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ABSTRACT

This comprehensive study investigates the nuanced impact of flanges, height-to-length aspect ratios,
wall thickness, and pre-compression levels on Persian historical masonry walls under uncertainty
conditions. Numerical testing of 100 masonry wall specimens, varying across five lateral constraints
(flanges), four height-to-length ratios, three wall thicknesses, and three pre-compression levels, was
conducted. The study also examined the influence of uncertainty on the modulus of elasticity. Results
demonstrated a substantial dependency of ultimate shear force (F,), ultimate drift (5,/H), and effective
stiffness (Kerr) on the considered variables. F, and K.« increased with higher lateral constraints, wall
thicknesses, and pre-compression levels, decreasing with reduced aspect ratios. Simultaneously, 8.,/H
decreased with higher lateral constraints, wall thicknesses, and pre-compression levels, increasing with
reduced aspect ratios. Estimated values for F, ranged from 292.5 to 1357.4 MPa, §,/H spanned from
1.61 to 3.43, and K. varied from 7.72 to 158.9 kN/mm. Proposed partial coefficients for partial
coefficients (ym), displacement capacity (ya), and effective stiffness (yx) were introduced through
models incorporating uncertainty, revealing that increasing lateral constraints and wall thicknesses, and
decreasing aspect ratios, led to heightened values for ym and yx and reduced values for yq,. With
increasing pre-compression levels, all safety factors increased. The safety factors (ym: 1.18-1.96, yau:
1.16-1.76, y«: 1.157-1.967) optimize Persian historical masonry structures, providing crucial insights
for varied conditions were proposed.
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Graphical Abstract

Flanges' Impact on Persian Historical Masonry Walls: Modeling Safety Factors

v' Investigates Persian masonry, emphasizing the crucial in-plane role of flanges
v' Optimizing the structural performance of masonry structures.
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1. INTRODUCTION

In a changing global landscape, masonry structures face
seismic vulnerabilities and climate change impacts,
underscoring the urgent need for sustainable and green
initiatives in the realm of construction (1). The 2023
Turkiye earthquake highlighted the urgent need for
seismic strategies, especially in rural masonry buildings
(2, 3). Iran, with over 70% of residential buildings using
unreinforced masonry (URM), exemplifies seismic
vulnerability (4). The study delves into the intricate
behavior of masonry structures, employing sophisticated
analytical procedures (5, 6). Recognition of failure
modes and determination of lateral strength and
displacement capacity are crucial aspects in design
equations by FEMA-356 and ASCE-41, providing
notable approaches to address seismic challenges in
masonry construction (7-9).

The significant challenge lies in the seismic
vulnerability of load-bearing walls (10). When
subjected to seismic loads, assessing ultimate shear
force (Fu), ultimate drift (expressed as 8./H, signifying
the ultimate deformation capacity relative to the wall
height), and effective stiffness (Ket) becomes pivotal for
structurally evaluating masonry, an area where limited
research exists (11). Various factors, including aspect
ratio, thickness, lateral constraints, vertical pre-
compression level, and material properties, affect these
parameters in masonry shear walls—the primary
structural element. Initiating the investigation involves
studying force-deformation curves. Recent research
using finite element methods has often adopted a
homogenized set of units and mortar, overlooking
mortar bonds and local failures (12, 13). This led to the
proposing of a nonlinear finite element model based on
biaxial experiments on brick units (14), capable of
considering nonlinear material effects and progressive
local failures. Consequently, masonry materials are
assessed as a homogeneous model comprising bricks
and mortar, known as macro modeling (15, 16).

In this investigation, the approach of macro
modeling is employed to simulate masonry materials in
constructed finite element models of walls. This method
proves effective for comprehensively studying the
general behavior of structures. The specimens are
modeled by substituting a homogeneous material, with
characteristic equations derived from Eurocode-8, for
the actual material used in the model (17). Loading on
masonry walls involves in-plane shear and out-of-plane
bending, and to accurately model seismic behavior, both
loadings are simultaneously applied in various aspect
ratios on smaller-than-actual-sized specimens (18, 19).
Aspect ratios are noted to significantly impact masonry
structure behavior. Former studies often focused solely

on in-plane shear loading due to numerical analysis
limitations, addressed through appropriate lateral
constraints to prevent out-of-plane failure (20, 21).
Simplified equations for shear strength under different
loading conditions are proposed (22). As research
advances, more comprehensive relationships for
determining shear strength on a finite element basis are
proposed (23). Additionally, a force-deformation curve
based on elastic-perfectly plastic behavior of masonry
materials is suggested through analytical methods (24).

Standards like Eurocode-8 indicate that the
deformation capacity of masonry structures depends on
the aspect ratio and modes of failure (17). However,
factors such as Fy, duw/H, and K. are primarily
influenced by lateral constraints, defining the stiffhess
and strength of vertical constraints, termed as flange
walls. The study highlights the substantial impact of
geometry and aspect ratio on wall parameters,
investigating the in-plane behavior of various masonry
walls with different failure modes and lateral
constraints. Outcomes are compared with standards like
FEMA 306, and FEMA 356 (25, 26).

The study also examines methods for determining
the strength of the materials used for masonry buildings
in Iran. In addition, the role of design parameters,
especially bearing capacity (Rq), in the evaluation of
structures is emphasized. Material specifications,
including those on secondary deformation and modulus
of elasticity, are evaluated to account for the non-linear
and uncertain behavior of masonry materials. The
nonlinearity and variability of the material are
effectively taken into account by using the partial safety
factor, which plays a particularly important role in
accurately assessing the load-bearing capacity of pre-
existing structures (27, 28).

By comparing Fy, du/H, and Kes between specimens
with and without uncertainty effects, this research
extracted numerical values for partial coefficients (ym),
displacement capacity (yau), and effective stiffness (yk)
for historical Persian masonry dating back to the 11th
and 12th centuries AD (29). In this study, the
application of nonlinear analysis in conjunction with
probabilistic methods enabled the determination of the
partial safety factor to generalize the safety criteria in
the design of masonry structures. The research dealt
with complicated data sets and examined a variety of
scenarios and conditions. Detailed analyzes were
conducted for various parameters that provided a
nuanced understanding of the behavior of the masonry
structure. The results of this research serve as an
extensive data set and provide a wealth of detail that
could form the basis for the potential inclusion of a
refined indicator in building codes and regulations.
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2. MATERIALS METHOD AND MODELLING

The investigation focuses on the evaluation of shear
strength of masonry wall specimens in five distinct
scenarios. These scenarios involve walls with various
shapes, including I, T', =, T, and; which are formed by
interconnected cross walls. The presence of flanges is
taken into consideration, as depicted in Figure 1.
Furthermore, four different aspect ratios, namely 0.5,
0.75, 1, and 1.5, are considered, along with three
thickness values of 0.2, 0.35, and 0.5 meters.

To investigate wall conditions on different floors,
specimens are analyzed under corresponding vertical
pre-compression levels in one-, two-, and three-story
structures. The pre-pressure is determined based on a
dead load of 400 kg/m? and a live load of 200 kg/m?2.
Consequently, vertical pre-compression loads of 50
KN/m?, 100 kN/m?, and 200 kN/m? (0.05 MPa, 0.1 MPa,
and 0.2 MPa) are uniformly applied to samples with a
35 cm thickness, representing a prevalent traditional
wall in Iran.

Additionally, three different pre-pressure gravity
loading levels of 0.05, 0.1, and 0.2 MPa are uniformly
applied to all samples. The dimensions of the | wall are
specified as a length of 4 meters and a height of 3
meters. The length of the transverse walls adjacent to
the main wall remains constant at 3 meters.

To address uncertainties, especially in modulus of
elasticity parameters, each model undergoes thirty
analyses, resulting in a total of 3000 simulations. The
study unveils noteworthy insights into the impact of
different parameters on the Fy, du/H, and Kes of Persian
historical masonry materials. Table 1 presents the
mechanical properties of masonry assemblages (29, 30).

Nonlinear analysis is employed to generate force-
displacement (capacity) curves for all specimens
subjected to in-plane loading. A gradual horizontal force
is applied, and uniform displacement-controlled loading
is executed across the entire upper surface area,
inducing a 6 cm (2% drift) displacement over 60 steps.

@ "1 ® "
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Figure 1. Structured Masonry Wall with Clearly Defined
Lateral Constraints

The nonlinear  analysis  follows  stress-strain
relationships, employing Newton-Raphson iteration
with displacement control and a convergence criterion
set at a tolerance level of 10-4. Transverse direction
displacement of the walls is modeled with freedom in
specific planes, parallel and perpendicular to the ground
surface, while constrained in the direction perpendicular
to the load. Elements with surface contact are utilized to
model each connection, ensuring structural integrity.
For implementing lateral restraints at the base, all nodes
of the masonry units are modeled as fully rigid (24).
Masonry strength is associated with the modulus of
elasticity, with a correlation that varies in tandem with
changes in elasticity. The lognormal probability
distribution is used to determine the modulus of
elasticity, incorporating a coefficient of variation (CoV)
of 0.25 (31).

Utilizing Finite element method software, this study
employs macro-modeling of masonry walls with the
free mesh element to depict their quasi-brittle traits (19).
The Willam-Warnke failure criterion, which s
frequently employed, takes into account both cracking
and crushing. This criterion is utilized in finite element
simulations to establish failure by assessing the
principal stresses (27, 32). The validation of the
numerical model is affirmed through a comparison with
experimental outcomes obtained from in-plane stone
walls, showcasing a meticulous analysis of masonry
materials under various constraints. The investigation,
incorporating the modulus of elasticity as a parameter,
utilizes straightforward compression experiments
conducted on walls constructed with masonry materials.
The precision of the numerical model in predicting in-
plane behavior is substantiated by closely aligning
capacity curves with experimental results from two
differently sized wall samples (33, 34).

3. PARAMETRIC STUDY

The investigation focuses on crucial parameters such as
shear force, stiffness, and ductility. Employing pushover
curves derived from numerical simulations, an
equivalent bilinear curve is established following
ASCEA41-2017 (35) guidelines. The Kef is determined
by the convergence of the pushover curve and bilinear

TABLE 1. Mechanical Properties for Masonry Assemblage
[29]

Modulus of elasticity 2730 MPa
Poisson’s ratio 0.17
Bulk density 1530 kg/m3
Compressive strength (fc) 2.73 MPa
Tensile strength (ft) 0.273 MPa
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curve at 0.7 of the maximum shear force (Fmax). The
normalized Fy is calculated using an energy-equivalent
approach to ensure equal areas under both curves. The
ultimate displacement (8.) at 0.8 Fy post-strength
degradations is also identified, as illustrated in Figure 2
outlining the calculation process.

The investigation of Fy, du/H, and Kes for different
walls encompassed the manipulation of diverse
parameters as reported in Table 2. The parameters
discussed in this study were obtained by converting the
pushover curves obtained from numerical simulation
into an equivalent bilinear curve, as illustrated in Figure
2.

3. 1. Ultimate Shear Force Figure 3 exhibits
the variation of Fy, of URM walls about the aspect ratio
and wall thickness for a total of 5 distinct models under
a pre-compression of 0.1 MPa. The results reveal a
noteworthy trend: F, tends to decrease as the aspect
ratio increases. Conversely, an increase in wall
thickness corresponds to higher values of F, for each
sample.

1139

The results indicate that I-shape walls exhibit the
lowest values in F,, while T-shape walls demonstrate
the highest values. The maximum shear force of an I-
shaped wall, which has thicknesses of 0.35 m and 0.50
m and an aspect ratio of 0.5, exceeds the maximum
shear force of an I-shaped wall with a thickness of 0.20
m by 15% and 63%, respectively. This emphasizes the
impact of both aspect ratio and wall thickness on the

Pushover analysis
FmM Y
Fll
0.7anx

Idealized Bilinear
envelopes

0. 8F"11L\

de du

Figure 2. Definition of the parameters of the idealized bilinear
envelope (36)

TABLE 2. Fu, §u/H and Ke for various walls

Wall thickness=35 cm Wall thickness=20 cm

Wall thickness=50 cm

Wall thickness=35 cm  Wall thickness=35 cm

Sample Pre-compression=0.1 Pre-compression=0.1 Pre-compression=0.1  Pre-compression=0.05 Pre-compression= 0.2
MPa MPa MPa MPa MPa
HiL [kFltl] &JH [Kl\mm] [kFl:l] oJH [Kl\T/er;m] [kFl:l] oJH [Kl\T/:;m] [I':I:] oJH [Kl\ll(/e:wm] [kFr:J] oJH [Kll\<l/e;;1m]

I 5179 199 56.19 450.6 2.19 31.13 7346 1.85 90.07 210.7 3.34 159 1107.8 1.88 13947
r 5326 1.96 56.56 446.1 217 33.12 7936 1.8 93.37 220.6 3.23 15.27 1135.7 1.86 143.69
C g 643.8 1.87 62.88 4916 2.12 3331 830.7 1.7 106.2 236.7 3.04 16.14 1228.6 1.85 148.06
T 5723 191 58.73 4883 212 32.97 8105 1.73 102.2 233.7 321 16.05 12203 1.85 147.75
T 709.8 1.86 67.91 5535 201 38.01 967.1 1.61 110.0 296.8 294 17.69 13574 175 155.5
| 3785 2.02 56.15 3121 259 18.65 5176 1.89 58.97 218.6 3.39 18.79 8622 191 145.09
T 407.1 198 46.44 330.2 248 19.61 5123 1.85 61.5 2435 3.36 20.15 8411 1.88 15241
C § 456.5 1.96 50.11 350.7 2.37 20.26 5753 1.73 66.84 306.8 3.3 17.9 9356 1.84 155.66
T ) 4085 1.97 43.22 360.4 2.45 19.93 523.4 176 65.64 2771 3.18 17 889.6 1.84 152.85
T 510.3 1.87 48.16 4011 224 23.06 6456 1.75 75.02 3157 305 2192 9653 181 1589
| 303.2 2.05 38.31 2477 259 10.15 3957 1.91 35.29 176.3 3.35 11.35 6138 193 118.17
T 3314 2.03 38.11 2711 248 11.14 3978 1.89 39.74 1804 3.22 1157 6458 191 11345
C e 364.7 197 40.14 2659 227 12,51 4471 1.86 44.29 188.1 3.12 1259 7221 19 118.64
T 3415 2 40.99 2604 2.48 12.02 453.7 1.85 42.63 1926 3.14 11.29 7152 189 119.04
T 3704 1.89 35.84 303.6 224 135 4936 1.8 55 239.7 276 155 8259 1.86 130.5
| 2334 207 23.01 176.4 2.63 10.33 3313 1.96 32.01 1148 3.43 7.72 4486 1.96 74.58
T 248.6 2.05 27.72 1904 2.58 10.73 348.7 195 33.06 123 3.29 8.22 4632 194 7596
C g 266.7 2.02 27.81 2016 241 11.7 3746 1.88 34.18 128.1 3.27 9.37 536.5 193 74.86
2417 2.04 25.55 1975 2.49 11.2 3705 1.91 34.3 1335 3.26 8.88 5147 194  73.65

2925 196 32.08 2185 232 12.81 4231 1.84 37.28 151.7 3.19 11.58 565.8 1.89 84.05
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structural strength of URM walls, with practical
implications for design and construction considerations.

Figure 4 depicts the variations in F, under different
pre-compression levels and aspect ratios, with a
consistent wall thickness of 0.35 m. The results
underscore a noteworthy trend: an increase in pre-
compression, coupled with the introduction of flanges,
corresponds to a notable enhancement in Fy. The impact
of increased pre-compression  becomes  more
pronounced, particularly in conjunction with the
presence of flanges, leading to a noticeable widening of
the gap between each result. This suggests a synergistic
effect  between  pre-compression and  flanges,
emphasizing their combined influence on boosting Fu.
Notably, the effect of the presence of flanges observed
in the previous figure is further accentuated in Figure 4,
underscoring the importance of these factors in
understanding and  optimizing the  structural
performance of URM walls.

3. 2. Ultimate Drift Figure 5 illustrates the drift
values associated with aspect ratio and wall thickness
for URM walls across five distinct models, all subjected
to 0.1 MPa pre-compression. The results suggest that
increasing wall thickness and introducing boundary
conditions, such as flanges, lead to a decrease in
ultimate deformation and drift. Importantly, the range of
drift variations among the samples diminishes with the
rise in wall thickness. Furthermore, there is a notable
observation that the wall drift value increases in
correlation with an increase in aspect ratio. The &,/H
ratio is observed to range from 1.3% to 2.6% for shear
walls built with Persian historical material. This analysis
yields a significant understanding of the structural
response exhibited by URM walls, highlighting the
notable impact of factors such as wall thickness, aspect
ratio, and boundary conditions on the overall drift
behavior.

Figure 6 presents the variations in 8u/H under
different pre-compression levels and aspect ratios, with
a constant wall thickness of 0.35 m.

1200
t=0.50 m =1

800 t=0.35m

t=0.20 m \ c
400N \ ~y
\ ) T

050751 15 050751 15 050751 15
(H/L)
Figure 3. Fu variations in URM under different wall thickness
and aspect ratios with a fixed pre-compression of 0.1 MPa
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Figure 4. Fu variations in URM under different pre-
compression levels and aspect ratios with a fixed wall
thickness of 0.35 m

The results reveal a notable pattern wherein the
outcomes for the two samples subjected to 0.1 MPa and
0.2 MPa pre-compression closely resemble each other,
indicating significant similarity. Furthermore, the data
from these samples demonstrate a reduction in scatter
when compared to the sample subjected to 0.5 MPa pre-
compression. This shows that the results at the upper
pre-compression levels (0.1 MPa and 0.2 MPa) are close
to each other, indicating a more consistent response
within the analyzed parameters. Conversely, at a pre-
compression of 0.5 MPa, the sample shows greater
variability, indicating increased sensitivity or a stronger
influence of the higher pre-compression on the observed
results. Understanding these variations in data
dispersion is crucial for comprehending the nuanced
effects of pre-compression on the results.

It is noteworthy that the impact of aspect ratio in
these samples across various pre-pressures can be
disregarded, underscoring the predominant influence of
pre-compression levels on the observed outcomes.

3. 3. Effective Stiffness In this section, the
influence of wall thickness and aspect ratio on the

%)

——
/ r
t=0.35m
= £020m  sepemtmd t=0.50 m -
S i
T
T
1
05075 1 15 05075 1 1§ 050751 15
(H/L)

Figure 5. du/H variations in URM under different wall
thickness and aspect ratios with a fixed pre-compression of
0.1 MPa
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P=0.1 MPa P=0.2 MPa

1
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Figure 6. &u/H variations in URM under different pre-
compression levels and aspect ratios with a fixed wall

thickness of 0.35 m

050751 1.5

stiffness of masonry walls is analyzed. Figure 7 shows
the variations in the comparative Kes of the walls as a
function of different aspect ratios and varying wall
thickness.

The results disclose a consistent pattern: as the
aspect ratio of the walls increases, the comparable
rigidity decreases for all wall thicknesses. This aligns
with the established comprehension that walls generally
exhibit greater rigidity at lower aspect ratios and greater
flexibility at higher aspect ratios.

Furthermore, an intriguing observation arises with
an increase in thickness—there is a corresponding rise
in dispersion. This highlights the substantial impact of
wall thickness on stiffness. The results underscore the
intricate interplay between aspect ratio, wall thickness,
and stiffness in masonry walls, offering valuable
insights for structural considerations.

Figure 8 illustrates the variations in K. of walls
concerning different aspect ratios and varying pre-
compression levels. Notably, an increase in the
placement of flanges corresponds to an elevation in Kes,
with T-shape walls consistently exhibiting the highest
values across all specimens, except for one model (I-
shape with 0.75 aspect ratio and 0.1 MPa pre-
compression). Specifically, for the 0.75 aspect ratio, Kes
values in some models surpass other aspect ratio values,
highlighting the influence of this particular aspect ratio
on stiffness. It is interesting to note that the overall
trends align with the findings in Figure 7, confirming
the interplay between aspect ratio, pre-compression, and
stiffness in masonry walls.

4. RESULT ANALYSIS

In the pursuit of understanding uncertainty in Fy, d4/H,
and Kerr within historic Persian masonry, three
numerical values corresponding to the partial
coefficients ym, Ya, and yx were determined. The

120
=050m —1

920 r
el t=0.35m

£ \ .
Z 60
F—f‘ t=0.20 m ‘\ \ T
N, \

0N N ) T
<

iy

050751 1.5 050751 15
(H/L)
Figure 7. Kesr variations in URM under different wall
thickness and aspect ratios with a fixed pre-compression of

0.1 MPa

050751 1.5

180

P=0.2 MPa
-]
- /\ r
£ 120
> =
) P=0.1 MPa .
M” 60
P=0.05 MPa \\ T
0 iy
050751 15 050751 15 050751 15
(H/L)

Figure 8. Kes variations in URM under different pre-
compression levels and aspect ratios with a fixed wall
thickness of 0.35m

primary goal of this study was to refine and idealize the
results, incorporating modified characteristics derived
from bilinearization to calculate these partial safety
factors. Employing the finite element software, the
analysis of uncertainty effects utilized tools that
integrated probability distribution functions of variables
and their covariance values as input data (24).

To ensure the reliability of the outcomes, thirty
simulations were conducted with careful consideration
to limit the fluctuation in the average wall response
value to a maximum of 5% as the number of simulations
increased. Following this, the force-displacement curves
derived from the analysis of each of the thirty
specimens were utilized as input data for the random
variables. The exploration of ym, yau, and yx values for
various walls involved systematic variations in different
parameters, as detailed in Table 3. This comprehensive
approach aimed to provide a nuanced understanding of
the uncertainties associated with key structural
characteristics in Persian historical masonry.

Figure 9 displays the values of ym, Yau, and yk for
URM under various wall thicknesses and aspect ratios,
with a constant pre-compression of 0.1 MPa.
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Additionally, Figure 10 illustrates the values of ywm,
vdu, and yx under different pre-compression levels and
aspect ratios, with a consistent wall thickness of 0.35 m.
These figures offer a visual representation of the
variations in partial coefficients concerning different
structural parameters. They provide insights into how
wall thickness, aspect ratio, and pre-compression impact
M, Ydu, and yx in URM.

The results depicted in the figure reveal a discernible
trend: as the thickness of the samples increases, there is
a corresponding decrease in the values of all three
coefficients—ym, yau, and yk. Additionally, with an
increase in the dimensional ratio, both ym and v«

M. Ghamari et al. / IJE TRANSACTIONS C: Aspects Vol. 37 No. 06, (June 2024) 1136-1145

coefficients exhibit higher values, while the 7yaqu
coefficient decreases. Furthermore, the influence of

boundary conditions is evident, particularly in samples
with additional boundary features such as the I-shaped
sample. In these cases, the value of yqu coefficients is
notably higher compared to other samples, while the ym
and vk coefficients are observed to be the lowest.

Figure 10 illustrates that increasing pre-compression
levels lead to higher safety coefficients across the
samples. This observation underscores the impact of
pre-compression on ym, ydu, and yx in the analyzed
structural elements.

TABLE 3. ym, ydu and yx for various walls

Wall thickness=35cm  Wall thickness=20 cm

Wall thickness=50 cm

Wall thickness=35 cm Wall thickness=35 cm

Sample  Pre-compression=0.1  Pre-compression=0.1  Pre-compression=0.1  Pre-compression=0.05  Pre-compression= 0.2
MPa MPa MPa MPa MPa
H/L Y™ Ydu Yx ™ Ydu Yk Y™ Ydu Yk ™ Ydu Yk ™ Ydu Yk

| 141 1.39 1.365 166 151 1.559 13 134 1241 127 1.33 1.312 1.64 167 1578
Tr 138 141 1.342 162 153 1.539 128 136 1234 1.25 1.34 1.298 161 171 152
C § 134 152 1.185 156 158 1.369 124 138 1.169 1.19 14 1.173 1.56 1.73 1412
T 136 1.46 1.301 158 153 1.498 127 136 1.189 121 1.36 1.273 157 175 1.478
I 133 153 1.165 155 156 1.328 123 138 1157 1.18 141 1.158 1.53 1.76 1.386
| 15 1.36 1.428 174 148 1.637 139 131 1.276 1.36 13 1.375 1.72 154 1.675
r 146 1.38 1.378 171 15 1.569 137 133 1.253 134 134 1.326 1.69 155 1.609
C ; 144 145 1.212 163 153 1.403 133 136 1.176 1.28 1.36 1.183 1.65 157 1.453
T ; 143 139 1.315 167 152 1.513 135 134 1.207 13 1.33 1.283 1.66 159 1.529
I 142 145 1.187 163 151 1.349 132 136 1.165 1.28 1.37 1172 1.64 1.68 1.409
| 162 134 1.653 188 143 1.839 149 125 1.453 1.45 1.26 1.586 1.85 148 1.836
Tr 158 1.36 1512 185 145 1.776 146 125 1.426 144 127 1.463 1.82 15 1779
[ 15 141 1.286 176 146 1.459 14 1.3 1.318 14 1.34 1.245 1.75 156 1.524
T 153 1.38 1.408 177 146 1.624 1.42 13 1.362 141 131 1.334 1.78 153 1.663
I 148 143 1.236 174 147 1.423 138 133 1.286 1.38 1.34 1.221 1.73 161 1.486
| 168 1.27 1.785 196 1.36 1.967 158 116 1543 1.53 1.25 1.732 1.93 142 1.963
Tr 163 129 1.663 192 137 1.869 156 118 1517 154 1.26 1.613 1.89 144 1932
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Figure 9. ym, ydu, and yk in URM under different wall thickness and aspect ratios with a fixed pre-compression of 0.1 MPa
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5. SUMMARY AND DISCUSSION

In this comprehensive study, the primary objective was
to investigate the nuanced impact of flanges, height-to-
length aspect ratios, wall thickness, and pre-
compression levels on Persian historical masonry walls,
taking into account uncertainty conditions. The
examination involved the numerical testing of 100
masonry wall specimens under in-plane loading,
varying across five lateral constraints involving
transverse walls (flanges with shapes suchas I, T', =, T,
and, I), four height-to-length ratios, three wall
thicknesses, and three pre-compression levels.
Additionally, the study explored the influence of
uncertainty on the modulus of elasticity of the
specimens.

The results unveiled a substantial dependency of F.,
du/H, and Kess on the considered variables. Fy and Kest
demonstrated an increase in higher lateral constraints,
wall  thicknesses, and pre-compression levels,
accompanied by a decrease in reduced aspect ratios.
Simultaneously, du/H exhibited a decrease in higher
lateral  constraints, wall thicknesses, and pre-
compression levels, while increasing with reduced
aspect ratios. In conclusion, the estimated values for F,
ranged from 292.5 to 1357.4 MPa, 6,/H spanned from
1.61 to 3.43, and Kess varied from 7.72 to 158.9 kN/mm.
Subsequently, three numerical values corresponding to
partial coefficients (ym, Yo, and yx) were proposed,
calculated by comparing the deformation capacity of
specimens with and without the introduction of an
uncertainty parameter.

The outcomes from models incorporating
uncertainty elucidated that increasing lateral constraints
and wall thicknesses, along with decreasing the height-
to-length aspect ratio, resulted in heightened values for
ym and yx and reduced values for yq. Furthermore, as
pre-compression levels increased, all safety factors
exhibited an increase. In the final analysis, the proposed

partial safety factors for Persian historic brick masonry
were determined, ranging from 1.18 to 1.96 for ym, 1.16
to 1.76 for yau, and 1.157 to 1.967 for y«. These findings
provide crucial insights for optimizing the structural
performance of Persian historical masonry structures,

offering a nuanced understanding of their behavior
under diverse conditions.
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