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Figure 1: Geographical location city of Ardabil in the northwestern corner of Iran
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Table 1- Design of buildings against earthquakes (Road, and Urban Development Research Center, 2014:80)
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Table 2- Correction table for the completed Aria method (Zahraei, 2013: 28, with some changes and additions)
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Table3: Criteria for judging the seismic vulnerability of the modified Aria method (Saharkhiz and Bakhshi,
2015: 4; Zahraei, 2012: 29)
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Table 4: Average damage index in dilapidated fabric buildings of Ardabil city
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Figure2: Damage indexs for hard ground
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figure3: Damage indexs for deep non-stick ground
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figure 4: Damage indexs for soft ground
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Figure 5: Damage index for soft ground based maximum acceleration
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Figure 6: Damage index for hard ground based maximum acceleration
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Figure 7: Damage index for deep non-stick grounds based maximum acceleration
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Table 6- Vulnerability ratio for buildings with different typologies in Ardabil

Epdimal s Ol wbisa§

LR = +.0A s s S3lepslie 5 3L 5L - sl gbola=ls
(!

LR =0.39 (33 on o 4 5L5) Lo g sl Wb Bl L by glaolaLe

LR=0.15 (S Slypens 4 3L0) Sl il Sy R slaglasla

g el ol a5 05 5 5 Sl Ol e ot aloe 10 5l 5 350 13 5L 5 U e ge glos Y last kg s Jussl el
2) b SLOLtle S o 4 gd Sl 5 60 s b L B3 3 LU e coal s 4 5l
a5 Lol (G158 libiag, 5 szl glaaig) i Lol sl Jous 5 ooy mir 5 3L o (e
2 by pdlas b gladlazsba do s T s LT30S =30l gy 51 (G pdyam] Cond) o plonil Slislona
el 3l sy Ol cu 55 5 i Jlanl & a5 sk ol Jlazl A St b losJipees 2l
s oo A DAL glos S pl 53 g es s Gl BB Ly slapletle Aoy A 51 i ol

Bbosl 53 S5k s 4 s il Jle Yo 51 S Lol cwts &S oV ladlastle dwys T Ui
a1 4 S 3 5 sb) conl sl A Sous b Gloy Jopmes ol 53 Olacstle oboy a4 s YA+ 3,10kl
L slaobentlo a4 Comd Slo3lo sl 45 das o OLES ahisl s )15 s Olenilo o 55 5 S5,
213 S e St ol Flas

el Jleat A Sds b los Jomas 2l 53 ol Jle 10 51 2aS W0l cwds oS o ISl b slagbaxs L
5 635 o3l s 41 S 2 o3l e ol 53 3003 395 55 ol Jlezl & D 55 5 Lo g
RUEC R

03 Sl 03 b g ea s b Galil s s s sbaolentle i8S das e DL s IS 5k o
Grdvcawl 5l a8 laolastle 505 3935 co 0 5 IS canl & Sl 5 33 canl Cis,y 3 A S L)
Ll w3l (S At Lo pasiin) e (555 50 BB 53 i il VU

52 el s sy ol ety (Juall b 83 b il L3 s se lalletle (3lupslie sl

flelbo-las L o S 53 bolatle ol ol SL éLm Lo slaolalo syl o3 casd cu gyl

B r)y LS)"’\:’.Li) o.,\._:'bjf 4;-“5» V..A)\ L&)‘}ij Oddlas 9 LA)‘ﬁ) ujj" o Al df.ﬁ)ygsj.:j S


http://geographical-space.iau-ahar.ac.ir/article-1-3982-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 13:45 IRST on Tuesday December 2nd 2025

VO ok pslie 855 L dun ) el sl laiala ) o) (AS (5l cand b )

Jshie sl gy 51 S Clyla, s 2 o3s S ol 51 gl laas b slalastle (g3lapslie 5 plSoual 1510
b5 O35 0,8 e Sope Sletle IS 51 s el 5 Lol p b JSKE L 5 cuslie L155 L Vsens oS
sl ins ol (Bl 5 Sy sl st sz ool bl o 3 geS ANl eglie Cins Ol
o8 ot Al €3l 1 s g0 3 Shee Cobl ol (S IS plonndl 3 L Ol b 5ot (5 2T slals
Calises gla i conlisl 3 Shas 5 Conlos jasis 5 LOT glaosle s bolaxsla jo, oLl amey opl s

ol lag]


http://geographical-space.iau-ahar.ac.ir/article-1-3982-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 13:45 IRST on Tuesday December 2nd 2025

Voo

VET Sl AD o lach a,lea 9 Caeas e (il i sLdS sale 5 dsliliad

References

ATC-13., (1985), "Earthquake damage evaluation data for California”, 492. Redwook
City, California: Applied Technology Council.pub.

-Basaglia, A., Aprile, A., Spacone, E., Pilla, F., (2018), "Performance-based seismic risk
assessment of urban systems”, International Journal of Architectural Heritage, 13(7-
8),1131-1149, Doi: 10.1080/15583058.2018.1503371.

Carreno, M. L., Cardona, O. D., & Barbat, A. H., (2007a), "Urban seismic risk
evaluation: a holistic approach”, Nat Hazards 40(1):137-172.

Ferreira, T. M., Estévao, J., Maio, R., Vicente, R., (2020), "The Use of Artificial Neural

Networks to Estimate Seismic Damage and Derive Vulnerability Functions for Traditional
Masonry". Front. Struct. Civil Eng. 14, 609—622. D0i:10.1007/511709-020-0623-6.

-GNDT-SSN., (1994), "Scheda di Esposizione e Vulnerabilita e di Rilevamento Danni di Primo e
Secondo Livello (Murata e Cemento Armato)". Tech. rep.Rome, Italy: GNDT-SSN.

Hough, S. E. (2007), "Richter’s scale: measure of an earthquake, measure of a man",
Princeton University Press, ISBN 978-0-691-12807-8.

Lantada, N., Pujades, L. G., Barbat, A. H.., (2018), "Earthquake Risk Scenarios in Urban
Areas: A Review with Applications to the Ciutat Vella District in Barcelona, Spain”,
International Journal of Architectural Heritage, 12(7-8): 1051-1062, DOI:
10.1080/15583058.2018.1503367.

Lantada, N., Pujades, L. G., Barbat, A. H., (2009b), "Vulnerability index and capacity
spectrum-based methods for urban seismic risk evaluation. A comparison”, Natural
Hazards, 51:501-24. Doi:10.1007/s11069-007-9212-4.

Maio, R., (2016), "Seismic vulnerability assessment of historical urban centres: Case
study of the old city centre of Faro", Portugal Journal of Risk Research, 19 (5): 51-80,
D0i:10.1080/13669877.2014.988285.

Molaei, V. F., Mohammadi, J., (2021), "A Study of Effective Criteria in Renovation of
Dilapidated Urban Tissues (Case Study: Region 1 of Isfahan)"”, Iranian Journal of
International Geographical Association, 18(64): 36- 50 [In Persian].

Oliveira, V., (2016), "urban morphology. An introduction to the study of the physical
form of cities™, 192. Cham, Switzerland: Springer International Publishing.

Panahi, A., Abdollahzadeh, A., (2016), "Investigation of Vulnerability of Urban
Dilapidated Tissues to Earthquake Risk (Case Study: Tabriz Region 8)", Iranian Journal
of Geographical Association, 14(81):25-40 [In Persian].

Road, Housing and Urban Development Research Center., (2014), "Earthquake Design
Regulations for Buildings, Standard 2800", (Fourth Edition), Issue No. Z-253 [In Persian].
Saharkhiz, M., Bakhshi, H., (2015), "Vulnerability assessment and seismic hazard
determination of residential buildings in Sabzevar”, the first annual conference on
architecture, urban planning and urban management research, Islamic Azad
University, Meybod Branch, 1-19.

Samadzadeh, R., Khayyam, M., Hosseini Amini, H., (2010), "A new approach to the
Geomorphological Evolution of the Ardabil Tectonic depration with Land Management
Approach”, Journal of Geography and Environmental Planning, University of Isfahan,
21 (1): 105- 130 [In Persian].


http://geographical-space.iau-ahar.ac.ir/article-1-3982-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 13:45 IRST on Tuesday December 2nd 2025

\oF

ok pslie 855 L dun ) el sl laiala ) o) (AS (5l cand b )

Zare, M., (2016), "Introduction to applied seismology™, International Institute of
Seismology and Earthquake Engineering, Tehran, First Edition [In Persian].

Zahraei, S. M., (2013), "Qualitative assessment of seismic vulnerability of buildings in Bandar Abbas",
.Journal of Seismology and Earthquake Engineering, 16(2), 34-23 [In Persian]


http://geographical-space.iau-ahar.ac.ir/article-1-3982-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 13:45 IRST on Tuesday December 2nd 2025

VoV VET Sl AD o lach a,lea 9 Caeas e (il i sLdS sale 5 dsliliad

Quialitative assessment of seismic vulnerability of buildings in Ardabil City with retrofitting
approach

Ahmad Khajavy’
Rasoul samadzadeh*®
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Abstract

Despite the recent advances in the analysis of seismic performance of a variety of building structures,
structural reinforcement strategies are still one of the most technically challenging topics. The aim of this
study is to close this study gap by providing a simple methodology for assessing the seismic vulnerability
of buildings located in the dilapidated structures of Ardabil. The proposed method is a qualitative method
based on field studies of 1440 different buildings. Damage index for all buildings is calculated and their
average in earthquakes with magnitudes 7 to 9 on MSK scale, in terms of intensity for different types of
buildings are plotted in bar charts and PGA in linearly. Has been. According to the results, approximately
30% of steel buildings are less than 20 years old and due to the revision of Standard 2800 compared to the
time of their construction against earthquakes with Intensity 8 has a high probability of damage and in
intensity 9 there is a possibility of collapse and destruction of the building. The results show that this
structural system is in a better condition than buildings with building materials. Buildings with concrete
structures that are less than 15 years old are prone to moderate damage with a magnitude of 8 and high
probability of damage at a magnitude of 9. Finally, concrete structures performed better than steel and
masonry systems. In general, the results show that most of the buildings in dilapidated and historic
structures are exposed to an earthquake with a magnitude of 8 in the row of high damage and a magnitude
of 9 total damage and destruction. Highly vulnerable buildings are mostly located in central parts of the
city (especially Zone One).
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