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Abstract 

Risk analysis plays a crucial role in pre-event planning by supporting informed decision-making and enabling effective strategies for crisis 

prevention and emergency response. This paper presents a comprehensive risk assessment of a specially designed concrete building with shear 

walls, engineered to withstand blast loads. Both deterministic seismic hazard analysis (DSHA) and non-extensive probabilistic seismic hazard 

analysis (NEPSHA) were conducted. The deterministic approach identified a peak ground acceleration (PGA) of 0.6g at the building site. NEPSHA 

estimated PGA values of 0.03g, 0.42g, and 0.74g for return periods of 10, 475, and 2,475 years, respectively. Hazard analysis results were visualized 

as hazard maps using GIS software. A three-story, blast-resistant concrete building with a 342-square-meter floor area and a shear wall lateral load-

bearing system was modeled in OpenSees software. The structure's fragility curve was determined through incremental dynamic analysis (IDA), 

revealing a fundamental period of 0.08 seconds. The study quantified the probabilities of various damage levels at different hazard intensities and, 

using FEMA's Hazus methodology, estimated the resulting debris. Findings indicate that the shear wall-reinforced building, designed for blast 

resistance, satisfies the requirements for the design-level earthquake. However, its performance under severe and deterministic earthquake 

scenarios-particularly at the immediate occupancy performance level-warrants further investigation. 

Keywords: Blast-Resistant Building; Petrochemical Facilities; Fragility Curve; Performance Level; Loss Estimation.

Nomenclature 

APE annual probability of exceedance 

DSHA deterministic seismic hazard analysis 

GIS geographic information system 
GMPE ground motion prediction equations 

IO immediate occupancy  

IDA incremental dynamic analysis 

NEPSHA 
non-extensive probabilistic seismic 

hazard analyses 

PSHA probabilistic seismic hazard analysis 

PGA peak ground acceleration 

SCP Sotolongo-Costa and Posadas 

UHS uniform hazard spectrum 

1. Introduction 

The safety of buildings against both natural and 

manufactured hazards is a major concern for engineers, 

homeowners, and facility managers. Seismic risk analysis 

is a well-established discipline focused on assessing the 

vulnerability of structures to earthquakes [1]. However, 

evaluating the resilience of buildings to blast effects is a 

relatively new and rapidly developing area of research [2]. 

Risk analysis involves identifying hazard factors that may 

cause damage (hazard identification), assessing the 

potential damage associated with these hazards 

(vulnerability), and evaluating the consequences resulting 
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from the damage (exposure). [3,4]. Based on the results of 

risk analysis, analysts can decide what measures should be 

taken to eliminate or control potential damages or 

consequences. Hosseinpour et al. (2021) provided a 

comprehensive survey on seismic risk methods and their 

strengths and limitations [5]. Probabilistic procedures are 

an important category of the most widely used risk analysis 

methods. Traditionally, probabilistic seismic risk 

procedures rely on precise probabilistic models to quantify 

the uncertainties in structural demand and capacity [6,7] 

and to estimate the probability of structural failure [8-10]. 

With ongoing industrial development and the 

heightened risk of explosions, there is a growing 

emphasis on explosion-resistant buildings, particularly 

within critical industries. These structures are gaining 

increased attention as crucial measures for safety and risk 

reduction [11]. These buildings are designed to withstand 

the effects of unexpected explosions (such as process 

explosions) or intentional explosions (such as war or 

terrorist attacks). Typically, buildings designed to 

withstand medium to high blast pressures use in-situ 

concrete walls. In such structures, the thickness of the 

concrete walls, along with the size and placement of the 

reinforcing bars, must be carefully chosen to ensure 

adequate blast resistance. The minimum thickness for in-

situ reinforced concrete walls is 200 mm. 

Explosions are highly likely in petrochemical 

facilities, such as gas refineries. Therefore,  the design of 

blast-resistant structures is vital to minimize human 

fatalities and damage to facilities in petrochemical plants 

[12]. The admissible structural damage level induced in 

blast design for petrochemical plants is determined 

according to the owner’s blast protection philosophy [13]. 
Therefore, structures in gas refineries exhibit varying 

levels of safety against loads caused by events, depending 

on the hazard sources and the design philosophy [14]. The 

question is how a building designed to withstand the effects 

of the explosion will behave against the seismic loads. In 

this paper, this issue was considered using a case study. 

ElSayed et al. (2016) evaluate the resilience of 

seismically detailed reinforced concrete-block shear walls 

under blast loads. They emphasize the dual role of seismic 

detailing in enhancing both earthquake and blast performance. 

Their findings suggest that incorporating seismic detailing 

significantly improves the structural resilience and damage 

tolerance of shear walls subjected to blast effects, making 

them suitable for critical infrastructure protection. 

Shi et al. (2023) conduct a reliability analysis of 

reinforced concrete columns under combined seismic and 

blast loads, addressing the complex interaction between 

these hazards. Their probabilistic approach accounts for 

uncertainties in loading and material properties, 

providing insights into the structural safety margins when 

subjected to simultaneous seismic and blast events.  

Keertan et al. (2023) analyze structural responses 

under both types of seismic and blast extreme events. The 

research identifies differences in failure modes and 

performance criteria, highlighting the need for tailored 

design strategies for blast versus seismic resistance. 

Several countries have adopted Hazus, a 

standardized methodology developed by FEMA, to 

evaluate potential losses from natural hazards such as 

earthquakes [18-19]. Hazus combines engineering 

principles with mathematical modeling, utilizing GIS 

technology to estimate both structural and non-structural 

damages, as well as the associated economic and social 

impacts [20]. This approach has been applied in seismic 

risk analyses for bridges [21], urban areas [22], and 

reinforced concrete structures [23]. This paper presents a 

detailed seismic risk assessment of a blast-resistant, 

three-story concrete building featuring multiple shear 

walls. Located within a gas refinery, the building is 

specifically designed to withstand explosion loads, 

making it significantly stronger than typical structures. 

As a result, standard fragility curves are not applicable, 

necessitating the development of a tailored fragility curve 

for this building. To achieve this, the structure is modeled 

using OpenSees software, and its specific fragility curve 

is derived through incremental dynamic analysis (IDA). 

Both deterministic and non-extensive probabilistic 

seismic hazard analyses (NEPSHA) are conducted, from 

which estimates of damage, debris generation, and 

casualties are obtained. The study aims to assess the 

resilience of reinforced masonry shear wall systems under 

blast conditions, providing valuable insights to inform the 

design and construction of blast-resistant buildings. 

2. Methodology 

Risk analysis means finding the consequences of an 

event. Risk analysis consists of three components: hazard, 

vulnerability, and exposure, as shown in Figure 1. The 

result of this process is determining the probabilities of 

the considered outcomes of the intended hazard.  

 

Figure 1. Seismic risk components 

The first step in risk analysis is hazard analysis [24-

25-26]. The hazard analysis can be done using 

deterministic (DSHA) and probabilistic methods. In this 

paper, the deterministic and non-extensive probabilistic 

seismic hazard analysis (NEPSHA) is used. In NEPSHA, 

the recurrence of earthquakes is based on the SCP law, 

which is based on the physics of the events [27-28-29].  

seismic risk 
analysis 

( loss estimation)
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hazard 
analysis

building 
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The second step of risk analysis is assessing the 

vulnerability of the structure [14-30-31]. There are 

several classifications of damage criteria to describe 

building damage from different perspectives [32-33,23-

24]. Karim Zadeh et al. (2022) conducted a 

comprehensive study on the types of buildings in Iran. 

Due to the differences between national design codes, 

construction practices, and building materials, it is 

common to develop general fragility functions for the 

different types of typical buildings constructed in each 

region. They classified the typical Iranian buildings into 

35 categories based on materials, load-bearing system, 

age, height, and level of code [34]. These types of curves 

are beneficial for assessing approximate vulnerability or 

for examining large areas. In conducting a detailed 

assessment of a building, it is essential to develop a 

specific fragility curve tailored to that structure. In this 

paper, using the OpenSees software, based on the results 

of incremental dynamic analysis, the fragility curve of the 

concrete shear wall building is presented. We consider 

four damage criteria, which correspond to minor, 

moderate, extensive, and complete damage levels based 

on the recommendations of previous studies. These limit 

states are defined based on the yield and ultimate 

displacement of the system. Here, the limit states related 

to the damage criteria defined for this study are described 

in Table 1 [34].  

According to Table 1, a limit state is reached when 

the structure’s maximum displacement attains its 

specified displacement values. For example, if the 

maximum displacement of the structure reaches 

0.75×Sdy , the structure has reached the LS1 damage state . 

Table 1. Structural limit states descriptions 

Limit 

state 

Description Displacement 

LS1 Minor damage 0.75×Sdy  

LS2 Moderate damage 0.5×Sdy + 0.33×Sdu  

LS3 Moderate damage 0.25×Sdy+0.67×Sdu  

LS4 Full damage Sdu  

 

Figure 2. Relationship between performance levels and structural 

damage levels in different earthquake levels 

Based on the damage limit status (LS1 to LS4), 

different performance levels of the structure can be 

determined. Intuitively, the relationship between damage 

limit status and performance levels is shown in Figure 2. 

Also, in this figure, the relationship between the 

performance and damage of the structure with the 

concrete cracking, steel bars yield point, and the element 

ultimate capacity point of the structure is shown [35]. 

Using this information, the structure’s performance 

during an earthquake can be evaluated.   Using the 

building damage and performance data, the Hazus 

method can estimate the amount of debris and casualties. 

For this purpose, the unit weight (weight per unit area) of 

the building (Table 2) and the debris volume (Table 3) are 

required. 

Table 2. Unit weight (in kilograms per square meters) updated based 

on building information (HAZUS 1999) 

Break, wood, and others  Reinforced concrete and 

steel 
Structura

l 
 Non-

Structura

l 

 Structura

l 
 Non-

Structura

l 
0  57  1055  43 

Table 3. The debris produced from the damaged structural and non-

structural parts (in percent weight) for the high-code concrete shear 

wall building (HAZUS 1999) 

Debries type 

Break and 

wood 

Reinforced 

concrete and 

steel 

Structural 

damages 

minor 0 1 

moderate 0 7 

extensive 0 35 

Complete 100 100 

Non-

Structural 
damages 

minor 0 0 

moderate 5 8 

extensive 33 28 

Complete 100 100 

In this way, the probability of debris production can 

be calculated by multiplying the likelihood of damage 

(obtained in the previous step), the unit weight (Table 2), 

and the percentage of debris (Table 3) as:  

Probability of debris = probability of damage × unit 

weight ×percentage of debris 

Here, the unit weight shows the weight of materials 

per unit area of the building. 

3. Seismic hazard analysis 

The study building is located in a Gas Refining Company 

(BBGRC). The map of active faults (Figure 3) shows that 

the BBGRC is situated in the seismic zone. The survey of 

the earthquakes in the region also shows the high seismic 

activity of the area. The most significant faults in the 

region are listed in Table 4. 
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Figure 3. Active faults around the BBGRC 

Based on this visual information, the hazard analysis 

is carried out using both deterministic and probabilistic 

approaches. Fault information, including the maximum 

magnitude (Mmax) and distance (R), are given in Table 4. 

Table 4. Faults around BBGRC  

fault 𝐌𝐦𝐚𝐱 
Length 

(km) 
Nearest Distance to site (km) 

Behbahan 7.35 78.8 8.4 

Tashan 7.26 65.2 11.0 

Izeh 7.77 192.7 21.1 

Aghajari 7.52 113.1 23.7 

Baba Khaneh 6.69 19.3 24.0 

Mishan 7.40 87.2 28.7 

Rag Sefid 7.52 113.5 44.7 

Ramhormoz 7.87 237.2 49.4 

M. F. F 7.44 95.9 71.2 

Lahbari 7.89 249.0 76.1 

M.F 6.69 19.4 81.8 

Kuh-e Noh 6.80 24.6 82.0 

Maroon 6.86 27.7 90.3 

Sivak 7.09 45.4 94.4 

M.F 6.71 20.1 97.6 

Jarreh 6.93 32.4 100.3 

Seh Paran 6.58 15.3 102.4 

Mangasht 6.73 21.3 109.5 

Shah Neshin 6.86 27.6 109.5 

Dena 7.48 104.4 112.9 

Mordehfel 7.13 49.9 115.5 

Cheshmeh 
Chenar 

6.71 20.2 122.1 

Sarakan-e Bala 6.72 20.8 123.2 

Massan 7.38 83.7 124.0 

Kazerun 7.56 123.2 124.4 

Bazoft 7.04 40.9 125.8 

Ahvaz 7.51 110.7 126.7 

Kermani 7.00 37.6 127.3 

noname 7.08 44.6 127.3 

Chal Kalagh 7.09 45.8 130.5 

Ab-e Rak 6.61 16.6 133.5 

Dopolan 7.25 64.0 134.8 

Kuh Siah 7.31 71.7 135.1 

Bideh 6.94 33.2 135.3 

Sabzeh Kuh 7.18 54.7 137.7 

Ahvaz 6.61 16.3 138.8 

Taveh Siah 6.65 17.9 139.0 

Farum 6.57 15.0 140.5 

Kordan 6.96 34.2 141.5 

Borazjan 7.76 185.9 143.0 

Avafi 6.57 15.1 147.6 

Kakan 6.70 20.0 149.1 

M.F 6.93 32.7 149.4 

Mourchegan 6.91 31.1 149.7 

H. Z 7.37 82.2 151.5 

Semirom 6.90 30.1 152.5 

Ardal 7.78 195.4 153.7 

noname 7.22 59.8 154.5 

Masjed 
Soleiman 

6.95 33.7 158.6 

Janga 6.94 33.1 159.2 

Hana 6.80 24.7 159.6 

Zard Kuh 7.85 227.5 160.8 

Kuhe-eAqdagh 6.88 29.1 161.0 

M.Z.R 7.54 119.0 161.0 

M.Z.R 7.04 40.8 163.2 

Mafarun 7.32 74.2 163.5 

M.Z.R 7.10 46.4 168.3 

M.Z.R 7.80 204.3 168.9 

Andakan 7.18 54.5 173.4 

Solaghan 7.60 132.9 180.1 

Karehbas 7.56 122.7 180.3 

noname 6.39 10.3 181.6 

Dasht-e Gol 6.71 20.3 182.7 

Qalat 7.08 44.6 184.2 

Shahr-e Kord 7.67 154.2 185.8 

Susan 6.69 19.5 185.9 

Kelestan 7.14 50.4 187.1 

M.F 7.44 96.0 187.7 

Noname 6.70 20.0 187.9 

Chal-e Munar 6.60 16.1 193.4 

Katah 7.45 96.8 193.6 

Cher cher 6.95 33.6 198.2 

Z. F. F 7.61 136.2 199.2 

3.1 Deterministic seismic hazard analysis 

(DSHA) 

The ruptures of Behbahan, Tashan, Aghajari, and Izeh 

faults are considered as DSHA earthquake scenarios. 

Information on these faults is given in Table 4. Figure 3 

shows the location of these faults around the site.  

Ghasemi et al. (2009) attenuation relationship is 

given below [36]. This relationship is presented for Iran 

and the Middle East, for Mw = (5.0-7.4), Rrup & Rhyp 

distances. This relationship is particularly suitable for this 

region [37]. 

The functional form of the relationship is as follows: 

Log10 Sa = a1 + a2M + a3 log10(R + a410 a5M) + a6S1 + a7S2 

The a1 to a5 and R1 and R2 parameters for 17 

periods are given in Ghasemi et al., 2009[36]. 

Based on the DSHA calculation, the uniform hazard 

spectrum (UHS) for four faults near the site is given in 

Figure 4. Based on the results, the most dangerous fault 

around the refinery is the Izeh fault due to its very short 

distance to the site. This fault with a length of nearly 200 

km can produce an earthquake with a magnitude of about 

7.73 Mw. This earthquake can create PGA 0.6g at the site. 

This PGA is about twice the standard No. 2800 PGA 

value for the site. Other faults produce PGAs near the 

value of the standard No. 2800. 
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Figure 4. DSHA Uniform hazard spectrum (UHS) 

3.2 Non-extensive probabilistic seismic 

hazard analysis (NEPSHA) 

Based on the standard No. 2800, NEPSHA for three 

exceedance probabilities of 99.5, 10, and 2% in 50 years 

has been obtained using Open Quick software and 

MATLAB code.  

The seismicity parameters of the area include a and 

q values of the SCP relation are 0.00108 and 1.65, 

respectively [24]. The tapered minimum magnitude is 

4.5-5.5 [38], and the maximum magnitude is selected 

based on Table 4. In NEPSHA, the attenuation 

relationships of Akkar and Kagnan 2020 (0.2), Akkar et 

al. 2014 (0.35), Chiou and Youngs 2008 (0.35), and Zhao 

et al. (2006) (0.1) have been used [39-42].  

Figure 5 shows the NEPSHA map for the 10-year 

return period (99.5% probability of exceeding in 50 

years), Figure 6 shows the NEPSHA map for the 475-year 

return period (10% probability of exceedance in 50 

years), and Figure 7 shows the NEPSHA map for the 

return period of 2475 years (2% probability of 

exceedance in 50 years). According to these figures, the 

earthquake PGA at the site for return periods of 10, 475, 

and 2475 years is 0.03 g, 0.42 g, and 0.74 g, respectively. 

Comparing these values with the standard No. 2800 

shows that this area has a more than standard No. 2800 

(that is, 0.3g for a return period of 10% in 50 years). 

 

Figure 5. NEPSHA map of the 10-year return period (APE=0.1) 

 

Figure 6. NEPSHA map of the 475-year return period (APE=0.0021) 

 

Figure 7. NEPSHA map of the return period of the 2475-year 

(APE=0.0004) 

4. Building information, fragility, and 

seismic risk 

The Administration building of BBGRC has been 

modeled and analyzed as a case study. This building was 

designed based on ASCE for blast loading [43]. The 

geometry, configuration, and structural information of the 

building are shown in Figures 8, 9, 10, and 11. This three-

story building is 10 m height, and 342 m2 floor area. The 

lateral bearing system of the building is a dual system 

composed of RC moment-resisting frames (MRFs) and 

RC shear walls. As can be seen from Figure 8 (building 

plan), in each direction, the shear walls are attached along 

with the moment-resisting frame. The details of the 

modeling of this structure in terms of uncertainty can be 

obtained from the references [44-46]. The selected frame 

in axis 3 of the building is shown in Figure 9. Figure 10 

shows a section of the typical shear wall. Figure 11 shows 

the building elevation. 

The 3-story building is located in the ́ ́39 ́45°30 

North and ́ ́49 ́58°49 East. This building was constructed 

in 2010 and is considered to have average compliance 

0
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with regulations. The effects of the infill masonry frame 

on the structural behavior have been neglected. The 

location of this building is shown in Figure 12. Structural 

elements information is given in Tables 5, 6, and 7. 

 
Figure 8. Typical floor plan of the Administration building 

Fragility curves describe the probability of damage 

to a building. The damage relates to the structural system, 

drift-sensitive non-structural components, and 

acceleration-sensitive non-structural components (and 

contents). For a given level of building response, fragility 

curves describe damage between four physical damage 

states: minor, moderate, extensive, and complete. 

 

Figure 9. Elevation of the studied building 

Table 5. Shear wall boundary element information 

dimensions Longitudinal 

Steel bars 

transversal Steel 

bars 

450×450(mm) 12Փ20 (mm) Փ18@200 (mm) 

 
Figure 10. Shear wall section 

 

Figure 11. Administration building elevation 

Table 6 . Shear wall web information 

Levels Width 

 (mm) 

Top Steel Bottom 

Steel 

Reinforcing 

ratio in the 
horizontal 

direction 

Reinforcing 

ratio in the 
vertical 

direction 

1 300 Փ18@200 Փ18@200 0.0067 0.0085 

2 300 Փ18@200 Փ18@200 0.0067 0.0085 

3 300 Փ18@200 Փ18@200 0.0067 0.0085 

Table 7 . Moment resisting reinforced concrete frame information 

Story 

Exterior 

Columns 

 Interior 

Columns 

 
Beams 

Size 

mm 
Steel 

 Size 

mm 
Steel 

 Size 

mm 

Top 

Steel  

Bottom 

Steel  

Int 

Steel 

1 450×450 12Փ20  716×716 12Փ20  1120×710 3Փ22 3Փ22 2Փ14 

2 450×450 12Փ18  716×716 12Փ20  1120×710 3Փ22 3Փ22 2Փ14 

3 450×450 12Փ18  716×716 12Փ20  1070×660 3Փ22 3Փ22 2Փ14 

The fragility curve is a graph that shows the 

probability of a certain level of damage in the structure as 

a function of the intensity of ground motion (for example, 

spectral acceleration or maximum ground acceleration). 

This curve is useful for predicting the probability of 

damage in a specific structure under different levels of 

ground motion. 

 

Figure 12 . The location of the Administration building in the BBGRC  

Incremental dynamic analysis (IDA) is a method 

used in earthquake engineering to investigate the seismic 

performance of a structure. This method involves 

subjecting the structure to a series of seismic loads, with 
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the intensity of each load gradually increasing until the 

structure’s performance objectives are achieved. 

Considering that static analysis is associated with 

ignoring dynamic effects and duration effects, the answer 

of time history analysis, as a time domain analysis, is 

more favorable to determine the response of the structure.  

The choice of ground motion records strongly 

influences the results of time history analysis. By performing 

nonlinear dynamic response history analyses using a suite of 

different ground motion records, it is possible to estimate 

uncertainties within a probabilistic framework. In this 

context, Incremental Dynamic Analysis (IDA) is employed 

to generate fragility curves for structures, which effectively 

account for various seismic input uncertainties-including 

magnitude, distance, and frequency content variability. We 

used 22 pairs of ground motion records for IDA analysis 

based on FEMA P695. The conditional mean spectrum 

(CMS) method, proposed by Baker and Cornell [47], is used 

for record selection [45]. Each pair contains two horizontal 

components of an earthquake at a recording station. 

Specifications of the 44 ground motion records (2×22) are 

shown in Table 8. The UHS of severe, design, and service 

earthquakes in the location of the Administration building are 

shown in Figure 13. 

Figure 14 shows the fragility curves of the structure. 

The fragility curves show the probability distribution of 

different damage intensities in the four performance 

levels of the structure, which include minor, moderate 

damage, extensive, and complete damage. As it is known, 

this curve shows the probability of occurrence of a certain 

level of damage for different values of spectral 

acceleration (Sa). 

Table 8 . Earthquakes (EQ) used in IDA 

E

Q 

ID 

  

Earthquake Information  Recording Station 

M Year Name  Name Owner 

1 6.
7 

199
4 

Northridge  Beverly Hills - 
Mulhol 

USC 

2 6.

7 

199

4 
Northridge  Canyon Country-

WLC 
USC 

3 7.
1 

199
9 

Duzce, Turkey  Bolu ERD 

4 7.

1 

199

9 
Hector Mine  Hector SCSN 

5 6.

5 

197

9 
Imperial Valley  Delta UNAMUCS

D 6 6.
5 

197
9 

Imperial Valley  El Centro Array #11 USGS 

7 6.

9 

199

5 
Kobe, Japan  Nishi-Akashi CUE 

8 6.
9 

199
5 

Kobe, Japan  Shin-Osaka CUE 

9 7.

5 

199

9 
Kocaeli, Turkey  Duzce ERD 

10 7.

5 

199

9 
Kocaeli, Turkey  Arcelik KOERI 

11 7.

3 

199

2 
Landers  Yermo Fire Station CDMG 

12 7.

3 

199

2 
Landers  Coolwater SCE 

13 6.
9 

198
9 

Loma Prieta  Capitola CDMG 

14 6.

9 

198

9 
Loma Prieta  Gilroy Array #3 CDMG 

15 7.

4 

199

0 
Manjil, Iran  Abbar BHRC 

16 6.

5 

198

7 

Superstition 

Hills 

 El Centro Imp. Co. CDMG 

17 6.

5 

198

7 

Superstition 

Hills 

 Poe Road (temp) USGS 

18 7.
0 

199
2 

Cape Mendocino  Rio Dell Overpass CDMG 

19 7.

6 

199

9 
Chi-Chi, Taiwan  CHY101 CWB 

20 7.
6 

199
9 

Chi-Chi, Taiwan  TCU045 CWB 

21 6.

6 

197

1 
San Fernando  LA - ollywood Stor CDMG 

22 6.

5 

197

6 
Friuli, Italy  Tolmezzo -- 

 

Figure 13 . The UHS of severe, design, and service earthquakes in the 

location of the Administration building   

 

Figure 14 . Fragility curves for different damage statuses (minor, 

moderate, extensive, and complete) for the administration building 

Table 9 . Probability of exceeding different levels of damage in 

deterministic, severe, design, and service earthquakes at the building 

Performance level hazard 

LS4 LS3 LS2 LS1 

3 10 69 89 Deterministic 

4 12 73 99 APE=0.004 

1 3 34 82 APE=0.021 

0 0 1 4 APE=0.1 

According to the value of SA(T=0.08s), the 

probability values of minor, moderate, extensive, and 

complete damage in the Administration building are 

extracted based on Figure 14 and summarized in Table 9. 

According to Table 9, the probability of complete 

and extensive damage to the building in an earthquake is 

very low. Most likely, the building will suffer slight 

damage in the design earthquake, but there is also the 

probability of moderate damage. In deterministic and 

severe earthquakes, the likelihood of moderate damage is 

about 70%, which is significant. 

In this way, it can be seen that blast design is not a 

sufficient guarantee to have a suitable seismic 

performance at all performance levels. Especially in an 

area with relatively high seismic hazard, it is necessary to 

pay attention to the issue of seismic design independent 

of the blasting design, especially at the immediate 

occupancy (IO) performance level. 

This finding is consistent with seismic design codes, 

which require all buildings-including those primarily 

designed for other forces such as wind-to meet seismic 

and ductility criteria. Accordingly, it is necessary to carry 



18/ IJRRS / Vol. 8/ Issue 2/ 2025 

 

 

 
S. Motaghed et al. 

out seismic retrofitting for the mentioned structure in 

accordance with the latest edition of the relevant design 

code.  

 

Figure 15 . The impact of debris on roads in severe earthquakes 

With the damage probabilities determined, the 

amount of debris and casualties can now be estimated 

using the Hazus method. The weight of materials per 

square area (Table 2), the debris produced from the 

damaged parts (Table 3), and the debris unit weights are 

used for debris volume calculation. 

In a severe earthquake, the amount of debris is 

estimated at 107.73 tons, which results in 10% of the road 

being closed; therefore, vehicle traffic is not significantly 

impacted. 

Accounting for the 25 occupants in the 

administration building, the number of casualties in the 

severe earthquake is 2.5 people, and about 1.25 people are 

also trapped. At night, there are 5 people in the building, 

and 1 person may be injured in a severe earthquake. The 

debris produced is shown in Figure 15. It is important to 

note that the Hazus methodology employs a deterministic 

framework in this context; however, the number of 

casualties may vary probabilistically with changes in the 

number of occupants in the building, a factor that has not 

been considered in this study. 

It should be noted that the Administration building 

is the most important in the refinery and serves as the 

central hub for all decision-making during and after a 

crisis. Therefore, the building’s IO performance is critical 

and is considered essential for ensuring public safety. 

This study inevitably faces some limitations, 

primarily concerning the seismic hazard analysis, 

accessibility of building-specific data, and the 

assumptions inherent in both Hazus and OpenSees 

methodologies. In the hazard analysis, the use of both 

DSHA and NEPSHA significantly helped reduce 

uncertainty. Nevertheless, limitations remain due to 

inevitable simplifications, such as the reliance on 

available regional seismicity data, assumptions in 

modelling earthquake recurrence, and GMPE. On the 

building side, limited access to detailed as-built 

information- such as material properties, reinforcement 

detailing, and the effect of infill walls (which were 

neglected in the OpenSees model)-introduces additional 

uncertainty. The Hazus methodology, though widely 

accepted, is fundamentally based on generalized fragility, 

debris, and casualty relationships that may not fully 

reflect the specialized nature of a blast-resistant building; 

so, while customized fragility curves were generated by 

incremental dynamic analysis, some reliance on standard 

assumptions persists. Despite these challenges, the study 

attempted to mitigate limitations through best-practice 

methods (e.g., NEPSHA, structure-specific fragility 

development, and updated exposure data) to ensure that 

risk assessment results are as robust and site-relevant as 

possible. Further advances could be achieved with more 

detailed building data and by including additional sources 

of modeling uncertainty. 

5. Conclusion 

A common and critical inquiry among managers and 

engineers responsible for facilities designed in previous 

years to resist blast effects is whether these buildings also 

meet current seismic code requirements, and to what 

extent they can withstand earthquake forces according to 

the latest standards. In this paper, we are looking for an 

answer to this question in a real structure that was built in 

2010 in a gas refinery. To answer this question, a 

complete process of earthquake risk analysis, including 

deterministic and non-extensive probabilistic hazard 

analysis, extraction of fragility curves, and damage 

assessment, has been carried out with the most up-to-date 

methods. 

Based on the results, the probability of complete and 

extensive damage to the building in an earthquake is very 

low. Most likely, the building will suffer slight damage in 

the design earthquake, but there is also the probability of 

moderate damage. In deterministic and severe 

earthquakes, the probability of moderate damage is about 

70%, which is significant. In this way, it can be seen that 

blasting design is not a sufficient guarantee to have a 

suitable seismic performance at all performance levels. 

Especially in an area with relatively high seismic hazard, 

it is necessary to pay attention to the issue of seismic 

design independent of the blasting design, especially at 

the immediate occupancy (IO) performance level. 
For a more detailed discussion on this subject, we 

need to know that seismic design prioritizes ductility, 

energy dissipation, and the ability for structures to 

undergo controlled, global deformations without 

collapse, with measures such as shear walls, moment-

resisting frames, and energy dissipaters being standard. In 

contrast, blast design focuses on enhancing initial 

stiffness, local reinforcement, and the capacity to absorb 

and withstand impulsive, high-frequency loads, often 

employing sacrificial elements and specialized materials 

like ultra-high-performance concrete and fiber-reinforced 

polymers to prevent sudden localized failures. These 

differing emphases mean that buildings optimized solely 

for blast loading may lack the adequate global ductility 

required for seismic resilience. Retrofitting strategies to 
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bridge this gap include introducing or enhancing seismic 

energy dissipation devices, such as viscous or friction 

dampers, base isolators, and supplementary bracing 

systems, while retaining or upgrading local strengthening 

measures initially intended for blast resistance, including 

composite wrapping and shock-mitigating layers. 

This study involves several assumptions and 

inherent limitations that affect the interpretation of the 

results. A notable modeling simplification is the neglect 

of infill walls in the structural analysis. Additionally, 

uncertainties remain in the seismic hazard 

characterization due to reliance on available regional 

seismicity data, ground motion prediction equations, and 

recurrence models. Material properties and reinforcement 

details were based on limited access to as-built 

documentation, which may further affect the accuracy of 

the modeled structural behavior. The Hazus methodology 

used for damage and casualty estimation, while widely 

accepted, is fundamentally based on generalized fragility 

and debris relationships that may not fully capture the 

unique performance of blast-resistant structures designed 

with enhanced stiffness and strength. These factors 

collectively restrict the generalizability of the findings. 
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