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Abstract

Actual seismic design is based on the reductiom@fseismic forces obtained from linear
analysis, in order to take into account the nomdmresponse of the structure. The
reduction is obtained by multiplying the base shigace with the behavior factor q.

Conventional definition of g factor has no direetation with the internal forces in the

structure. g factor is sometimes too conservatitreer times too optimistic. European seismic
code EN 1998-1 gives just a generic estimationhef  factor, generally related to the
typology of the structure and minimum ductility végments for members and

connections. There is always available the dynarmaidinear analysis, but it operates with
sophisticated models that need for calibrationthéd problem is new and no benchmark
models are available, the reference tests arertyesolution. In order to calibrate the q

factor, a test-based methodology is proposed. énfitkt step, the dissipation capacity of
the structure is investigated experimentally, anthgor is evaluated at the level of a
relevant subassembly. The modeling parameters ereptance criteria are then defined
and calibrated, based on the results of the expetah tests. In the third step, real
structural configurations are proposed and testedenically to confirm the q factor.

1. INTRODUCTION

To design dissipative structure, according to cépatesign approach, reduction factors
are widely used in design codes to reduce theielasirthquake spectrum. Structural
design stresses considering the earthquake inddoezes are lower than those

corresponding to the elastic response and are aderfirom the observation that, most
structures are able to survive a major earthqualketd dissipation of energy by plastic
excursions and overstrength. Currently, for a gisgncture, a single reduction factor is
used. However, distinction and quantification offetent components of the force

reduction factor are useful for a better understandf the seismic response of structures.
The simplest and most understandable meaning of thkareduction or behaviour factor

can be expressed using the SDOF equivalent modeédi]. In

Fig. 1, the relationship between the base shear forcand=top displacement, D for a
SDOF model, is shown.
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Fig. 1 Definition of force reduction factors[1]

If a bi-linear idealisation of the real responske tstructural ductility is defined as:
#=D,/D, (1)
where D, is the ultimate top displacement aby is the yield top displacement. Other
terms used in that figure arfé; — elastic base shedty — yield base sheaF; — base shear

at the first plastic hinge;q — design base shear.
The following definitions are used:

e ductility factor : g, = F,/F, (2)
e overstrength factorgs = F, /F, 3)
e redundancy factorg, =V, /V, 4)
e design overstrength factogg, = F,/F, (5)
to obtain at the end thetal reduction factor:
Gs =9, 0s =0, Ay - Or (6)

The redundancy factajr used here in represents the plastic redistributapacity of the

structure &/ o ratio in Clause 6 of EN 1998-1).

However, the non-linear dynamic analyses simulatiegframe's response, emphasized that,

such aconventional definition of g-factor — and there are many suefinttions in literature -

which has no direct relation with the internal scand stresses in the structures, does not
always succeed to predict properly the respongbeoktructure. Sometimes g factor is too
conservative, while other times, too optimistic!

In fact, the evaluation of behaviour q factor isamnplex problem due to several parameters,

among which the following ones can be listed [2]:

e the partial character of the energy dissipationtha structure when a local storey
mechanisms occurs;

e the second order geometrical effects, so-calledefedts, necessary developed when large
energy dissipation is required,

o the structural irregularity of the vertical confrgtion as well as the plan one;

o the occurrence of local buckling in the dissipabeams reducing their rotation capacity ;

e the buckling risk of columns subject to axial fored bending moment, whose drastic
consequence requires to limit the energy dissipgaocepting only a few plastic hinges at
the column ends), etc

In the next section of this paper, a summary rewiéthe different methods proposed in the

literature to evaluate the g-factor is presentdeks€ methods [3], [4] show a large scattering

of the results, which could be partially explairmdthe lack of a coherent philosophy for the



background of q factor definition, consistent wikie given determination procedure. But,
since the g-factor based design, still is praceécedugh, it continues to be applied in current
design. However, when some new structural typotogjgpear, for which specifications are
not yet available, the question that rises is wfctor values could be used?

2. METHODSTO EVALUATE g-FACTOR

Present methods for the evaluation of the q facam be classified in three main
categories, as mentioned hereafter [4].

2.1 Methodsbased on theinelastic response of SDOF models

The basic method uses the push-over analysis andlittility factor [5] (see

Fig. 1). The method can be also deduced from the dynamatysis whose results are
interpreted by means of an inelastic response gpaah pseudo-acceleration [6], [7].
However, the q factor values obtained by these Idiegh methods cannot be easily
transposed to real multi-degree of freedom syst@i3OF). Generally, it is required the
structure to satisfy the conditions of "structuegularity” and "global plastic mechanism”,
which means, in case of a Moment Resisting Fraoranstance, to develop plastic hinges
in all the beams during the dynamic response uad#tong ground motion.

These methods cannot take into account for sona limgitations, such as the attainment
of rotation capacity at the ends of beams or cokjnthe risk of buckling in columns
subject to high compression and flexural benditg, e

2.2 Methodsbased on an energy approach

In multi-story buildings, it is very important tanaw how the energy input induced by an
earthquake is distributed over the entire structlitee energy approach assumes that
energy input attributable to the damage of an ielgdastic system is the same as that
producing damage in the relevant elastic system [p@mage distribution in each story
depends primarily on the strength distribution glahe height of the structure. The
inelastic strain energy, abbsorbed in stofy, 'W,;, can be expressed in terms of
corresponding yiel shear force, displacement amdutated ductility ratio. The inelastic
strain energy absorbed by the entire structurdnéssum of the inelastic strain energy,
dissipated in stories:

W, = ZWp,i (7)

To avoid collapse of the i-story:
W, >W,; (8)

while for entire structure, in principle:
W, >W, 9

The method proposed by Como and Lanni [9], is basethe evaluation on the one hand
of the elastic strain energ, stored in the state of first yielding, on theesthand of the
total energy\,, stored and dissipated by elastic-plastic defawmmatup to failure.

But in practice, this evaluation needs to use tppr@aimate concept of equivalent
horizontal forces, statically applied and distrémitaccording to a combination of a



selected number of vibration modes. Another mef@ctonsists in verifying that under
the design major seismic action, the capacity @& s$tructure to dissipate energy by
cumulated plastic deformations remains greater tharearthquake input energy into the

structure; the last one can be obtained],b@MS\,Z, where M is the total mass of the

structure and, is the spectral elastic response in pseudo-vgldgitt the evaluation of the
dissipative capacity needs to accept several adsamsp in particular concerning the
simplified expression of the hysteretic plastic kvat each storey and an optimum
distribution of this work between the different r&tgs (established empirically from
parametric studies).

These methods seem to be more attractive becagygeldhnot require to satisfy conditions
of structural regularity and energy global dissipat(eg. global plastic mechanism
collapse).

2.3 Methods based on inelastic dynamic analyses of MDOF models

Using the non-linear dynamic analysis to provide time-history response of a MDOF
structure submitted to natural or artificial groumbtions, these methods are really the
most precise ones, even though they are laboriooggh. The main difficulty arises from
the interpretation of the dynamic results.

The well-known approach of Ballio and Setti [10@nsists in performing a non-linear
dynamic analysis and obtaining the maximum respafishe structure during its time-
history for different levels of ground motion; ptiaally the considered ground
acceleratiora(t) is multiplied by a factos that is step-by-step increased. For each analysis
with a fixed valueA, the response of a multi-storey structure is dtarsed by a
significant displacement, generally the top stont,do (interstory drift can be also used).
As long as the stresses induced in the struct@réoarer, at most equal to those initiating
the plastic deformations, which in terms of accsjeam multiplier means.<i., the
response remains elastic (segment OE in

Fig. 2); for higher values of, the real elastic-plastic displacemedtbecome generally
smaller than the calculated ones assuming an elasiic behaviour, so that the cunée (
A) determined step-by-step has the position EIU shiow

Fig. 2. An interesting reference valag* of the seismic action multiplier can be defined b
the intersection point U* between the curdeX) and the linear elastic line extending the
segment OE. At this stage, Ballio & Setti consitlat the structure is almost reaching a
state of global dynamic instability beyond whicle tplastic structural dissipation is not
enough to offer resistance to important deflections
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Fig. 2 Maximum displacement vs. accelerogram multiplier [4]



Usually, the behaviour factor g is evaluated agtie:

ds = /% (10)

which means the ratio between the ground acceberatose to the structural collapse and

that corresponding to the first yielding.
The main merit of their definition is to be coneist with the ductility factor definition,
which from

Fig. 1, expressed in terms of accelerogram multiplieré,j 4 = 5™ /&9
However, there are some criticism in the literattegarding the suitability of the above
formula [4]:
e it keeps up some confusion of the external grouocklaration with the inelastic
spectral response in acceleration of the structwh®se consequence may be the more
significant as the structure is governed by sevdejrees of freedom. Similarly, the
relevant definition is not connected efficiently ttee internal forces and moments in the
structure, neither to the forces applied to thenétation.
e depending on the accelerogram type and the fundai@riod T of the structure, there
are cases where the definition of point U* is rietc (due to quasi-parallelism of thg §)
curve and OE curves), also cases where there iseaointersection (due to reduced
rotation capacity of some elements, beams and e@unThere are also cases where the
(8, 1) curve is above the OE line as soomn.a%..
In order to improve the Ballio & Setti method anidoato introduce a more general
definition ofg, Sedlacek & Kuck [11] proposed to change the dedim of the straight line
in
Fig. 2 with another straight line defined by the equation

(e)
o=k J

4 (12)

where the k factor may have different conventioradlues, for instance k=1.5 (this value
seems to cover a more realistic domain of appboati

However, both methods still raise many criticisansg therefore they cannot be adopted as
a general method in the seismic design codes. Antiogry, the most used is the one of
Ballio & Setti.

2.4 Baseshear force approach

Aribert & Grecea [2] have proposed a new methodHerevaluation of the q factor, which
is based on the ratio between the elastic theatdimse shear force® corresponding to
an elastic theoretical behaviour at the ultimatkiera., of the multiplier and the real
inelastic base shear forcé".

V(e,th)

q :V(inel) (12)
or, more exactly:
v(©
_(v©%) 3

d (V(inel)/iu)



where:

- e Is the accelerogram multiplier at first yieldingge andi, is the one corresponding to
the failure criteria.

The main advantage of this definition is the margable evaluation of the internal forces
and moments in the structure. The method allowseteduation of the q factor as a
function of the level of performance required fbe tstructure [12]. Therefore, one may
apply this method to evaluate the q factor wheerdfopmance based design is used, giving
the possibility to implement the multiple perforncan design in the actual code
methodology. A parametric study on three steel nmimesisting frames (MRF) was
performed Error! Reference source not found.).

Frame type HF[
H L

L

1 2 3
Frame L(m) H(m) Beams Columns
1 5 3 IPE300 HEB180
2 4 4 IPE330 HEB240
3 4 3 IPE360 HEB280

Table 1. Geometric properties of the frames under consideration

Three performance levels were associated with spording levels of seismic intensity:
- Serviceability limit state SLS

- Damageability limit state DLS

- Ultimate limit state ULS.

Fig. 3 shows the values of the behaviour factor q forheltame. According to the
definition of the g factor, the values accountstfa contribution of the ductility, only.

4.0 1
3.0 1
5 — —SLS
@ 2.0 —DLS
& - ULS
1.0
0.0
1 2 3

Frames

Fig. 3 g factorsfor frames

3. EXPERIMENTAL BASED APPROACH FOR CALIBRATION OF g-FACTOR

All methods presented in the previous section aseth on numerical analysis, and
therefore are sensitive to the definitions of thedelling parameters of the elements and
also to the levels of damage that can be acceptéueielements. EN 1998-1 gives just a
generic estimate of the g-factor, generally reldatethe typology of the structure (moment



frames, braced frames, etc.) and minimum ductitiéguirements for elements and

connections. Of course, there is always availabée dynamic nonlinear analysis, but it

operates with models, and they need for calibrafAsralready stated, if the problem is new,

and no benchmark models are available, the refer@sts are the only solution. Therefore,

in order to have a better estimation of the behaviactor g, the following procedure can

be applied:

- first step: the dissipation capacity of the struetis investigated experimentally, and
the q factor at the level of the subassembly isuatad.

- second step: the modeling parameters and acceptatexa are then defined, based
on the results of the experimental tests.

- third step: real structural configurations are sy and tested numerically for
confirming the behaviour factors.

In the next sections, this methodology is appliedhtree different types of structures, for

which EN 1998-1 gives no indications regardinggekection of q factor.

3.1 Dual steel framesof dissipative shear walls

First structural system that was investigated lstingely new in Europe, but with many
applications outside Europe, mostly in USA and dafde system is considered ductile
and, where is available in the seismic provisias AISC 2005), has seismic reduction
factors (equivalent to q factor) comparable to mohresisting frames. In order to cope
with the lack of such information in EN 1998-1,esearch program has been developed at
the Politehnica University of Timisoara, Laboratarly Steel Structures [13], [14]. An
objective was the evaluation of q factor for suttucures. Four specimens were tested
experimentally, then, a numerical program was parénl. The steel plate shear wall
specimens were extracted from a six story frameesire (

Fig. 4a). The two actuators used for the tests have 366troke and 1000 kN and 500
kN capacity, respectively. Due to the stroke liiita, the specimens were half-scaled.
The infill plates had thickness of 2mm and 3mmpeesively. The frames measured 3500
mm high and 4200 mm wide between member centerfines
Fig. 4b). Slender shear walls have been used, with tdtip amounting 595 for 2 mm
panels and 397 for 3 mm panels, while the aspéotlcth was 0.8. Two types of beam-to-
column connections were used. First one was a fushplate bolted connection, and the
other one was extended end plate bolted conne@iased on EN 1993-1-8 classification,
the flush end plate connection is semi-rigid anakvpartial strength (M Rs=0.4M, rJ)
(further refereed as semi-rigid) and the extendwdl @ate connection is rigid and with a
capacity almost equal to that of the connected b@ajrs= 0.9M, rg (further refereed as
rigid).

HE2408 HE180B HE180B HE2408
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Fig. 4 a) Sx story frame structure; b) half-scale tested frame
Specimens have been tested cyclically using EC©@&epure. Testing set-up is shown
in
Fig.5. In
Fig.6 is shown the deformed shape after the test.

Actuator 2 (1000 kN)

Test specimen

Fig.6 Deformed shape after the test

Fig.7 plots the hysteresis of rigid and semi-rigigecimens. As the initial stiffness is
mainly attributed to the panels, differences betwegid and semi-rigid specimens in
terms of initial stiffness are not as importantdgerences in terms of strength.

The behaviour factor g can be expressed as a prodlube ductility factor, g and the
overstrength factor, sq The overstrength may vary significantly and igeetied by the
contribution of gravity loads, material overstrdngstructural redundancy, etc. However,
since for such a system the major component obéavior factor q is the ductility factor,
0., it is more important to focus on the ductilityngponent, which can be taken equal to
the displacement ductility factpr. The ductility reduction factor,gs therefore defined as
the ratio of the ultimate displacement, @nd the yield displacementyDwhere
corresponds to a reduction of the load carryingacayp of 10% compared to the maximum



one. Yielding displacementyChas no standardized or at least harmonized definfor
steel plate shear wall systems. Therefore, theuatiah of the yielding displacement,,D
was based on the ECCS methodology. The seriesloésranError! Reference source

not found. for q factor correspond to ductility factor, besauhe tested subassemblies that
have no static redundancy and, in this case, thigul@verstrength is not active.
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Fig.7 Results of the cyclic tests: a) hysteresis curve for R-C-T2 specimen; b) hysteresis
curve for SR-C-T2 specimen; c) hysteresis curve for SR-C-T3 specimen; d) envel opes of
hysteresis curves, 1¥ and 3" cycle

Structure D DY Qu

R-C-T2 38 153 4.0
SR-C-T2 33 163 4.9
SR-C-T3 40 147 3.7

Average value 4.2

Table 2. q factor values

In the second step, the FEM has been calibrateggtiier with relevant acceptability
criteria.

Fig. 8 shows the comparison of the FEM with the testltesu

3.2 In order to extend the investigation to real suat systems, in the thirst step
numerical studies were conducted using a nonlirlbaramic procedure. The
geometry of the structures is presented in

Fig.9. For the preliminary design, a q factor aesulting from the experimental program
was used. A 4 kN/mdead load on the typical floor and 3.5kN/ffior the roof were



considered, while the live load amounts 2.0kR/fhe buildings are located in a high
seismic area (i.e. the Romanian capital, Bucharestjch is characterized by a design
peak ground acceleration 0.24g for a returning goerof 100 years, and soft soil
conditions, with E=1.6sec.
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Fig. 8 FEM model vs. test results
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Fig.9 Geometry and members of the structural systems considered in the study

A set of six ground motions was used. Spectralataristics of the ground motions were
modified by scaling Fourier amplitudes to match tilwget elastic spectrum from P100-1,
see

Fig. 10. This results in a group of semi-artificr@lcords representative to the seismic
source affecting the building site and soft somditions in Bucharest. The procedure was



based on the SIMQKE-1 program [15].

Fig. 11 shows the maximum interstory drift ratio. &pectral acceleration,Sor all
structures and record&rror! Reference source not found. shows the values of the
behaviour factor g, defined as the ratio betweerattteleration leading to collapse and the
acceleration leading to first yielding. One obsepniéthe values of q factor froiarror!
Reference source not found. would be multiplied with redundancy factor (1.3)dathe
design overstrength (say 1.1), the results willclmsed to the ones presentedBrror!
Reference sour ce not found..
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Fig. 11 IDA curves. maximum interstory drift ratio vs. spectral acceleration S(g) for all
records for: a) 6 story structure; b) 12 story structure; c¢) 18 story structure

No of| Acceleration No of Acceleration No of | Acceleration
Earthquake q q

story| ay S story Sy S story | ay A
VR77INC 6 0.10 0.58| 6.0 12 0.10 0.53 8.5 18 0/1048Q. 5.0




VR86ERE 0.12] 0.62| 5.2 0.10 0.58 6.0 040 077 8.0
VR86MAG 0.10| 058 6.0 0.10 0.72 715 0.13 067 51
VR90ARM 012 | 0.72]| 6.0 0.10 0.62 6/5 010 02 715
VR90INC 0.10| 0.58]| 6.0 0.10 0.53 5.5 0.10 053 b5
VRIOMAG 012 | 062 5.2 0.10 0.62 6/5 0.10 067 7.0
AVERAGE 5.7 6.3 6.3

Table 3. g factors for structures with rigid connection
3.3 MR renforced concrete frames strengthened of stedl buckling restrained braces

The system with braces prevented from buckling (BiRBalso relatively new, and there
are no provisions in European seismic codes reggutie selection of the q factor. In the
North-American code AISC (2005), there are spegifiovisions, in that case, the BRB
systems are considered in terms of ductility similath Moment Resisting Frames and
ccentric Braced Frames. But for the case of ReteftiConcrete Frames strengthened with
BRBs, practically there are no design recommendsfidrom this point of view. The
system gained much interest in the recent yearstlzer@ are many applications in the
seismic areas, because the system has a gooditduatitl can be used both for new
structures and for rehabilitation of existing ones.

An extended experimental and numerical study thated at evaluating the seismic
vulnerability of reinforced concrete frame buildindesigned for gravity loads was carried-
out at the "Politehnica” University of Timisoarab]1[17]. In the first part, a reinforced
concrete frames retrofitted with BRB was extractein a multi-story concrete frame
building and then tested experimentally to evalutgeductility and consequently the g
factor. In the second part, the original multi-gtetructure was investigated numerically in
order to check the results of the experimental fanog

A modified ECCS loading protocol was applied in thgclic tests. This modified
procedure is characterized by a single loading#,2D,/4, 3D,/4 and ), followed by
three repetitions of the cycles increased by Q @50, 2D,).

Fig. 12. RC building model, with location of brace system
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Fig. 13. Test set-up for the reinforced concrete frame strengthened with BRB (left) and
envel ope of the cyclic test (right)

For the evaluation of the behaviour factor, onlg ttontribution of the ductility was

considered. The value of the yield displacementi® 16.3 mm and the ultimate
displacement Ris 71 mm, which leads to a behavior factor q etmdl.3.

In the second step, the inelastic behavior moddBRB considered the concentrated tri-
linear plasticity curve with strain hardening anttesgth degradation of 0.8 from
maximum capacity and was calibrated based on ewrpetal tests summarized above.
Acceptance criteria for BRB were also based orrekalts of the experimental tests.

300 7 Tension

200 4

100 - /\_

0.02 0.04 0.06 0.08

Compression -300 4

Displacement [m]
= BRB ground floor [2x3] cm2 === BRB 1'st level [1x5] cm2 === BRB 2'nd level [1x3] cm2

Fig. 14. BRB tri-linear model

In the third step, in order to extend the invesiaggaon the behavior factor q, a nonlinear
dynamic analysis was employed on the structuragthened with BRB (see

Fig. 12). Seven artificial accelerograms were generatedose response spectra are
compatible with the design spectra (PGA = 0.23gBewD.5s) (

Fig. 15). Each accelerogram was scaled up to the attainaieollapse (

Fig. 16). The g factor was calculated as the ratio betwbenacceleration multiplier for
collapse and the acceleration multiplier for fiysliding.



Acceleration [m/s2]
N w B (6] [«2]
| | | | \

[N
I

[0 e e e |
0 0.5 1 1.5 2 25 3
TIs]
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Fig. 16 Relative interstory drift vs. seismic multiplication factor A in X direction

Values of q factors presented Hrror! Reference source not found. represent the
contribution of ductility, only. It is expected thahese values can be larger if the
overstrength (eg. design and redundancy) of thiesys large. However, the value of this
overstrength can be very different from one stmecta another, and therefore the values of
g factor may be different.

X direction Y direction
Accelerograms

Ae o q Ae Ay q
1 0.3 1.3 4.3 0.4 1.6 4.0
2 0.3 1.2 4.0 0.4 1.6 4.0
3 0.3 1.3 4.3 0.4 1.6 4.0
4 0.2 1.0 5.0 0.3 1.3 4.3
5 0.3 1.2 4.0 0.47 1.5 3.8
6 0.2 1.1 5.5 0.4 1.4 3.5
7 0.3 0.9 3.0 0.4 1.4 3.5

Average on X 4.3 Average on Y 3.9

Table 4. q factor values from time-history analysis



3.4 Light gaugewall stud framing of corrugated sheathing

Steel-framed houses are usually built of light 4walled load bearing structures having
different solutions for interior and exterior cladgl This technology is popular and
accounts for an important and increasing marketesiathe US, Japan, Australia and
Europe. The same method is used for buildings,nwlisdimensions, of other purposes
(offices, schools, manufacturing premises, ettt tare referred to as small industrial
buildings (SIB). Even if widely used in practicbetbehaviour of shear walls subjected to
earthquake is not fully understood and in receatyan important effort has been made to
clarify certain aspects related to shear wall sgfienstiffness and ductility, as main
parameters governing seismic behaviour. A largeeexental and numerical program has
been undertaken at the "Politehnica™ UniversityTwhisoara, in order to investigate the
shear behaviour of some of the most popular walkpéypologies characteristics in an
attempt to provide evidence on the possible vabfdsehaviour factors q [18], [19]. The
program was based on six series of full-scale wa#its with different cladding
arrangements based on common practical solutiohsusing and SIBHrror! Reference
source not found.). Cyclic testing methodology followed ECCS Recomuegion,
Consisting of cycled of YAq), Y2Aql, ¥aAel, 1 Ael, 2 Ael, 2Ael, 2Ael, 4Ael, 4 Ael, 4 A, 6Ag), 6

Ael, 6 Ag,..., until failure or a significant decrease of ldagharing capacity. Testing set-up
is shown in

Fig.17. In

Fig.18 are displayed one panel with corrugated sheeh@uitopening) and one panel with
door opening.
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Fig.17 Test set-up
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Fig.18 Panel with corrugated sheet (I€ft) and panel with door opening (right)

Series Opening Bracing Exterior Cladding é?;ﬁg?nrg I\T/Ieézstﬂgg \I_/gla;déirgg .’r\fs't

@) - - - Monotonic 1
| i Corrugated Sheet i Monotonic 1 1
LTP20/0.5 Cyclic 6-3 2
I i Corrugated Sheet Gypsum Monotonic 1 1
LTP20/0.5 Board Cyclic 6-3 2
I i ) i Monotonic 1 1
Cyclic 3 1
IV Door Corrugated Sheet i Monotonic 1 1
LTP20/0.5 Cyclic 6-3 2
OosB Monotonic 1 1
I i 10 mm OSB i Cyclic 3 1
OosB Monotonic 1 1
I BN Door 10 mm OSB - Cyclic 3 1

Total Number of Specimens 15

Table 5. Description of wall specimens

Fig.19 shows the load versus lateral displacement culuégl stiffness was determined
as secant stiffness to the load level of 0.4.FThe evaluation of the conventional yield
limit was based on ECCS Recommendation, at thesitéon point of the elastic line {K

to a line of 0.1K rigidity, tangent to the experimental curve. Basedthis conventional
elastic limit, the ultimate point (FD,) results at the intersection of the horizontaldsie
line to the experimental curve in the downloadimgnich.Error! Reference source not
found. presents the results of the tests. Values of atendisplacements and ultimate force
are derived based on th 8nvelope curve (stabilized envelope), positive aeghtive.
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Fig.19 Experimental curves
Series — Curve 4&(N) Deury (Mm) Fnas (N) F. (N) d.

I-2 17355.2 12.90 44061.0 31333.3 6.53
-3 17362.8 13.57 44077.2 30666.7 5.47
-2 22654.0 12.77 57796.0 35000.0 7.48
-3 22161.9 13.35 56820.6 36444.4 6.09
-2 19875.7 14.39 52682.9 41666.7 3.00
V-2 13962.6 32.54 34981.1 31444.4 5.45
V-3 15626.1 24.89 40843.0 26444.4 5.07
OSB I-2 25426.1 19.84 64972.3 51666.7 3.12
OSB II-2 17717.1 36.17 46049.7 35666.7 1.54

Table 6. Experimental results from stabilized ' envelope curve, positive and negative

In the second step, a tri-linear model was budttstg from the proposal of Della Corte et
al. [20], based on a Richard-Abbott type curve. Tiedel has a very good capability in
characterizing all aspects of the panel behavidbe model was calibrated based on

experimental results.

In the third step, in order to extend the resuftthe experimental program, the structures
were tested numerically. For the purpose of eagkguanalysis, five earthquake records
have been selected. Normalized elastic spectraani@imping ratio of 5% form the critical
have been compared to EN 1998 elastic spectra,fBrafd C subsoil conditions (

Fig.20).
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Fig.20 Elastic spectra of records, damping factor 5%

Fig.21 plots the seismic intensity vs. maximum story tdribr different inertial acting
masses. Records were scaled up to 2.0g. Basec alisiplacement values, corresponding
earthquake Intensity Measure levels (IM) have bielemtified for the different panel
configurations and earthquake records. The thra# &tates correspond to the following
states for the wall panel under consideratiog:-Delastic design limit of the panel up to
which behaviour can be considered elastic andtitasconventional capacity to be used in
design; Dies — Yield limit of the wall panel, where the panest its load bearing capacity,
but it is still capable of deforming under constixad, Q,; — ultimate state, the panel is not
capable of sustaining a constant load level, andapacity is decreasing.
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Fig.21 IDA curve example

Wall panel behaviour is characterized by importsinength reserve over the accepted
allowable design strength and it can be expectattkis over-strength plays an important
role in the post-elastic performance and consegyeantthe value of g factor. Following
this assumption, the two main contributors of tHaaor, which are the reserve in strength
(gs) and the ductility (), have been accounted separately.
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AveragesquqosquqosquqosquqOsquq
250 146 362 221 165 3.61 3.28 2.36 7.65 266 1.38 3.67 3.78 1.88 6.96

Table 7. Performance parameters and g factor values

One leaves also the overstrength, as safety margim$ considers ductility only. One
excludes the values to large, obtained for wallhwioor opening. It is for sure, from
ductility point of view, these structures can bensideredlow dissipative, according to
EN1998-1, which values q < 1.5 - 2.0.

4. CONCLUDING REMARKS

Full scale or scaled testing can be used to caédibeafactors for seismic design of
structures for which no relevant recommendatiorsnaet in design codes. The tests are in
fact used to obtain reference results for struttawb-assemblies or structural macro-
components, and to offer benchmarks for calibratbnumerical models. The calibrated
numerical models are afterwards used for evaluahiagy factors for real design structures.
Incremental dynamic analysis (IDA) is recommended this purpose. The three
applications presented in the paper, i.e. duall dteenes of dissipative shear walls,
reinforced concrete frames strengthened with &8 and cold formed steel stud shear
walls can be considered relevant for the proposedeplure.
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