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This study presents a finite element (FE) model of timber-framed shear walls under seismic loading,
which has been validated in Part I under quasi-static loading. In this paper, experimental shake table tests
on shear walls are described and some examples of the obtained results are discussed. Then, the refined
FE model predictions under dynamic loading are compared to the 11 shake table tests. The final objective
of this study is to create a 3D model of timber-framed structures; thus, a simplified FE model is proposed
to reproduce the refined FE model predictions at a reasonable computational cost. The calibration method
of the simplified model uses the predictions of the refined FE model under quasi-static loading as input.
The simplified model is then used for dynamic calculations and its predictions are confronted to the
refined FE model ones, in order to validate its behaviour under dynamic loading. Eventually, an efficient
method to build the walls of a timber-framed building by coupling simplified FE models is proposed.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

This paper is the second part of two companion papers that cou-
ples experimental and numerical studies with the objective of
investigating timber-framed structures under seismic loading.
The study focuses on shear wall behaviour and its modelling
because shear walls are the structural elements that primarily con-
tributes to the lateral resistance of timber-framed buildings. The
proposed approach consists of building the constitutive behaviour
of simplified finite elements (FE) models at the appropriate scale to
predict the structural response at the larger scale. In Part I, a phe-
nomenological model of joints with metal fasteners was proposed
for a refined model of shear walls, and was calibrated using the test
results performed on various joints (Panel-to-frame (P2F) nails,
Frame-to-frame (F2F) nails, standard (E5®) or reinforced (AH)
bracket-type 3D connectors provided by Simpson Strong-Tie®).
More than 300 experimental tests were performed, more details
can be found in Part I. This modelling approach on a smaller scale
(from joint to shear wall behaviour) was validated based on the
good agreement between the refined FE model predictions and
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the experimental results of shear wall behaviour under quasi-static
loading.

Many previous studies have proposed constitutive models for
joints and shear walls [11,21,25,18,19,14,16]. As many of them,
the model proposed in Part I of this paper is based on user-defined
parameters that are calibrated thanks to monotonic and hysteretic
responses of joints or shear walls. The first part of these two com-
panion papers also emphasised several points:

« The hysteretic constitutive model presented in Part I uses Bézier
curves instead of exponential functions to assure strict analytical
continuity, which is necessary to reproduce the nonlinear behav-
iour of all the joints with metal fasteners used in timber-framed
structures (nails, 3D bracket-type connectors, punched metal
plates). Thus, the model can describe asymmetric hysteresis loops.
To account for the behavioural variability of joints with metal
fasteners, 5 quasi-static reversed-cyclic tests were repeated
for each configuration. The constitutive model was calibrated
based on the average behaviour, which is less time consuming
and provides similar results as averaging parameters calibrated
from each test [25].

Repeated quasi-static tests performed on different configura-
tions of shear walls provide an important experimental data-
base (14 tests) used to validate both the refined FE model of
shear walls and the hysteretic constitutive model of joints.
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This refined FE model of shear wall, explained in details in Part I,
is developed using beam elements for the frame, plate elements for
the sheathing panel and two-node spring-like elements for the
panel-to-frame and frame-to-frame joints. This 2D model is
embedded at the location of the sill plate, and masses are uni-
formly distributed along the top plate. Except for Richard et al.
and Judd, the aforementioned authors used their refined FE model
to calibrate a simplified nonlinear force-displacement relationship
under quasi-static loading and implemented this force-displace-
ment behaviour into a structural model of a building. Then, the
authors could predict the seismic response of a building and com-
pare it with the results obtained by dynamic shake table tests.
Richard et al. and Judd have validated their refined FE model by
comparing their predictions to dynamic tests performed on a single
specimen. The validation of refined FE models under dynamic load-
ing is rarely conducted; a few studies can nevertheless be men-
tioned, such as Dolan [7], Yamaguchi et al. [26], Durham et al.
[8], Richard et al. [20], and Varoglu et al. [24] who performed
dynamic tests on shear walls. In the present study, dynamic shake
table tests on shear walls are performed to observe the wall behav-
iour and to validate the refined FE model under such loading.

Once the refined FE model is fully validated using experimental
quasi-static and dynamic tests, a simplified FE model can be devel-
oped. Indeed, refined FE models are time-consuming, which can be
too restrictive for use at the scale of a complete structure, such as a
multi-storey building. To address this issue, one alternative is to
use simplified FE models. The behaviour of these models is defined
by a limited number of degrees of freedom (DOFs). In the afore-
mentioned studies [11,21,25,18,19], the simplified FE models were
calibrated on refined FE model predictions. However, they can also
be calibrated directly from experimental tests on shear walls
[23,17,10,1,6,2]. Simplified FE models are calibrated on quasi-static
force-displacement evolutions and used to perform dynamic cal-
culations. However, to the best of our knowledge, this calibration
has never been validated by comparing the dynamic behaviour of
the refined and simplified FE models or by using experimental
dynamic tests on a single shear wall. This validation step is empha-
sised in this paper. Finally, a method to build a wall by combining
simplified FE models is described.

2. Refined FE model
2.1. Experimental dynamic tests

Dynamic tests were performed on a 6 x 6 m unidirectional
shake table at the FCBA Technological Institute in Bordeaux,
France. Two types of shear wall were tested. One was the P16 shear
wall described in Part I, and the other specimen was similar to the
OSB12 shear wall except for its nails, which were 2.5 mm in diam-
eter and 55 mm in length. For the sake of comprehensiveness, the
main characteristics of the shear walls are listed here: C24 strength
class timber is used for the frame, the particleboard panel is 16 mm
thick, the OSB panel is 12 mm thick, nail dimensions are
2.5 x 55 mm and the spacing is 150 mm on the panel edges and
300 mm in the middle, one reinforced bracket is used at the bot-
tom of each of the two exterior studs. Fig. 1 shows the test facility.
For such tests, the dead load can fall off onto the shake table if wall
failure occurs, which is why Dolan [7] developed a moving frame
that carries the load and transfers the inertial forces to the shear
wall. Other studies have been performed using the same test appa-
ratus [8,24], and Yamaguchi et al. [26] developed a moving frame
made of a steel floor and two cross walls, which can test two shear
walls simultaneously. For both apparatuses, the moving frame car-
ries the dead load such that the shear wall is not submitted to a
vertical load. Dolan added cables linking the top plate to the shake

Fig. 1. Dynamic tests set-up on the shake table (FCBA Technological Institute).

table, to create a vertical load. Another type of system was used by
Dutil and Symans [9], in their case, gravity loading was applied
through a load beam attached to the top plate of the wall, and
the out-of-plane instability was limited by means of rubber casters
rolling on the load beam. Similar to Dutil and Symans, in the pres-
ent study, it was decided to directly fix the mass (1500 or 2000 kg)
onto the shear wall. For this purpose, a box was bolted to the top
plate and filled with ballast. The out-of-plane instability is limited
by means of a frictionless guiding system. This set-up ensured that
the test conditions for the shear walls were similar to the in situ
conditions. The anchorage of the shear walls was similar for
dynamic and quasi-static tests; however, only 3D bracket-type
connectors were used for exterior anchorage.

A total of 12 dynamic tests were performed (Table 1), based on
different configurations (OSB12 or P16 shear wall), masses (1500
or 2000 kg), accelerograms (3 different accelerograms were used,
each test using only one) and accelerogram scaling factors (accel-
erograms scaled to different PGA values). The first accelerogram
is the natural I'Aquila earthquake accelerogram (April 2009),
recorded at the GX066 station. It was selected because it repre-
sents a realistic signal for western Europe. The two others signals
were selected to correspond to a more severe seismic hazard.
The scenario for Guadeloupe (French Antilles) has been chosen.
The most probable magnitude-distance couple was identified for
this scenario and for a return period of 475 years (probability of
exceedance of the peak ground acceleration of 10% in 50 years).
Then, corresponding signals were found in all available databases.
As a result, the El Salvador earthquake accelerogram (February
2001) recorded at the Zacatecoluca station was selected. The same
procedure provided another accelerogram, which was then modi-
fied using the RSPMatch2005 [13], so that its spectra fits a calcu-
lated spectra. This calculated spectra was obtained with the
Youngs et al. [28] relationship, which provides a more complete
and realistic frequency content for the Guadeloupe scenario. This
third accelerogram is referred to as Guadeloupe. Considering the
high number of variables (shear wall types, masses, accelerograms
and scaling factors), the number of tests is relatively low. For that
reason, the effect of parameters could not be studied, and the anal-
ysis is limited to general observations. Fig. 2 presents the 5%
damped pseudo-acceleration response spectra of the three
unscaled motions.

Tests were performed using a train of motions, i.e. by repeating
an accelerogram with increasing scaling ratios of the PGA. The goal
of this procedure was to reach failure of the shear wall and provide
information regarding the shear wall behaviour at different levels
of loading. Before each accelerogram (including the first), a low
amplitude white noise test was performed to measure the funda-
mental frequency of the shear wall. Fig. 3 presents the Frequency
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Table 1
Shear walls configurations for dynamic tests.

Test Panel F2F angle P2F Mass Accelerogram

(g xL) kg Name

2.5x50 1500 El Salvador 0.73-0.24-0.88
L’Aquila 1.3-0.56-1.8
Guadeloupe 0.33-1.06-0.33-1.25
0.33-1.06-0.33-1.25
0.33-1.06-0.33-1.25
1.06-0.33-1.25
2000 EI Salvador 0.73-0.24-0.88
Guadeloupe 1.06-0.33-1.25
P16 1500 L'Aquila 1.8-0.56-1.8
10 Guadeloupe 0.33-0.66-1.25-0.33
11 2000 L’Aquila 0.56-1.8-0.56
12 Guadeloupe 0.33-1.25-0.33-1.25
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Fig. 2. 5% damped pseudo-acceleration response spectra of the three unscaled
motions.

Response Function (FRF) for one test (OSB12 - 1500 kg - Guade-
loupe). The undamaged specimen has a fundamental frequency
of 6.25 Hz. After the first accelerogram (PGA=0.33 g), the fre-
quency decreased to 5.0Hz. After the second accelerogram

4 T
Initial
35 1st loading === |
3+ 2nd loading s i
3rd loading == =

Wall top / Shake table (g/g)

Frequency (Hz)

Fig. 3. Frequency Response Function (OSB12 - 1500 kg - Guadeloupe).

(PGA = 1.06 g), the fundamental frequency decreased even more
(2.25 Hz). The third accelerogram (PGA = 0.33 g) did not appear
to change the FRF, which was expected due to its low PGA com-
pared with the second accelerogram. Because failure occurred dur-
ing the fourth accelerogram (PGA =1.25g), no additional white
noise analysis was achieved. The decrease in stiffness (20%) and
amplification (40%) after the first loading, which can be interpreted
as damages in the shear wall, are obvious on Fig. 3. Nevertheless,
post test visual observations did not reveal any visual clue of that
degradation. For the first loading, the relative displacement at the
top of the wall was about 10 mm, which correspond to a small drift
of 0.4%. Therefore, it is considered that the degradation of the wall
behaviour is in fact due to small gaps appearing in the joints. For
loadings resulting in greater displacements, post test observations
show withdrawals (Fig. 4a) or pulling through (Fig. 4b) of the most
loaded nails (in the corners of the sheathing panels). When the fail-
ure of the wall is reached, most of the nails joints correspond to the
pictures of Fig. 4. One should note that the failure modes presented
herein, that occur in a shear wall specimen under dynamic loading,
are in accordance with the results of the tests on nail joints previ-
ously described (see Part I).

The damping ratio of the shear walls can also be estimated
experimentally. It provides a global damping ratio that accounts
for all energy dissipation phenomena under small relative dis-
placements to avoid material non linearity (plasticity, damage).
These measures were performed for a relative displacement of
the wall of the order of 1 mm. Two calculation methods were used,
the bandwidth method based on the FRF and the logarithmic dec-
rement method based on the free vibration response. The results
showed that the damping ratios ranged between 10% and 17%
when calculated with the bandwidth method and between 6%
and 9% for the logarithmic decrement method. The same discrep-
ancies between the two methods were observed by Dutil and
Symans [9], who concluded that the maximum amplitude of the
FRF could not be known with sufficient precision to assure satisfac-
tory results. Therefore, only the logarithmic decrement method is
considered here.

All measurements were first recorded by accelerometers
located in key positions (on the table to check the effective input
signal; on the sill plate to check the current anchorage behaviour;
on the exterior studs to check their possible uplift and bending; on
the top plate to measure the wall deformation). Because this mea-
surement system cannot account for the after-test permanent
deformations due to the hysteretic behaviour of the shear wall,
two displacement sensors were added. An LVDT transducer mea-
sured the absolute displacement of the shake table, and a draw-
wire sensor measured the absolute displacement between the
top plate of the specimen and the laboratory. The relative displace-
ment of the shear wall was derived from these data.

(a) Withdrawal

(b) Pulling through

Fig. 4. Post test observations on the nail joints.
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2.2. FE model for dynamic calculations

In Part I, the refined FE model for quasi-static calculations was
presented. It was composed of beam elements that modelled the
studs, sill, and top plate of the frame. The beam and panel elements
exhibit linear, elastic behaviour and were connected by means of
two-node, spring-like elements with a specific nonlinear hysteretic
constitutive relation (see Part I) to model the joints with metal fas-
teners. The proposed constitutive behaviour law is versatile (valid
for any type of metal fastener and any type of loading) and takes
into account the cumulative damage. For each type of fastener,
the model parameters were calibrated using the test results per-
formed on the joints. For the tests, lumped masses were added to
the wall’s top plate to account for the roof weight and/or upper
story (1500 or 2000 kg per shear wall). The weight of the shear wall
was approximately 45 kg. The damping matrix was built with the
Rayleigh method (C = aK + M), with o and g selected in order
to have the same damping value at the first two vibration modes
(with K the stiffness matrix and M the mass matrix).

The experimental results showed that the global damping ratio
(¢q0p) Tanged between 6% and 9% for maximal relative displace-
ments that did not exceed 1 mm. Assuming that the energy dissi-
pation was concentrated in the metal fasteners, a viscous
damping ratio (&,;.) was identified such that the addition of vis-
cous damping dissipation and hysteretic dissipation for all the
joints allows to correctly predict the free vibration of the wall for
a maximal relative displacement of less than 1 mm. The identifica-
tion led to ¢, = 5%. This damping ratio was thus taken into
account for each joint and for all calculations.

2.3. FE model validation under dynamic loading

The refined FE model of the shear wall was validated under
quasi-static loading in Part I. To complete the validation of the
refined FE model, dynamic calculations were performed and the
results are compared with that of the experimental dynamic tests.
Fig. 5 presents the experimental and predicted displacement-time
evolutions for the P16 specimen with a mass of 1500 kg and the
“Guadeloupe” accelerogram (PGA = 0.33-0.66-1.25 g).

The model predictions are generally in good agreement with the
experimental results. For long simulated time (third accelerogram
amplitude, more than 60 s), the model is less accurate, most likely

Experimental FE Model

Displacement (mm)
[9)]
3
&
N
o
N
(4]
w.
o

Time (s)

Fig. 5. Top displacement of shear wall: Comparison of experimental and numerical
time evolution for test 10.

because of the specific loading protocol and the damage accumula-
tion in the shear wall during the three sequential tests. Because
real earthquakes do not last so long, the slight discrepancy
between the experimental and predicted results is not considered
an issue. The different configurations (shear wall specimen, mass,
and accelerogram) result in a total of 12 dynamic tests, but only
11 could be used because of data acquisition issues for test number
12. For each test, the Fig. 6 presents the experimental and numer-
ical peak displacements for the first loading on the specimen. It can
be seen that the predictions are more accurate for some tests than
others, but on the whole the model is able to predict the behaviour
for different configurations of shear walls and different levels of
loading. The experimental variability is difficult to assess, as each
test is achieved on either a different configuration of shear wall
or a different loading, except for tests 3, 4 and 5 which are identical
(Table 1). Fig. 6 shows that for these tests (3, 4 and 5), the experi-
mental results present a relative difference in terms of peak dis-
placement. Moreover, the fundamental frequency is measured
before each test and the values present a coefficient of variation
of about 10%. Despite all the care given during each step of the
experimental process, the reasons for this variability can be
explained in various ways (materials, fabrication, storage, installa-
tion on the test machine, measurement accuracy, etc.). As the FE
model is deterministic, it should be considered that a portion of
the differences between experimental and numerical results can
be explained by this experimental variability.

3. Simplified FE model

Modelling an entire 3D timber-framed structure on the scale of
elementary components (joints) may lead to significant computa-
tional costs. Thus, a simplified FE model is proposed to model shear
walls.

3.1. Simplified element development

Fig. 7 presents the proposed simplified FE model for shear walls.
Various simplified FE models have been already proposed (e.g. Folz
and Filiatrault [11], Richard et al. [21], Xu and Dolan [25], van de
Lindt et al. [18], Pang and Rosowsky [19]), but we propose to use
our own hysteretic constitutive law to build it. This simplified FE
model is composed of a frame of bars, which ensures a parallelo-
gram-like deformation. This is the dominant deformation for shear
walls [12], but overturning due to uplift of the anchorages also
exists. More complicated FE elements can be developed to account
for it Christovasilis and Filiatrault [4,5]. Since the constitutive law
that describes the behaviour of the simplified FE model is cali-
brated based on the refined FE model predictions (which repro-
duces both shearing and overturning deformation), the effect of
the overturning is indirectly taken into account in the simplified
FE model. This effect is primarily related to exterior anchorages,
the mass at the top of the wall and the aspect ratio (height over
length of the wall). In this work, the aspect ratio is not a parameter
of the study, as only one geometry of shear wall (2400 x 2040 mm)
is used. Experimental and numerical results showed insignificant
uplift for reinforced 3D bracket-type connectors (AH®) regardless
of the level of vertical loading (from 0 to 5000 kg). Because stan-
dard 3D bracket-type connectors (E5®) are less stiff than reinforced
connectors, plastic strain of the 3D bracket-type connectors was
observed, which lead to greater uplift values (up to 25 mm). How-
ever, such values are small compared to the dimensions of the wall
(2400 x 2400 mm), which results in a limited impact on the over-
turning of the behaviour of the wall.

A two-node spring-like element controls the horizontal drift of
the wall. The nonlinear behaviour of the simplified FE model arises
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Fig. 6. Peak displacements comparison between experimental results and refined FE model predictions on each specimen.
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Fig. 7. Proposed simplified FE model composed of a rigid frame of bars ABCD, a
spring-like element with nonlinear, semi-rigid behaviour k(t), two lumped masses,
m/2, that model the roof load and two dampers, c/2.

from the constitutive relationship used for the joints (see Part I).
The parameters of this nonlinear model were identified from the
results of the refined FE model under both push-over and cyclic
loadings. Indeed, the objective of using simplified FE models is to
prevent costly experimental tests on shear walls, replacing them
with tests on joints only. In the present study, however, experi-
mental tests on shear walls were performed but only for validation
purposes. The roof load, which is predominant, is modelled with
two lumped masses, m/2.

3.2. Simplified element calibration

The calibration process is similar to the direct calibration pre-
sented in Part I. The backbone parameters were calibrated using
the refined FE model prediction under quasi-static, monotonic
loading (Fig. 8). Then, pinching and damage parameters were iden-
tified by means of successive simulations used to best fit the
refined FE model prediction under quasi-static, reversed cyclic
loading (Fig. 9). This means that a detailed FE model has to be build
for every configuration of simplified FE model. The detail of the
parameters of the constitutive law can be found in Part L.

3.3. Simplified FE model validation
The simplified FE model was calibrated for quasi-static loading

and then used in the dynamic calculations. To assess the accuracy
of its behaviour under dynamic loading, the simplified FE model

predictions and the experimental results under dynamic loading
were compared, and those predictions were also compared with
those of the refined FE model. The dynamic calculations performed
on both the refined and the simplified models showed that the
computation time ratio is approximately 12. Fig. 10 shows a global
comparison in terms of peak displacements between experimental
results, refined and simplified FE models predictions for the first
loading (0-32 s, Fig. 10a) and second loading (0-32 s, Fig. 10b).

The results show that the simplified and the refined FE models
match perfectly under quasi-static loading (see calibration, Fig. 9),
whereas under dynamic loading, the model do not match as well.
Considering the limited number of degrees of freedom, and the
subsequent gain in computation time provided by the simplified
FE model, the confrontations between experimental, refined FE
model, and simplified FE model (Fig. 10) show a good agreement.
Nevertheless, in an attempt to improve the simplified FE model,
two other developments were tested:

e The initial stiffness parameter (K,) directly affects the funda-
mental frequency of the simplified element. Because K, was cal-
ibrated using beginning points of the force-displacement
evolution (Fig. 8), the fundamental frequency of the simplified
model does not properly match the fundamental frequency of
the refined FE model. Therefore, K, was modified to match the
fundamental frequency of the refined FE model (e.g., 3.9 Hz
for the P16 specimen with E5 connectors).

The lumped masses used in the simplified model do not take
into account the weight of the shear wall itself. Though this
weight is relatively small (~ 50 kg) compared with the mass

2014 FE model " Part‘\cu\e 16 mm ESA
—— Macro-element K, = 3.13 kN/mm
p d,=1mm

— 15¢ d, =66 mm
E F,=21.1kN

K,=0.01 kN/mm
“é 10 d,=84mm
uo_ F,=20.7kN

5l K, =-0.02 kN/mm
d, =97 mm
F,=19.1kN

0 n n n n n
0 20 40 60 80 100 120

Displacement (mm)

Fig. 8. Step 1: Calibration of backbone parameters using the prediction of the shear
wall response under quasi-static loading: P16 panels and E5 connectors.



748

C. Boudaud et al./Engineering Structures 101 (2015) 743-749

20 T T T —

Ko,=3.13 kN/mm d, =84 mm Particule 16 mm ES|
15} d,=1mm F,=20.7 kN

d,=66mm K, = 0.02 kN/mm
10 f=211kN d,=97mm

K,=0.01 kN/mm

Force F (kN)
o

B.=2.50

10+ C,= 120 B =38
C,= 020 n=045
A5y Cm 045 FE model --- |
-20 " . ) Macro-element —
-40 -20 0 20 40

Displacement d (mm)

Fig. 9. Step 2: Calibration of pinching parameters using the prediction of the shear
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applied to the top of the wall (1500 or 2000 kg), it is neverthe-
less taken into account in the refined model. Therefore, the
mass of the wall is modelled by adding equally distributed
lumped masses on the four nodes of the simplified FE model.

—Experimental FE model ---Simplified model
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Calculations with and without these improvements showed
that their effect is limited and sometimes insignificant, which, in
retrospective, can be explained by the fact that the modifications
are of really slight amplitude (50kg represent only 3% of
1500 kg), and the order of magnitude does not exceed 5% for the
modification of the initial stiffness. However, the models were
coded as described, and the results presented in Fig. 10 were
obtained with the improved simplified model.

3.4. Use of the simplified FE model

The simplified FE model was developed to build accurate and
computationally time efficient models of buildings. An entire 3D
building model can be obtained by connecting different simplified
FE models. One of the calculation methods of Eurocode 5 [3] for the
shear wall racking resistance does not consider the parts with
openings. As discussed by Yasumura [27], and Silih et al. [22], their
influence is far from insignificant ([15] also provides a calculation
method for perforated shear walls), therefore openings areas of
shear walls are studied in this work. They can be modelled either
by a simplified FE model that includes adjacent shear walls or by
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Fig. 10. Peak displacements comparison between experimental results, refined and simplified FE models predictions on each specimen.
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Fig. 11. Modelling of walls by simplified elements.
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a specific simplified FE model limited to the opening area. The lat-
ter is proposed in this study for the following reasons:

e Fig. 11a presents the force-displacement evolutions of shear
walls of different lengths (calculate with the refined FE model)
and shows that the maximal force is proportional to the length
of the wall. Due to this property, the number of necessary
refined FE models required to calibrate the simplified models
is reduced to one. This property is only valid for blind shear
walls (without openings).

e Fig. 11b shows an example of a discretisation of a wall into sim-
plified elements. The two full shear walls were modelled by
simplified elements, which were calibrated using a unique,
refined FE model. The opening area was modelled by a specific
simplified element, which requires a refined FE model for its
calibration. Yet, due to the opening and the relatively small
dimensions of the simplified element, the refined FE model is
relatively computationally light and therefore, can be quickly
developed and calculated.

4. Conclusions

This paper (along with Part I) presents refined and simplified FE
models of a timber-framed shear wall under seismic loading. The
refined FE model showed good agreement with 14 experimental
tests for quasi-static loading in Part I. In this part, the refined FE
model was used to perform dynamic calculations. The results are
compared with 11 experimental tests under seismic loadings.
The refined FE model predictions are in good agreement with the
experimental data under seismic loading. To reduce the calculation
time for dynamic simulations, a simplified FE model was devel-
oped. The calibration of this element was based on the refined FE
model results under quasi-static loadings. The results obtained
with the two models for dynamic calculations were compared.
The results were reasonably close, and the simplified model pro-
vides a significant advantage in calculation time. The discretisation
of a wall into several simplified elements is based on the property
of proportionality between the maximal force of a full shear wall
and its length. The main features of this work are:

e The use of a versatile constitutive law able to model the dissipa-
tive behaviour of different types of joints.

e Its calibration on an important number of joint tests, allowing
to take into account the variability of the joints mechanical
behaviour.

e The development of a refined FE model of shear walls corre-
sponding to common building practice in Western Europe.

o The confrontation of this model predictions to a more important
number of experimental tests (under both quasi-static and
dynamic loadings) than currently found in the literature.

e The development of a simplified FE model of shear wall aiming
at reducing the computational time for nonlinear dynamic
calculations.

e Its calibration based on predictions of the refined FE model
under quasi-static loading, and its validation under dynamic
loading, which is to the best of our knowledge not studied in
the literature.

e The definition of an efficient method, based on verified shear
walls mechanical properties, to build the walls of a timber-
framed building by coupling simplified FE models.

In the future, the development of FE models of a complete
buildings will be studied. In the case of a building with several sto-
reys, the simplified model of shear wall should be able to account
for the overturning phenomenon (the refined model already can).
In the case of a single storey structure, the main outlook of this

work is obviously the development of a FE model and its confron-
tation to experimental data, which is currently ongoing research.
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