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ABSTRACT

Throughout Iran’s architectural history, spaces have been covered with structures known as barrel
vaults. A vault’s behaviour is determined by its construction method and brick arrangement. The
Chapileh, Roman, and Persian methods are among the conventiboanstruction methods in this respect.
This paper investigates the effect of brick arrangement on constructing seruircular brick masonry
barrel vaults through experimental studies and numerical simulations. To this end, the structural
behaviour of semicircular barrel vaults with Chapileh and Roman brick arrangements was evaluated
when subjected to gravitational loads in the span’s middle. The numerical simulation was performen i
the ANSYS code using the nonlinear finite element method with microodelling. Additionally, the
Willam-Warnke failure criterion was used, suitable for the precise modelling of masonry materials. The
Romantextured vault exhibited superior structural performance compared to the Chapilettextured
vault. The bearing capacity of ta semicircular brick masonry barrel vault was383% higher than that of

a comparable Chapilektextured vault.
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1. Introduction

Throughout Iran’s architecture and engineering
history, significant structures havebeen built, each
one a symbol of the country’s rich engineering
identity. Brick domes, vaults, and arches are
examples of traditional structures found
throughout Iran. Space coverage has always been
critical in ancient Iranian architecture. A barrel
vault is a type of structure used to cover open
spaces. In practice, this is accomplished by
extending an arch along two piers within a part of or
the entirety of the structure (Hejazi and Saradj,

2014; Hejazi, 1997; Hejazi & Saradj, 2014)
Accordingly, the geometric shape of a vault is
determined by the geometry of its forming arch. A
semi-circular vault formed by several semicircular
arches is a semuecorative, semiload-
bearing vault found in most traditional structures
(Zomarshidi, 1988). Fig. 1 depicts various brick
arrangements vaults in Isfahan.

A semicircular arch is plotted as follows
(Zomarshidi, 1988).

. The vertical axis is plotted halfway
between the spans of the two piers.

. The horizontal axis is
perpendicular to the vertical axis.

plotted
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. The two piers are parallelly plotted from
points A and B at a distance equal to half the span
length from the vertical axis.

. From point O (the intersection of the
vertical and horizontal axes), a semcircle with a
radius of R (half the span length) is plotted to start
at either A or B, passing through point C, and ending
at the opposite point.

Fig. 1 demonstrates how a sentircular arch is
plotted. Point C represents the archapex in this

€Y

figure, while points A and B represent the arch piers.
D is the diameter of the semtircular arch (i.e., the
arch span), and R is the radius of the arch. It is worth
noting that the structures of such arches or vaults
are built using the plotting method cescribed above.
The texture or method of construction of a vault,
i.e., the arrangement of bricks adjacent to one
another and the mortar between them, are among

(b)

Fig. 1. Barrel vaults: a)Chapileh brick arrangement, Jameh mosque, Isfahan, 846 CE, b) Roman brick arrangement, Qeysarie
bazaar, Isfahan, 1602 CE, c) method of drawiagsemicircular shape

(a)
Fig. 2.Brick arrangement: a) Roman (rumi), b) Chapileft) Persian (Zarbi)

the factors that contribute to its greater
importance than an arch. The Persian (zarbi or par)
method, the Roman method, and the Chapileh
method are the three most frequently used
methods for vault construction. The Persian
method involves bonding the bricks on theitateral
sides (their broadest sides). In other words, the
brick directions are perpendicular to the
brickwork and pier directions. The direction is
alternately placed. The Taq Kasra and Jameh
Mosque of Ashtarjan are samples of vaults with this
texture. TheRoman method bonds bricks on their
lateral sides like the Persian method. In other
words, the brick directions in this method are
parallel to the walls’ brickwork and the piers’
arrangement. Moreover, like in the previous
method, the directions are placedalternately.
Jameh Mosque of Isfahan is a wdthown sample of
such vaults. According to experiential architects,
these two textures have a better performance in
sustaining gravitational loads. The Chapileh
construction method is used to create the finalype
of vault texture. In contrast to the previous two
methods, the Chapileh method places the
constituting directions precisely in front of one
another. As a result, they are unlikely to have a high

ey ©

bearing capacity. Thus, this construction method is
used to create narrow spans or novload-bearing
vaults (Hejazi and Sadeghi, 2022; Memarian,
1391). The present study compares the Roman and
Chapileh construction methods. Fig. 2 depicts the
brick arrangement.

Historical structures, particularly vaults, date
back hundreds or even thousands of years.
However, researchers in the fields of structures
and earthquakes have only recently examined their
structural and seismic behaviour.

Hejazi and Jafar{Jafari, 2014)investigated the
material arrangement in the structure of arches
and its effect on the structural behaviour of pointed
arches using the finite element method and micro
modelling approach. They compared the Roman
and Persian textures used in the arches meiohed
above and found that those with a Persian texture
performed better structurally than those with a
Roman texture, particularly in larger spans.
Sarhosis et al(Sarhosiset al.,2014) conducted a
study on how skew angle affects the mechanical
behaviour of vaults. They used 3D analytical
models and the Discrete Element Method (DEM),
implemented in the 3DEC software, to analyze the
impact of skew angle on four singlespan vault
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geometries made of stone. They applied a
uniformly distributed linear load to 1/4 of the span,
gradually increasing it until the vault collapsed.
The results indicated that an increas@ skew angle
resulted in an increased twisting behaviour of
skewed vaults, ultimately leading to their failure
under lower loads. Forgacs(Forgacset al.,2017)
used the discrete element method in 3DEC code to
examine the effect of the skew angle, construction
method, and size of masonry units on the thickness
of semicircular brick vaults. The results indicated
that the construction method of skewed vaults and
their skew angle significantly affected vault
thickness minimisation. In another study, Forgacs
(Forgacs et al., 2018) investigated the bearing
capacity of skewedmasonry vaults concerning the
construction method. There are three distinct
methods of construction for skewed vaults, namely
false skew, helicoidal, and logarithmic, none of
which are used in Iran. They compared the bearing
capacity of three different vailt types to a linear
uniform load imposed along the length of the vault.
The results showed that when the skew angle was
increased in vaults constructed using the false
skew method, the slippage between the masonry
units increased, thus reducing the failte load.
Meanwhile, the failure load increased with the
skew angle in those created using the helicoidal
and logarithmic methods. Alforno (2019)
examined the effect of brick arrangement on the
behaviour of barrel and cross vaults using the
micro finite element method. The study’s main
parameter was the structure’s reaction to the
settlement of piers under various arrangements.
The evidence establibed that various construction
patterns affected the support reactions and
stiffness of the structure. Hejazi and Soltar{Hejazi
and Soltani, 2020)investigated the effect of hollow
spandrel (Konu) on the behaviour of Persian brick
masonry barrel vaults that are semicircular,
pointed, or four-centred. Konu is a vaulting
element that adds continuity between spans.
According to the analysis results, placing thKonus
at the same level as the structure’s vaults was the
most suitable method with the highest bearing
capacity under gravitational loads. However, all
vaults failed in the seismic analysisAinechi and
Valibeig (2020) explored the effect of bricks
arrangement on the karbandi of masonry vaults
under their own weight. They also proposed
methods for constructing the karbandi and
banding of brick vaults. Their study included
constructing non-scale models using various
construction methods in a laboratory setting. The
findings suggested that combining the suggested
methods of bricks arrangement could enhance the
resistance of bick vaults. Boni (Boni et al, 2021)
studied the impacts of brick patterns inspired by
Italic architecture on the static behaviour of
pavilion masonry vaults using a numerical method.
Another parameter evaluated in their study was

the skew angle. The loading was gravitational,
including the vault weight and a concentrated load
on the apex until the failure of the vault. The
results demonstrated the load drop and the effect
of the brick arrangement on the vaults’ bearing
capacity. Nikooravesh et al, (2021) examined the
seismic retrofitting of Persian arched walls using
both laboratory and numerical models. They found
that center-core method of retrofitting significantly
improved the in-plane seismicbehaviour of these
structures, increasing their stiffness, ductility, and
energy dissipation. Other studies in this group have
focused on laboratory and analytical investigations
to better understand of the collapse mechanism of
arches and vaults under different lading
conditions. Mahmoudi et al, (2022) studied the
behaviour of four-cantered brick arches inspired
by the Ganjabad Mosque in Iran. Their primary aim
was to estimate the lateral loadcarrying capacity
estimation for this type of structure. They obtained
material properties through laboratory testing and
performed additional analyses using the Finite
Element Method (FEM). The results indicate that a
four-centered arch or vault with an optimal
thickness ratio of 0.24 has better performance
against lateral loads.Hejazi and Sadegh{(2022)
examined the behaviour of Persian brick masonry
vaults in terms of the brick arrangement. Their
study solely relied on the nonlinear finite element
method and micromodelling techniques. They
compared the Roman and Persian construction
methods. The effecof pier rotation and settlement
was investigated by applying gravitational loads to
the span’s middle and onehird. According to the
results, the Persian construction method
performed significantly better in semi-circular and
pointed vaults than the fourcentred method under
gravitational loading in the span's centre and
uniform settlement of piers. Furthermore, in all
Persian geometries, the vault with aRoman
arrangement consistently outperformed the vault
with a Persian arrangement in the inward rotation
of vaults.

Fazeli et al, (2023) investigated the effect of
steel tie-rods on the load bearing capacity of
Persian brick arches. They also evaluated the type
of connection of steel tierods to the arch bases.
The research was conducted through laboratory
experiments and numerical simulations to
compare different scenarios. The results show that
steel tie-rods increase the load bearing capacity of
Persian brick arches of all geometric shapes against
central span gravity loads.

This study aimed to compare the bearing
capacity and structural performance of semi
circular brick masonry vaults constructed using
Roman and Chapileh methods. This is a novel
comparison not previously made in the literature.
In other words, the effect of brick arrangements on
structural behaviour of Persian brick masonry
barrel vaults is studied for the first time in this
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study. The main objective of this paper is
represented the behaviour of barrel vaults with
different brick arrangements. This is useful for
rehabilitation and retrofitting of these structures.
The investigation is based on experimental data
and observations of scaled materials and
structures. Given the experimental constraints,
scaled materials and structures were used. Finally,
a numerical simulation was conducted in the
ANSYS codé'Basic Analysis Guide for ANSYS 19,"
2017) using the nonlinear finite element method
with the micro-modelling approach. The position of
plastic hinges, their bearing capacity against a
uniform linear load, the displacement contours of
vaults, the maximum displacement of the vauit
apex to collapse, and a comparison of these
parameters in two different types of vault texture
are addressed in this study.

2. Properties of the studied vaults

2.1. Mechanical properties of the materials

Masonry structures comprise various elements
with  different strengths and mechanical
properties. A better understanding of a masonry
structure’s behaviour is inextricably linked to an
understanding of the behaviour of its constituent
units. As a result, mgerials’ strength indices are
determined using available standards and tests.
Gypsum was used as the mortar between the clay
bricks that formed the structure’s constituent units
in the vaults examined in this study. As previously
stated, due to the experimrental constraints and to
manage costs, models scaled to 1/4 were used. The
study used the 1/4 scale to determine the
dimensions of clay brick with conventional
dimensions of 6.8x10.4x22.4cm, as well as bricks
with dimensions of 1.7x2.6x5.6cm. All tests wer
conducted in the Islamic Azad University of
Najafabad’'s structural engineering laboratory
using the UTM25 apparatus. Because the purpose
of the study is to determine the effect of vault
texture on its structural behaviour, the mechanical
properties of the components were obtained
separately. The following section summarises the
mechanical properties of scaled bricks and gypsum
mortar under the applicable standards.

According to BS the normal water to gypsum
ratio (W/G) was 0.65, used in the gypsum mortar
standard samples. Additionally, the BS was used to
calculate the density of a compacted gypsum
mortar sample and compressivestrength tests (BS
EN 101511:1999) on the 5x5x5cm samples.
Compressive strength testing on a gypsum mortar
sample is illustrated in Fig(3-a). The stressstrain
curve obtained from the uniaxial compressive
strength test on a standard 7x7x2lcnprismatic
sample per BS is shown in Fig3-b). The gypsum
mortar's tensile strength was determined using
indirect tensile strength tests on four 4x4x16cm

prismatic samples(BS EN1015-11:1999). Indirect
tests can be used to calculate the tensile strength
by imposing flexure on a standard sample. Fi¢3-
c) depicts the execution of this test and the
constituents’ installation. The  mechanical
properties of gypsum mortar are listed in Table 1.

Compressive Test for
Gypsumi Mortar

| siSan of Puisson'Ratio and modaius
|_ of elasticity for Gypsem Mortar

Fig. 3. Mechanical property tests on gypsuamortar:
a) compressive strength, b) modulus of elasticity,
C) tensile strength

Fig. 4 illustrates the tests conducted to
determine the mechanical properties of the scaled
bricks. The mechanical properties of scaled bricks
are summarised in Table 1.
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Flexural Strength Test for
Masonry Unit

specifie Gravity of
Teliaaoriry Uit

(©

Fig. 4. Mechanical property tests on scaled brick:
a) compressive strength and modulus of elasticity,

b) tensile strength, ¢) bulk density

Table 1. Mechanical properties of materials

Mechanical No. of

Material ! Value
properties samples
Bulk density
(kg/m 3) 3 1621.88
Modulus of
elasticity (MPa) 30 1437.94
Poisson’s ratio
Brick (Moayedian & . 0.17
Hejazi, 2021)
Tensile strength
(MPa) 4 4.8
Compressive
strength (MPa) 30 25.61
Bulk density
(kg/m 3) 3 1146.31
Modulus of
elasticity (MPa) 5 2332.97
Gypsum Poisson’s ratio - 017
mortar - -
ensile streng
(MPa) 4 5.08
Compressive 8 77

strength (MPa)

2.2.Dimensional properties of the studied vaults

Two semicircular masonry walls with gypsum
mortar were created for each of the two textures
introduced, using the dimensions specified in Table
2. As illustrated in Fig. 5, D and L denote the vault's
span and length, respectively.

Fig. 5. Schematic and model construction:
a) dimensional parameters of the vault,
b) experimental model before mortar injection,
¢) experimental model after mortar injection

Table 2. Geometric properties of models

Property Unit Value
Thickness ¢) mm 26

Span O) mm 350

Length (L) mm 175
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3. Experimental study results

Scaled samples were created using a metal

mould with a semi-circular arch (Fig. 1) and normal

water to gypsum ratio and were then evaluated
after 90 days. The piers’ boundary conditions were
fixed, and tests were conducted in displacement
control mode. A linear uniform load was applied

and increased ah constant rate in the middle of the

span until the vault collapsed. Consequently, the
structure’s failure load was determined. A linear
variable differential transformer (LVDT) measured

the vault's displacement during loading in the

span’s middle. Fig. 6depicts the results of tests

conducted on vaults with both textures.

Fig. 6. An experimental model of semcircular brick
masonry vaults (before loading): & and b) Chapileh
brick arrangement (first and secondsamples), ¢) and
d) Roman brick arrangement f{irst and second
samples)

Fig.8 illustrates the experimental samples after
loading. As can be seen, the structure with three
plastic hinges failed in both brick arrangements
(cracks). According to research, the maximum
number of plastic hinges required for a brick vault
to remain stable is three, and the structure would
collapse if more than four plastic hinges were
formed (SanchezBeitia, 2013). Fig. 7 shows that
the probable collapse mechanism in the masonry
arches or vaults.

As expected, given the parallel direction of the
Chapileh brick arrangement along the vault, the
crack developed in the same direction to the end.
Meanwhile, the crack propagated in an
unpredictable path rather than along the length of
the vault in the Roman brick arrangement. This
may explain why the Roan brick vault
outperformed the Chapileh brick vault.

lP

£33

Fig. 7. Schematic design of collapse mechanism
(SanchezBeitia, 2013)

(d)

Fig. 8. failed vaults (after loading): a) Chapileh brick
arrangement failure, b) crack path development in the
Chapileh brick arrangement, ¢) Roman brick
arrangementfailure, d) crack path development in the
Roman brick arrangement

Fig.9 illustrates the force-displacement curves
obtained from tests on both types of vaults.

According to Fig. 10, the two Chapiletextured
vaults exhibited nearly identical behaviour. Both
samples demonstrated an elastic behaviour prior
to the abrupt drop in their curves, which
corresponded to an immediate decrease in bearing
capacity. The sharp drop in the diagrams
corresponds to he first plastic hinge and loss of
capacity. The first crack occurs under the linear
distributed load. Afterwards, due to the residual
stiffness, the curve advanceduntil the samples
failed completely. The peak of the curve,
corresponding to the maximum baring capacity,
was obtained prior to the emergence of the cracks,
and the residual stiffness was insufficient to allow
the sample to reach the maximum bearing capacity
again in the postelastic range. Additionally, the
samples exhibited an elastic range fobehaviour
prior to immediate failure in the Roman texture.
Within this range, there were no notable
deformations or cracks.
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Fig. 9. Forcedisplacement diagram: a)Chapilehbrick

arrangement samples, b) Roman brick arrangement
samples

Following the application of the maximum
force, the samples’ curves, i.e., bearing capacity,
immediately decreased with the emergence of
cracks. It is worth noting that, in contrast to the
Chapileh method, the stiffness of the samples
remained significant after the drop, allowing them
to reach their maximum bearing capacity. This
could be because this arrangement has a higher
degree of coherence and interlocking than the
Chapilehbrick arrangement, resulting in the vaults’
stiffness and stability.

Fig. 10. Comparison of diagrams betweerChapileh
and Roman models

Table 3. Experimental results

Type of arrangement

Structural parameters

Chapileh Roman

Failure load (N) 764.7 3696.9

Max.Displacement (mm) 0.8862 2.9998
Load capacity before the

ﬁrsfcraté’k e 764.7 1186.5

Ductility 1.104 2.586

Toughness (J) 0442 4834

Fig. 10 and Table 3 (For model with more
capacityy show that the Roman texture
demonstrated superior performance. Higher
bearing capacity, displacement, and ductility were
among the most evident advantages of the Roman
texture over the Chapilehtexture.

Table 3 lists the significant differences between
the two construction methods through a numerical
comparison. The comparison between other
structural parameters, such as ductility (ratio of
the ultimate displacement to the displacement of
the elastic limit) and toughness (the area under the
curve), can also yield valuable results. After the
appearance of the crack and the beginning of the
post-elastic zone, the vault with the Roman texture
still had stiffness due to its brick arrangement,
which has highercohesion. However, this was not
the case for theChapilehtexture of vaults, so this
vault reached the ultimate destruction with the
appearance of the first crack. In other words, the
ductility of the vaults with the Roman texture was
134% higher than that of the vaults with the
Chapilehtexture. Another advantage of the Roman
texture over the Chapilehone was its capability of
absorbing higher energy. According to the results,
the energy absorption of the Roman texture in
sustaining the gravitational loadwas 998% higher
than the Chapilehtexture.

As illustrated in Fig.10 and Table 3, the Roman
texture performed significantly better. The Roman
texture’'s superior bearing capacity, displacement,
and ductility were among the most inherent
advantages over theChapileh texture. Table 3
details the significant differences between the two
brick arrangements through a numerical
comparison.  Additionally, comparing other
structural parameters, such as ductility (ratio of
the ultimate displacement to the displacement of
the elastic limit) and toughness (the area under the
curve), yielded valuable results. Afterthe crack
developed and the poselastic zone began to form,
the vault with the Roman texture retained its
stiffness due to its brick arrangement, which has a
higher cohesion. However, this was not the case for
vaults with the Chapilehtexture, and thus this vault
ultimately failed with the appearance of the first
crack. In other words, the ductility of Roman
textured vaults was 134% greater than that of
Chapilehtextured vaults. Another advantage of the
Roman texture over theChapilehtexture was its
greater capacity for energy absorption. According
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to the results, the Romartextured vault absorbed
998% more energy than the Chapilehtextured
vault when subjected to gravitational load.

4. Numerical simulation with a micro -
modelling approach

A numerical simulation was performed based
on the nonlinear finite element method with the
micro-modelling approach to compare the results.
To this end, hexahedral eightode elements of
Solidé5 with three degrees of translational
freedom in each node wereemployed. The support
displacements were constrained like the
experimental conditions. The results of elementary
analyses used to optimise the dimensions and
number of elements revealed that nearly 35000
elements were sufficient for optimal meshing,
allowing for greater control over the analysis time
and accuracy. The mortar and bricks were
modelled separately in the micreapproach
analysis. The Contact and Target elements were
used to model the interface between the brick units
and mortar. The Contl174 and’arget 170 elements
were employed for the brick and mortar surfaces.

All analyses used the WillarVarnke failure
criterion, specific to brittle materials. As shown in
Table 4, the theory and required parameters for
brick and gypsum mortar were calculated using the

values in Tables 1 and 2 and based on Equ,'lQ:
0.15 (shear transfer coefficients across the open
cracks) (Betti, Orlando, & Vignoli, 2011) and U=
0.15 (shear transfer coefficients across the open
cracks)(Pineda, D Robador, & A GMarti, 2011), to
incorporate this criterion into the code.

s = 1.2 (1)
= 145 )
= 1725 (3)
| €] €39k 4

, k== 1 should be calculatec 6 (¢ =

6('=06

(5)
JE N

In Egs. 15, B B B B and Bdenote the
uniaxial tensile strength, uniaxial compressive
strength, biaxial compressive strength, biaxial
compressive strength for the case of hydrostatic
pressure, and uniaxial compressive strength for the
case of hydrostatic pressure, respectively.
Moreover, | &5l and TFC are the hydrostatic
pressure and stiffness multiplier for the cracked
tensile condition, respectively.

Table 4. Willam-Warnke parameters

Material E E fi fe feo ‘ \rﬁ‘ fy fa TFC
Brick 0.15 0.75 4.8 25.61 30.732 44.357 37.1345 44.18 0.6
Gypsummortar 0.15 0.75 5.08 7.72 9.264 13.371 11.19 13.32 0.6

5. Numerical study results

As shown in Fig.11, there was an acceptable
agreement between the finite element model and
the experimental one for both textures. This
relative agreement and ultimate close values can
be due to the proper selection of the elements,
failure criterion, and modelling approach As
expected, for both textures, the agreement
between the finite element model and the
experimental one was higher within the elastic
range before the cracking of samples. However, due
to the Roman texture’s increased cohesion and
unpredictable crack propagation path, its
experimental and numerical results diverged
slightly within the post-elastic range (after the
occurrence of cracks). In other words, the finite
element model was not as precise as the
experiments in terms of the cracking domain,
strength reduction, and structure second stiffness.

Table 5 shows the differences between the
experimental model’s final results and those of
the nonlinear finite element models. The slight
difference between the results demonstrates the
Willam-Warnke failure criterion’s capability in
the precise modellingof masonry materials.

Fig. 12 illustrates the micro approach to
meshing finite element models. As can be seen,
each component of the vaults, including the
bricks and mortar that connect them, was
modelled separately, with their unique
properties defined in the code per Table 4.
According to Fig.12, the maximum displacement
occurred precisely in the middle of the span,
under the applied load. As per the graph in Fig.
11 and the numerical analysis in Fig. 4, this
parameter was 0.798mm for the Chapileh
texture vault. Meanwhile, it was gnificantly
greater (2.73mm) for the Roman texture vault.
The difference of 3.4 indicates that the Roman
construction method is superior to theChapileh
construction method.
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(b)

Fig. 11. Comparison of forcedisplacement diagrams
between experimental and numerical models:
a) Chapileh brick arrangement, b) Roman brick
arrangement

Table 5. Comparison between experimental and

FEM results
FEM  Exp. Diff
type Property result  result (%)
Displacement ;75 59998 088
(mm)
Roman Failure load
5 2654 36969  39.3
Displacement 0.798 8862 11.05
Chapileh (mm)
p Failure load

575  764.7 33
(N)

Moreover, because the Roman texture has a
higher degree of cohesion and interlocking, more
parts of the vault with this texture achieved
maximum displacement and capacity, as illustrated
by the contours in Fig.(12-d). The geometric locus
of the points that achieve the maximum
displacement is prone to crack formation. The
plastic hinges were formed based on the provided
contours in points with the maximum
displacement.

@

(b)

(©

(d)
Fig. 12. Semikcircular barrel vault under linear load at
mid-span:a) meshing in theChapilehbrick arrangement,
b) meshing in the Roman brick arrangement,
c) deformation in the Chapileh brick arrangement,
d) deformation in the Roman brick arrangement

6. Conclusion

This paper investigated the structural
performance of Persian semtircular brick
masonry barrel vaults with two different textures,
Chapileh and Roman, against gravitational loads
mid-span using experimental studies and
nonlinear finite element simulation. As a result of
the study’s findings, the following was observed:
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1) Semicircular vaults constructed using the
Roman method demonstrated superior
performance to those using the Chapileh method.
Thus, regardless of whether existing vaults are
retrofitted, the Roman texture is recommended for
new semkcircular vaults, particularly load-bearing
vaults. A semicircular vault constructed with
Chapileh bricksis ideal for a semiload-bearing and
semi-decorative structure.

2) The bearing capacity and maximum
displacement of the semicircular vault with
Roman texture were383 and 238%, respectively,
greater than those of a comparable sample with
Chapileh texture. This implies that the Roman
texture performs significantly better in sustaining
gravitational loads in loadbearing vaults, which
may be attributed to this brick arrangement’s
higher cohesion and integrity.

3) The structure became unstable in both
types of brick arrangements and reached its
ultimate point via three plastic hinges (cracks). The
vaults could no longer support the load and
collapsed entirely upon the appearance of the third
crack. Unlike in theRoman texture, the cracks in
the Chapileh texture developed parallel to the
vault's direction, accompanied by a brittle and
immediate failure. In the Roman brick
arrangement, crack propagation and the formation
of plastic hinges were more ductile and did ot
follow a direct path. As long as the first crack did
not form and they did not enter the postelastic
zone, there was no difference between the two
textures. Thus, both textures perform similarly
well under low gravitational loads (the elastic
range), and the Chapileh texture can also be
utilised.
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