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ABSTRACT

In the most structural codes, deformation capacity of the unreinforced masonry shear walls is estimated
based on their structural behavior (failure mode) and aspect ratio. In this paper, deformation capacity
was determined for the Persian historic brick masonry walls by considering the effects of various
parameters such as lateral constraints, aspect ratio and thickness. Also, to take into account the
uncertainties in material and geometry of the walls in their deformation capacity, partial factor y4, Was
proposed, somehow, deformation capacity of shaer wall is determined by multiplying this factor in the
computed deformation. Accordingly, the in-plane behavior of 48 different specimens of masonry walls
with four lateral constraint configurations (contribution of transverse walls and also top slab), four
distinct aspect ratios (height to length) of 0.5, 0.75, 1.0 and 1.5, three traditional wall thicknesses of 0.20,
0.35 and 0.50 m, under pre-compression load of 0.10 MPa were computed using nonlinear pushover
analyses. Then, the obtained force-deformation curves were idealized by bilinear curves (linear elastic —
perfectly plastic) to make them easier for comparison objectives as well as to be more adopted in practical
purposes. The latter results indicated that deformation capacity of the shear walls decreases by stiffer
lateral constraints, more thickening; and decrease in height-to-length aspect ratio. In addition, it was
observed that the transverse walls (vertical constraints on two sides, and at two ends of the base shear
walls) were more efficient in reducing deformation capacity than the top slab (horizontal constraint). As
a result, according to the numerical calculations, the ultimate drift value for the Persian historic brick
masonry walls determined between 1.3% and 2.7%. Eventually, the partial factor of yq, to consider
uncertainty in modulus of elasticity and thickness assessment in deformation capacity of the Persian
historic masonry shear walls achieved in the range of 1.3 to 1.7.

doi: 10.5829/ije.2020.33.11b.02

1. INTRODUCTION

context [2]. Deformation capacity of masonry shear walls
is affected by various factors such as; aspect ratio,

Masonry structures are one of the oldest and most widely
used constructions. In Iran, many masonry structures
were built using clay units walls and jack-arch top slab
(ceiling). Seismic vulnerability is a serious matter for
masonry structures and the most vulnerable members
during earthquakes are the load-bearing shear walls [1].
One of the main factors in seismic assessment of the
masonry shear walls is their deformation capacity, which
so far, limited researches has been carried out on this
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thickness, and lateral constraints of the wall, as well as
gravitational load level, in addition to the material
properties. Because of limited knowledge on deformation
capacity of the masonry walls and lack of reliable
analytical model, directing a study on this area seemed
inevitable. In recent years, some researchers have
investigated on behavior of the masonry structures using
finite element methods; in which, mostly adopted an
identical homogenized properties for the units and

Please cite this article as: M. Ghamari, M. S. Karimi, A. AmirShahkarami, Effects of Lateral Constraints and Geometrical Characteristics on
Deformation Capacity of the Persian Historic Unreinforced Masonry Shear Walls under Uncertainty Conditions, International Journal of
Engineering (IJE), IJE TRANSACTIONS B: Applications Vol. 33, No. 11, (November 2020) 2127-2136




2128 M. Ghamari etal. / IJE TRANSACTIONS B: Applications Vol. 33, No. 11, (November 2020) 2127-2136

mortar; which known as “macro modelling”. In addition,
behavioral models of masonry materials with
homogeneous properties were developed, ignoring the
effects of mortar bonds (while are able to model local
failures) [3]. This process led to suggest a nonlinear finite
element model for the behavior of masonry materials
based on biaxial experiments on masonry assemblages
[4]. This model is capable to consider nonlinear effects
of materials and also progressive local failures [5].
Loading on masonry walls is mainly applied in two forms
of in-plane shear and out-of-plane bending. Due to multi-
directionality of the earth motions during earthquake,
accurate seismic modeling of the masonry structures
should include both in-plane and out-of-plane loads,
simultaneously. By locating shear walls perpendicularly,
in-plane behavior dominantly controls response of the
walls. However, the effect of simultaneous loadings was
experimentally studied on smaller wall specimens than
the real ones; with different aspect ratios. It was found
that aspect ratio had significant effect on behavior of the
masonry walls, especially on deformation capacity [6, 7].
This led to consider mainly the in-plane shear loading in
numerical modellings, which these conditions was
achieved by applying appropriate boundary conditions,
laterally, to prevent out-of-plane failure [8]. Simplified
equations have also been proposed for shear strength of
the masonry walls under different loading conditions
(concentrated, distributed and out-of-plane loading) [9].
By research progressing, more completed and simpler
relations have been proposed to determine the shear
strength of masonry walls on the finite element basis
[10]. Furthermore, using analytical methods, behavioral
force-deformation curve, based on an elastic-perfectly
plastic behavior for masonry materials, was proposed
[11, 12].

Transverse wall or flange were defined as part of the
out-of-plane wall that participates with the shear wall to
resist lateral (out-of-plane) loads [13]. The influence of
transverse wall (flange) for unreinforced masonry
building (URM) walls under in-plane (shear) loading has
been investigated, too. Based on the report NZSEE [14],
the in-plane response of URM walls is significantly
influenced by the presence of transverse walls. Yi [15]
indicated the effects of transverse walls (flanges) on the
maximum strength of shear walls, and also noted that no
experimental data were available to specifically
investigate the URM shear walls with transverse wall. In
these investigations, it was determined that the amount of
drift depends on the locations of the transverse walls to
the in-plane wall. It was also determined that the location
of the transverse walls has a significant effect on shear
strength of the wall. If the transverse wall is positioned
closer to either ends of the wall, its shear strength
increases, but when the transverse wall is in the middle
of the in-plane wall, it has no effect on its shear strength
[16].

The Eurocode 6 [17], Eurocode 8 [18], and several
FEMA guidelines [19, 20] debated about drift capacity
for URM walls. In Eurocode 8-Part 3 [18], deformation
capacity of the masonry structures is dependent on the
aspect ratio and the modes of failure. However, the
deformation capacity of the shear walls is mainly
influenced by their lateral constraints which define the
stiffness and strength of the horizontal (top slab) and
vertical (transverse wall) constraints. FEMA 306 [19]
and FEMA 273 [20] distinguishes drift capacities for
different damage levels. The drift capacities proposed by
FEMA 306 [20] are very similar to those in Eurocode 8
[18]. Contrary to the aforementioned codes, the Swiss
code considers drift capacity as a function of axial stress
ratio of the masonry compressive strength [21]. The
study on effect of the geometry and aspect ratio (height
to length) showed that these parameters had a great effect
on shear wall deformation capacity, which increased by
decreasing size (i.e. its length) [6]. In recent years,
deformation-based methods have been gradually
developed for the seismic assessment of existing
masonry structures. It is generally accepted that methods
of evaluating structural damage based on materials
deformation predicts the conditions of damages and their
distributions, more realistically [22]. Thus, it would be
vital to consider the deformation capacity of masonry
structures on their assessing or design. In this regard, the
in-plane behavior of several masonry walls with different
modes of failure [2] and lateral constraints [23] has been
investigated. On the one hand, the existence of significant
variability in the experimental data and the lack of a
reasonable conclusion for the displacement capacity of
the URM shear walls based on the experimental data, and
on the other hand, lack of valid analytical model, limits
for either the displacement capacity or the force—
displacement relationship of URM walls [2]. It should be
noted that most of the researches has been done on the
strength characteristics of the in-plane response of URM
walls. Petri and Bayer [23] studied the effect of boundary
conditions on displacement capacity by performing six
series tests of static and/or cyclic shear loadings on
unreinforced masonry shear walls. Tomazevic and Weiss
[24] examined a set of samples with varying aspect ratios
and in actual size by shaking table tests to determine the
force-reduction factor for the URM structures.

2. RESEARCH APPROACH

In this study, shear walls with four different lateral
constraint components were modelled to study the
behavior of Persian historic masonry shear walls,
influenced by the presence of transverse walls and of a
top slab, as illustrated in Figure 1. In the first model, a
shear wall was modeled without any lateral component,
known as the base wall, as "W" (Figure 1a).
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Subsequently, with the gradual increase of the
neighboring members, other masonry specimens with
different lateral constraints were created. Figure 1b,
exposed a specimen with a horizontal component or top
slab and is represented by the "H" index. The third set of
specimens with transverse walls at two ends and on both
sides of the wall is presented in Figure 1c as "V". In the
fourth typologies, both the horizontal (top slab) and
vertical (transverse walls on both sides) constraints are
placed with the base shear wall specimen (Figure 1d),
which is named "H+V".

For simulation purposes, masonry materials should be
considered as quasi-brittle materials. The SOLID65
element (from the library elements of the ANSYS [25]
program) was used to represent the properties of
homogeneous composition of bricks and mortar. This is
a dedicated three-dimensional solid iso-parametric
element to model nonlinear response. The element is a
hexahedron with eight nodes, with three degrees of
freedom at each node (translations in x, y and z
directions) and eight integration points. The walls are
restricted by the conditions of presence of the connecting
side elements. At borders of the specimens in which there
is no connecting side constraint, nodes on those edges of
the wall are only prevented from lateral movement.
Transition at nodes located on edge borders of the vertical
(transverse walls) and/or horizontal (top slab)
constraints, are free along the directions located on the
wall plane, and the lateral transition, perpendicular to the
wall plane, was prevented. This was regarding the point
that historic walls are not confined in a frame and are able
to displace vertically. To apply support conditions at the
base, all nodes of the masonry block elements, located at
the base of the wall, were fully fixed.

In this research, the base walls with a constant height
of 3.0 m, three thicknesses of 0.20, 0.35, and 0.50 m, and
four lengths of 2.0, 3.0, 4.0, and 6.0 m (resulting in
height-to-length aspect ratios of 1.5, 1.0, 0.75 and 0.5,

a4

a) Isolated configuration "W" b) With top slab "H"

™ @

¢) With transverse walls on d) With top slab and
both sides & ends "V*" transverse walls "H+V"
Figure 1. Masonry shear wall models with distinct lateral
constraints

respectively) were modelled. The half-lengths of the
horizontal component (top slab) and the transverse walls,
attached to each side of the main shear wall, is equal to
3.0 m. This value was chosen according to definition of
the effective loading span with the maximum distance of
two masonry walls i.e. 6.0 m. Thickness of the transverse
walls are the same as the base shear wall, in each model.
The top slab is also selected from the Persian jack-arch
with a thickness of 20 cm. The specimens were analyzed
under corresponding gravity load of one floor, only. The
gravity load was calculated according to the applied
dead-load of 400 kg/m? and live-load of 200 kg/m?, of
one floor. Hence, the gravity load was 100 kN/m? (0.2
MPa), which applied on the top of the shear walls. In
addition, monotonically increasing in-plane shear
deformation was applied on the top of the wall, as the
shear loading. Newton-Raphson iteration  with
deformation control and the convergence criterion with a
tolerance of 10 was used to run the numerical analyses.

In this research, due to the lack of sufficient
knowledge about the effective factors in deformation
capacity of the masonry shear walls, it was attempted to
determine a partial safety factor for their deformation
capacity, using the protocols and techniques available in
the structural codes. The partial safety factor for
deformation capacity (yqu) is a coefficient that can be
used to model uncertainties. To evaluate the safety of
historic masonry structures, this study is focused on two
parameters, namely the modulus of elasticity and
thickness of the wall as input parameters for uncertainty
determination. The strength value of the masonry
materials is affected by the modulus of elasticity,
therefore a correlation with those properties is considered
such that they would change accordingly to the changes
of the modulus of elasticity. Thickness is another relevant
factor in the stiffness and shear strength of the walls.

In this study, ANSY'S software [25] was used for the
masonry wall specimen analyses under in-plane loading.
The characteristics of isotropic homogeneous masonry
material used in this study; are presented in Table 1. This
table indicates the mechanical properties for the
assemblage of clay brick and clay-gypsum mortar; used
in Persian historical buildings in Qazvin. These
mechanical properties have been determined from the
experimental tests [26], and also available in literature
[27, 28].

TABLE 1. Mechanical properties for masonry assemblage [27-
29]

Bulk density (kg/m3) 1530
Modulus of elasticity (MPa) 2730
Poisson’s ratio (-) 0.17
Compressive strength (fc) (MPa) 2.73
Tensile strength (ft) (MPa) 0.27
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In general, description of failure criterion for the
homogenized masonry material is a complicated task,
and it needs to be investigated by the results of several
tests, including biaxial tests. In here, the failure criterion
used in FE modeling of the masonry materials is the
Willam-Warnke failure criterion [29]. This failure
criterion is expressed by the multi-axial stress conditions.
In this theory, each stress is not individually compared to
its limit state value; but, by combining the stresses with
the stresses at the limit state; and considering their
interactions, an ultimate value is obtained as the criterion
of failure, as given in Equation (1):

F
7 $=0 (1)
where in, F is a function of the principal stresses state
(oxp, oyp, 03p), [ 1S Characteristic compressive strength of
masonry, S is the failure surface expressed in terms of
principal stresses, and oxp, oyp, oz are the principal
stresses (in principal directions). The parameters of
Willam-Warnke criterion (used in ANSYS [25]) for the
masonry assemblage of clay brick and clay-gypsum
mortar; were calculated from Equations (2) to (6) [27],
and values for the parameters used in this study (for f.=
2.73 MPa) are shown in Table 2.

fe=0.1f @
fer = 1.2 ®)
fi = 145, )
f, = 1.725f, ®)
o] < 3°5f, (6)

where in, f, is the uniaxial tensile strength, f,, is the
biaxial compressive strength, f; is the biaxial
compressive strength for the case of hydrostatic pressure,
f> is the uniaxial compressive strength for the case of
hydrostatic pressure, |oy|is the hydrostatic pressure,
TCF is the stiffness multiplier for the cracked tensile
condition, B, is the shear transfer coefficient across the

TABLE 2. Parameters of Willam-Warnke failure criterion
(used in ANSYS) [25, 29]

fe (MPa) 0.27
fe» (MPQ) 3.28
f1 (MPa) 3.96
f> (MPa) 4.71
loy'| (MPa) 473
TCF 0.6
Be 0.15
Be 0.75

open crack, and B, is the shear transfer coefficient across
the closed crack.

3. VALIDATION OF NUMERICAL MODELLING

To make sure about credibility of details in the way of
making the walls numerical models, chosen failure
criterion, assigned values for the input parameters, and
also results to be obtained, initially, it is necessary to
validate numerical results by the available data from the
experimental specimens. This important was achieved by
modelling of in-plane masonry shear walls with available
experimental results [30]. This verification was
performed on two wall specimens with different
dimensions. The first specimen is in 250 cm height and
125 cm length (Figure 2a), and the second one is in both
height and length of 250 cm (Figure 2b). The nominal
thickness of the specimens is 32 cm. A constant gravity
load of 0.2 MPa was applied on top of the walls, as pre-
compression. The parameters of Willam-Warnke
criterion was set in accordance with the available data
from the experimental ones.

In Figure 3, the obtained numerical force-
displacement curves were compared with the
experimental ones. Due to the different number of
experimental samples and easier perception, the
experimental results are shown as a shading area. As
shown in Figure 3, the numerical results are satisfactorily
verified by the experimental ones, in their initial stiffness
and the peak load. As it is shown, the numerical estimated
of shear capacity reaches 86.4 kN and 223.3 kN for two
specimens, which is within the limits of what achieved in
experiments (grey area). Therefore, it can be concluded
that further considered numerical models with the same
procedure and details of modelling, failure criterion, and
input data for the material parameters, will acceptably
predict the real shear behavior of those real ones.

4. PARAMETRIC ANALYSIS

In this section, nonlinear pushover analyses results of 48
shear walls —similar to what were used for validation
purpose- with the same details of modelling and material

25

1.25 25

h/1=2 h/l=1

a) Wall in 2.5%1.25*0.32 m b) Wall in 2.5%2.5%0.32 m
Figure 2. Shear wall specimens for validation [30]
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(b) Wall in dimension of 2.5%2.5*0.32 m
Figure 3. Comparison of the force-displacement diagrams
for the validation models [31]

characteristics is presented. Behavior of the walls in
distinct lateral constraints (shown in Figure 1), in height
of 3.0 m and aspect ratios of 0.5, 0.75, 1.0 and 1.5, in
thicknesses of 0.20, 0.35, and 0.50 m, under constant pre-
compression level of 0.10 MPa, for the material
characteristics (Table 2) are investigated. In all models,
the top slab is in thickness of 20 cm; and the transverse
walls are in the same thickness of the base shear wall,
with 3.0 m length on each side of the shear wall. Figure
4 indicates the force-displacement behavioral curves for
the specimens with different lateral constraints and
aspect ratios; for the walls with a thickness of 0.20 m.
The force-displacement curves for the specimens with an
aspect ratio of 0.5 are shown in Figure 4a. In this figure,
it is clear that the walls with more components of the
lateral constraints had higher shear strength and less
displacement capacity. The force- displacement curves of
the walls with an aspect ratio of 0.75, 1.0 and 1.5 are also
depicted in Figures 4b, 4c, and 4d, respectively. From the
curves in Figure 4, it is apparent that the specimens with
more lateral constraint components had lower ultimate
displacement and higher shear strength. In addition, by
increasing aspect ratio, the shear strength was reduced
while the ultimate displacement was increased. It should
be noted that the "H+V" wall with the aspect ratio of 0.5
and the "H" wall with the aspect ratio of 1.0 -in their post
pick area- had a smaller shear strength than the specimens
with lower lateral constraints, which is mainly due to the
dependency of numerical results on the assumed
geometric configuration and boundary conditions of the
models, as well as meshing and non-real numertrical
parameters. Figures 5 and 6 illustrate the force-
displacement curves for the specimens with 0.35 m and
0.50 m thicknesses, respectively. As it is evident,

increasing wall thickness led to higher shear strength and
lower ultimate deformation. For instance, the ultimate
deformations of specimens with 0.35 m and 0.50 m
thicknesses are between 5.0 and 6.0 cm, while for the
wall with 0.20 m thickness it is in range of 7.0 to 8.0 cm.
Also, for the "H+V" wall with the aspect ratio of 0.5 -as
a sample- with 20 cm thickness its shear strength is 675
kN (Figure 4a), while with 0.35 m and 0.50 m
thicknesses, its shear strength is 852 kN and 1158 kN,
respectively (Figures 5a and 6a).

Also, it can be concluded that the two transverse wall
components were more efficient in confining and
stiffening of the wall, than the top slab, which
consequently affected in reduction of the ultimate
displacement as well as increase in shear strength.
Moreover, for a given aspect ratio, there was not
significant changes in initial stiffness of the walls with
distinct lateral constraints. It should be mentioned that
difference in the end-point of the curves are due to the
run termination by the program. To obtain the normalized
ultimate displacement value, it is necessary to equate the
results of these curves to idealized bilinear envelopes.

4. 1. Idealized Bilinear Envelopes In this
section, the aforementioned force-displacement curves
are idealized by bilinear curves (linear elastic-perfectly
plastic), to facilitate comparison objectives and driving
desired numerical values. For idealization; the effective
stiffness (Kerr), the ultimate deformation (dy), and the
normalized ultimate shear force (F,) are the required
parameters to define the bilinear curves. The modified
ultimate deformation corresponds to the point with 80%
reduction in the maximum shear force (0.8xFmax), after
the peak point [31]. Figure 7 schematically illustrates the
followed calculation method to extract aforementioned
parameters. In more details, the effective stiffness is
evaluated from the slope of the initial part of the curve up
to 70% of maximum shear force (0.7 Fmax), While Fmax is
the maximal shear force on the curve. Finally, by
choosing the appropriate values for the normalized
ultimate shear force (Fy) and drawing a horizontal line
that represents perfect plastic yielding of the material, so
that the area under the two curves become identical, the
bilinear curve is obtained. Thus, the obtained idealized
curves for investigated specimens with different lateral
constraints, aspect ratios, and thicknesses are presented
in Figures 8 to 10.

The linear elastic-perfectly plastic envelopes in
Figure 8 is derived from the obtained responses presented
in Figure 4; which were the result of specimens with
thickness of 0.20 m. Ultimate deformation for the
masonry walls with thickness of 0.20 m were obtained in
range of 6 to 8 cm. The bilinear envelopes in Figures 9
and 10 are derived from the presented data in Figures 5
and 6; which are the result of specimens with thicknesses
of 0.35 and 0.50 m, respectively. Figures 9 and 10 are
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evidences of descending trend in deformation capacity
(du) by increasing the lateral constraints components and
reducing the aspect ratio.

4. 2. Ultimate Drift Values Values of ultimate
relative deformation or ultimate drift representing the
ratio of modified deformation capacity to the specimen
height (du/H); are reported in Table 3. The outcomes
were categorized based on lateral constraints, aspect
ratio, and thickness. For an illustrating example, the
results for the thickness variable are shown in Figure 11.
As it can be inferred, increasing thickness of the masonry
walls reduces their ultimate drift of du/H; which varies in
range of 1.3 to 2.6%.

400

Farce [kN]

2 3 | 3
Displacement [¢m]

b) H/L=0.75

2 3 4 5 6
Displacement [cm]
a) H/L=0.5
Figure 4. Force-displacement curves for masonry walls with distinct lateral constraints and aspect ratios, walls in thickness of 20cm

o 1 5 3 4 3 6 0 1 2 14 506
Displacement [cm]

b) H/L=0.75

Displacement [cm]

a) H/IL=0.5

Force [kN]

4. 3. Derivation of Partial Factor TIau for
Deformation Capacity under Uncertainty
Conditions Accurate modeling and input parameter
estimation are significant to obtain reliable results from
the actual nonlinear behavior of the structure, so, it is
necessary to investigate the impact of variability on
geometry and material properties. As stated, also, the
three-dimensional finite element model for masonry
material for both modes; the geometrical conditions and
parameters of material properties; were evaluated. Two
parameters are analyzed in this study, namely the
modulus of elasticity and the thickness of the wall. In
order to obtain a measure of uncertainty in drift capacity
partial factor (yq,) is proposed, somehow, deformation,

Force [kN]

o 1 2 3 4 5 6 7 8 0 1 2 3 4 5
Displacement [cm] Displacement [em]

¢) HIL=1.0 d) H/L=15

600 HHV 400
v
“H
—W

400 RIS ’ SRRl edulod
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iiEpen J
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o 1 2 3 s 6 |

3 4 5
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¢) H/L=1.0

[kN]

F;

2 3 4
Displacement [cm]

d) H/L=15

Figure 5. Force-displacement curves for masonry walls with distinct lateral constraints and aspect ratios, walls in thickness of 35cm

2 3
Displacement [em]

b) H/L=0.75

nipl.w.\wm [ :\J
a) H/L=0.5
Figure 6. Force-displacement curves for masonry walls with distinct lateral constraints and aspect ratios, walls in thickness of 50cm

Pushover analysis

Fmax N
Fu
0.7qux

Idealized Bilinear
envelopes

0.8Fmax

dc du

Figure 7. Definition of the parameters of the idealized
bilinear envelope [31]

5 6

v 600

300

Force [kN]

0 1 2 3 4 5 6 0 1
Displacement [cm]

¢) H/L=1.0

5

2 3 4
Displacement [em]

d) H/L=1.

capacity of the wall is obtained by multiplying this factor
in the modified deformation (obtained from bilinear F-d
curves). In fact, to the aim of this study, the purpose of
idealizing the results was to determine modified du
characteristics (from bilinearization) to calculate the
partial factor (yq). Studying the uncertainty effects was
carried out using the utilities which are provided by the
ANSYS program [24]. The probability distribution
function of the variables (modulus of elasticity and
thickness) and their covariance values are the input data
given to the program.
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Figure 8. Idealized bilinear envelopes for masonry walls with distinct lateral constraints and aspect ratios, walls in 20cm thickness
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Figure 9. Idealized bilinear envelopes for masonry walls with distinct lateral constraints and aspect ratios, walls in 35cm thickness
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Figure 10. Idealized bilinear envelopes for masonry walls with distinct lateral constraints and aspect ratios, walls in 50cm thickness
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For that purpose for each of the 48 individual studied
specimens, thirty simulations were performed taking into
account the consideration of modulus of elasticity and
thickness; as random variables. The number of
simulations (i.e. 30) was chosen so that the variation on
the mean value of the response of the walls did not
change more than 5% with the increase of more
simulations. The force-displacement curves -which
acquired from the analysis of each of the thirty specimens
- were used by random variables wherein the modulus of
elasticity was implemented by a log-normal probability
distribution with a CoV of 0.25 [32], and the thickness
was modeled by a normal probability distribution with
CoV of 0.2 [33]. Then, the modified du values for each
specimen were accessed using the bilinear curves of each
simulation. The partial factor (yqy) for drift capacity was
achieved by dividing the du/H value of the specimen
without any uncertainty analysis to the du/H value
obtained from the simulation of the thirty specimens with
random properties. The yq, value for each combination
were attained according to the described procedure and
summarized in Table 4 for all specimens with distinct
variables.

The results in Table 4 to improve the perception of
the relationships between variables in the value of the
partial factor (yq) are plotted in Figure 12. From the

Force [kN]

y 500 v

3 56 0

Displacement [cm]

¢) H/L=1.0

results in Figure 12, it can be concluded that by
increasing the lateral constraint components of the wall,
the value of the partial factor (yq) has decreased. In
addition, by increasing the aspect ratio (height-to-length),
the value of the yq, factor has increased. For example, for
a shear wall without any lateral constraints ("W"), with
aspect ratio of 0.5 and thickness of 0.35 m, the yq, value
is 1.34; which is 7%, 9% and 14% smaller than the walls
with aspect ratios of 0.75, 1.0 and 1.5, respectively. A
similar trend can be noticed for other samples. Finally,
according to Table 4, partial factor of deformation
capacity (yau) for the Persian historic brick masonry was
obtained between 1.3 and 1.7, depending on its lateral
constraint, aspect ratio, and thickness conditions.

=0.20 m

3 25
g =035 m
3 t=0.50 m
g | —== —tisaesnt
e | e
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Figure 11. Ultimate drift vs. aspect ratio for the masonry
walls with distinct thicknesses and lateral constraints
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TABLE 3. Drift capacity values (duw/H) for the masonry walls with distinct lateral constraints, aspect ratios, and thicknesses (in

percentage)
Specimen Lateral constraints Wall thickness=20 cm Wall thickness=35 cm Wall thickness=50 cm
H/L (aspect ratio) 05 075 1 15 0.5 0.75 1 15 0.5 075 1 15
Original building wall 219 251 2.59 2.63 1.99 2.02 205 2.07 1.85 189 191 196
H With top slab 210 227 227 241 187 19 197 202 168 170 184 1.87
\% With transverse walls on both sides 2.01 213 224 232 186 194 189 196 161 175 180 184
H+V With top slab and transverse walls 1.88 2.05 2.08 227 1.63 186 187 190 1.33 142 156 1.63

TABLE 4. Partial factor yqu; for the masonry walls with distinct lateral constraints, aspect ratios, and thicknesses

Specimen Lateral constraints Wall thickness=20 cm Wall thickness=35 cm Wall thickness=50 cm
H/L (aspect ratio) 0.5 0.75 1 15 0.5 0.75 1 15 0.5 075 1 15
w Original building wall 148 157 1.59 1.64 1.34 1.43 148 152 141 142 148 156
H With top slab 143 146 1.53 1.58 1.29 141 142 145 138 136 145 152
\Y With transverse walls on both sides 1.45  1.52 154 156 131 139 143 139 134 137 139 146
H+V With top slab and transverse walls  1.36 143 148 151 127 134 139 141 130 138 1.36 1.39
:: SR . :
H H 15 - H
s v 1.4 v Y

025 0.5

0.75

a)t=20cm
Figure 12. Partial factor yau; for the masonry walls with distinct lateral constraints, aspect ratios, and thicknesses

5. SUMMARY AND CONCLUSION

In this study, it was attempted to investigate the
deformation capacity for the Persian historic brick
masonry under the influence of various variables under
uncertainty conditions. The variety of lateral constraints,
the height-to-length aspect ratio, and thickness of the
wall have been investigated. For that aim, different
combinations (48 different specimens) of masonry walls
under in-plane loading were tested numerically in four
different lateral constraints, four different height-to-
length ratios, and three distinct thicknesses of the wall.
The results indicated dependency of the deformation
capacity to these variables. In addition, the effect of
uncertainty on two parameters of modulus of elasticity
(material parameter) and thickness of the specimens
(geometry parameter) was investigated. As an outcome,
it was tried to propose a partial factor (yq), to consider
uncertainty effect in deformation capacity value (d), so
that the deformation capacity is computed by multiplying
the computed deformation capacity (dy) by the (yqu).

H/L

b)t=35cm

H/L

c)t=50cm

1. It was determined that increasing in lateral constraint
components, and thickness of the wall, caused decrease
in deformation capacity (dy) of the wall.

2. The wall deformation capacity (dy) increased by
increasing its aspect ratio.

3. Evaluation to examine the effect of vertical and
horizontal constraints, separately, showed that the effect
of two vertical constraints (transverse walls at two ends
and on both sides) on reduction of the wall drift capacity
was more than the top slab.

4. Based on these numerical computations, the ultimate
drift value of du/H; for the shear walls with Persian
historic material, obtained in range of 1.3 to 2.6%.

5. The results showed that by increasing lateral constraint
components, and wall thickness, in contrary to the aspect
ratio, the value of partial factors (yq) for deformation
capacity was decreased.

6. The value of the partial factors for the wall deformation
capacity (yqu) based on the considered conditions in this
study, is proposed in range of 1.3t0 1.7.
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It was tried to delimit the results of this study only on
specific

governed conditions, assumptions and

limitations including; walls typology, aspect ratio,

thickness,

protocols on numerical modelling and

bilinearization technique, the method and parameters
used in uncertainty studying, and especially the Persian
historic masonry material properties. Definitely, to
increase reliability on the results, it should study quite
more experimentals as well as numerical specimens, with
different conditions of historic masonry structures..

Finally, it should be mentioned that in cases of design

purposes, the proposed values for (ya) should be
magnified, by dividing yq, on a less than one factor (This
is an adaptation from the codes in computing the partial
safety factor for materials (ym), using factor of 0.8).
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