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Abstract

Tabriz is located on a major and active tectonic fault, part of a complex system connecting the North
Anatolian Fault in Turkey to the Alborz Fault in Iran. Today, over 600 historical buildings in Tabriz have
been identified, all all of which require seismic analysis and preservation. Due to the lack of guidelines for
historical buildings, the seismic safety assessment of these structures has been delayed. Therefore, the main
objective of this study is to evaluate the seismic safety of historical buildings using Italian guidelines, which
demonstrate that this approach provides a solid foundation for a proper assessment based on scientific and
computational methods. Six historical buildings from the Qajar era were selected as case studies. The seismic
vulnerability of these buildings was analyzed using two different evaluation levels introduced in the Italian
guidelines for cultural heritage, which include manual calculations performed using mechanical methods
and numerical analyses of the buildings conducted with software. In addition, the effectiveness and accuracy
of the mechanical method presented at level one in the seismic safety assessment were compared with the
results of numerical analysis. The results indicate the seismic vulnerability of the studied buildings, selected
as samples from among the historical houses of Tabriz. Furthermore, the results show that the evaluation
methods used are not interchangeable, but belong to two different evaluation levels, that are comparable,
with the first level considering a more conservative approach.
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Introduction

Iran, due to its location in the seismically active Alp-Himalayan belt, has historically been exposed to severe
and devastating earthquakes. This country is home to an ancient civilization with many historical monuments
and structures. Tabriz is the fourth largest city in Iran, with a population of around 1.4 million people. This
city is situated on a large and active tectonic fault, part of a complex system connecting the North Anatolian
Fault in Turkey to the Alborz Fault in Iran. Historical seismological records of Tabriz show that the city has
experienced several devastating earthquakes over time.

The high seismic risk in Tabriz justifies the need for a seismic evaluation of historical buildings. Italy is the
only country that has been able to establish guidelines for assessing the safety of historical buildings. These
guidelines introduce a new approach for seismic safety evaluation through a multi-level method. The DPCM
evaluation process is carried out depending on the objectives, and it includes three levels of evaluation,
which are defined as follows:

* Level 1 (LV1): Qualitative analysis and evaluation using simplified mechanical models
* Level 2 (LV2): Seismic evaluation aimed at implementing local interventions in the building
* Level 3 (LV3): Global seismic response evaluation of the building

In the present study, six historical houses built during the Qajar era (1304-1175) in Tabriz have been selected
to discuss seismic tisk. These houses include Behnam, Ganjehizade, Nafisi, Ali Monsieur, Sharbat-Oghli,
and Kalantar. These buildings have been evaluated according to the Italian guidelines for cultural heritage
(DPCM)for the ultimate limit state, i.e., earthquakes with a return period of 475 years (or a 10% exceedance
probability in 50 years). The validity of the approach used at Level 1 of this evaluation is also discussed.

Case Studies

Currently, a large number of historical masonry buildings have been identified in the central part of Tabriz.
The load-bearing walls of most of these houses are made of 20X20X4 cm clay bricks and lime mortar.
Six historical masonry houses in Tabriz, including the Behnam, Ganjehizade, Nafisi, Ali Monsieur, Sharbat
Oghli, and Kalantar houses, were selected (Ligs. 1 and 2) and examined in this study. Information regarding
the mechanical properties of these buildings was extracted from previous studies as well as from code 360(
Aminifar et al., 2022; code360, 2013) (Table 1).

Tab 1. Mechanical Properties of masonry materials for bearing walls and columns of the houses

Buildings Material N /i"lmZ) . /:glm2> N /imz)
Behnam Brick 2.3 0.09 920
Ganjehizade Brick 1.72 0.09 1966
Nafisi Brick 0.81 0.09 1179
Kalantar Brick 1.36 0.09 1276
Sharbat Oghli Brick 2.3 0.09 920
Ali Monsieur Brick 2.3 0.09 920

Note: f_: Compressive strength
7,: Shear strength
E: Modulus of elasticity
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Fig.1 Images of six investigated historic houses. (a) Behnam House, (b) Ganjehizade House, (c) Nafisi House,
(d) Kalantar House, (e) Sharbat Oghli House, (f) Ali Monsieur House
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Fig 1. Plans of the case studies. (a) Behnam House, (b) Ganjehizade House, (c) Nafisi House, (d) Kalantar House, (e)
Sharbat Oghli House, (f) Ali Monsieur House.
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Seismic Parameters

The Iranian Earthquake Code - Standard 280( IRSt2800) classifies the country into four seismic zones, each
characterized by different levels of seismic hazard. Zones 1 to 4 correspond to very high, high, moderate,
and low seismic hazards, respectively. According to this zoning, Tabriz falls under Zone 4, which is associated
with a very high seismic hazard. The peak ground acceleration (PGA) at the ultimate limit state is 0.35g.

Methodology

The goal of the simplified method at Level 1, as presented by DPCM, is to assess the seismic vulnerability
of buildings. This approach is designed to evaluate lateral forces on structures using a small set of geometric
and mechanical features (as well as qualitative tools such as visual inspections, construction characteristics,
and geological investigations). Consequently, the primary objective of this method is to provide a ranking
of the safety status of the buildings under study in order to emphasize the need for more in-depth analysis
using the methods provided at Levels 2 and 3.

Table 2 presents the results of the Level 1 assessment, indicating that the studied buildings are in critical
condition. As shown, the seismic safety index (Is) of the buildings is less than 1.

Tab 2. Parameters required by LV1

House M (kg) T e* q CT IS FSLU (I<N)
X y
Behnam 1704700 0.281 0.85 3 2.5 0.240 1872 3495
Ganjehizade 2577600 0.310 0.85 3 2.5 0.278 2919 2454
Nafisi 197100 0.154 0.89 3 2.5 0.576 633 405
Kalantar 774200 0.235 0.89 3 2.5 0.474 1950 1370
Sharbat Oghli 1384100 0.217 0.89 3 2.5 0.538 2661 4102
Ali Monsieur 231500 0.159 0.89 3 2.5 0.633 934 524

The numerical analysis of the structure based on the third level of the Italian guidelines was carried out using
the Muri3 software (L'ig. 3). Muri3 is a software developed in Italy for the seismic analysis of masonry and
composite structures. It uses a displacement-based analysis approach and determines the total horizontal
force required to move the building toward the target displacement. Table 3 and Fig. 4 show the results
of the worst loading conditions in the x and y directions, considering two different load distributions. The
uniform load is distributed according to the floor masses, and the static force corresponds to the first linear
state of the structure. In this table, & represents Is (the seismic safety index).

Results Comparison

The findings of the seismic evaluation for the first and third evaluation levels were compared for each house
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(Table 4). Based on the results, even after calculating the nonlinear behavior and displacement capacity, the
weak direction of each building remains the same in both methods. Considering the capacity/demand
relationship in relation to the PGA associated with achieving the SLU, it is observed that for all buildings,
the seismic safety index calculated at the first evaluation level is smaller than the value obtained through the
third level.

Tab 3. Results related to the worst load conditions deriving from LV3 analysis level

House Dir. Load distribution q, o
-X Static forces 6.56 0.373
Behnam ;
+Y Uniform 0.14 18.59
o -X Uniform 2.86 0.742
Ganjehizade -
+Y Static forces 3.68 0.738
) +X Static forces 3.61 0.821
Nafisi -
Y Static forces 5.11 0.693
+X Static forces 5.1 0.758
Kalantar -
+Y Static forces 8.07 0.582
) +X Static forces 5.88 0.637
Sharbat Oghli -
+Y Static forces 3.14 0.828
) . -X Static forces 2.62 0.958
Ali Monsieur ;
+Y Uniform 4.71 0.733

Tab 4. Compatison between LV1 and LV3 analysis results

House o Is FSI.U (kN>
LvV1 — 0.240 1872
Behnam
LV3 0.373 — 1880.2
o LV1 — 0.278 2454
Ganjehizade
LV3 0.738 — 5960.41
LV1 — 0.576 405
Nafisi
LV3 0.693 — 924.76
LV1 — 0.476 1370
Kalantar
LV3 0.582 — 1387.45
Sharbat Oghli LV1 - 0.538 2661
LV3 0.637 — 2829.8
LV1 — 0.633 524
Ali Monsieur
LV3 0.733 — 621.51
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Fig. 2. Three-dimensional view of the structural-element model. (a) Behnam house, (b) Ganjehizade house, (c) Nafisi
house, (d) Kalantar house, (¢) Sharbat Oghli house, (f) Ali Monsieur house.
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Fig3. Comparison of nonlinear responses of the case studies: (a)Behnam house, (b) Ganjehizade house, (c) Nafisi
house, (d) Kalantar house, (¢) Sharbat Oghli house, (f) Ali Monsieur house

Conclusion

Six historical houses from the Qajar era in Tabriz were analyzed to emphasize the need for seismic safety
guidelines for historical buildings. The buildings were evaluated using Italian seismic guidelines. Initially, the
first-level mechanical equations revealed that all buildings had a seismic safety index below one, indicating
they were unsafe. A third-level analysis using Muri3 software confirmed that the houses lacked sufficient
seismic safety. The stiffness of the buildings, except for one house, remained nearly linear until collapse.
The Ganjehizade House exhibited the highest lateral resistance, while the Ali Mousier House exhibited the
lowest. Based on these results, interventions such as soil mechanics studies, continuous maintenance, and
wall reinforcement are recommended. The third-level results validated the first-level analysis but showed that
the third-level safety index is higher, confirming the conservativeness of the first-level method. However,
the two methods are not interchangeable.

Culture of Islamic Architecture and Urbanism, 2024; 8 (2) | 26


http://dx.doi.org/10.61186/ciauj.8.2.19

[ DOI: 10.61186/ciauj.8.2.19 ]

19-W¢s (P) A 11€eP (olu) (s)lwygsd § 5)lazs Gin)d

oAl (5 jlw 2e g (5 yloro S 4

DOI : https://dx.doi.org/10.61186/ ciauj.8.2.19

ST GawyTws o)y Alis

2)9% 3 27,8 olnl (U 2l By sl 25, daul (L))
Vo o2 blelg¥ 0,8

fouyg) o2 Il ¢ Tl phza s o T gaigdTalayE e oM dnons

Oyl 3y oy oMol i oKl ¢ 3l s g (6 laxo 04l ¢ Su )b glaly  isuplSomil W)l pwlii )5
Ol oy o (oMol s ol&Kuily o g5k yoid 9 (5ylome 0aSild ¢jluisls .Y
Oyl ST STl ool ¢ iz (8 038> ¢yl yas awdigo 09,5 jboliwl ¥
i oS spise oS el (i 95 oliul ¥

1K0$/9/9 @by NP/ V /1o C8L)s

25

U8 a1y 455 3 e bl JuS o ] (glodiomsy e 4 (Slato 45 ool 0 g8ly Jlb 5 530 (SigiST oS Sy 69 2 305 2
pis 4 dagi byl cBlis 5 (ol o)) oo 4y 5l &S canl 0 (lolid 255 )5 Syl gl b £l i 09 el S o0 et 0l 53 54
d‘o})J gl.o.il dl,{)')l asllzs "Jg.l ul.al EXVY z‘_'x{‘).gll.g Casl 033 2304 bl Q,g.l Lglo)')J L;Lo,{] dl..{)')\ (b glalo 4 bgsye Lgl.tzaJ.le)gwb S99
ooboly Canyd o) SO Gulol &8 8870 aub 3,50, cpl &5 dad o LS 5wl LW b Joallygiss l eolaiwl b (Su,l slaless b
oleidlo gl 05)) (s pdy Gl 08 QL] (6350 digad lgis 4 a8 0y53 4 brye (Su)b sly Jid Bl oo Sluslbre 5 ole o s,
ool b a8 giwd Sluwls Jols (Ko j8 cilyee 3590 10 oWl lo Joallysiwd jd osds (Byre alizes oLl adaw 9 jl odlaiwl b HeS'do (sl
<83 g 2l pl pogMe 285 13 )y 2550 g o ploml )38l p 5l ol L 4 ks (gaue Julod g L o0 plosl (Sl gla g,
Sy ol 0213 (LS U5 85 )18 ) 3y90 908 oS ol b duwnlie 1 sloj ) el (b)) )0 o paw 5 0ad &yl (SIS b,
Sl oy a5 e o lis s peoren Cusl s (Su)l gl Sl Gl 5l e Gl gla diges lais 4 awyp 3)50 sla et sl
aadlows 3,555, Jol gdaw g M duglie b6 oS i obj)) dise mdaw 93 4 sl dSb s [0S (30l old 48 )5 I L)l
25800 ka5 1y sl Wl

SIS 51
bt oo Wl pYlS ¢ S, als el (2bj)]

fakhoundi@tabriziau.ac.ir w5l Jotume oiumg — #

©2024 by the Authours.This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution-
NonCommercial 4.0 International (CC BY-NC 4.0 license)
https://creativecommons.org/licenses/by-nc/4.0


https://orcid.org/0000-0001-8459-0199
https://orcid.org/0000-0003-0528-2572
https://orcid.org/0000-0003-3797-0644
https://orcid.org/0000-0001-7660-0940
mailto:f.akhoundi%40tabriziau.ac.ir?subject=
https://dx.doi.org/10.61186/ciauj.8.2.19
http://dx.doi.org/10.61186/ciauj.8.2.19

[ DOI: 10.61186/ciaLj.8.2.19]

Po oS gl g 19 ¢udoygs 533,08 yll Ryl by ol sl o)) Grosl byl

d> Candy gly (DPCM)(DPCM, 2005, 2011) (S,
Jlaisl 1) allo FYD sl 0j90 b loel I e 2l
Ol Opzmen Sload (L)l (Jlo B+ )3 ol o3+
3590 36 i)l cnl Se a5 o oolisl 3,80, lize]

ol 48,5 )8 oy

axdllas 3 90 5 digos .Y
i 3 (Pl gl pglesle ok sl pob i
ol Lol sl caslond plulid 55 5555
Sal M g ia sl BxYox¥e Jliw ol 5l s s
ol 52,5 st sl ol 65 b Caslord asl
Copd igpme (o oundi 03} (glaxiS pling slaals
adlas cpl 3 9 (Vo) JS5) ead bl S 5 (e
Oluogad 4 basye CleMblowl a8 S )13 )y )90
Aminifar, Akhoundi) e cbWlas 5 b ol Kol

\“;~(cr>dc3()() 2013) 38 Ored g (& Lourenco, 2022

A PRES RO WP TS

09 9 b s)lpd ol Wlas (SSlke Cluogad ) Jg
addllae 5)50 sl clo

E T, £

N/) N/) N/) Material | Buildings
(mm? (mm? (mm?

920 A vIY el pligs
1966 VAL VIVY e 0ol gl xS
1179 o/ N Syl st
1276 VAL Yird e SN

920 A iy &=l Slesl Co

920 A vy 82 s e

dgi
&)lid Cuwglin :fm
UJB).) W5LQA :To

LY Jodo 1 B

Aodds .Y
2 Wlen—dl 58050 508 )3 (58,5 15 s @ ]

Cuslodgy SSlng g 2l sl (oyme 3 20U Jsb
S5 )9,»5 L)"‘ .(Biulm‘i D’Amato, & Formisano, 2021)

30 ook Syt slaly g 6T & cul Skl s
Osalee V¥ 295 g Cul lpl Shj vl owe)ler s
Bl o) JuS S 89y 1 b onl )l Camex )i
Cawl (gloduzmn i 4 Blxiio a5 2l )13 Jled o 55
Juate Glpl 3 5l ]y a8 o Jled bl JuS oS
ol w3 e LS oy (Bl S o)) il S e

sl 03)5 25 1) Silg A5 cpiz 09T e
sl loj) (2bj)l poi) sy 0 Y loj) jlas
09T S Cunl (5958 oS WLy a8 o a5 |y (Su)b
b sbly el (ol cae (Jealljgiod cuslailys
5,05y Jedllygiwd cpl (DPCM, 2005, 2011) Sled palais
P9y o bl los) gel b)) ln 1) s
a1y 25 31,8 DPCM S (o (Byno (b sz
@ oS Canl b)) pdaw dw Jolds g a3 o ploo] Cilaal

D9 (o0 )y ) T

Jre b obj)l g (&S Jaos g 3o (LVI) ) o

w0 ool (Sl ol
M e plosil jslaie 4 (glojy) obs) (LV2) Y pdaw o
Oleidlo e

ol gloj ) gl (I 2l {(LV3) ¥ s

O dulie o a3ld bawgi waw ya (lp sloj) e
w1y loj) cudils g ylanl 3y90 (sl 05y sl
LV3 o LVL o Casl S5 LS Sede (b)) oS oo
oS Len 38 9 ol IS laie p e S
dxio 9y Gl 9 IS SeST8LY (S 5 JIL g o
Ol Olgi e ol ply Wb oo 031> LS ojler (sl )lge
s dunlie L il oS ¢ 5

0)93 y odid abl (o)l Al b ol Glagh 5
s 5y50 3 Cou glp ppd  (VIVEOIYLYF) 4,6
w03l shioniS pligs ol o Cal 005 bl (shoj)
ol g NS g Aogl Cupd cgnne (o i
Sl 3)90 ) W) sy Joallygiws bl 2 b lais L

1o P 09 6 oty coidass Jlw to0lawl (g jluw sl g G lomo Samyd | PA


http://dx.doi.org/10.61186/ciauj.8.2.19

[ DOI: 10.61186/ciauj.8.2.19 ]

gu)9) 2 IG5l (p0ubled jbe> S ((53395T Sl 48 0ULE o

ra

e (ally
©) | )
©)

()

s sl <l SIS (s (o 0315 () 0o ol (radlan 3,9 sl 4yl 1) IS5

1o P (g 6 loud cpiidusd Jlw ¢ oluwl l_g_jbqu.-i':gklenaonSm_}é


http://dx.doi.org/10.61186/ciauj.8.2.19

[ DOI: 10.61186/ciaLj.8.2.19]

Po 8 Jalglg 19 s o9 5o 3,08 gl ol GRU el lobo ¢l o) Groul L)l

©

)

) ©
)
@ )

s e s )y S (0 g (0 035 (6 255 pli (it 390 (sl s 3 IS5

1o P ‘[ngboJLnﬁ;pLiLmdLmﬁunU.mlt_g_ibu_}g.ibgts_,lnaoxsmﬁ

Po


http://dx.doi.org/10.61186/ciauj.8.2.19

[ DOI: 10.61186/ciaLj.8.2.19]

gus )9l 2 PPl (bl Jan> S (53995T Slad 4 ol oo

2L, mhw 93 gl aws s .0

pow 9 Jol (2bi) ol i) b3yl 5l Jols @l
o > @l ol (902 )ad auglie B o (ol
s Can (2buly i)l g Jas il 18, dl
dal) @ a2 bl QLS g 98 0 pleile
SLU & oliwd b lagye PGA L dayly o Lola/cos b
05,) sl el Hlads dals den (gl &S 25 o ol
s 51 5SS bl Jyl g Lot odbnlons
sl po el 2 b 5l ool

§ 5 4ot

S 248U pslaie 4 LB ojgd 4y bgype (Su)b Al i
390 Pl sl pleidle 3y90 )3 Jaalljgind dsngi 4
CBl oy e ()b <l I by a8 S )8 ()
sloj)) Joss 3590 Wl sl Josllygiios (olisl 52 9 503
ool 5 o lazles (gloj ) (tos] sl Ll i 5 415
b s bl ad dwbre Jol pdaw (SSle &Y oleo
390 S 1y Slaly plas loj)) (el sl padls &5
sloj)) el paSLS e sl il el cunsg
Py 2 0938 )b Jdb g aw elel p baplaisle
G S i slasils ol Lubul b plog] Muri3 158
(o S A yastlie ¢ pitren WAder SEU (gloj ) e
W SB y caa o by plad 09380 slaybges )
Noges gls (bl poCaslosgy (Jad- (8Lg)8 loj U L i
g o9 x sbwly 93 8 (Sl Cuglie Sl (958l
ol Canglio Jili 5 o3licloniS oyl a5 4 by o
Bl gmge (o (Fu)b Al 4 bgjey g x Sl
Jol8 Glalllas 35k 5l el WSy 985 MBS0 ¢ iy
Uil g cpolio g yetums ()l 5 cbilis (S5 SulSo
Dy 8 drg 90 Ml cuns sliwly > bjley ok
aw (sloj)) el Glapad i pow pdaw gl (IS jsboay
Mo Ui 1) he) 95 6y ke &5 A e a0l 1) gl
ol el I it pow aw del slapasls
s g 1S Alsblone odind Lo 4 At ) e
ey 93 el 45 ol ST 4 p3Y (b ol b el gl
A 0S5 b (230l LB

1oj ) syl by Y

1)y yguiS (IRS2800) YA+ + 3, bkl ) 35 4ol oy
Ao pghe b &S A5 e ga b 35 o)) anl ks
Shlad by 4 ¥ ) 3blie 59 o aseie glie
ik b cdllas 15 g bawgie b bl o))
@YU b Jls LY adlale &y leie o5 (s gy !
@l > b (e gl b g canl sloj)) s
2l o PGA) 0.35g)

PLETITR

bwy oud &l S w0l odlw oy B
sy pcawl Sbs)l (DPCM20052011) DPCM
bl car 2Key ol cwl pladle aej
i SosS dcgerme jl edlatel b lojle b slagys
&S syl grzmen 5) (Sl 5 owiin sl Sho
o 9 Sl o Shy wspa clagilesl sl
ol ol Gan oy cwlesds sl (wlibais
o g0 Sl el Cundy cd ag) L) o)
il ookl b 5 gaas s ulos ygpi p 28T jolaio 4y
3o Ll 1y Jol o 1 Jol> o) s ¥ 5o
bylys o dadllas )50 slaladle a5 dad o olis o
ol adls 0gd o odaline &S johailen LA Sl
ol V51 a8 b yleid L (Is) (gl )

M‘)WJ P ow E.‘a.w uuLw1 » uLwoL.o e o
pbol  (Muri3.STA2018)  Jlibley  lws oW
Glojy Jddos (gl (g)1580 oY Muri (VIS5 )Canlodds
aoy Wl o &S cwl CujanlSy ol slaojle
oolatwl ool p die Jdoo 2S5, il &S ccunlazdly
@ pleblo <8 > (sl 3l 3)90 (Bl gy SS9 S 0
Wipd o (LY g x Cag 93 0 ) ISk kalyd o
CaleSy sl cwhadas S e > e )b mjs 9
Sl 59550 9 29800 @iy I laodg b cusliie
oo & Jgdo cpl 50 el ol Jas ol cdls b Cuslize

ol (glojy) (aosl a3 Li) Ts

P1o | 1Fe P (ogs o lost quidass Jlw ooluwl (5 jlu g g (5 lomo Sus 15


http://dx.doi.org/10.61186/ciauj.8.2.19

[ DOI: 10.61186/ciaLj.8.2.19]

Po B gl g 19 g 0g9s 43 3)lS ylupl oHuyli b slale sl oj ) real byl

byl Jol o 5l ol gl gzl )l Y Jgan

bt (o0 2 Canglite ) e | e | .
Fyu (KN) ol gt g W)y P2 ey 395
&l ajl.w ojlw bS8yl o3l (kg) slo;) ¥90 o339 FHES
I ’ q *e T
y X ° C;
YFR0 VAVY <IVE- Y/o v /A /YA \WAFY. . pligy
YFO¥ Yaa <IYYA Y/o Y </AD /¥y YOVYS .- odlj (glasss
¥.0 Y -Jovs Y/e Y RSy <o¥ AR\ARSS s
Y- Y20 -/¥Y¥ Y/o Y Q2SN AN YVEY- . Jrolle
.Y Y58 NISYN Y/o Y A NAANY AWAFY - el Cups
oYY ary Niaas Y/o
¥ AR NAYA YYVD- - e e
LV3 oo 5l (b )88, Lalpd cp s 4 by jo btV Jodo
“ d, 23 &2599,4 Cer s
-I¥vY #los Selial 5L X-
VW0 -IN¥ IOHRY Y+ Pl
< IVYY YIS calyss X-
03 glas
VYA YISA Sl b Y+
<JAYY A2 Sl b X+
.[5ay o/Y Sl b Y- e
< /YDA o/ Sl Hb X+
o5y
<JOAY Ay Sl b Y+
-IsyY O/ Sl Hb X+
£ ol Cu o
<IAYA Y/VE Sl Hb Y+ sl S
<[20A Y/sY Sl Hb X-
vy £V RN Y+ el

1o I 09 6 ok oidasd Jlw fo0lwl (g jluw i g (5 loso Sa s |

Py



http://dx.doi.org/10.61186/ciauj.8.2.19

[ DOI: 10.61186/ciauj.8.2.19 ]

gu)9) 2 IG5l (p0ubled jbe> S ((53395T Sl 48 0ULE o

bl gaw 93 @S dulio ¥ Jga>

(g, &N I & sl
VAVY < JVE. - Vb
L
VAAS/Y - NAnas Vb f
YYo¥ NARZS - Vb
NI — <IVYA Vb bt
¥ -Jovs - Vb
AYF/VE — el Vb
WY Nia7d - Vb
S
\WAV/¥ - <[OAY Yoo ”
YE5Y . —
forh e s
YAYA/A - Nian% Yebw
ov¥ Nians - Vebe
£YV/D) — Nins Yobw e
) (<ally
© «
@ )

e sl el gl p (& IS (S ¢ (0 00l (5 aoiS (o eplige (AHaly (gims dw (g5l Jo ¥ IS

PP 1Fo P (g o ot quiass Jlw fooluwl (5 jlu g g (5 lomo Sus 19



http://dx.doi.org/10.61186/ciauj.8.2.19

[ DOI: 10.61186/ciaLj.8.2.19]

Po 8 Jalglg 19 s o9 5o 3,08 gl ol GRU el lobo ¢l o) Groul L)l

10000

8000

[0

L

6000

(KN

4000

2000

3500
3000
2500
2000
1500
1000

500

(KN)ayy oy

- - )

0.5 1 1.5
(cm)ls

- ==X

0.5
(cm)lails

Ju—

(a)

1.5

3500

. 3000
2500
2000
1500
1000
500
0

KR

(kN)+=k

1800
1500
1200

900

(kN)4l iy

600
300

6000
5000
4000
3000
2000
1000

(KN)4b e

,/\'\____”.
- ==X
Y
1 2 3
(cm)stails
(<alhy
f“~--‘—_
/
/
- ==X
Y
0.5 1 1.5
(cm) bl
)
D .
===X
Y
1 2 3 4
EEENES
©

oo A el gl (& IS (& ¢ (0 03l (51 aoriS (o eplige (Alllaliy (s yof oo sl ¥ S5

1o P 09 6l oidass Jlw ¢oolawl (5 jlw sgid g G lomo Samyd | P


http://dx.doi.org/10.61186/ciauj.8.2.19

[ DOI: 10.61186/ciaLj.8.2.19]

gus )9l 2 PPl (bl Jan> S (53995T Slad 4 ol oo

Dpcm. (2005). Evaluation and reduction of seismic
risk of cultural heritage with reference to the Technical
Standards for Constructions promulgated by the
Ministry of Infrastructure and Transport

Dpcem. (2011). Evaluation and reduction of seismic
risk of cultural heritage with reference to the Technical
Standards for Constructions promulgated by the
Ministry of Infrastructure and Transport on 2003.

IRSt2800. Iranian Code of Practice for Seismic
Resistant Design of Buildings,4th Revision, . In
Building and Housing Research Center, Tehran, IRAN,
2015.[in persian]

s Sy e slallai L (sl 65ty Jalysid

» kilksdlw sk d._.cl...u.sl FAeea_ol Q—t-.’j
5 OS—me o) oldod S pefoklng)dll;
\Y"\VQIﬁhL‘)‘).QJ‘L;)'LM)@

OB Mg &8 5L
S e adllas (b 5 (gilo porie 3 By den
L b o3y oo g 4355 9 (6y913,5 wu e sl
2 IFL (odle jher s (BB o (M Ao
o bawgs (o a5 oy Gy (gl 5 plox] g o)
b 0T 3590 55 (B dtunggh dam g Cusl 03 g oME
Aol g odiled |y ol s B sl dan il 0d)S oS

WL,8

o Cgloneailio sl
b o e o gilio 2L w5gSomats 51 plel 5 i

Sgo g odId 4 ow Jwd
2 lods oo dalllas pl Jobo j3 48" Slaosld degexe

A o yiwd BB Jgiue odim s | Cunled D Cyguo
o 38l cov addllas (pl 45 o ool slge ¢yl oM

Dy Mdlgd wyied O kgt (6,8 ST sl kil

References é.gbuo

Muti 10.9.0 - User’s Manual. ( S.T.A.2018). ., S. T. A. D.
s. [Mobile application software]

Aminifar, E., Akhoundi, F, & Lourenco, P. B. (2022).
Verification of Mechanical Properties of Historical
Brick Masonry Walls with Masonry Quality Index
Method in Iran. International journal of architectural
heritage, 1-11. doi:https://doi.org/10.1080/15583058.
2022.2089072

Biglari, M., D’Amato, M., & Formisano, A. (2021).
Rapid seismic vulnerability and risk assessment of
Kermanshah historic mosques. The Open Civil
Engineering Journal, 15(1), 135-148. doi:http://dx.doi.
org/10.2174/1874149502115010135

Code360. (2013). the guidelines for improving seismic
performance of existing buildings In: Deputy for
strategic supervision of technical system affairs.[in
persian]

PO | 1Fol (g o lost quias Jlw fooluwl (5 jlu g g (5 lomo Sus 15


https://doi.org/10.1080/15583058.2022.2089072
https://doi.org/10.1080/15583058.2022.2089072
http://dx.doi.org/10.2174/1874149502115010135
http://dx.doi.org/10.2174/1874149502115010135
http://dx.doi.org/10.61186/ciauj.8.2.19

[ DOI: 10.61186/ciaLj.8.2.19]

This page is intentionally rendered without text

Canl o @) 20 9 SlalET aio oyl


http://dx.doi.org/10.61186/ciauj.8.2.19
http://www.tcpdf.org

