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Article Info ABSTRACT

Article type: Due to its location between two active tectonic plates, Iran has always been
Research Article 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
Keywords: Shahid Rajaei within a 200-kilometer radius of the site were used, along with the Knopoff and
Port, Acceleration Zoning, ~ 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
Hazard Analysis, magnitudes between four and five on the Richter scale constitute significant
Earthquake, Response proportion of these events. The probabilistic hazard assessment estimated the
Spectrum. 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.
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Introduction
An earthquake is one of the most destructive
natural hazards whose occurrence can cause

to the global economy and transportation,
playing a significant role in a country's
development. Shahid Rajaei Port, Iran's largest

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

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 vertical 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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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

LAz b e Sl 0,08 b LS e S5l
Gvaee Jlo sl los) slosls bl g a0 S
°‘>3m)‘>)";‘f".’.);/a)"&ﬁ?‘.’(;)j{léo)‘)-‘w-ﬂ}v"Y’YY

SO J ¥ e (nSle jeb 4 el ouls od Sllae

A28 o 7y ddbate b jo e A3l

P o
Lsasl.i’;.wo ooy e Ls?da.w 0Pl Camdae ¥ S o
o..\..i}ooloduuwdih.;o‘_g);aj_lﬁf\’.. &l&».u)oo..\...uw
oanlie dalaie Sl pejo) ) dnds 10 aS disd les ]

oyl b aillas Loy oo Joyee; (SaiSTyy 05 o

Magnitude (Mw)
<3
34
m4 5
m5 6
m6<

VoVY BV oy osb) oKl (ygel s 50 5,5 cilisre (slaojls ;o o) e Slold F S
Fig. 4. Frequency of earthquakes at different magnitude intervals around the site (time period from 1900 to 2022)

VY ol apeS g yeskS VYe/A aslllaes go allaie
lallas 4 axei b (-0 JS8) cnl onls (5,138 eglS
Ol Olnl Flaieies ) G Sy 5 6 mSesll
2 FeskS VO Gl e ddlaie ol o by S9ilS Ges
2 SR Gln goelsd (rizren 5l e w85 LS

Sl 0929 eghS Fe 5l oo les!

a3y Gos
Berberian, ) w,ls (glatug Lice Gowe o))l sloalyl;
Sluwhe lawg a5 laly; S5 Ges s (1995
2ol olyen e b Ygene wsd oo U355 6, K435

5 A S Ges pyies wadcd gleosls ulul


http://dx.doi.org/10.22034/JEG.2025.19.2.1020361
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.2.1.6
https://c4i2016.khu.ac.ir/jeg/article-1-3162-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.2.1.6 ]

[ DOI: 10.22034/JEG.2025.19.2.1020361 ]

Y O)LA..':: AR 0,99 ELSM)W‘SMJLM u,:.A)

WA

7.00
6.50 = =
6.00 A
. N
5.50 A
T
5 5.00
8 450
2
§ 4.00
= 350
A
3.00
2.50
2.00
1880 1900 1920 1940 1960 1980 2000 2020 2040
Year
(a)
0
10
20
30
A
40
_. 50 &
3
2 60
K=l A A
X 70
£
2 80
[a)
90
100
110
120 a?
130
1880 1900 1920 1940 1960 1980 2000 2020 2040
Year
(b)

Ol 48 S o3 Jny G515 o s B daalily Jolyd @ & S

Fig. 5. a) Earthquake frequency, b) The distribution of the hypocentral depths of earthquakes over time

rFei) Julos 5o oy Jhn g oy B> sl

SJUL 53 dlmly Goroliny Bis

Ty olad job o Jine; a5 cul (ol p 08


http://dx.doi.org/10.22034/JEG.2025.19.2.1020361
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.2.1.6
https://c4i2016.khu.ac.ir/jeg/article-1-3162-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.2.1.6 ]

[ DOI: 10.22034/JEG.2025.19.2.1020361 ]

ANAS

polo ol g anaz LI (pdg; | loaids angs 5 SVl (g, 4 03 J ey s Julos

RS, 9 VIV adllaed jge 0,58 0 Jeizme 5,5
colled Koal g oogy V/e ablaie ;0 ool sadlive o)) s
2l MS>F/0 (S5 Jlo 2 0 4 gody bawgie &5 L
Lad; 0 J Y 2 lawgie job 4 g el VY L

S9y 195 Slocmeies ) <dbl jo IO 51 pas S5

.Abs)‘sa

S0y b ol )by Cnd

So spFei) Slew caiSle o) slayally
0)90 3 dlaggy Jlixl lapl ulol 5 wites 08
wedisr oyl cilize S5 b leoj oy cuiS L
Ogise s>05) slrelly o9l s 4 sl 9,003
S asdlas sl ) ges ooliul o lel calizes sla s, 5|
Gutenberg and Richter, ) iy, - 5,555 o,
ol gl ) oolinul b b5 canl ons solizil (1956
St boakly o smPey) slayll on el
Slolp ) ahaly Bllae 005 SBl 1)) sladeis
5 S oLy s sk 4 (NC) baoj Jinee (oo

g 0 0018 s (M) 5,55 44 5 00ls alayl

Log Nc =a — (bxM) QD)

b 108 s i) - S 5eS Jleade alal,

Dgu o0 AL ) D0l
Ln Nc =LnNo — (B xM) )

R bl calyd G ) sbes aaly 55 (nl anslia b

30,5 Jalgs

LnNo=a \p)

el (L3 35 5 Jas g 35 g8 (e 5 wia o
ojJie 5 oy om Bd> lp Al oo
5 5,5 sl ae byl alex 5l a5 cul oad slgriy
s LS «Gardner and Knopoff, 1974) e
S,sp, ¢ (Keilis et al, 1980) K2
opl B ragh opl o .aiiws (Reasenberg, 1985)

Lol oo alosl KNOPOFT 15818 5 51 solaiwl b laslayg,

S wlaize g 5 1 0 beaaks suc
23 ot OB (Pl slosls ;3 S92 g slacaalad pus
SB o o Sanhad pae 0)ls (5305 slayelily s
sloosls gly rcwl Sglase ool go5 a4y iy 0uls S
sleools gly 55 axly +/0 U Jlade ol ()b
sloosls gl g </ ol M VAFT 51 L3 aius
A 0 By asly o/V ol e VAFY 5l L aliws

] 0 M;

axdlland y g0 & ywS (SS90 31 b (5 ol
Gl Ly 5 G B0 sla Shs pelel
iblis el o plonil anlllans ygo 0 2  SeiSTgassls
los) g5k 5 alyl; SeilS Ges (g i)y aig, a5
Blogmajes) slaclll plyiea Wil (Kea lag
Cluimejes) Glaglivl gw)p 0 Kad oo SIS
SleMb| do guispmnds ;o 5,0l slaglas 0g2g byl
Q‘)li@ 3 5155.' ! QL...S; L&voi Gohuu...o) 4_‘1.;
sl sBass 5l o1t (Tavakoli et al., 1999)
ol Sl pangoi ) 28 alg Ve g Lol axlg Vo4
i loimesesy) bl o adllaes ge 0y ailes,S
Syl 18 (00,95 w51y aeS) VY oled
IS 9y b w4 5950 bl semey ) sla il b
9 Beta= T/\Y) l) Sl ﬁ‘ﬁ )MAAJ)_ sj)wsfj Jﬁﬁl“’_

R oaizmen (0= /AP g Beta= V/aA) 4 (b= /4~


http://dx.doi.org/10.22034/JEG.2025.19.2.1020361
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.2.1.6
https://c4i2016.khu.ac.ir/jeg/article-1-3162-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.2.1.6 ]

[ DOI: 10.22034/JEG.2025.19.2.1020361 ]

Y o)Lo..,.'f: AR 0,99 s‘sw..x..e‘.c ‘SMJlMAJ U’-?'A)

A

slal; (Srn Sl dlise clFl sleeyge
45 038 duloe ;o (5 yeghS Ve e glad o Ul LB
saalie ¥ S5 55 aS gl el Y Joor 50 0 ol b
40 BV S5 b sloo) i SutS3h 090 0 oo
0,99 Shls yida, 0 B3 b slooy Jirmey 5 Jlo MY

Ll JLo VITY dga> iS5k

s 215054 ole

75 g, sl ookl b b S 51 G s alie5) ol
P SBeeS Job L) B)p a5 T Jouxr )3 ond il
€889 Soge o b g oad dulne Sjlu e dasen JuS
ol 6 o5 ol b ciie loj) (odly ol
50 0 dplme polie 5l y0gr S5 &g )0 05, e
st Sa S 3 ol lies ) o 5 out i S i
Lol oanlyo Goles 4 F Jgas o b oS

B=2303xDb )

by B g aldls slayg, Sial Byxe @ g No (slayially
ol s JaS 90 0 S (S0 wuyd
Slsgy g Jie 5l Cand b 5 0,Lil 050 (slaoj Jiye;
S5 50 (e (Gomls) (e g oy 0392 50 o) i
odgame (5l (5,58 SB35 (Slol 2 e abail, g 7
O el (A G alaly 035 py asdllaes e
O akuly ;o B)n g bojlime (orea Slolp o)

S 00 00l uM;Loo
LogNC/T = 3.8258 — 0.7859M )

3O yiny = S 558S oged 1 Jols alaly 5l solawl b

sl 4 ools gyslaez loy 4o g aslllasd,ge 0,0

200 |
150 '..A"'-...,A

1.00 . A
0.50

-1.50

-2.00

y = -0.7859x + 3.8258
R2=0.9354
A
A
4
A
450 500 550 600 650

250 3.00 350 4.00
Mw

Py = S5 gy bl 2 o5 5 5303 5 m o> e, £ S
Fig. 6. Linear relationship between seismicity rate and magnitude based on Gutenberg-Richter method


http://dx.doi.org/10.22034/JEG.2025.19.2.1020361
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.2.1.6
https://c4i2016.khu.ac.ir/jeg/article-1-3162-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-05-22 ]

[ DOR: 20.1001.1.22286837.1404.19.2.1.6 ]

[ DOI: 10.22034/JEG.2025.19.2.1020361 ]

WY polo 655 5 aeaz b by | sleatdi a5 SYL>l (bgy 4 05 ) e s Jelow

Sl oogaze ;o 55 olil 4 ciF5bo )0 .Y Jou
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 NoOWroozi Wells and Ambraseys Zare
No. | Fault Name (kr%) 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.ZF. 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 7.5 7.3 7.7 7.8 7.5
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 7.4 7.2 7.0 75 7.3 7.3
15 Rudan 48 7.1 6.6 6.3 6.9 6.3 6.6
16 Sabzevaran 170 7.4 7.2 7.1 7.5 7.4 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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Table 5. Specifications of the seismic sources

Source Source Max. Occurred Max. Selected | Parameter | Parameter | Parameter | Parameter
Name Are? Magnitude Magnitude b B a o
(km?)

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 7.5 0.90 2.07 6.12 14.09

4 14763 61 7.4 0.71 1.63 4.86 11.19

5 28075 6.3 1 0.93 2.14 6.40 14.73

6 12683 6.4 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

Return Period (year)

75 475 2475
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