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1-Introduction

Ahvaz region is located on the southern side of the Zagros fold belt and the beginning of the Khuzestan
plain under the Dezful subduction zone. Due to the movement of the Arabian plate towards the north and
northeast, the folding of Zagros continues. According to some documents, horizontal movement is about
3.5 to 4.8 cm, and vertical movement is estimated at two millimeters per year (Aghanabati 2004). This
region has been classified into different seismic classes based on various seismic estimates

According to the existing seismic catalogs, the past earthquakes in Ahvaz indicate the moderate
seismicity of the region. According to this standard, Ahvaz city has a moderate seismic hazard (2 out of 4)
with an acceleration of 0.25 g.

Some seismic classifications and hazard analysis results indicate a high or very high seismic hazard in
Ahvaz. Arian (2015) stated that the most increased seismic hazards in the Zagros seismic province are in
Ilam, Ahvaz, Yasuj, Bushehr, and Shiraz. Vetr et al. (2016) have proposed the PGA of Ahvaz up to 0.37¢.
According to the studies of Charchi et al. (2009), the estimated magnitude of the region is 6.9, with the
PGA equal to 0.34 g. These accelerations are equivalent to the very high seismic hazard of standard
NO.2800. According to the Wells and Coppersmith (1994) magnitude-rapture length relationship, the
Ahvaz fault can produce an earthquake with a maximum magnitude of 7.54 Mw. Based on this evidence,
the question is raised: with this vague data, how should the danger of the Ahvaz earthquake be seen in the
meantime?

2-Material and methods

The seismic hazard analysis of Ahvaz city has been done using deterministic (DSHA) and probabilistic
(PSHA) approaches. DSHA requires determining the hazard scenario. The hazard scenario consists of the
magnitude-distance pairs. The scenario magnitude is selected to equal 7.1, and the distance is 4 km. The
chosen ground motion prediction equations (GMPE) are Akkar et al. (2014), Ghasemi et al. (2009),
Hamzehloo and Mahbood (2012), Sedaghati and Pezeshk (2017) and Zafarani et al. (2018) (Motaghed et
al. 2022).

PSHA selects the minimum magnitude as 4.5 Mw (Motaghed and Fakhriyat, 2022). PSHA has been
done using the Open Quick engine. The logic tree used in PSHA includes seismicity coefficients and
GMPEs. For this purpose, two categories of seismicity coefficients obtained from the Kijko method (weight
0.6) and artificial statistical method (ASM) (weight 0.4) (Yazdani et al., 2015; Motaghed et al., 2021) have
been used. The weight of GMPEs in the logic tree is assumed to be equal (0.2 for each relationship). The
a-value of Kijko's method is 6.76 (related to earthquakes after 1979). The a-value of ASM is equal to

* Corresponding author: sasanmotaghed1@yahoo.com
DOI: 10.22055/aag.2024.44810.2405

Received: 2023-09-17

Accepted: 2024-03-10

1072 ISSN: 2717-0764



wVa

shahid Chamran fo Adv. Appl. Geol. Winer 2025, Vol. 14(4): 1072-1098

University of Ahvaz

6.174£0.054. The b-value is 1.33+0.08 (related to earthquakes after 1979). The b value of the synthetic
statistical method is equivalent to 1.03+0.06. Hazard analysis will be done in terms of both values.

3-Results and discussions

Based on the PSHA results, the elastic uniform hazard spectrum (UHS) for a point in the center of Ahvaz
is given in Figure 1. In this figure, the UHS with the annual probability of exceedance of 0.1 (APE=0.1,
service earthquake), APE=0.0021(design earthquake), and APE=0.0004 (rare earthquake) are compared
with standard No.2800 spectrum.
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Fig. 1. Uniform hazard spectra in the center of Ahvaz (48.68; 31.30) compared with standard No. 2800 spectrum.

Comparing the DSHA-UHF with the standard No. 2800 design spectrum can provide more robust
information for building design. The compliance intervals of the DSHA-UHS were obtained from the
Ahvaz fault compared with the 2800 standard design UHS and rare earthquake UHS, which is assumed to
be 1.5 times the design spectrum, to investigate the seismic hazard. All spectra are presented on bedrock
with a shear wave speed of 800 m/s (soil type I). Based on this figure, the UHS determined at a distance of
6 km in periods below 4 seconds (1 to 4-story buildings) is almost consistent with the spectrum of severe
earthquake standard N0.2800. However, in the higher period ranges, the difference of 50% of the values
can be seen, and the compliance distance to a severe earthquake is about 13.5 km. According to Figure 2,
the UHS at a distance of 13.5 km for periods below 0.4 seconds (1- to 4-story buildings), a distance of 24
km for buildings with a period above 0.8 seconds (higher than 8-story buildings) almost matches the
spectrum of the standard No. 2800 design spectrum. For buildings with a height between 4 to 8 stories, the
compliance distance is between 13.5 and 24 kilometers. It should be noted that the entire residential area
of Ahvaz city is located almost in the 10 km buffer of the fault.
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Fig. 2. Compliance intervals of uniform hazard spectrum (deterministic seismic hazard analysis) in the center of Ahvaz
(48.68;31.30) with standard No. 2800 spectrum
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Therefore, buildings below 4-story up to a distance of 13.5 km and taller buildings up to a distance of
24 km are not covered with the design spectrum of standard No. 2800. This result means that although the
PSHA-UHS shows reasonable compliance with the design spectrum of standard 2800, both of these spectra
provide a low estimate of the seismic hazard around the Ahvaz fault. This issue is significantly more critical
for taller buildings in the entire residential area of Ahvaz city.

Based on the results of PSHA, the hazard maps of Ahvaz city on the bedrock (PGA(g)) for the APEs of
0.0021 and 0.0004 in Figure 3. Based on these results, it varies from 0.16g to 0.29g. It should be noted that
this number was obtained. An APE of 0.0004 can be seen from 0.33g to 0.61g. In the figure, the position
of Ahvaz's fault is shown. The maps show that the hazard level increases from the southwest to the
northeast.

Fig. 3. Ahvaz city seismic hazard map on the bedrock for (a). There is an exceeding probability of 10% in 50 years,
and (b). Exceedance probability of 2% in 50 years

In this way, it can be seen that the earthquake hazard of Ahvaz city based on the PSHA in the
northeastern part and based on the DSHA based on the scenario in two bands with a width of more than
13.5 km around the Ahvaz fault (the entire residential area of Ahvaz city) is higher than The values
considered in the design of buildings in Ahvaz city are based on official design documents in this city.
These findings can be regarded as an alarm for a region where the prevailing opinion is that it has low
seismic hazard. Finally, it is emphasized again that the reliability of any analysis depends on the accuracy
of the parameters used in the study, which, unfortunately, cannot be assumed to be satisfactory in this
region.

4-Conclusion
In this article, the detailed seismic zoning of Ahvaz city is presented. Based on the results, the following
recommendations are presented as the results of this research:

e The most critical problem that can be deduced from this study is that the required regional
parameters are unavailable or available with great uncertainty in all stages of hazard analysis.
Therefore, the analysis results are associated with much uncertainty, and it is necessary to
determine these parameters in appropriate and reliable ways. The most important of these
parameters is the characteristics of the Ahvaz fault.

e Due to the large extent of Ahvaz City and its location in an area with rapid changes in seismic
behavior, a distinction was made between Ahvaz City and the residential area of Ahvaz City in
seismic hazard analyses of this area.

e Inthe DSHA or PSHA studies, it is necessary to consider the selection of suitable Ground Motion
Prediction equations (GMPEs or attenuation relationships) for the near-fault area using ergodic
assumption or the use of the region-specific GMPEs. The lack of region-specific observational data
is a challenging issue in this regard.

e |tis necessary to carry out the micro-zoning of the area on the soil, taking into account the detailed
information of the fault, soil, groundwater, and all near-fault effects.
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e General identification of the construction situation and vulnerability to accurately determine
minimum magnitude earthquakes can significantly help refine the study results.

o Considering all these defects, based on the results of this study, it seems that the minimum action
to promote safety is to change the seismic risk status of Ahvaz City to high risk (maximum
horizontal acceleration g 0.3).
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Pga
3,4,5 5 6 iE
2,3,4 3 6 T0.2
Karimiparidari(2014) 4,5,6 6 9 Pga 475
Mantyniemi et al., (2007) 0.2 -0.25g 0.25¢ - Pga 475
Moinfar et al., (2000) 2,34 3 6 -
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Fig. 1. The location of faults around the city of Ahvaz (Hessami et al., 2003).
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Maximum magnitude Mw=7.1

Pga(g)(determinestic analysis)

Vertical 0.67g

Horizontal 0.89g

Mw=7
Horizontal 0.54g Horizontal 0.34g
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Table 3. The result of deterministic seismic hazard PGA(g) on bedrock in different fault to source distances

Distance to the

fault my & ©
Mw=55 045 0.30
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Mw=6.15  0.66 0.50
Mw=6.9 066 0.57
Mw=7.1 066 0.57
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Fig. 4. Uniform hazard spectra in the center of Ahvaz (48.68; 31.30) in comparison with standard No. 2800 spectrum.
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Fig. 4. Uniform hazard spectrum (deterministic seismic hazard analysis) in the center of Ahvaz (48.68; 31.30) in

comparison with standard No.2800 spectrum.
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Fig. 7. Ahvaz city hazard contour lines on bedrock — PGA(g), exceedance probability of 10% in 50 years.
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Fig. 8. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 10% in 50 years
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Fig. 9. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 10% in 50 years
for a period of 0.05 seconds (Sa(T=0.05s)).
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Fig. 10. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 10% in 50 years
for a period of 0.1 seconds (Sa(T=0.1s)).
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Fig. 11. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 10% in 50 years
for a period of 0.2 seconds (Sa(T=0.25)).
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Fig. 12. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 10% in 50 years
for a period of 0.5 seconds (Sa(T=0.5s)).
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Fig. 13. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 10% in 50 years
for a period of 1 seconds (Sa(T=1s)).
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Fig. 14. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 10% in 50 years
for a period of 2 seconds (Sa(T=2s)).
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Fig. 15. Ahvaz city hazard contour lines on bedrock — PGA(g), exceedance probability of 2% in 50 years.

SA(0.0255) 2% _S0 Years

Contour
"] s Fault_Ahvaz

s Ahvaz_line

>
<

0

™~ 0 1,500 3,000 6,000 9,000
— il — T

adli 1o Y0 098 slp Jlo 00 50 ao,0 ¥ el Jloio| b (anSiw) b Olis —jleal e Jlas 55 e -VF S
Fig. 16. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 2% in 50 years
for a period of 0.025 seconds (Sa(T=0.025s)).
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Fig. 17. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 2% in 50 years
for a period of 0.05 seconds (Sa(T=0.05s)).
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Fig. 18. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 2% in 50 years
for a period of 0.1 seconds (Sa(T=0.1s)).
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Fig. 19. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 2% in 50 years
for a period of 0.2 seconds (Sa(T=0.25)).
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Fig. 20. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 2% in 50 years
for a period of 0.025 seconds (Sa(T=0.5s)).
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Fig. 21. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 2% in 50 years
for a period of 1 seconds (Sa(T=1s)).
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Fig. 22. Ahvaz city hazard counter line - spectral acceleration on bedrock (g), exceedance probability of 2% in 50 years
for a period of 2 seconds (Sa(T=2s)).
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