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Erbil city essentially suffers from the risk of earthquakes generated by Zagros-Taurus Belt. The central
objective of this study is to identify the seismic characteristics and required seismic parameters for
structural analysis. The methodology concentrated on reviewing the seismology and geology of Erbil
city. It was concluded that the tectonically classified by an outer platform of the low folded zone in the
position of Western Zagros Fold-Thrust Belt of the Arabian plate, geologically covered by Quaternary
sediments and lithologically described by fluvial sediments, and the dynamic soil properties classified by
site Class D. Seismicity review indicated that the seismic source is characterized by strike-slip (normal)
fault and majority events exhibit at the shallow crustal with expected moment magnitude between 6
and 7.5. It was observed that the peak ground acceleration (PGA) has been updated, especially after
the last cyclic earthquake in the region. The summary of the previous seismic hazard indicates that
the PGA according to the World Health Organization, Global Seismic Hazard Assessment Program,
and Uniform building code is identified by the value higher than 0.3 g for 475 years return period,
while according to national probabilistic seismic hazard analysis studies in Iraq and Arabian Peninsula
is identified by 0.4 g for 2% probability of exceedance in 50 years (2475 years return period), and
estimated PGA to be 0.25 g for 10% likelihood of exceedance in 50 years (475 years return period),
in a term of 5% damped at bedrock condition. Proposed spectral acceleration (Sa) in Erbil city at 0.2
and 1.0 s evaluated to be 1.0 g and 0.53 g, for the site Class D and compared with Sa in the literature.
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INTRODUCTION

Erbil city located at the north corner of the Arabian plate,
geologically bounded by Zagros-Taurus Belt [Figure 1], and
tectonically characterized by a complex tectonic structure,
where the Arabian plate is subducted under the Eurasian
plate, indicated as a seismically active belt (Abdulnaby et al.,

2014b; Ghalib and Aleqabi, 2016).

According to historical record for the period (1971-2011)
Erbil governorate experienced 195 small and moderate
earthquakes, especially, one of the significant moderate
events is recorded on July 24, 1991, with the moderate
magnitude of Mw 5.5 and focal depth of 26 km, near Erbil
city by 37.2 km (IMOS, 2018). Consequently, Alakaam
and Hussain (2016) specified three levels of risk in Erbil
governorate namely, low risk (1-3), medium risk (3-4), and
high risk (>4) forming 64,32, and 4% of the total area,
respectively, as depicted in Figure 2. More recently, the
activity of the Zagros fault has been increased significantly.
Particularly, powerful earthquakes with Mw 7.3, 6.3, and
about 6 in November 2017 (USGS, 2017), November
2018 (EMSC, 2018), and January 2019 (EMSC, 2019) were
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recorded, respectively, at the shallow depth. However, the
initiated point was far from the city but noticed in Erbil
city. Therefore, the last cyclic earthquakes have raised many
questions about the seismic characteristics of Erbil city.
For this purpose, seismology and geology of Erbil city
reviewed to identify the seismic characteristics and seismic
parameters required for structural analysis.

GEOLOGY AND TECTONIC SETTING OF ERBIL
CITY

Kurdistan Region (KR) is characterized by the portion of
the convergent plate boundary, where the Arabian plate
subducts northward below the Eurasian plate (Iranian
and Turkish plateaus) as shown in Figure 1. The collision-
subduction zone between these two plates is mainly dictated
by the Bitlis-Zagros Fold and Thrust Belts. As a result,
this belt is one of the most seismically active regions that
perform the majority of earthquakes (Abdulnaby et al.,
2014b; Ghalib and Aleqabi, 2016).

At the tectonic level, Erbil city is assorted by the outer
platform of the Arabian plate, characterized by the confused
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part of Western Zagros Fold-Thrust Belt (WZFTB), and
covered by low folded zone (LFZ) (Foothill), represented
in Figure 3 (Fouad, 2015).

According to the geological formation and lithological
description, Erbil city covered by Quaternary sediments
is represented by polygenetic accumulation fluvial
sediments (Fouad and Sissakian, 2015). Further, the
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Figure 1: Tectonic map of Arabian and Eurasian plate (Abdulnaby
et al., 2014b)
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Figure 2: Seismic hazard map of Erbil province for the historical
record (1971-2011) (Alakaam and Hussain, 2016)

effect of geological structure in the topic of the seismic
risk recognized by site effect. According to the database
of the dynamic soil properties, the average compression
wave velocities ranged from 687 to 1460 m/s, based on
the code of practice, the Erbil site classified by soil site
Class D, the database collected from the soil investigation

Figure 3: Tectonic divisions of Iraq (Fouad, 2015)
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Figure 4: Seismicity map of Kurdistan Region (Hosseini et al., 2014a)

Polytechnic Journal ® Vol9 @ No2 e 2019 | 162



Jaleel and Taha

report from the important project in the city, which was
prepared by Mohammed and Abdulrassol (Mohammed
and Abdulrassol, 2017).

SEISMICITY AND SEISMIC SOURCE
CHARACTERISTICS OF ERBIL CITY

Seismicity relates to the geographic and historical
occurrence of earthquakes which are the main step to
identify the seismic hazard of an area. Figure 4 represents
the seismotectonic regions, seismicity, and major faults for
KR proposed by Hosseini et al. (Hosseini et al., 2014a).
Erbil city usually suffers from the possibility of the Zagros
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Figure 5: Distribution of faults near Erbil city (Jassim and Goff,
2006)

Fold-Thrust Belt. In addition, there are also extensional
activities in the region along faults, Figure 5 is distinct
examples of these faults near the city. Kirkuk fault (system
of NW-SE Najd), Hadhar-Bekhme, and Anah-Qalat Dizeh
fault (system of NE-SW/E-W Transverse), and (system of
N-S Nabitah) (Jassim and Goff, 2000), the common stress
pattern defined by strike-slip (normal) faulting (Abdulnaby
et al,, 2014a).

In the literature, the seismicity of the north corner of
the Arabian plate, which involves Erbil city, was studied
by various authors. Alsinawi and Al-Qasrani evaluated
isointensity value before and after 1900 AD, based on
Modified Mercalli classified by MM=VIII and MM=YV,
respectively, and assessed seismicity index by 0.3 with Mb
>4 every 2-5 years, as shown in Figure 6 (Al-Sinawi, 20006).

Subsequently, Ameer et al. (2005), Raza Hosseini et al.
(2014a), Onur et al. (2016), Said and Farman (2018a;
2018b), and El-Hussain et al. (2018) evaluated the active
parameters regarding the location of faults and past
earthquakes inside the Arabian plate. Table 1 summarizes
the active parameters, which was identified in Erbil
city, such as the constant parameters to find earthquake
recurrence in the expression of Gutenberg Richter Law

(GR) (logN_m=a - b.m).

Where Nm is the annual rate of earthquakes with
magnitudes greater than m.

a and b are constants to be obtained by regression of past
earthquakes data with reveal the seismicity of study area.
Completeness magnitude (Mc), and maximum expected
and observed earthquake magnitude, the active parameters
were studied with respect to earthquake data time span,
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Figure 6: Seismic isointensity maps of Iraq for historical period (a) before 1900, (b) after 1900, and (c) seismicity index map (Al-Sinawi, 2006)
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Table 1: Seismic active parameters for Erbil seismicity adopted by various authors

Earthquake 1905-2000 1900-2014 1900-2009 1900-Up—April 1900-Up— 1900-2015
data time span  Ms>5.2 M>4 Mw>4 2016 December 2017 Mw>4
Mw>4 Mw>4
Study location Iraq Region Kurdistan R. Iraq R. (26—40) N Irag R. (26—-40) N Iraq R. (26—40) N Arabian plate
(R.). (29— (33.5-39.5) N and (36-51) E and (36-51) E and (36-51) E (10-40) N and
38.5) N and and (40.5-47.5) E (30-65) E
(39-50) E
Earthquake PDE, BSO, ISC, USGS/NEIC, ISC, EMSC, C88, IIEES, C88, IIEES, Compiled Deif
source data Fahmi and IEES, EMEC, USGS, GCMT, AFDA, GCMT AFDA, GCMT et al. (2017)
Alabbasi 89 NEMT Ambraseys
Number of 1000 Independent 4000 dependent 3519 independent 4300 independent
events dependent events events events events
events
Zone St.P.4 (a) Zone 4 (b) Zone 2 unstable Zone 2 (d) Zone 2 (e) Kirkuk-
description shelf-A (c) embayment (22)
[Figure 7] (f) or Zagros
simple fold (7) (g)
Mmin 4 4 4.4 4.3 4.3 4
Mc 4 4.4 4.4 4
GR: a-value 4.19+0.665 5.3674 4.358 4.9485 2.93 or (4.27)
GR: b-value 0.49+0.19 0.71+0.05 1.1996 1.0857 1.1835 0.73 or (0.82)
Max. expected  5.85+0.35 6.8+0.31 7.6 7.72 7.5 6.6 or (6.9)
magnitude
Max. observed 5.7 6.2 7.3 November 7.3 12 November 6.5 or (6.8)
magnitude 2017 2017

earthquake source data, and a number of (dependent/
independent) events. Figure 7 represents the location of
the past earthquakes and the source zone described by
authors. Based on the seismicity review, the occurrence of
destructive earthquakes in the study area is highly anticipated
in the future. The maximum expected earthquake magnitude
in Erbil city can be identified between Mw 6 and 7.5 at the
shallow crustal have a depth of 0-35 km.

PREVIOUS HAZARD ASSESSMNET STUDIES

Seismic hazard analysis (SHA) is the process of predicting
strong ground motions for a specific site. The hazard is
best represented as strong ground shaking, especially in
the earthquake loss assessment. In general, in the seismic
hazard assessments, the scientists use two basic methods
of SHA:

1. Deterministic SHA (DSHA)

2. Probabilistic SHA (PSHA).

The process of PSHA is taking advantage of taking into the
calculation of the most uncertainties involved with seismic
hazard SHA (Kramer, 1996). In previous codes of practice,
the seismic hazard defined by Z factor is applied to describe
the peak parameters of ground motion acceleration.

According to the Iraqi seismic design Code (1988), Erbil
city located within zone 4 that the seismic zone factors
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(Z = 0.8) and peak ground accelerations (PGAs) ranging
from 0.07 g to 0.125 g for 500 return period.

However, Iraqi seismic building Code, 1997 (Code 2/1997,
1997) classified Erbil city as Zone 2 (Z = 0.07). Contrary to
the uniform building Code (UBC) (1997), Erbil city can be
categorized as a Zone 3 and Z factor ranged between 0.2
and 0.3. The seismic hazard maps created by Iraqi seismic
Mahmood et al. (1988) and (1997) are shown in Figure 8.
Consequently, seismic hazard maps generated by the Global
Seismic Hazard Assessment Program (GSHAP) (Griinthal
etal.,, 1999) and World Health Organization (WHO, 2010)
demonstrates seismic hazard in Erbil city, in a term of PGA
vary from 2.4 to 4 m/s* (0.24 g to 0.4 g) for a 475 year
return period as shown in Figure 9.

Al-Sinawi and Al-Qasrani estimated that PGA in Erbil city
to be ranging between 0.5 and 0.6 g for a 100-year return
period [Figure 10] (Al-Sinawi, 2000).

Yaseen et al. (2014) proposed PGA varying between 0.25
and 0.4 g for Erbil city on bedrock.

After Yaseen et al., the authors conducted a PSHA in
terms of PGA, and 5% damped at bedrock condition,
Hosseini et al. (2014b) estimated the PGA [Figure 11] in
Erbil city ranging from 0.24 g to 0.26 g for the 475 years
return period.
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Figure 7: Seismicity model with zone description prepared by (a) Ameer et al. (Ameer et al., 2005), (b) Hc

ini et al. (Hc ini et al.,

2014b), (c) Onur et al. (Onur et al., 2016), (d and e) Said and Farman for Iraqi map (Said and Farman, 2018a; 2018b), and (f and g)

El-Hussain et al. for Arabian plate (El-Hussain et al., 2018)

Onur et al. (20106) assessed PGA [Figure 12] in Erbil city
with 0.2-0.25 g for the return period of 475 and with
0.35-0.4 g for the return period of 2475. It is deserving
to consider this study to be the basis for the Draft of Iraqi
Seismic Code (Draft/Code-16, 2016).

Said and Farman evaluated PGA (2018a), in Erbil city,
ranged between 0.3 g and 0.4 g for a 2475 return period,

and also they updated PGA (2018b), the value extended
between 0.2 g and 0.25 g, and 0.4 g and 0.45 g for return
period of 475 and 2475, respectively [Figure 13].

Al-Shijbi et al. (2018) evaluated the seismic hazard level
[Figure 14|, in Erbil city expected PGA in the range of
250-300 cm/s*(0.25-0.3 g) for a 475 year return petriod and
420-500 cm/s*(0.42-0.51 g) for a 2475 year return petiod.
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Table 2: PGA value (in units of [g]) for Erbil city, on rock site class, approved by various codes and authors

ISC 1989 (1988) Dependent events 859-1986 475 0.075-0.125 0.09~Z factor
ISC (1997) 475 0.07 0.07~Z factor
UBC (1997) 475 0.2-0.3 0.3~Z factor
GSHAP (1999) 475 0.24-0.32 0.32
WHO (WHO, 2010) 475 0.24-0.4 0.4
Al-Sinawi (2006) Dependent events 1900-1988 100 0.5-0.6 0.5
Yaseen et al. (2014) Proposed 0.25-0.4 0.4
Hosseini et al. (2014b) Independent events 1900-2014 475 0.24-0.26 0.25
Onur et al. (2016) Dependent events 1900—2009 475 0.222 0.222
2475 0.3-0.4 0.4
Said and Farman (2018a) Independent events 1900 to April 2016 2475 0.3-0.4 0.4
Said and Farman (2018b) Independent events 1900 to December 2017 475 0.2-0.25 0.22
2475 0.4-0.45 0.42
Al-Shijbi et al. (2018) Events 1900-2015 475 0.25-0.3 0.25
2475 0.42-0.51 0.45

PGA: Peak ground acceleration, WHO: World Health Organization, Global Seismic Hazard Assessment Program

=

Figure 8: Iraqi seismic codes (a) seismic map 1988 (Mahmood
et al., 1988), (b) seismic map 1993-1997 (Code 2/1997, 1997)

The summary of the previous SHA [Table 2] indicates
that the PGA according to the WHO, GSHAP, and UBC
code is identified by the value >0.3 g for 475 years return
period, while according to national PSHA studies in Iraq
and PSHA for Arabian plate is identified by 0.4 g for 2%
probability of exceedance in 50 years (2475 years return
period) and estimated PGA to be 0.25 g for 10% likelihood
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Figure 9: Peak ground acceleration (m/s?) map of rock with a
10% probability of exceedance in 50 years (475 — year return
period): (a) Global Seismic Hazard Assessment Program
(Grunthal et al., 1999) (b) World Health Organization (World
Health Organization, 2010)

Polytechnic Journal ® Vol9 @ No2 e 2019 | 166



Jaleel and Taha

36°N

34N

32N

30°N

Figure 10: Seismic acceleration map (g) for 100-year return period
(Al-Sinawi, 2006)
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Figure 11: Seismic acceleration map of Kurdistan Region peak
ground acceleration (g) for a 475-years return period (Hosseini
et al., 2014b)

of exceedance in 50 years (475 years return period), in a
term of 5% damped at bedrock condition.

PROPOSED RESPONSE SPECTRUM IN ERBIL CITY

According to the updated codes of practice, response
spectrum is an important parameter in the structural
analysis. In this study, Unified hazard spectrum (UHS)
is calculated from the spreadsheet adopted by Sayhan in
PEER research center (PEER, 2018), and the required
parameters are taken from the review of seismology and

40 a4 48
Figure 12: Probabilistic seismic hazard analysis in a term peak

ground acceleration in Iragi map (g) for a 2475-years return period
(Onur et al., 2016)
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Figure 13: Probabilistic seismic hazard analysis for Iragi map in
a term (a) peak ground acceleration (PGA) and (b) updated PGA
for a return period of 2475 years on rock site Class (g) (Said and
Farman, 2018a; 2018b)
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Table 3: Response spectral acceleration Ss and S1 (g) approved for Erbil city by various studies

Yaseen et al. (2014) Proposed Soil D 1 0.6

Rock B 1 0.4
Onur et al. (2016) PSHA ASK14, BSSA14, CB14, and CY14 Rock B 0.51 0.13
Said and Farman (2018a) PSHA Akkar et al. and Booe et al. 14 (AB14) Rock B 0.66 0.29
Said and Farman (2018b) PSHA Rock B 0.71 0.35
Al-Shijbi et al. (2018) PSHA Zhao et al., AB10, CY08 Rock B 1.1 0.21
This study Poposed (UHS) ASK14, BSSA14, CB14, and CY14 Soil D 1 0.53
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Figure 14: Probabilistic seismic hazard in a term of peak ground
acceleration in the Arabian plate for the return period of 2475 years
developed by Al-Shijbi et al., 2018

geology. For example, PGA is 0.4 g for the 2475 years
return period, site class is type D, and Mw is between 6
and 7.5, focal depth (km) smaller than 50, normal (Strike-
slip) fault, and the other information about the distances
and depths assumed based on the PGA and the default of
the program. Four equal weight (0.25) of ground motion
prediction equation model (GMPE) is used: Abrahamson
and Silva and Kamai 2014 (ASK14), Boore and Stewart and
Seyhan and Atkinson (BSSA14), Campbell and Bozorgnia
(CB14), and Chiou and Youngs 2014 (CY14) for a standard
deviation (SD) is 1% and damping ratio 5%.

The result of the GMPE, median value, and median value
with Sta. dev. is represented in Figure 15. The comparison

ASK14
BSSA14

= = = PSa Median + 1.0 for 5% damping

PSa Median for 5% damping

<+ 0 WY O VN~ © W
< w © ~ ©
Period (sec)
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Figure 15: Proposed spectral acceleration for standard deviation
1%, damping ratio 5%, and soil site Class D
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Figure 16: Erbil city design response spectrum (site Class D)

between the response spectrum proposed in this study and
in the literature is shown in Table 3. According to ASCE
(ASCE07-10) code, design response spectrum graph for
Erbil city is depicted in Figure 16.

CONCLUSION

Erbil city experiences from the Zagros and Taurus
Mountains. Historically, at the location near Erbil city
experienced a moderate earthquake with Mw is 5.5, in
recent years, Erbil city experienced an increase in seismic
activity. In this study, the seismic characteristics of Erbil
city reviewed by focusing on geology and tectonic setting,
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seismicity, and a previous hazard assessment. The study

concluded that:

1. At the tectonic level, Erbil city is positioned at the
north corner of the Arabian plate and classified by an
outer platform of the LFZ in the location of WZIFTB

2. Geologically, Exbil city is covered by Quaternary (fluvial
sediments) and soil dynamic properties classified by
soil site Class D

3. Seismicity and seismic source are characterized
by strike-slip (normal) fault, the majority of the
carthquakes exhibit at the shallow crustal. Based on
the facts of seismology and highly predicting the
occurrence of destructive earthquakes in Erbil city,
the maximum expected earthquake magnitude in Erbil
city can be identified between Mw 6 and 7.5, based on
the active parameters of GR

4. Through the reviewing of modifying the seismic
hazard map for the location where Erbil city located, it
was concluded that the PGA value has been updated in
the city, the recommended design PGA evaluated with
a range of 0.25 g for 10% likelihood of exceedance
in 50 years (475 years return period), and 0.4 g for
2% probability of exceedance in 50 years (2475 years
return period), in a term of 5% damped at bedrock
condition. Although, according to the previous codes
is evaluated with a PGA >0.3 g for 475 years return
period

5. Based on the seismic characteristics and critical
parameters, spectral acceleration (Sa) is proposed and
then compared with Sa in the literature. In Erbil city,
Sa at S and S, obtained to be 1 g and 0.53 g, for the
site Class D.
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