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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.
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