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Abstract

Lightweight Steel (LWS) buildings fabricated with cold-formed steel profiles are a viable alter-
native to traditional reinforced concrete or masonry buildings for low to mid-rise constructions.
The current edition of Eurocode 8 does not provide seismic design guidelines for them in Eu-
rope. This paper presents a new seismic design criterion for these buildings, which is proposed
to be added in the next edition of Eurocode 8. The criteria include design guidelines for lateral
force resisting systems that are most common to LWS buildings. These systems include: CFS
strap braced walls and CFS shear walls with steel sheets, wood, or gypsum sheathing. A brief
overview of these guidelines and the relevant background information is provided in this paper.
Then these guidelines are validated with a numerical study on several building archetypes.
Archetypes are designed following the proposed seismic design criteria and analyzed under the
suite of forty-four earthquake records. Archetypes are analyzed using both nonlinear pushover
analysis and incremental dynamic analysis. Based on the analysis results, their collapse prob-
ability is gauged to judge the level of protection against seismic hazard provided by the pro-
posed design criteria.
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1 INTRODUCTION

Lightweight Steel (LWS) buildings are low to mid-rise constructions fabricated with cold-
formed steel (CFS) frames. In Europe, the use of these buildings is limited in regions with
medium-to-high seismic hazard. This is mainly due to the absence of seismic design guidelines
for these types of building in European building codes: Eurocodes. In particular, the Eurocode
8 part 1: EN 1998-1 [1] deals with the seismic design of building structures. The current edition
of EN 1998-1 was published back in 2004 and it does not provide a specific seismic design
criterion for LWS buildings, which can utilize their energy dissipation potential. Therefore, the
main crux of this paper is the proposal of the seismic design criterion for the LWS buildings,
which could be included in the upcoming second edition of EN 1998-1.

Design rules for LWS buildings are already available in North American Standard for seis-
mic design of cold-formed steel structures: AISI S400 [2] for use in the USA, Canada, and
Mexico. Apart from this, no other building code in the world provides seismic design guidelines
for LWS buildings, which can utilize their energy dissipation potential. The design rules given
by AISI S400 follow the capacity design approach. For all LFRS covered by AISI S400, it
defines energy dissipation mechanisms of dissipative components, provides overstrength re-
quirements concerning non-dissipative components and gives a value of response medication
factor accounting for system inherent overstrength and ductility. LWS buildings are not explic-
itly covered by current edition of EN 1998-1 and only LWS buildings braced with strap braced
walls could be designed as common Low dissipative steel structures belonging to Ductility class
low (DCL) structures made of Class 4 cross-section profiles, for which EN 1998-1 allows a
behavior factor of 1.5 to be used in the design.

The main aim of the paper is to enlighten the readers and users of Eurocodes about the back-
ground information on the research works [3—4, 13-22, 5, 23-27-6-12] and the reference de-
sign standards, already being used in some parts of the world, which formed the basis of
proposed seismic design guidelines for LWS buildings. The design guidelines are explained
and its validation through a numerical study on several LWS building archetypes is shown. The
second edition of EN 1998-1 will provide rules for LWS buildings laterally braced with four
different types of LFRS’s: CFS strap braced walls (Figure 1); CFS shear walls with steel sheet
sheathing (Figure 2), or wood sheathing, or gypsum sheathing.
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Figure 1 a: CFS strap braced wall; b: CFS Shear walls
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2 DESIGN FRAMEWORK OF 2ND EDITION OF EN 1998-1

The second editions of Eurocode 8: EN 1998-1 would allow achieving three levels of duc-

tility in building structures equipped with a certain type of LFRS. These levels include:
1. DC1: Low Dissipative structural behavior.
2. DC2: Medium Dissipative structural behavior.
3. DC3: High Dissipative structural behavior.

A structure cannot be designed beyond a certain limit of seismic load in the case of DC1 and
DC?2 Class structures while in the case of DC3 Class structures, there is no limit on the seismic
action. In DC2 and DC3 Class structures, the capability of parts of the LFRS (dissipative com-
ponents) to resist the seismic actions through plastic behavior in dissipative components is taken
into consideration during the design process. To ensure the development of plastic mechanisms
and subsequent energy dissipation in the dissipative components, specific design requirements
are provided for them. For non-dissipative components of LFRS, design requirements ensure
an overstrength in them to safeguard against failure. The overall design process of the second
edition of EN 1998-1 would be a capacity design process. The design requirements for the
dissipative components of CFS LFRS’s belonging to both DC2 and DC3 Class structures would
be the same. On the other hand, overstrength requirements for the non-dissipative components
would be different for DC2 and DC3 Class structures.

In contrast to the DC2 and DC3 Class structures, the DC1 Class structures would not be
required to follow any specific design and overstrength requirements. The design of individual
components of DCI1 class structure can be carried out according to EN 1993-1-3 [28], and other
relevant European building standards [29-30]. Therefore, DC1 class structures would have a
limited ductility capacity, and a lower value of behavior factor (q) equal to 1.5 is proposed for
them. Meanwhile, in the case of DC2 and DC3 class structures, the ability of structures to dis-
sipate energy through their plastic behavior is accounted for, therefore higher values of q are
proposed for them. The values of the behavior factor for DC2 and DC3 Class structures are
derived from the studies [31-32] conducted following the FEMA P695 methodology [33].

Apart from providing special design requirements for DC2 and DC3 Class structures, the
second edition of EN 1998-1 will also provide some general rules. These general rules include
the limitation on the aspect ratio (height-to-length ratio) of the walls, which is fixed equal to
2.0 for all types of LFRS’s. To have a sufficient deformation capacity of connections in the
walls, the new version of EN 1998-1 would require the design shear resistance of the screws to
be greater than 1.2 times the design bearing resistance of the steel structural member, or the
design embedment resistance of wood or gypsum panels (in case of shear walls with panels),
or the design net area resistance of the strap brace (in case of strap brace walls). This rule has
been derived from the already existing guidelines in EN 1993-1-3 [28] for the shear design of
connections made with screws.

3 DESIGN REQUIREMENTS FOR DISSIPATIVE COMPONENTS

The second edition of EN 1998-1 would provide specific rules to calculate the design
strength of the LFRS in the case of DC2 and DC3 class structures. In addition to these design
rules, the code will also provide geometrical and mechanical requirements for the components
and parts of the shear walls, which must also be fulfilled to achieve the desired energy dissipa-
tion response in the walls. The requirements are defined based on the already existing geomet-
rical and mechanical limitations on the permitted wall configurations given in AISI S400 [2].

For strap braced walls, the yield resistance (Npi, ra) of the gross cross-section of the strap
braces should be greater than the design value of the axial force in the strap brace in the seismic
design situation and the design net area resistance (Ny, ra) of the strap brace. This requirement
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ensures the formation of plastic mechanism in steel straps before the net section failure happens
in strap connection to the wall frame. The values of Npirq¢ and Ny ra can be obtained from other
relevant parts of Eurocode 3 [30].

In case of shear walls with steel sheet sheathing, the in-plane lateral resistance (R¢rq) cor-
responding to the strength of the sheathing connection within the effective sheathing strip
should be greater than the design value of the lateral force acting on the shear wall in the seismic
design situation, but it should be less than, the design yielding resistance of the effective sheath-
ing strip (Ry,ra). Re,ra and Ry rq are evaluated based on the effective strip method (ESM) pro-
posed in [31]. ESM was calibrated based on the large amount of steel sheathed shear walls
tested in USA and Canada over recent years. In the original proposed ESM [31], Rcrais calcu-
lated according to Eq. (1), which relies on the formulation of North American specification for
the design of CFS structural members AISI S100 [32] for the calculation of single sheathing
connection bearing strength (Fy rq).

R ra = 1.33nF, pqcos (Arctan (%)) (D)

where Fy rq 1s the bearing resistance of the sheathing connection, n is the number of sheathing
connections in the effective with, h is the height of wall and w is the length of wall. AISI S100
provides a different relationships for Fyra than the one provided in Eurocode 3 [28]. Eq. (2) and
(3) gives the formulations of Fyra given by AISI S400. If t; /t < 1.0, then Eq. (2) is used or if
t1/t = 2.5, then Eq. (3) is used else Fyrq can be linearly interpolated between the values ob-
tained from Eq. (2) and (3).

1
Fp,ra = min(2(t{d)2fy, 15 2.7tdfy; 2.7tdfy1) /vme )
Fpra = min(2.7tdf,; 2.7t;df, 1) /Ym2 (3)

where f,,1 and f, are the ultimate tensile strength of the framing elements and the sheathing,
respectively; t1 is the thickness of stud or track; d is the nominal diameter of screws and ym> is
the partial safety factor equal to 1.25. Contrarily in the European standard for cold-formed steel
design (EN1993-1-3 [28]), a different formula is proposed. Authors in their recent study [34]
checked the validity of the ESM with Fy rq evaluated according to equation given by EN 1993-
1-3. The use of the value of Fy rq evaluated from equation by EN 1993-1-3 results in underesti-
mation of the wall strength. Therefore, the second edition of EN 1998-1 would require the
strength of sheathing connections (Fy, rd) to be calculated according to equation (2) and (3), that
are taken from AISI S100.

For CFS shear walls with wood or gypsum sheathing, the in-plane lateral resistance (R¢ra)
corresponding to the strength of the sheathing connection should be greater than the design
value of the lateral force acting on the shear wall in the seismic design situation.

4 OVERSTRENGTH REQUIREMENTS

To guard the non-dissipative components of the LFRS’s against the failure, an overstrength
would be provided in them for use in DC2 and DC3 class structures according to the second
edition of EN 1998-1.

4.1 DC2 class structure

The overstrength requirements for the DC2 Class structures ensure the formation of the de-
sired energy dissipation mechanism in the dissipative components of LFRS through an over-
strength in the non-dissipative components. The overstrength factors are applied using Equation
(4) on the non-dissipative components of the LFRS of a DC2 Class structure to verify their
strength and stability against the most unfavorable combination of the axial force Ngq.
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Ngg = Ngag "+ " QNga g “4)
where: Ngg, G, 1s the axial force in the non-dissipative member due to the non-seismic actions
included in the combination of actions for the seismic design situation; and Ngq, E, is the axial
force in the non-dissipative member due to the design seismic action. The overstrength factor
for different types of LFRS’s is listed in Table 1 along with their behavior factor.

LFRS q Q
Strap braced walls 2.0 1.5
Shear walls with steel sheet sheathing 2.0 1.5
Shear walls with wood sheathing 2.0 1.5
Shear walls with gypsum sheathing 1.7 1.35

Table 1 Behavior and overstrength factors for DC2 Class structures

4.2 DC3 class structures

The overstrength requirements for DC3 class structure are different for each type of LFRS
in the second edition of EN-1998-1. For strap braced walls, the brittle components listed in
Section 2.1 should be designed with an overstrength computed according to (5).

Rd = FEd,G + VrmyshRfy (5)

where, Rq1s the design resistance of the non-dissipative brittle component; Frq, g1s the design
action in the component due to the non-seismic actions included in the combination of actions
for the seismic design situation; ym is the overstrength factor accounting for the variability of
the steel yield strength in the dissipative zones, i.e., ratio between the expected (average) and
nominal yield strength, and ranges from 1.20 to 1.45 for lower to higher steel grades, ysnis the
overstrength factor accounting for the hardening in the dissipative zones and is equal to 1.1; Ry
is the plastic resistance of the gross cross-section of the strap braces based on the based on the
nominal yield stress of the material as defined in Eurocode 3 [35].

For shear walls with steel sheet sheathing, equation (6) is proposed, which ensures the over-
strength in their brittle components.

Rd = FEd,G + Vrch,Rd (6)

where ym 1s the overstrength factor, i.e., ratio between the expected (average) and design in-

plane lateral resistance of the shear wall, equal to 1.40, and R, rq is the design in-plane lateral

resistance of the shear wall evaluated based on sheathing connection strength calculated ac-
cording to equation (1).

For CFS shear walls with gypsum or wood sheathing, equation (7) is used to provide over-
strength in their brittle components.

Rg 2 FEd,G + Vrch,k (7)
where ym 1s the overstrength factor, i.e., ratio between the expected (average) and character-
istic in-plane lateral resistance of the shear wall, equal to 1.50, and R.x is the characteristic in-
plane lateral resistance of the shear wall. Table 2 summarizes the values of ym used for the

overstrength of DC3 Class structures along with the values of the behavior factor for different
LFRS’s.

LFRS q Yrm

Strap braced walls 2.5 1.20 to 1.45
Shear walls with steel sheet sheathing 2.5 1.40

Shear walls with wood sheathing 2.5 1.50

Shear walls with gypsum sheathing 2.0 1.50

Table 2 Behavior and overstrength factors for DC3 Class structures
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S VALIDATION OF DESIGN CRITERIA

To validate the design rules listed in previous sections, proposed for inclusion in the second
edition EN1998-1, a numerical study considering several building archetypes was performed.
LWS building archetypes braced with all four types of seismic force-resisting systems were
designed as both DC2 and DC3 class structures. Nonlinear FE models for the archetypes were
developed in OpenSees software [36]. The seismic performance of the models is evaluated fol-
lowing the FEMA P695 methodology [33].

5.1 Building archetypes

A total of eight double-storey residential building archetypes designed as DC2 or DC3 class
structures and braced with the four types of LFRS’s were selected. The archetypes were as-
sumed to be situated on a soil type C in a medium seismic intensity zone having reference PGA
(Peak Ground Acceleration), ag r, of 0.2g, which has a 10% probability of exceedance in 50
years. The live load due to residential occupancy was 2.0 kN/m? In addition to permanents
loads and live loads, a 1.00 kN/m? snow load and 0.35 kN/m? wind load were also considered
to be acting.

EN 1993-1-3 [28] was used to design the gravity load resisting elements of the archetypes.
Current in practice edition of Eurocode 8: EN 1998-1 [1] was used to define the seismic actions
on the buildings. The lateral force method was used to obtain the building design base shear
(Fv), which is mainly the function of building design response spectrum and mass.

The seismic design process of LWS buildings involves the selection of configurations of
strap braced or shear walls, that can be used to resist the lateral actions, evaluating the design
strength of the wall configurations, and then eventually the total number of the required walls
are obtained by dividing the design base shear with the design strength of a single wall. Table
3 lists the design base shear of the archetypes (Fy), design strength of the walls (Rqg), and the
number of the walls provided in each planar direction of the archetype.

Arche‘type wx h! q Fb R No. of walgs No. of.walls /D D/C*
Ductility Wall name required ©  provided
class [m] [-] kN kN [-] [-] [-] [-]
Strap braced walls
DC2 WLD mod  2.4x27 2 2123 43.7 4.9 6 1.235 0.81
DC3 WLD 24x2.7 2.5 170.8 43.7 3.9 4 1.024 0.97
Shear walls with steel sheet sheathing
DC2 STl-cmod 1.22x2.44 2 2123 14.6 14.6 16 1.098 0.91
DC3 STl-c 1.22x2.44 2.5 170.8 14.6 11.7 12 1.024 0.97
Shear walls with wood sheathing
DC2 wall 14 244x2.74 2 212.3 34.3 6.2 8 1.291 0.77
DC3 wall 4 1.22x2.74 2.5 170.8 17.1 10.0 10 1.003 0.99
Shear walls with gypsum sheathing

DC2 S—fn‘:)%oc 24x23 17 2489 292 8.5 10 1174 085
DC3 S 2400C 24x23 2 212.3 29.2 7.3 8 1.101 0.90

' Width x Height of the shear wall

2 No of walls required=Fy/Rq

3 Building archetype design capacity to design demand ratio
4 Building archetype design demand to design capacity ratio

Table 3 Seismic design details of building archetypes
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The selected configuration for strap braced walls in the DC3 building archetype has been
already tested in an Italian research project [32]. On the other hand, no reference test results
were found for the wall, which can only meet the criteria of the DC2 ductility class. Therefore,
it was decided to downgrade the DC3 walls in a way that it would become DC2. For this
purpose, the chord studs and the hold-down devices have been modified. In this way, the new
wall named as WDL mod does not satisfy the design criteria required for the DC3 ductility class
but guarantees the fulfillment of the criteria for the DC2.

In the case of steel sheathed shear walls, the selected wall configuration belonging to the
DC3 class has already been tested at McGill University in Canada [37] and was named as ST1
-c in the referenced research. On the other hand, DC2 wall configuration is obtained for steel
sheathed shear walls similarly to strap braced walls. Likewise, gypsum sheathed shear wall
configuration to be used in a DC3 class building is selected from the series of tests carried out
at the University of Naples Federico II, Italy within the ELISSA project [32]. The DC3 wall
selected from the referenced research was named S _2400C. While DC2 wall configuration is
obtained by modifying the chord studs of the DC3 wall configuration in the case of gypsum
sheathed shear walls. The wood sheathed shear wall configuration to be used in a DC3 and DC2
class building archetypes were selected from the series of tests carried out in the USA within
the CFS NEES project [38]. The tested wall configuration 14 and 4 in the reference research
are used as DC2 and DC3 class walls, respectively.

5.2 Numerical modeling and analysis

A three-dimensional numerical model was developed for each archetype in OpenSees soft-
ware [36]. The nonlinear behavior of building archetypes was represented in the lateral load
resisting walls. Thus, the simulation of seismic response of the walls is the single most signifi-
cant consideration in the modeling of LWS building analyzed under the seismic design situation.

A simplified diagonal truss model was used to simulate the in-plane force-displacement hys-
teretic response of the walls. More detail on the modeling of walls can be found in [32]. Pinch-
ing4 material [39] is used for the diagonal truss elements. The values of pinching 4 material
properties are selected from the studies in the literature [32], in which numerical models of
selected wall configurations have been developed.

The development of wall models was followed by the development of 3D building models
for the archetypes. The model included only the main structural elements: LFRS walls, gravity
load-bearing studs, floor representations, and a P-delta frame. The gravity load resisting studs
are modeled as the truss elements. The floor was modeled using the rigid elastic beam-column
elements. To capture the lateral displacement arising from the P-delta effect, a rigid frame made
of axially rigid elastic beam-column elements with low flexure stiffness having a co-rotational
coordinate transformation is connected to the building in the direction of seismic action. Gravity
load is applied to the P-delta columns at floor levels. More information on the modeling of CFS
archetypes is given in [32]. Moreover, a 2% damping ratio defined based on the Rayleigh damp-
ing model is also used in dynamic analysis. These values of damping ratio reflect the values
measured during the shake-table tests [32] on LWS building specimens.

5.3 Analysis, results, and discussion

To investigate the building performance, pushover analysis and incremental dynamic anal-
ysis were performed on the archetypes. The analysis was performed following the framework
of the FEMA P695 methodology [33]. More details about the FEMA P695 approach can be
found in [32]. Figure 2 show the capacity curves of all archetypes, in which the model base
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shear (Vy) was normalized by the design base shear (Fy) and the design overstrength (C/D ratio),
and the top displacement (A) was normalized by building height (H).
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Figure 2: Pushover curves building archetype models braced with: a) CFS strap braced walls; b) CFS shear
walls with wood sheathing; ¢) CFS shear walls with steel sheathing; d) CFS shear walls with gypsum sheathing.

The pushover curves shown in Figure 3 do not highlight any differences among DC2 and
DC3 archetypes in terms of building peak strengths, while small differences were observed in
the case of building ductility. During the pushover analysis, no brittle failure mechanism was
observed. All the archetypes depicted a failure (inter-storey drifts accumulation) at a particular
storey.

To better interpret the results, Incremental Dynamic Analysis (IDA) of all archetypes was
performed. The analysis was performed using pair of 22 earthquake records provided by FEMA
P695 [33]. The collapse performance of archetypes was gauged using Collapse Margin Ratio
(CMR). CMR is defined as the ratio between median collapse intensity (Scr) to the maximum
considered earthquake intensity (Swmr). Sct is defined as the intensity at which half of the ground
motions in the record set used during the IDA cause collapse of an archetype model. The ar-
chetype collapse was represented by the exceedance of the threshold value of an inter-storey
drift ratio. The threshold value of inter-storey drift ratio was the level of the drift until which
the individual units of lateral load resisting walls did not experience collapse during the tests
[32-37-38]. A value of 5%, 2%, and 4% inter-storey drift level was used for archetypes with
CFS strap braced, steel sheathed shear, and wood or gypsum sheathed shear wall, respectively.

During IDA, all 44 records (22 records x 2 orthogonal directions) were applied separately to
the archetype models in both planar directions. Records were applied in an increment of 20%
in their intensity. IDA started with all the earthquake records have an intensity of 20 % (Scaling
factor = 0.2) and was continued up to an intensity of 300% or 600% (Scaling factor = 6.0) with
increments of 20%, until a failure is not observed. The Scaling factor of 1.0 represents a design

4206



Sarmad Shakeel, Marica Navarra, Alessia Campiche

earthquake (DE) level because the median of all the records was matched with the building
design response spectrum as explained earlier. The scaling factor of 1.5 can be considered as
MCE (Maximum Considered Earthquake) intensity earthquake. This is due to the fact that the
MCE is 1.5 times the DE [40]. Figure 3 shows the results of IDA results for the DC2 Class
building archetype braced with CFS steel sheathed shear wall.

3

s !nﬁmf_m‘lal Dynamic Analysis, DC2
FIITT O —
IrE ,r',,. S —

Scaling Factor, 5F
o

0 1 2 3 s & &
Maximum Interstorey drift (%)

Figure 3: IDA curves for DC2 class building archetype braced with CFS steel sheathed shear wall.

The CMR obtained from IDA is multiplied with the spectral shape factor (SSF) to obtain
Adjusted Collapse Margin Ration (ACMR). SSF is provided in the FEMA P695 document [33]
as a function of period-based ductility (ur), numerical fundamental vibration period (T1) and
seismic design category of an archetype [41]. FEMA P695 methodology also outlines a perfor-
mance evaluation process for the archetypes. In particular, it outlines two performance goals:
the average value of ACMR, ACMRayg, for each performance group should be greater than
ACMR 0%, and the individual values of the ACMR;, for each archetype should be greater than
ACMR20%. ACMR 0% and ACMR2g9, are values of acceptable collapse probability, taken as 10%
and 20%, respectively, and are given in Table 7-3 of FEMA P695., which lists them as a func-
tion of the total collapse uncertainty Bror. In this study, the archetypes are not categorized into
performance groups due to different lateral force resisting systems, therefore the performance
against the second goal ACMR2o, is only measured.

Bror merges various sources of uncertainty including record to record uncertainty (Bgrz),
design requirements uncertainty (8pg), test data uncertainty (fBp); and modeling uncertainty
(Bumpy) using Equation (8).

Bror = Birg + Bir + Bin + Biins 3

Record to record uncertainty (Bzrg) represents the variability in archetypes response model
due to the application of various ground motion records, that could have different dynamic
characteristics and frequency content. Szr 1s computed using Equation (9).

Brrr = 0.1+ 0.1+ ur, with Brrr > 0.2 and Brrg < 0.4 )

All of the archetypes had Brrg of 0.40. The rest of the parameters in Equation (11) are qual-
itative indicators provided by FEMA P695 [33] on the basis of the following scale: (a) Superior,
B = 0.10; (b) Good, B = 0.20; (c¢) Fair, 8 = 0.35; and (d) Poor, 8 = 0.50. The design process
used in this study ensures the formation of ductile mechanism in the walls, while protecting
against brittle failure mechanisms happening in wall components. The design method is also
able to predict the design strength of the shear wall in a close match to the test results. Therefore,
the design requirements used to design the archetypes are rated as “Good” (Bpgr = 0.2). In au-
thors opinion, the rating can only be excellent, if the seismic design guidelines for LFRS are
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already given in building standards. The available experimental data on LFRS performance is
rated as “Superior” (Brp = 0.1) for CFS shear walls, because different wall components and
walls themselves have been tested , [38] and the seismic performance of the building with LFRS
has also been investigated via shake-table tests [42]. For strap braced walls, a rating of “Good”
(Brp = 0.2) was utilized because there was no shake table data available on their performance.
For DC2 building archetypes braced with the walls, which were obtained by modifying respec-
tive DC3 walls, rating of test data was taken as poor (Brp = 0.5) due to unavailability of test
results. Modelling of building archetypes was rated as “Good” (Byp. = 0.2) due to their ability
to simulate brittle failure mechanisms and post peak deterioration of shear strength. Table 5
shows the performance evaluation results of all archetypes.

ACMR ACMR /
Archetype (s{c) Hr Scr Swr  SSF Bror ~CMR ACMR "0 AfolllR

DC2 0.30 13.0 5.40 1.50 .14 070 3.60 4.10 1.80 2.28

St
rap 14 050 280 319 156  2.04

braced DC3 0.35 13.6 4.20 1.50

1

1
DC2 0.28 8.6 2.40 1.50 1.14 0.70 1.60 1.82 1.80 1.01
Sh%;etﬂed DC3 0.31 9.9 1.80 1.50 1.14 0.50 120 1.37 1.52 0.90
Wood DC2 0.33 6.0 2.80 1.50 1.12 0.50 1.87 2.09 1.52 1.38
Sheathed DC3 0.48 6.4 2.20 1.50 1.12 050 147 1.65 1.52 1.09
DC2 0.29 5.1 2.60 1.50 1.10 0.70 1.73  1.92 1.80 1.07

Gypsum

Sheathed DC3 0.30 5.9 2.60 1.50 1.11 050 1.73 194 1.52 1.28

Table 4 Performance evaluation of building archetypes based on IDA results.

From the results shown in Table 4, its evident that the proposed design guidelines provide a
significant margin of safety (CMR) against collapse. All the archetypes have also ACMR
greater than ACMR2¢, except in the case of the DC3 archetype with CFS steel sheathed shear
wall.

6 CONCLUSIONS

This paper presents the seismic design criteria for LWS buildings. The design criteria cover
four different types of LFRS’s: CFS strap braced walls, CFS shear walls with steel sheet or
wood or gypsum sheathing, which can be used to achieve three levels of ductility classes in
LWS building. Special capacity design rules and limitations on the geometrical and mechanical
properties are required to be followed for DC2 and DC3 Class structures, while DC1 Class
structures require no specific capacity design rules and limitations. Different values of the be-
havior factors are also proposed for DC2 and DC3 Class structures. Overstrength rules will be
provided separately for DC2 and DC3 class structures to safeguard against the brittle failure
mechanism in the non-dissipative components. Furthermore, formulations to predict the design
strength of the wall would also be provided.

To validate the proposed design criteria, a numerical study was performed considering sev-
eral building archetypes. Archetypes were designed following the proposed design criteria and
modeled in OpenSees. Pushover analysis on archetypes indicated the redundancy of models
against the brittle failure mechanism as they were not observed. Through incremental dynamic
analysis, the collapse performance of archetypes was evaluated. All of the archetypes passed
the FEMA P695 performance evaluation criteria with a good margin except one, in which the
performance goal was not met by the close margin. To conclude, based on the numerical results,
it can be asserted that the design criteria allow guaranteeing wide margins of safety against
collapse and the desired hierarchy of resistances in the LFRS’s.
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