs, special detgilin
was developed in the research. It was discoveratlttie special detailing could increase both the
shear strength and the ductility of the shear wdlle research also found that the codified nominal



shear strengths could be conservatively used fdis wath an aspect ratio of 3:2. Based on the test
results, the nominal seismic shear strength fa i&vide CFS shear walls was established for design
purposes.

Yu [8] also presented a research project aimed/atuate shear strength values for 0.686 mm, 0.762
mm, and 0.838 mm steel sheet sheathed CFS shdarwitil aspect ratios of 2:1 or 4:1. The project
consisted of two series of tests in a displacercentrol mode. The first series was monotonic tiests
determining the nominal shear strength for winddfarhe second series was the cyclic tests using
CUREE protocol to obtain the shear strength fosmé& loads. The studied shear walls used 0.838
mm or 1.092 mm thick CFS framing members. The $limegtwas only attached to one side of the
frame. No. 8 modified truss head self-drilling sesewere used for all the test specimens. Two wall
aspect ratios were investigated in this test progra44 m wide-1.22 m high (aspect ratio 2:1) and
2.44 m wide-0.61 m (aspect ratio 4:1). The testapaters also included three steel sheathing
thicknesses: 0.686 mm, 0.762 mm, and 0.838 mm laree fastener spacing configurations on the
panel edges: 152 mm, 102 mm, and 51 mm. The fasggeing in the field of the sheathing was
305mm for all shear walls. A total of 30 monototests were conducted in this test program. The
nominal shear strengths were calculated as thegeeaf the peak loads of two identical tests. Altot
of 30 cyclic tests were conducted and the nomihehs strength was determined as the average peak
load of all the identical tests. The nominal sheteength for wind loads was based on monotonic test
results and the nominal shear strength for seitmaids was obtained from the cyclic tests. Therefore
the nominal shear strengths for wind loads andrseitoads were established from the test results.
Test results indicated that a linear relationshupld be assumed between the nominal shear strength
and the fastener spacing at panel edges. In gtiptegram, fastener spacing of 152 mm, 102 mm, and
51 mm were investigated, therefore the nominahgtiefor walls with other fastener spacing could be
estimated accordingly. The buckling of the stee@ashing and pullout of sheathing screws were the
primary failure modes for sheet steel CFS shealswélange distortion of the boundary studs
subjected to tension was also observed on the withs251 mm/305 mm screw spacing. This project
also showed that CFS framed shear walls with lagmect ratios had relatively low stiffness but
yielded significantly large drift capacity. The AlBateral Design Standard permits some CFS shear
walls resisting wind or seismic loads to exceed2tieaspect ratio limit, but requires that the rethi
shear strength be reduced by a factor of 2w/hiosé assemblies with a height to width aspect ratio
greater than 2:1. It also requires that the alldevaltrength (ASD) be determined by dividing the
nominal shear strength by a safety factor of 2tshear walls resisting seismic loads and 2.0tieas
walls resisting wind loads. The test results indidathat the code reduction factor is a simple
reduction factor that represented fairly well tirersgth reduction based on the drift limit for veaihat
have an aspect ratio of 4:1.

Fiorino et al. [9] evaluated the behaviour of shedtCold-Formed Steel Structures (SCFS) in the case
of “frequent”, “rare” and “catastrophicseismic events. Basically, if CFS structures wessighed
according to the “sheathing-design” methodologgntthe seismic behaviour of shear walls would be
strongly influenced by the sheathing-to-frame catioes response, characterized by a remarkable
nonlinear response and a strong pinching of hysitedeops. Therefore, in the research, nonlinear
dynamic analysis using an ad-hoc model of the hgsie response of SCFS shear walls was carried
out. Several wall configurations were consideregegtigating various parameters such as sheathing
panel typology, wall geometry, external screw spgcseismic weight and soil type. Based on results
of incremental dynamic analysis (IDA), three bebavifactors were defined, which would take into
account overstrength, ductility and both oversttengnd ductility, respectively. A “multi-
performance” approach was proposed to evaluatébéhavior factors considering the response of
SCFS walls also in the case of catastrophic eaatkeps According to the obtainegkults, a behaviour
factor equal to 1 should be considefedlO level, while g =2 and g =3 could be usefbr LSandCP
levels, respectively. Moreover, a casteidy on the “multi-performance” design methodologgs
presented, in which the obtained resutmfirm an adequate design which would allow SCFS
constructiondo show an acceptable behaviour also in casatafstrophic seismic events.



Dubina [10] summarized the research activitiesiedrout in the last few years at the Politehnica
University of Timisoara with the aim to evaluatee therformance and to characterize the specific
features of CFS structures for design purpose.rétiew consisted of experimental program made by
monotonic and cyclic tests on full-scale shear [griests on connection details, and in situ antbien
vibration tests on a house under construction.

The experimental program was based on six seridslle§cale wall tests with different cladding
arrangements. Each series consisted of 3600 mm48 @ identical wall panels tested statically,
both monotonic and cyclic. The main frame of thdlvanels were made of cold-formed steel
elements. In specimens using corrugated sheetadslioch the sheets were placed in a horizontal
position (Series | and II). Additionally on the tamior’ side of specimens in Series Il, gypsum f&ne
were placed vertically. Bracing was used in Sdiiespecimens, by means of straps on both sides of
the frame. Series IV consisted of three specimeepgred with door opening. OSB panels were
placed in similar way as the gypsum panels in eagpecimens (series OSB | and OSB Il), only on
the ‘external’ side of the panel and fixed to thene.

Based on the results, difference between seriesl Isaries 1l could be attributed to the effecthd t
gypsum board. There was an increase in the ultimoatk and slightly improvement in ductility. By
comparing series | and series 1V, it could be usided that there was a significant decrease déinit
rigidity, but ductility values were essentially diegted. Because of the different sheeting system i
series | and series lll, comparison was more quidlé. Strap-braced wall panels had the advantige o
stable hysteretic loops, but also the disadvantafyehigher pinching than the sheeted ones.
Comparison between series | and series OSBI, beaduhe different wall panel arrangements, was
more qualitative. Failure of OSB specimens undeficyoading was more sudden than in the case of
corrugated sheet specimens where degradation edcgradually. This was also reflected by the
reduced ductility for OSB specimens. The effeabjpéning in comparison of series OSB |-series OSB
Il produced similar results as in the cases ofesefi-series IV. Initial rigidity, ultimate load and
ductility decreased. Results showed that the stesgstance of wall panels were significant both in
terms of rigidity and load bearing capacity, andldceffectively resist lateral loads. Failure stdriat

the bottom track in the anchor bolt region; therefastrengthening of the corner detail would be
crucial.

4. CONCLUSION

In recent years important research activities Hsaen undertaken in order to evaluate the earthquake
performance of light steel framed structures. Almalé researches consist of characterizing the
performance of wall panels experimentally and nucadly in order to study the problem of seismic
response of these structures. The present papanatmes the most important research activities
carried out in the last few years with the aim kplain the performance and to characterize the
specific features of these structures. Usually,aderall behavior of wall panels is mainly addrelsse
However, according to reviewed papers, the perfoomaf the wall panels, as a whole, is governed
by the performance of the connectors e.g.: sheétirsipeeting connectors, and sheeting-to-framing
connectors.
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