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ABSTRACT: The lateral behavior of cold-formed steel shear wall is dependent on several factors
including the type of sheathing used. However, only a limited number of sheathing types have been
studied using specific installation method. In this study, due to the high demands of builders to use local
materials for sheathing light steel frames, which, in addition to being abundant and easy to obtain, can
also create a variety of designs such as stone or brick to match the facade of existent parts of the building,
two full-scale samples of cold-formed steel shear walls in dimensions of 1.2x2.4 meters sheathed by
porcelain ceramic with different configurations have tested under combined constant gravity loading
and standard cyclic lateral loading regime. After calculation of ductility and response factors by using
of specimens tests results, The seismic effect of the sheathing rectangular pieces orient, which can be
installed in either horizontal or vertical strips, is investigated. The study also evaluates the failure modes
of the systems. The results of the tests show that porcelain sheathing pieces installation in vertical strips
instead of horizontal strips causes a decrease of approximately 50% in Energy Dissipation and 18% in
ultimate lateral resistance without effect on seismic response modification factor, R.
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1- Introduction

Cold-formed steel (CFS) structures have brought about a
massive evolution in the construction of low-rise buildings, as
they benefit from unique advantages such as low weights and
simple constructions. CFS shear walls have recently become
a popular lateral load-resisting system and are considered a
novel structural system in some countries. As a result, the
seismic design of CFS structures is still in its gestation period,
and the well-known seismic codes do not effectively cover
the seismic design of this system. Therefore, further research
should be conducted to obtain deep insights into different
seismic aspects of CFS shear walls including the estimation
of response modification factor, strength, and ductility.

According to the literature review [[1]-[6], there is no
comprehensive consensus on the response modification factor
of CFS structures. In particular, no CFS shear walls with
screwed porcelain sheathing (SPS—CFS) structure provisions
determined the response modification factor, and further
research is required in this respect. The increased expansion
rate of Lightweight steel framing (LSF) buildings and the
necessity of research on the seismic parameters of CFS shear
walls have encouraged academics to test a variety of bracing
sheaths that could offer an optimal lateral performance.
Advances in the ceramic industry and the emergence of new-
generation high-strength porcelain ceramics widely employed
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in the external and interior walls of buildings can help
improve the seismic behavior of buildings, accelerate their
construction, and reduce costs. Hence, this study proposes
and experimentally evaluates a novel porcelain sheath with
a particular installation. The effects of sheath components
orientation and double middle stud also additional horizontal
struts therewith flat straps (additional blockings) were
assessed. The horizontal sheath strips provide more proper
lateral behavior than the vertical sheath strips. Double middle
stud enables local buckling at higher strength before yielding
and provides a more ductile response versus single stud and
additional blockings lead to failure at a larger displacement.

2- Seismic response modification factor (R)

The R-factor is consisted of two main components, namely
the ductility reduction factor R, and structural over-strength
factor Q, [7], [8]. The R factor is defined as:

Ve Vv Ve
R:RdXQOZWX%Z% (1)

Fig. 1 illustrates the components of the R-factor by
plotting the actual load-displacement curve, equivalent
elastic performance linear curve, and idealized bilinear curve.
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Fig. 1. Actual and idealized load-displacement curves

Table 1. Characteristic values of the specimens

Specimen Vy Vi E p Q R
(kN)  (kN)  (joule)

D-H-3 8.2 21.1 5503 39 1.6 4.1

D-V-3 12.1 174 2829 39 1.6 4.1

Where, and correspond to the structure elastic response
strength, the idealized yield strength and the first “significant
yield” strength, respectively. This idealized bilinear load-
displacement curve was determined based on FEMA 356 [9].

3- Discussion and Results

The failing of ceramics in specimen D-H-3 with horizontal
sheathing and the vertically sheathed specimen (D-V-3)
began at a displacement of 48 mm. for D-V-3 sustained the
more widespread level of damage.

According to Figs. 2, the hysteretic cycle curves of the
specimens were plotted by using the load-displacement data
obtained from the computer system to find the actual behavior
of the specimens. Fig. 3 plots the idealized bilinear curves,
and Table 1 provides the energy dissipation (£), ductility
factor, ultimate strength, lateral displacement magnification
ratio C, and other seismic parameters.

Furthermore, D-V-3 had the smallest ultimate strength
V... and the lowest maximum sustained drift, even though it
did have the same R-factor.

4- Conclusions
In conclusion, porcelain sheaths in LSF systems lead to

654

Load-deflection hysteretic cycles for specimen D-H-3
25 =

20 v Tar
= P
x>
N
(]
s
<
s
2
wn
g
=
[}
<
©n
25 4
Lateral displacement (mm)
Load-deflection hysteretic cycles for specimen D-V-3
25 -
20
-
2 15 4 - ,' j
X4 Pt
< 10 4 S |
© " 229
Q
= 5
<
3
a -
-80 - N 80
g
S
s 10
% = 15 4
e
-20 4
.25 J

Lateral displacement (mm)

Fig. 2. Hysteresis cycle curves of the specimens

a 30% rise in the R-factor and ultimate lateral strength as

opposed to unofficial sheaths, e.g., GWB and fiber-cement

board sheaths with a recommended R-factor of 2-3 in
international codes.
The consequences can be summarized as below:

* A comparison of D-V-3 and D-H-3 indicated the effects
of the sheath strip direction. The R-factor and u of both
specimens were equal.

* The ultimate shear of the specimens was 17.4 for the
vertically sheathed specimen and 21.1 for the horizontally
sheathed specimen.

* The R-factor of the specimens was measured 4.1. This
indicates that the coded R-factors of 2-3 would be
conservative.
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Fig. 3. Actual and idealized load-displacement curves under (a) FEMA method and (b) Priestley—Pauli method
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Fig. 4. Schematic of the testing rig and support conditions
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Table 1. Cyclic displacement schedule

(Loading Step) o ) Y Y f I\ 4 \4 A
ASTM o glul> sy VYO Y/b b 2 \ Y- ¥ 4
Gz ol 40 g luls sy AN I \- V0 Y- ¥ A+ \Y- ¥
(mm) 45 > > awls Vo Y 4 a \Y vf A yy*®
4 > dluxy \ \ \ \ \ Y Y Y
Cowloads Jleel YY Mmoo 4 £- mm oloul> p5 cpl )0 «(Fe mm) jlre olul> Sl 50 5 ofiws S OS5 1> Cudgame 4 az i L
120
E 5 -
: AN AL
N
‘S 40
s
= 0
g a % 8
8 40
<
Vv
T S S f S
150 Cyclic displacement schedule

e 635 55 fages ¥ S

Fig. 7. Lateral loading protocol

ol e Jleel 638 ,L oSN leMbl ol ) Jgda oyl 1,8 [¥Y]
VS 50 ages ©yge 4 oad Jlesl (6)138)L (6o il o dalllas

) 00 (oo

S LY -V =Y
o sl g laie Sis by il ¥ KN Indiges plos sl i 5l
sl o35 15 ngn sl ilaS Sl 9k diges 93y baws &S
(oal33) Ll &5 )b Jlosl) colgiSy (ylid ool plosl b M
polis paic o b by (a% ) 59 Lol alie (sladigas (s,
Mass /8 P ) QB ()l jlome canglito b L5 a8 el oy (o>
sl o] (538 Canglin P 0355 s i el 3 (0l skl

e

sl bjlgd (ol (Bl (e s

odd zoyas [YV] ASTM asbipw] B igy > conl avgs b
S g obal caless ol obuls jl S Lb bas > dils
bl digad o 4Sigx oISl w0 B S S SIS, e 2lmlr
e Bigad 4 shaignd ) 63k 55 iy o5 & b el
a1y iz o oan S adllae ol 4ol & ol cuiS o lite
sl s ool 5l bz slajlad (gl 39 p3Y g 2,105 o dunlds
5 Jite (glaaly b 3uios ol 3 B gy gy0] 5l g edlaiw] Sl
ool Lials iSlis ol 483 )15 oslitul 5)50 g ialo)]
e G dag b d el ol g cuol YO MM o8 twd (595

ey g 0390 S [YV] (ndiges (¢l £+ mm) ZV/0 e ey

V=EY MMY/S 505 dpogs 53gdoe )d 45 0dg ¥ MIM/S dgi> (6,350



Baigod (gui Sy Closa ¥ Joua

Table 2. Configurations of the specimens
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Table 3. The mechanical properties of the CFS sections

Nominal grade 50+ MPa Yield strain Y
Nominal thickness /Y mm Ultimate stress, Fu £\Y MPa
Elastic modulus \¢4 GPa Ultimate strain YIS,
Yield stress, F) »aY MPa FulF, /- f
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Fig. 9. The details of specimens on the porcelain side (values in mm)
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Table 4. The properties of porcelain
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Fig. 10. The joining of flat straps to the struts and studs
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Fig. 11. Observed failure modes
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Fig. 12. Illustration of porcelain sheathing fraction, decay at the end of stud and place of the shorn screw
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Load-deflection hysteretic cycles for specimen D-H-3
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Fig. 13. Hysteresis cycle curves of the specimens

Hysteretic envelope curve for all specimens
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Fig. 14. Hysteretic envelope curves of the specimens
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Table 5. Energy absorption of the specimens (in terms of Joule)
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Fig. 15. Average energy absorption of the specimens
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Idealized bilinear curve for specimen D-H-3

Idealized bilinear curve for specimen D-V-3

25 25
o 0000 = 20
15 15
% 10 % 10
3 5 3 54.
2 8 of
8 80 -60 -40 20 20 40 60 a0 § -80 -60 -40 -20 20 40 60 80
s 8
2 Ao (};:)" Ho
« 15 ... Actual response PP Actual response
20 === Idealize response 20 “ Idealize response
.25 -25
Lateral displacement (mm) Lateral displacement (mm)
Laiges s o5 Jlowl govwe N8 S
Fig. 16. The idealized bilinear curves of specimens
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Table 6. Calculated response modification factors based on the FEMA
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Table 7. Characteristic values of the specimens
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