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Seismic hazard assessment for two cities in Eastern Iran

Alireza Farzampour” and Arash Kamali-Asl®
Department of Civil Engineering, Sharif University of Technology, Tehran, Iran

(Received April 23, 2014, Revised December 8, 2014, Accepted December 14, 2014)

Abstract. Iran as one of the countries located on the Alpine-Himalayan seismic belt has recently
experienced a few number of catastrophic earthquakes. A well-known index of how buildings are affected
by earthquakes is through assessment of probable Peak Ground Acceleration (PGA) and structures’ response
spectra. In this research, active faults around Kerman and Birjand, two major cities in eastern parts of Iran,
have been considered. Seismic catalogues are gathered to categorize effects of surrounding faults on
seismicity of the region. These catalogues were further refined with respect to time and space based on
Knopoff-Gardner algorithm in order to increase statistical independency of events. Probabilistic Seismic
Hazard Analysis (PSHA) has been estimated for each of cities regarding 50, 100, 200 and 500 years of
structures’ effective life-span. These results subsequently have been compared with Deterministic Seismic
Hazard Analysis (DSHA). It has been observed that DSHA not necessarily suggests upper bound of PSHA
results. Furthermore, based on spectral Ground Motion Prediction Equations (GMPEs), Uniform Hazard
Spectra (UHS) and spectral acceleration were provided for 2% and 10% levels of probability of exceedance.
The results show that increasing source-to-site distance leads to spectral acceleration reduction regarding
each fault. In addition, the spectral acceleration rate of variation would increase if the source-to-site distance
decreases.

Keywords: seismic hazard analysis; response spectra; uniform hazard curves; life-span effect; eastern Iran

1. Introduction

Earthquakes cause losses and damages to a number of people every year. Iran as one of the
most vulnerable countries located on Alpine-Himalayan seismic belt has experienced a number of
events in the last century. Fig. 1 shows the density of these events in Iran for the recent 50 years
(Tavakoli and Ghafory-Ashtiany 1999). The most intense seismic responses to the general drift of
Arabian plate toward Eurasia plate have happened in eastern zones of this country.

Occurrence of significant events in history of this region, like Silakhor (with Mw 7.4), Salmas
(with Mw 7.4), Tabas (with Mw 7.7), Bam (with Mw 6.6) and Saravan (with Mw 7.7) have shown
the high seismicity of Iran. Table 1 demonstrates some major events occurred in past history of
Iran.

Additionally, a number of researches were allocated to investigate GMPEs for various parts of
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Iran (Motaghi and Ghods 2012, Saffari et al. 2012, Zare et al. 2008). In this regard, Mousavi et al. (2012)
investigated a set of candidate ground motions in the Zagros region of Iran according to regional, local and
NGA models, resulting in better consistency of local models with recorded data. However, Shoja-Taheri et
al. (2010) indicated that NGA models may confidently be applied with Iranian plateau, suggesting
combination of NGA models and Iranian databases as a useful approach for new GMPE
derivation. Alavi et al. (2011) have derived new models by implementation of multi expression
programing method for assessment of the time-domain ground-motion parameters of PGA, PGV
and PGD. In addition, Ghodrati Amiri et al. (2007) proposed the GMPEs for PGA, PGV, and EPA
parameters for areas within the seismic zones of Zagros, Alborz and Central Iran with rock and soil
substructures.

The higher density of events on the south-west and central-east of Iran necessitates the need for
further investigation of these regions according to soil and structures’ seismic behavior. For the last
100 years there are at least 18 catastrophic earthquakes reported in Iran, among which Bam
earthquake as one of the recent most destructive events (with M,, 6.5) caused notable number of
deaths, although the magnitude of this earthquake was not significant (Zare and Hamzehloo 2004).
In addition, the Ancient Citadel of Bam city was destroyed drastically after Bam earthquake due to
poor construction materials.

Cauzzi and Faccioli (2008) have suggested a new set of empirical equations for prediction of
displacement response spectra. Vacareanu et al. (2014) have proposed empirical GMPEs to
improve previous generation of ground motion prediction models for Romania and provide 300
km distance range of applicability. A number of studies conducted to investigate the probable PGA
and seismicity for distinctive parts of Iran (Abdollahzadeh et al. 2013, Berberian 1981, Berberian
et al. 1984, Ghodrati Amiri et al. 2003, Raschke 2013, Tavakoli 2002, Engdahl et al. 2006,
Mirzaei et al. 1999), and especially in east of Iran (Berberian 1979, Berberian 1982, Berberian et
al. 1999, Berberian et al. 2000, Walker et al. 2009). In addition, to evaluate the structures’ spectral
behavior in different parts of Iran, Hosseinzadeh (2008) evaluated UHS for Bam city for return
periods of 475 and 2475 years. Ghasemi et al. (2009) developed a hew ground-motion prediction
equation for 5%-damped horizontal spectral acceleration for Iran using selected West-Eurasian
records; Rahgozar et al. (2012) produced UHS for different hazard levels for Bojnurd city in Iran.
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Fig. 1 The epicenter of recent events in Iran (Tavakoli and Ghafory-Ashtiany 1999)
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Table 1 The most destructive earthquakes in Iran (Tavakoli and Ghafory-Ashtiany 1999, Bartels and
VanRooyen 2012)

No. Year Location Magnitude Mortality (dead)
1 1909 Silakhor 7.4 8000
2 1930 Salmas 7.4 2500
3 1953 Torud 6.4 200
4 1960 Lar 6.7 400
5 1962 Buyin 7.2 10,000
6 1968 Dasht-e-Bayaz 7.4 10,500
7 1972 Qir 6.9 4000
8 1977 Khorgu 7 150
9 1978 Tabas 7.7 600
10 1979 Qayen 7.1 130
11 1990 Rudbar-Manjil 7.2 35,000
12 1997 Ardebil 6.1 1100
13 1997 Birjand 7.3 1500
14 1997 Ghaen 7.3 1500
15 2003 Bam 6.5 40,000
16 2005 Zarand 6.4 600
17 2012 Ahar-Varazaghan-Heris 6.4 300
18 2013 Saravan 1.7 40

Kerman as one of the most historical and populated regions located in east of Iran has
experienced severe earthquakes during last decades. Generally, structures constructed in this
region are not built according to seismic standards. Most of them are made from mud prone to
serious damages (Bilham 2009). South Khorasan as another vulnerable region (Walker et al.
2004a, b, Walker and Khatib 2006) has suffered much as well, due to at least 3 destructive events
during last 50 years. From which Birjand city, the capital of the stated region, once has
experienced an earthquake with moment magnitude of 7.3, causing 1500 deaths.

In this research, Birjand and Kerman cities were chosen as two tectonically-active poorly-
constructed areas of east of Iran for Seismic Hazard Analysis (SHA). To estimate probable PGA
based on Campbell (1981), Sadigh et al. (1986) GMPEs, the 50, 100, 200 and 500 years of life-
span are investigated. The UHS and spectral acceleration curves were developed according to 2%
and 10% probability of exceedance based on Ghodrati Amiri et al. (2009), Sadeghi et al. (2010)
spectral GMPEs, respectively. Accordingly, five major active faults located in eastern region of
Iran for two adjacent provinces have been studied. For this area, the major active faults are
Kuhbanan, Golbaf, Esfandiar, Dasht-e-Bayaz and Nehbandan-e-Sharqi.

2. Seismotectonic

Active faults along Alpine-Himalayan seismic belt could be considered as the main
characteristic of the Iranian plateau. This plateau is a “constrained convergent zone” surrounded by
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Arabian plate in the west and the Indo-Australian plate in the east (Berberian 1981). Eastern
regions of Iran have experienced a number of catastrophic events during last decades (Tavakoli
and Ghafory-Ashtiany 1999). South eastern part of the Iranian plate collided with oceanic crust in
Makran area (Regard et al. 2010), the surrounding plates of this area grind roughly from north east
and they often remain wedged against each other for long periods before a sudden movement. In
addition, eastern areas could be affected by Arabian and Indo-Australian interaction from different
orientations leading to right-lateral shear; therefore, eastern parts may possibly experience a
significant density of events with considerable intensity (Walker and Jackson 2004b).

2.1 Kuhbanan

The Kuhbanan fault with a strike-slip reverse-component motion (Shafiei Bafti 2009) with the
extent of 300 km is located between Tabas and Yazd blocks in the south east of Central Iran
micro-plate, from the north west of Kerman to the east of Bafgh (Koreie 2005). The Kuhbanan
fault has been associated with three major earthquakes in the 20th century. The earthquake with
moment magnitude of 6.4 has happened on the 22 February 2005 ruptured 10 km of this fault.

Movement in the south east and central segments has been dextral strike-slip with a large
reverse component, and in the north western segments has been dextral strike-slip with a large
normal component (Koreie 2005).

2.2 Dasht-e-Bayaz

Dasht-e-Bayaz is a left-lateral strike-slip fault with 200 km length, located in north eastern part
of the Iran and north of the Birjand city. The earthquakes of Dasht-e-Bayaz and Khuli-Buniabad
with 7.1 moments of magnitude, occurred in 31 August 1968 and 27 November of 1979 are
associated with this fault. Distributed strike-slip faulting is widespread in the region and there are
indications that the Dasht-e-Bayaz fault is evolving from several coalescing short faults (Walker et
al. 2004a).

2.3 Golbaf

Golbaf is an oblique reverse mechanism fault with the length of 180 km (Berberian and
Qorashi 1994) extending from the southern end of the Nayband fault in the north to the Jebel-e-
Barez Mountains in the south, to the northern part of the Gowk fault. The Golbaf fault is a part of
the Nayband-Golbaf-Sabzevaran fault system, located in west of the Lut block. There are at least
five catastrophic earthquakes occurred in the past thirty years according to this fault. The
earthquakes of 11 June 1981 with M,, 6.6 and that of 28 July 1981 with M,, 7.1 are attributed to the
Golbaf fault (Shokri et al. 2011).

2.4 Esfandiar

Esfandiar is a reverse fault with the length of 230 km, stretching from Tabas in north to
Nayband fault in south. This fault located in east-central of Iran. The earthquake of 11 May 1973
with body magnitude of 5.1 is amongst the significant events attributed to this fault (Berberian
1981).
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Table 2 Active faults in eastern of Iran

Earthquake Type M ax Min Events (K-G Refined)
Kuhbanan Strike-slip 7.2 4 65
Golbaf Reverse 8.1 4 38
Esfandiar Reverse 8.4 4 40
Nehbandan-e-Sharqi Reverse 8.3 4 34
Dasht-e-Bayaz Strike-slip 8.1 4 139

2.5 Nehbandan-e-Sharqi

The Nehbandan fault with the length of 200 km is one of the major longitudinal faults in the
east of Iran, extending from the Nosratabad area to the Sefidabeh city. The earthquake of 8 March
1928 with body magnitude of 5.2 is attributed to this fault. The East and West Nehbandan faults
are two sub-parallel faults, 10 to 20 km apart. Although segmented, they both have a total length
of 200 km. To the south, they end near Nosratabad city and they appear to link southward with the
Kahurak and Nosratabad faults. To the north, the Nehbandan faults enter a zone of several strike-
slip and thrust faults that include the Birjand, Purang, Gazik and Avaz fault systems (Walker and
Jackson 2004b).

3. Seismicity

Events could be categorized into two groups, the historical earthquakes (before 1900), and the
instrumentally recorded earthquakes (after 1900). In this study, events occurred for the last 110
years in a radius of 100 km from both cities have been investigated. More than 300 catalogues
were collected. The catalogues were gathered from the reporting agency (IIEES). Independency of
events should be considered for stationary Poisson process. In this regard, the data were refined
regarding time and space based on Knopoff-Gardner method (Gardner and Knopoff 1973) in order
to filter the main shocks from foreshocks and aftershocks.

From the total of 15000 events, 1360 independent and declustered events were selected. These
main shocks were filtered with respect to distance and time of occurrence. Moreover, the
implemented catalogues have different magnitude scales, since they were announced by different
procedures, all the magnitude scales of the catalogues were changed to M,, as a representative of
event’s magnitude. The type and characteristics of each fault along with maximum magnitude of
events were estimated (Kijko 2004) in Table 2. In this study, two distinctive sites have been
considered for Seismic Hazard Analysis (SHA) as shown in Fig. 2. In addition, the characteristics
of soil condition at the studied sites were investigated by IIEES reports and assumed as rock type
for further implementation in GMPEs.

4. Deterministic approach

DSHA involves the development of the particular seismic situation including the postulated
occurrence of an earthquake in a specified location (Kramer 1996). In this study, Sadigh and
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Fig. 2 Two investigated cities and potential seismogenic sources

Campbell GMPEs were used to estimate PGA. Additionally, in order to evaluate the relationship
between fault characteristics and wave-surface magnitude, two formulas (Egs. (1) and (2)) have
been implemented:

* Nowruzi (1985)

Ms =1.239+1.244log L (1)

where L is the length of the fault; and Ms is the wave-surface magnitude, and:
+ Wells and Coppersmith (1994)

Ms =a+blog(SRL) 2

where SRL is surface rupture length. a and b are fault mechanism parameters. For instance, in
reverse faults these parameters are 5 and 1.22, respectively.

The faults were categorized into area and line seismogenic sources based on the distribution of
events. If the events allocated to each fault are widespread enough, the fault could be assumed as
an area fault, whereas the line source is a fault with more focused distribution of events. In this
study, the Kuhbanan, Golbaf, and Dasht-e-Bayaz faults are assumed as area sources and the
Esfandiar and Nehbandan-e-Shargi are defined as line sources. The DSHA method results are
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Table 3a Results of deterministic method

Source (Kerman) R (km) SRL M PGA(g) [Campbell] PGA(g) [Sadigh]
Kuhbanan 35.5 79 7.44 0.15 0.16
Golbaf 40.2 99 7.15 0.11 0.12
Esfandiar 380 37 7.04 0.0041 0.0023
Nehbandan-e-Sharqi 540 47 7.28 0.0031 0.0017
Dasht-e-Bayaz 450 88.5 7.37 0.0047 0.0026

Table 3b Results of deterministic method

Source (Birjand) R (km) SRL M PGA(Q) [Campbell]] PGA(g) [Sadigh]
Kuhbanan 415 79 7.44 0.0058 0.0033
Golbaf 475 99 7.15 0.0033 0.0019
Esfandiar 141.7 37 7.04 0.02 0.016
Nehbandan-e-Sharqi 12.7 47 7.28 0.29 0.35
Dasht-e-Bayaz 16.4 88.5 7.37 0.27 0.31

indicated in Tables 3a and 3b. This approach has been summarized with three general steps
according to Reiter (1990):

* Recognition of the events: all the node, line and area seismogenic sources in the vicinity of
the site should be detected; in other words, the magnitude and the source-to-site distance of the
events for each seismogenic source should be gathered.

+ Determination of the maximum considered earthquake: the MCE should be distinguished,
and for each source a pair of (M, R) would be produced.

* GMPE selection: GMPEs are selected in order to estimate the PGA (Eq. (3)) for each
representative of (M, R).

a=F(M,R) (3)

DSHA provides a straightforward framework for evaluation of worst-case ground motions.
However, it does not consider any information on the likelihood of an earthquake occurrence as
well as the effects of uncertainties in the various steps required to compute the resulting ground
motion characteristics (Kramer 1996).

5. Probabilistic hazard analysis
5.1 Gutenberg-Richter law

For estimation of the probable PGA, after catalogue refinement, events were sorted according
to the number of events with more than a certain magnitude. The occurrence-magnitude curve was
developed for each seismogeneic source. In addition, to consider the seismicity parameters utilized
in Gutenberg-Richter magnitude frequency relations, a lower bound magnitude of M, 4 is regarded
for each fault (Abdalla and Al-Homoud 2004). Essential values that noticeable damages to the
structures are occurred could be considered as the lower bound magnitude for PSHA regarding the
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type of the structures in the area (Abdalla and Al-Homoud 2004). Additionally, the level of
completeness of 4 is obtained for three different zones of Iran (Karimiparidari et al. 2013).

To produce G-R relationship, the scattered points were fitted with a line based on the least
squares method. According to Eq. (4) has been established according to occurrence-magnitude
graphs

log(N) =a—-bM (4)
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where a and b are constants, representative of the entire rate and potential of seismicity. Fig. 3
indicates the G-R relationship parameters for five seismogenic sources.

Regarding Gutenberg-Richter curves, the number of events with magnitude greater than M,, 5.5
is lesser than events with magnitude of M,, 5.5 or less. It seems that the G-R method is relatively
accurate if we could use two or more lines in the curves. However, if the two line method is
implemented, the second line probably has a lesser slope; results in much higher N values which
misleadingly increase PGA. It is recommended that if the number of higher magnitude events is
not enough; the one-line fitting method would be implemented to obtain higher accuracy in PGA
estimation.

In some specific cases the truncation procedure could be avoided (McGuire 2004). In this
regard, Mpin is chosen on the basis of minimum magnitude that will cause damages or losses.
Because of the weak constructed buildings in Iran (Maheri 2004), the magnitude of 4 is considered
as the lower bound. It is worthy of notice that some earthquakes have occurred in Iran with
approximate M,, of 4 which caused damages and heavy losses. In this regard, the Golbaf
earthquake with magnitude of 4.6 occurred in 1999 made heavy damages to infrastructures located
Kerman and Golbaf cities.

5.2 Effect of ground motion variability

The nature of earthquakes necessitates probabilistic approach to perform quantitative judgment.
The highly variable earthquake occurrences have some consistent average behavior; therefore, our
accurate assessments should be based on probabilistic terms (Kramer 1996, Baker 2008). As
opposed to DSHA, probabilistic method considers the uncertainty and likelihood of an event as
well as the ground shaking attenuation models. For each PGA regarding source-to-site distance
and GMPEs, a magnitude was calculated. In general, the data source of Campbell GMPE is
extracted from Western U.S. records, USSR, and Iran. The database consisted of 229 horizontal
components of peak acceleration recorded from 27 earthquakes, including the 15 October 1979,
Imperial Valley earthquake. Sadigh GMPE data source is accumulated from Western U.S. and
worldwide for rock sites. The data source of Sadigh GMPE is obtained from worldwide records.
The effect of distance on two implemented GMPEs could be observed in Fig. 4. By
implementation of G-R law, the density of events’ occurrence per area/length was evaluated.

Moreover, the effective life-span of structures assumed to be 50, 100, 200 and 500 years. The
probability of exceedance could be assessed by the using Egs. (5) and (6)
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Fig. 4 Comparison of Sadigh and Campbell GMPEs
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Table 4 Effect of different life-span for each fault regarding Sadigh GMPE

Nehbandan-e-

Kuhbanan Golbaf Esfandiar Sharqj Dasht-e-Bayaz
Year \ POE 2% 10% 2% 10% 2% 10% 2% 10% 2% 10%
50 0.18 0.08 0.26 0.10 0.14 006 028 0.16 0.29 0.16
100 0.23 0.13 0.32 0.18 020 009 033 018 0.34 0.21
200 0.25 0.15 035 0.22 026 013 040 0.24 0.40 0.26
500 033 0.21 0.43 0.32 034 019 048 0.33 0.47 0.34

Table 5 Effect of different life-span for each fault regarding Campbell GMPE

Nehbandan-e-

Kuhbanan Golbaf Esfandiar Shargi Dasht-e-Bayaz
Year \ POE 2% 10% 2% 10% 2% 10% 2% 10% 2% 10%
50 0.18 0.09 0.28 0.15 021 009 030 0.17 0.30 0.18
100 023 0.13 0.35 0.20 027 013 035 0.20 0.35 0.23
200 0.28 0.18 0.42 0.26 033 019 039 0.26 0.39 0.28
500 035 0.24 0.45 0.33 039 027 044 034 0.43 0.35
Table 6 Effect of different life-span for studied sites
Kerman Birjand
Sadigh Campbell Sadigh Campbell
Year \ POE 2% 10% 2% 10% 2% 10% 2% 10%
50 0.28 0.16 0.31 0.18 0.35 0.21 0.36 0.23
100 033 0.20 0.35 0.23 0.39 0.26 0.41 0.29
200 0.38 0.25 0.40 0.28 0.45 0.32 0.43 0.34
500 045 0.33 0.48 0.36 0.50 0.41 0.46 0.40
* For Area Seismogenic Source: P(PGA>a)=1- g N MAT. (5)
* For Line Seismogenic Source: P(PGA>a) = 1- XN (6)

where T_ is the assumed life-span of structures, N’(M) is the density of events per unit area/length
and A and L are the area and length of the fault, respectively.

Each seismogenic source was divided into distinctive parts, since the distance of each subpart
from the site varies along the fault; this division enhances the accuracy of ultimate probable PGA,
especially when the length/area of each fault is significant.

The obvious difference between DSHA and PSHA methods could have two main reasons.
First, in the DSHA method, the Wells and Coppersmith formula was implemented for evaluation
of surface magnitude; however, if the region is seismically active and the numbers of higher
magnitude events would be significant, the higher POE may be expected for each PGA. Second, if
a fault experiences an event with highly significant magnitude, the slope of G-R line would be
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reduced substantially leading to higher PGA estimation for an assumed POE, regarding events
with higher magnitudes.

The effect of GMPE variability should be considered to improve the accuracy of POE
calculation (Pavel et al. 2014). As illustrated in Fig. 5, the Campbell GMPE indicates higher
values for PGAs more than 0.1 g considering a specified POE of the investigated regions. In
addition, combined probabilistic curves indicated in Fig. 6 show higher values compared to
probabilistic curves attributed to each fault due to the fact that for an assumed PGA, it is enough
only one of the faults located in a region to be activated. It is clear that utilizing the combined
PSHA curves would lead to more conservative results. It is important to note that the variability in
the ground motions invalidates the procedure of obtaining the magnitude associated with each
PGA and distance.

5.3 Effect of life-span
It is significant to note that most of the buildings in the studied regions are historical; therefore,
having the ability to withstand earthquakes for longer periods of time is an essential factor for this
area. In this regard, the effect of longer periods of life-span is evaluated in this part. By increasing
the effective life-span of the structures, higher values for PGA are expected at a specified POE
(Tables (4)-(6)).
6. Spectral acceleration

The spectral acceleration were provided regarding PGAs attributed to 2% and 10% levels of

probability of exceedance based on results of Sadigh and Campbell GMPE hazard curves. The

Table 7 Spectral acceleration (cm/s®) based on Sadigh GMPE regarding distance from each fault (km)

Fault Name 475 years 2475 years
50 km 100 km 150km 200km | 50 km 100km 150 km 200 km
Kuhbanan 327.0 1535 91.4 60.0 115.8 54.4 32.4 21.2
Golbaf 243.1 1142 68.0 44.6 7779  365.3 217.4 142.6
Esfandiar 551.0 324.1 220.1 158.5 |2079.4 1223.0 830.6 598.3
Nehbandan-e-Sharqi 36.4 17.1 10.2 6.7 81.6 38.1 22.8 15.0
Dasht-e-Bayaz 43.1 20.2 12.0 7.9 1254 58.9 35.0 23.0

Table 8 Spectral acceleration (cm/s?) based on Campbell GMPE regarding distance from each fault (km)

475 years 2475 years
Fault Name
50 km 100 km 150km 200 km | 50 km 100 km 150 km 200 km
Kuhbanan 105.8 497 29.6 19.4 278.7 1309 77.9 51.1
Golbaf 1985 932 55.5 36.4 583.6 2740 163.1 107.0
Esfandiar 5242 308.3 209.4 150.8 | 1881.8 1106.8 7516 5414
Nehbandan-e-Sharqi 36.4 17.1 10.2 6.7 81.6 38.3 22.8 15.0
Dasht-e-Bayaz 710 333 19.8 13.0 156.2 73.3 43.7 28.6
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spectral acceleration curves were further developed by implementation of Sadeghi GMPE (2010).
The natural frequency of structures is chosen to be 0.5 sec considering a number of buildings with
mid-rise height in eastern parts of the Iran. The two well-known GMPEs for eastern part of the
Iran were implemented to evaluate spectral acceleration response regarding distinctive source-to-
site distance. Table 7 and Table 8 show the variability of spectral acceleration with source-to-site
distance for each fault based on provided PGAs for two distinctive probabilities of exceedance. It
has been observed that increasing source-to-site distance leads to spectral acceleration reduction
with respect to each fault. In addition, the spectral acceleration rate of variation would increase if
the source-to-site distance decreases.

7. Uniform hazard spectra (UHS)

Uniform hazard spectra estimated based on seismicity and seismotectonics of Kerman and
Birjand cities. UHS curves generated for 2475-year and 475-year return periods are according to
rock soil based on results of Sadigh and Campbell GMPE hazard curves. The UHS curves were
further developed by implementation of Ghodrati Amiri et al. (2009) GMPE. The spectral
accelerations are computed for T=0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 1.25, 1.5, 2, 3, 4 sec.
Figs. 9 and 10 indicate UHS curves for 2475-year return period according to Campbell and Sadigh
GMPEs; it is important to note that structures with lower natural periods are the most vulnerable
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Fig. 9 UHS for Kerman with 2475-year return period
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Fig. 10 UHS for Birjand with 2475-year return period
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Fig. 12 UHS for Birjand with 475-year return period

ones in the studied areas. Additionally, it is observed that the highest spectral acceleration could be
expected for structures with lower natural periods for Birjand area compared with that of the
Kerman region. Furthermore, as for 475-year return period, similar trends to 2475-year return
period are expected as indicated in Figs. 11 and 12.

8. Conclusions

This paper has investigated seismicity of Birjand and Kerman as two major cities of eastern of
Iran based on probabilistic and deterministic approaches regarding different life-span of the
structures. Response and hazard spectra curves are developed for these regions. The main results
of this study are as follows:

In probabilistic approach, for the 2% POE, the probable PGA of Birjand and Kerman as for
median PGA prediction are 0.36 g and 0.31 g, respectively. On the other hand, in deterministic
method the estimated PGA for the stated cities is 0.35 g and 0.16 g, respectively. It has been
observed that the PSHA approach may result in higher PGA values compared to DSHA; therefore,
the latter method not necessarily leads to more conservative PGA calculations.

Application of different GMPEs might lead to a significant discrepancy in POE curves. In this
regard, for the POE of 10%, the PGA is 0.18 g in the case of Campbell GMPE; however, this
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value has been estimated 0.16 g by Sadigh GMPE considering Kerman city. In addition, it has
been observed that for POE of 2%, the PGAs for Kerman city according to Campbell and Sadigh
GMPEs are 0.31 g and 0.28 g, respectively.

It has been observed that low height structures could be significantly vulnerable in eastern parts
of the Iran, according to UHS curves. In addition, structures with the range 30 km or less source-
to-site distance could be in danger of experiencing higher spectral acceleration according to
spectral acceleration curves for eastern of Iran.
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