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Due to its location between two active tectonic plates, Iran has always been
exposed to numerous earthquakes. The occurrence of over than 100 severe
earthquakes in the past century indicates the country’s high level of vulnerability
to this natural hazard. This study aims to analyze the seismicity and assess the
earthquake hazard in Shahid Rajaei Port, as the largest commercial port in Iran.
Located at the intersection of the North-South transit corridor, Shahid Rajaei Port
is a vital infrastructure in this region, and enhancing its resilience and
sustainability is a fundamental step. In this study, all seismic events occurring
within a 200-kilometer radius of the site were used, along with the Knopoff and
Ez-Frisk software. Statistical analysis of historical and instrumental earthquakes
indicates a high seismic activity in the region, characterized by moderate
earthquakes with short recurrence intervals, such that earthquakes with
magnitudes between four and five on the Richter scale constitute significant
proportion of these events. The probabilistic hazard assessment estimated the
maximum horizontal and vertical accelerations as 0.385 and 0.290 (g),
respectively. Additionally, the site response spectrum was prepared based on the
accelerographs from the Tabas earthquake and the isoacceleration maps of the
study area, generated at intervals of 1.0 degrees in both the latitude and longitude
directions. The results showed that the study area has a seismic hazard of 0.85
(g), which is higher than the standard values specified in Iran’s Code 2800,
placing it within the very high relative hazard zone. Therefore, implementing
risk-based approaches in infrastructure development helps optimize port design
and reduce earthquake-related damages.

Introduction

to the global economy and transportation,

An earthquake is one of the most destructive
natural hazards whose occurrence can cause
extensive damage and casualties in a very short
period of time. More than 25,000 people
worldwide lose their lives due to earthquakes
each year (Davari Sarem et al., 2022). Due to its
location between two active tectonic plates, Iran
has always been exposed to numerous
earthquakes, and the occurrence of more than
100 severe earthquakes in the last century
indicates the high vulnerability of the country to
this natural hazard. On the other hand, ports are
among the fundamental and vital infrastructures

playing a significant role in a country's
development. Shahid Rajaei Port, Iran's largest
commercial port and its most important gateway
for imports and exports, plays a key role in the
movement of goods, economic exchanges, and
international trade. Given the high importance of
Shahid Rajaei Port in the national and regional
economy, analyzing various hazards, including
earthquakes, is a critical factor affecting the
resilience and safety of port facilities. Therefore,
conducting a seismicity analysis an earthquake
hazard assessment at Shahid Rajaei Port is a
fundamental step toward increasing the
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resilience and sustainability of the vital
infrastructure in the region. To achieve this goal,
this study has conducted a probabilistic hazard
analysis and prepared acceleration zoning maps
within a 200-kilometer radius around Shahid
Rajaei Port.

Materials and Methods

According to Figure 1, the process of
determining earthquake hazard and preparing
the response spectrum and the regional
isoacceleration maps has been carried out based
on a set of data. The aim of the seismicity studies
is to estimate ground motion parameters
(acceleration, velocity, and ground
displacement) at the project site, determine the
frequency and return period of earthquakes of
various magnitudes, and specify the design basis
acceleration, design basis earthquake, and the
maximum probable earthquake. In this regard, in
order to achieve the intended objectives and
obtain the required parameters, the following
study steps have been undertaken:
1- Review of previous studies within the project
area to understand the overall seismicity and
seismotectonic conditions of the region;
2- Collection of all seismic events that have
occurred within a 200-kilometer radius of the
study area;
3- Statistical analysis of historical and
instrumental ~ earthquakes and  precise
identification of the seismic characteristics of the
region;
4- Identification of all main faults and seismic
sources within the study area;
5- Use of probabilistic methods to estimate
earthquake hazard at the site using the Ez-Frisk
software.

Results and Discussion

The maximum expected earthquake
magnitudes within a 200-kilometer radius of the
port were calculated for different return periods
using the relationship derived from the
Gutenberg-Richter diagram within the study area

and at the time of data collection. The results are
presented in Table 2. As shown in Figure 7, the
return period for earthquakes with a magnitude
of approximately 7.5 is about 117 years, while
earthquakes with a magnitude of 5 Richter have
a return period of approximately 1.27 years. To
estimate the maximum horizontal acceleration,
the attenuation relationships of Abrahamson and
Silva, 2008 with a weight of 15%, Boore and
Atkinson, 2008 with 30%, Campbell and
Bozorgnia, 2008 with 35%, and Ambraseys et
al., 2005 with 20% were used. For estimating the
maximum vertical acceleration, the relationships
of Abrahamson and Silva, 1997 with a weight of
25%, Campbell and Bozorgnia, 2003 with 40%,
and Ambraseys et al., 2005 with 35% were
applied. In the final calculations, a logic tree
approach was employed to weight the different
models in order to compensate for the
deficiencies in the Iranian earthquake data and to
provide conservative values for large distances.
Table 6 presents the horizontal and vertical
acceleration values obtained from the
probabilistic hazard analysis for various return
periods. In this study, the site response spectrum
was calculated based on the accelerographs of
the Tabas earthquake at four stations: Bajestan,
Boshruyeh, Ferdows, and Kashmar. According
to geotechnical boreholes at the site, the study
area is classified as Class 3 based on the 2800
code (Institute of Standards and Industrial
Research of Iran, 2015). Additionally, due to the
tectonic conditions, the focal depth of most
recorded earthquakes is considered to be less
than 25 kilometers. To prepare the
isoacceleration maps of the study area, the
region was gridded at intervals of 1.0 degrees in
both latitude and longitude, and seismic hazard
analysis was performed at each grid point.

Conclusions

Studies indicate that the maximum
horizontal and wvertical accelerations of the
design basis earthquake (with a return period of
475 years) are 0.385 and 0.290 (g), respectively.
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This suggests a direct influence of active faults
on the region's seismic activity. Conversely, the
distribution of earthquakes roughly corresponds
to the tectonic structures (faults) of the area, as
shown on the seismotectonic map. The M.F.F.,
H.ZF., M.ZR.F.,, Minab, Pashgiram, and
Sabzevaran faults, as well as other geological
structures, play a significant role in seismic
events and the region's geology. According to
the 2800 code, the study area is in a zone of
relatively high seismic hazard. Therefore, the
design basis acceleration is approximately 0.30
g. However, the present research indicates that
this area has a higher seismic hazard than the
standard value in the Iranian code. This places
the area within a zone of very high relative
hazard. The study area is highly seismically
active due to the presence of long faults,
primarily with thrust mechanisms. Numerous
earthquakes have occurred in this region,
providing evidence of this activity. . According
to the calculations performed, the faults in the
area have the potential to generate earthquakes

with a magnitude of up to 6.5, which,
considering the seismic history of the region and
the specified return period, is not unexpected.
However, the occurrence of earthquakes with
larger magnitudes is considered unlikely. Such
earthquakes are probable if ruptures occur along
the M.Z.R.F., Minab and Pashgiram faults. The
characteristics of the earthquakes that have
occurred within the project area indicate
moderate magnitude events with short return
periods and depths less than 25 kilometers, with
earthquakes between magnitude 4 and 5 Richter
accounting for the majority. Utilizing the results
of the seismic hazard analysis from this study,
especially the seismic acceleration data, as a key
factor in the evaluation and zoning of
liquefaction hazard, is a research pathway that
can help complete this study. Furthermore, the
results highlight the necessity of adopting
appropriate  engineering and  managerial
measures to reduce earthquake risks and enhance
the safety of structures.
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Table 1. Specifications of faults located in the study area

Fault Name Length (km) F;ilstt?:(; t];r?linm) Fault Strike Mesr?::ism ii'ts“r::,'[;
M.F.F. 105 1
H.Z.F. 115 14 NW-SE
Faraghoun (Fa.F.) 92 110
Gahkom (Ga.F.) 97 100 E-W Thrust
M.Z.R.F. 250 49 NW-SE
Darbagh (Db.F.) 44 100 E-W
Palami (Pa.F.) 22 110 N-S
Minab (Mi.F.) 200 98 NW-SE Strike-Slip
Deraz (De.F.) 40 95 N-S
Darpahn (Dp.F.) 58 98 NW-SE Yes
Beshnow (Be.F.) 25 105 E-W
Dargan (Dg.F.) 44 100
Ashkan (As.F.) 22 110
NW-SE
Pashgiram (Pg.F.) 153 90 Thrust
Rudan (Ru.F.) 48 177
Sabzevaran (Sa.F.) 170 125 N-S
Jiroft Ji.F.) 130 184
Bakhtegan (Ba.F.) 25 200 NW-SE
Bandkalani (Bk.F.) 78 190
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Fig. 3. The main faults and surface epicenter of historical and instrumental earthquakes that occurred within a

radius of 200 kilometers of the project area
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Table 2. Return period of earthquakes in terms of moment magnitude in the study area
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Fig. 7. Chart of different return periods and the maximum expected earthquake magnitudes
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Table 3. Empirical relationships of magnitude estimation based on fault length

No. Relationship Fault Type Reference
1 Ms=4.629+ 1.429 Log (L) Ambraseys and Melville (1982)
2 Ms= 1.259+ 1.244 Log (L) Nowroozi (1985)
3 Ms=5.08 + 1.16 Log (L) All Faults Wells and Coppersmith (1994)
4 Ms=5.27+ 1.04 Log (L) Ambraseys and Jackson (1998)
5 Ms=3.66+ 0.9 Ln (L) Zare (1999)
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Table 4. Seismicity (earthquake magnitude) of faults in the study area

lenath Ambraseys NOWrooZi Wells and Ambraseys Zare
No. | Fault Name (kr?w) and Melville (1985) Coppersmith | and Jackson (1999) Mean
(1982) (1994) (1998)
1 M.F.F. 105
7.3 7.0 6.8 7.3 7.1 7.1
2 H.Z.F. 115
3 Faraghoun 92
7.2 6.9 6.7 7.2 6.9 7.0
4 Gahkom 97
5 M.Z.R.F. 250 7.5 75 7.3 7.7 7.8 75
6 Dar Bagh 44 7.0 6.5 6.2 6.8 6.2 6.6
7 Palami 22 6.9 6.1 5.8 6.5 5.6 6.2
8 Minab 200 7.4 7.3 7.2 7.6 7.6 7.4
9 Deraz 40 7.0 6.5 6.1 6.8 6.1 6.5
10 Darpahn 58 7.1 6.7 6.4 7.0 6.4 6.7
11 Beshnow 25 6.9 6.2 5.8 6.6 5.7 6.2
12 Dargan 44 7.0 6.5 6.2 6.8 6.2 6.6
13 Ashkan 22 6.9 6.1 5.8 6.5 5.6 6.2
14 Pashgiram 153 74 7.2 7.0 7.5 7.3 7.3
15 Rudan 48 7.1 6.6 6.3 6.9 6.3 6.6
16 Sabzevaran 170 74 7.2 7.1 75 74 7.3
17 Jiroft 130 7.3 7.1 6.9 7.4 7.2 7.2
18 Bakhtegan 25 6.9 6.2 5.8 6.6 5.7 6.2
19 Band Kalani 78 7.2 6.8 6.6 7.1 6.7 6.9
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5 /Y0 39 L (Campbell and Bozorgnia, 2008)
o9 b (Ambraseys et al., 20052) ) Koo § juu yuo!
CLes 3STam 555151 6l Creimmod ol 00l oolitl Y+ 7,
Abrahamson and ) lghew § Ggmslalpl Lulg, (336
Campbell ) Lis 5 5 JooS YO ;59 L (Silva, 1997
OL)Se2 g e el 37+ 55 L @nd Bozorgnia, 2003

Sl 428,54, 2Y0 59 L (Ambraseys et al., 2005b)
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Fig. 8. Seismic sources identified within a 200 kilometer radius of Shahid Rajaei Port
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Table 5. Specifications of the seismic sources

Sl\(l)urce Szl:gge Max. Ogcurred Max. S(?Iected Parameter | Parameter | Parameter | Parameter

ame (km?) Magnitude Magnitude b B a o

1 13151 6.5 6.5 1.14 2.62 6.93 15.95
2 10541 5.7 7.2 1.15 2.64 7.12 16.39
3 21509 61 7.5 0.90 2.07 6.12 14.09
4 14763 7.4 0.71 1.63 4.86 11.19
5 28075 6.3 0.93 2.14 6.40 14.73
6 12683 6.4 e 0.80 1.84 5.96 13.10
7 8143 6.1 6.1 0.61 1.40 3.92 9.02
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Table 6. Estimation of maximum horizontal and vertical accelerations by probabilistic method
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