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Abstract: Blast-resistant buildings are mainly used to protect main instruments, controllers, 
expensive equipment, and people from explosion waves. Oil and gas industry projects almost 
always include blast-resistant buildings. For instance, based on a hazard identification (HAZID) 
and hazard and operability (HAZOP) analysis of a plant, control rooms and substations are 
sometimes designed to withstand an external free air explosion that generates blast over pressure. 
In this regard, a building façade is considered to be the first barrier of resistance against explosion 
waves, and therefore a building façade has an important role in reducing a building’s vulnerability 
and human casualties. In case of a lack of enough resistance, explosion waves enter a building and 
bring about irreparable damage to the building. Consequently, it seems important to study and 
evaluate various materials used in a façade against the consequences of an explosion. This study 
tried to make a comparison between different types of building facades against explosion waves. 
The materials used in a building play a key role in the vulnerability of a building. In this research, a 
literature review and the fuzzy Delphi method were applied to find the most critical criteria, and 
then a fuzzy evaluation based on the distance from the average solution (EDAS) was applied in 
order to assess various materials used in building facades from the perspective of resiliency. A 
questionnaire was presented to measure effective indices in order to receive experts’ ideas. Finally, 
by implementing this methodology in a case study, it was concluded that a stone façade performs 
much better against explosions. 

Keywords: Façade materials; explosion; blast-resistant buildings; multiple-criteria decision-making 
(MCDM); fuzzy Delphi; fuzzy evaluation based on the distance from the average solution (EDAS) 

 

1. Introduction 

Blast-resistant buildings are designed for use in hazardous industries, such as oil and gas 
industry projects where various types of fires (such as pool and jet fires) as well as vapor cloud 
explosions are common in different hazardous scenarios. These multidisciplinary complicated 
projects have a clear path to specify hazards and explosions in order to define the necessity of 
blast-resistant buildings. In this regard, first, different hazards through a hazard and operability 
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(HAZOP) and hazard identification (HAZID) analysis are identified. Consequently, a safety impact 
level analysis (SIL) evaluates the probability of safe operation in different risky scenarios. 
Afterwards, based on a consequence analysis (CA), a project is zoned, and its layout is designed. 
Finally, if important buildings, such as control rooms, are located in one of the hazardous areas, the 
building has to be designed to resist an explosion wave. 

Identifying probable and possible dangers means a critical role in preparing to confront and 
resist the negative effects of radical attacks in urban zones and regions. The main aim of pathology is 
to identify facilities, immunize the answers of buildings to radical attacks, and resist the effects of 
explosions [1]. On the one hand, the resistance of a building to an explosion wave depends on the 
shape and the form of the building and the roof, the number of entries and casements, and the power 
and genus of the materials used. On the other hand, a building façade is considered to be the first 
barrier protecting against waves of a proximate explosion. Thus, it seems important to study and 
evaluate various materials used in a façade against the consequences of an explosion. In Iran, an 
outer façade is usually built after constructing the outer wall, which consists of some materials such 
as decorative brick, cement, and stone. 

This research compared different types of building facades against explosion waves. The materials 
used in a building play an important role in a building’s vulnerability. Considering the influence and 
role of building materials in the effects of an explosion, buildings can be classified into three different 
categories, according to studies of and experience from previous wars and recent wars [2]: 

• Buildings with damage-aggravating materials: A glass façade can be considered to be an 
example of this category. Basically, glass facades severely increase people’s vulnerability to 
the environment. The surface under falling glass pieces will extend proportionally to 
incremental height. Thus, a lot of fatal glass pieces will be thrown outside just by the effects 
of the sonic barrier being broken; 

• Buildings with vulnerable materials: Some materials or a combination thereof are not 
resistant enough against waves and quivers, and they will cause serious damage at the time 
of an explosion; 

• Buildings with fewer vulnerable materials: Some buildings whose façades are composed of 
rigid-like materials, such as concrete, or a combination of materials, such as fibrous concrete, 
can be put into this category. These buildings can be more resistant to explosions and will be 
less vulnerable. Thus, due to the mentioned cases, the main goal of this research was the 
absence of indices for assessing and selecting the best kinds of materials to use in the façades 
of buildings in Iran. In the field of buildings resistant to explosion, a lot of research has been 
done. Some of it is mentioned now. 

Gebbeken & Döge [3] studied the structure geometry of preventing blast waves from getting to 
buildings. The results fundamentally concluded that in geometric shapes, maximum pressures and 
maximum impulses depend on the distance from the explosion location, the confliction angle of 
explosion waves, and the resistance to the progress of waves of structural shapes. The shape of 
structural ingredients or building ingredients is certainly able to decrease explosion loads. 

Barakat & Hetherington [4] accomplished similar research. Their study was of blast effects on 
different forms of structures, such as cubic, cylinder, half-cubic, and prismatic forms, and they 
concluded that in addition to the structural components of a building, architectural forms can also 
have a great effect on reducing explosion effects on buildings. Mojtahed Pour [5] can be mentioned 
as another example. In this study, the effects of structure shape on stress distribution from explosion 
loading was examined: In addition, the research was more on structural aspects of the issue, as in 
some parts he focused on the effect of indicatives in structures. 

Luccioni et al. [6] can also be pointed to as a related and important study in this area. The aim of 
this study was a failure analysis of buildings with concrete structures under an explosion load. They 
modeled a three-dimensional model from a concrete building using ANSYS Autodyn software and 
concluded that the failure mechanism started from the lower columns of the building, and the 
building was destroyed. Buildings resistant to explosion have developed through so many studies 
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[7–13]. These studies have focused on the impact of architectural elements on the vulnerability of 
structures to earthquake hazards. 

The federal agency Crisis Management of America accomplished some research on buildings 
resistant to explosion. For instance, the research of the Federal Emergency Management Agency 
(FEMA) number 426 [14] can be mentioned, which presented some finite regulations for designing 
building façades and some factors, such as casements and the genus of mentioned materials. 

As mentioned in the history of the research, many studies in the field of buildings resistant to 
explosion have been done so far. In this study, some types of building facades and related materials 
that are commonly used for resisting explosions were considered. Consequently, the characteristics 
of each façade material were investigated. Then, the research methodology used was a pairwise 
assessment to evaluate the efficiency of different facades based on the presented indices (criteria). 
Finally, as the conclusion, the most appropriate kind of façade is presented as the first resistance 
barrier against an explosion. In doing such a study, the best kind of facade is specified in order to 
reduce damage from an explosion to an acceptable level of damage through observing the obtained 
results from this research, which should be applied to buildings built in Iran in the future. 

2. Types of Materials in Building Facades 

The types of most widely used facades in Iran are as follows. 

2.1. Brick Façade (A1) 

Brick, which is usually performed on the outer walls of buildings, is one of the oldest materials 
in façades in Iran. The color and quality of the mentioned bricks differ from other types of bricks. 
The most common types of façade bricks are Cossack bricks, Bahmani bricks, 3-cm bricks, and 
fireproof bricks. The advantages and disadvantages of bricks are discussed here. 

Due to the rigidity of this type of façade, the ability to transfer energy from an explosion to the 
outer wall of a building is high, and consequently this does not have enough of an effect on reducing 
an explosion effect. 

Due to the heavy weight of the brick and the possibility of detachment of the crustal from the 
outer wall, such a façade is not suitable enough for debris removal. 

Due to integration and simultaneous implementation, some large surfaces have less of a 
reconstruction ability. 

Due to the high thermal capacity of the brick in this façade, it has an appropriate capability 
against fire. 

2.2. Stone Façade (A2) 

Due to the rigidity of this type of façade, the ability to transfer energy from an explosion to the 
outer wall of a building is high, and consequently this does not have enough of an effect on reducing 
the explosion effect on a building. 

Due to the heavy weight of the building stones and the possibility of detachment of the crustal 
from the outer wall, such a façade is not suitable enough for debris removal. 

Due to integration and simultaneous implementation, some large surfaces have less of a 
reconstruction ability. 

Due to the high thermal capacity of this type of façade, it has an appropriate capability against fire. 

2.3. Coatings Cement Façade (A3) 

Due to the low thickness of the materials used in this type of facade, the ability to transfer 
energy from an explosion to the outer wall of a building is high, and consequently this does not have 
enough of an effect on reducing explosion effects. 

Due to its low weight and the adherence of a concrete façade to an outer wall, in such a façade 
there is not much debris. 

Due to the type of implementation, it has a high reconstruction ability. 
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Due to the low thickness of the materials in this façade, it has little effect against fire. 

2.4. Composite Façade (A4) 

Due to the lack of rigidity in this type of façade, the ability to transfer energy from an explosion 
to the outer wall of a building is lower, and consequently this has a high effect on reducing the 
explosion effect on a building. 

Due to its low weight and a proper connection to the outer wall, such a façade seems to be 
suitable enough for debris removal. 

Due to a lack of integration and block implementation, it has a high reconstruction ability. 
Due to the low thermal capacity of this type of façade, it has an appropriate capability against fire. 

2.5. Curtain Wall (A5) 

Due to the lack of rigidity in this type of façade, all waves and quivers from an explosion enter a 
building easily. 

Debris from the shattering of glass causes injuries to people and damage to equipment. 
Due to the low thickness of glass and its material characteristics, it is not capable enough 

against fire. 
Due to glass having a lack of resistance to explosion, it will be completely destroyed and will 

need to be replaced completely. 

3. Methodology  

In this study, first, the materials used in building façades in Iran were identified through library 
resources in order to evaluate the materials used in buildings to protect building façades from the 
effects of an explosion. Second, all of the indicators on the long proposed list were extracted by 
interviewing experts in the fields of civil engineering and architecture (Table 1 for the case study) to 
assess building façades against the effects of an explosion. Next, a Delphi technique in combination 
with fuzzy set theory (to cope with uncertainty) was used to evaluate the identified criteria list to 
represent the most important criteria list to be used in an assessment process. Then, a questionnaire 
was presented to a panel of experts to obtain their ideas in order to measure effective indices. For 
this purpose, fuzzy Delphi applied to select and examine criteria. Eventually, priorities and the final 
weight of indices were determined through fuzzy EDAS. The procedure and process of the research 
is shown in Figure 1. 

 

Figure 1. The process of the research. 

This approach tries to make results more robust in comparison to common approaches in the 
Multiple Attribute Decision Making (MADM) field. This study tried to apply fuzzy logic, a literature 
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review, and a Delphi method to suggest the best criteria for evaluating proposed alternatives. Fuzzy 
EDAS was applied to consider all alternatives more accurately (as much as possible) based on expert 
evaluations. 

3.1. Fuzzy Delphi 

Different fuzzy Delphi techniques have been presented in the multiple-criteria decision-making 
(MCDM) literature. However, this study was developed based on a classic form of the method [15]. 
The proposed technique in this study was a combination of gray numbers, fuzzy set theory, and a 
Delphi technique, as follows. 

Step 1 (expert panel): Experts were asked to provide an interval value (gray number) as a 
representation of the relative importance of the intended criteria. Here, [𝑞௞(௜). 𝑟௞(௜)](௣) denotes the ith 
respondent in the kth iteration for the pth alternative. 

Step 2 (fuzzification): The interval values were turned into a fuzzy membership function based 
on the frequency and overlap of the intervals developed by the panel of experts. Thus, based on the 
experts’ responses, the universe was divided into some intervals to calculate the frequencies through 
the following methodology: 𝑦௦(௣) = ∑ 𝛿௦(௜.௣)ூ௜ୀଵ , (1) 

where I denotes the number of experts participating in the research, and 𝑦௦(௣) denotes the primary 
membership function for the fuzzy number related to the pth alternative, 

𝛿௦(௜.௣) = ൜1              𝑖𝑓 𝑥௦ ∈ [𝑞௞(௜). 𝑟௞(௜)](௣)0                              𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒. (2) 

Step 3 (normalization): The fuzzy number measured for every criterion was divided by the 
highest value so that the membership function was defined between 0 and 1: 𝑦∗(௣) = max௦ୀଵ.….ௌቄ𝑦௦(௣)ቅ, (3) 

𝑌(௣)(𝑥௦) = ௬ೞ(೛)௬∗(೛). (4) 

Step 4 (defuzzification): The center of gravity (COG) was the proposed methodology used to 
defuzzify the proposed fuzzy number. Finally, the average value for each criterion was measured: 

𝐶𝑂𝐺(௣)തതതതതതതതത = ׬ ௒(೛)(௫ೞ)×௫ೞ×ௗ(௫ೞ)׬ ௒(೛)(௫ೞ)×ௗ(௫ೞ) . (5) 

Step 5 (consensus evaluation): If the linear absolute distance of the calculated average value 
(𝐶𝑂𝐺(௣)തതതതതതതതത) with all of the respondents’ defuzzified values (the COG) was less than 0.7, the answer 
converged and the process for this criteria was stopped. 

3.2. Fuzzy Evaluation Based on the Distance from the Average Solution (Fuzzy EDAS) 

EDAS is an effective MCDM methodology that was developed in 2015 based on measuring the 
deviation from the average solution. The efficiency of this MCDM methodology has been evaluated 
in comparison to prior valid methodologies, such as Vlse Kriterijumska Optimizacija Kompromisno 
Resenje (VIKOR), Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), Simple 
Additive Weighting (SAW), and COmplex Proportional Assessment (COPRAS), with consistent 
results [16]. As ambiguity is an important condition in most problems, a combination of fuzzy set 
theory and EDAS was developed one year later [17]. 
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Recently, fuzzy EDAS has been developed in new studies, and some new ones are mentioned 
here (as follows): 

• In supplier selection [17]; 
• In solid waste disposal site selection [18]; 
• For subcontractor evaluation [19]; 
• For supplier evaluation and order allocation with environmental considerations [20]; 
• For the evaluation of construction equipment with sustainability considerations [21]; 
• In hydrogen mobility roll-up site selection [22]; 
• For evaluating suppliers [23]. 
In this study, fuzzy EDAS methodology and its calculation procedure were mainly based on 

previous studies [17], as follows. 
An assessment methodology was proposed through the following five steps. 
Step 1 (determining the average distance): We assumed n alternatives were defined as a 

screened building façade and m criteria were considered in the assessment process. In addition, the 
number of respondents was set as k. Thus, the average distant matrix was calculated as follows: 

𝑥෤௜௝ = ଵ௞ ൭ 𝑘⊕𝑝 = 1𝑥෤௜௝௣ ൱ ⇒ 𝑋 = ൣ𝑥෤௜௝൧௡×௠, (6) 

where 𝑥෤௜௝௣  denotes the pth respondent opinion about alternative i with respect to the jth criterion. 
Step 2 (calculating criteria weight): The criteria average weight based on the respondents’ 

opinions was calculated as follows: 

𝑤෥௝ = ଵ௞ ൭ 𝑘⊕𝑝 = 1𝑤෥௝௣൱ ⇒ 𝑊 = ൣ𝑤෥௝൧ଵ×௠, (7) 

where 𝑤෥௝௣ denotes the weight of the pth respondent on the jth criteria weight. 
Step 3 (negative and positive distances from the average): Average responses with regard to 

every criterion were calculated as follows: 

𝑎𝑣෦௝ = ଵ௡ ቆ 𝑛⊕𝑖 = 1𝑥෤௜௝ቇ ⇒ 𝐴𝑉 = ൣ𝑎𝑣෦௝൧ଵ×௠. (8) 

Then, the positive distance from the average (pda), as well as the negative (nda), were 
calculated as follows: 

𝑝𝑑𝑎෪ ௜௝ = ஏ൫௫෤೔ೕ⊖௔௩෦ ೕ൯఑൫௔௩෦ ೕ൯ ⇒ 𝑃𝐷𝐴 = ൣ𝑝𝑑𝑎෪ ௜௝൧௡×௠, (9) 

𝑛𝑑𝑎෪ ௜௝ = ஏ൫௔௩෦ ೕ⊖௫෤೔ೕ൯఑൫௔௩෦ ೕ൯ ⇒ 𝑁𝐷𝐴 = ൣ𝑛𝑑𝑎෪ ௜௝൧௡×௠, (10) 

where Ψ(x෤) = max(x෤, 0), and 𝜅(x෤) is the defuzzification function. 
Consequently, the calculated distances from the average were weighted as follows: 

𝑠𝑝෦௜ = 𝑚⊕𝑗 = 1൫𝑤෥௝⨂𝑝𝑑𝑎෪ ௜௝൯, (11) 

𝑠𝑛෦௜ = 𝑚⊕𝑗 = 1൫𝑤෥௝⨂𝑛𝑑𝑎෪ ௜௝൯. (12) 

Step 4 (calculating the normal value): In order to calculate the normal value and remove the 
units, all of the values had to be divided by a maximum value, as follows: 
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𝑛𝑠𝑝෦ ௜ = ௦௣෦೔୫ୟ୶೔ ఑(௦௣෦೔), (13) 

𝑛𝑠𝑛෦ ௜ = 1 − ௦௡෦ ೔୫ୟ୶೔ ఑(௦௡෦ ೔). (14) 

Step 5 (calculating the alternatives’ score and ranking): Based on the proposed methodology, 
assessment scores were calculated as follows: 

𝑎𝑠෦௜ = ଵଶ (𝑛𝑠𝑝෦ ௜ ⊕ 𝑛𝑠𝑛෦ ௜). (15) 

4. Case Study 

4.1. Data Gathering  

First, top managers of an organization with proven experience in crisis management and a 
group of experts in civil engineering, architecture, and the economy participated in a conference 
meeting to make decisions in this regard, and the team determined four important criteria for 
reconstructing damaged areas during a natural crisis. Information about the experts is shown in 
Table 1. 

Table 1. Background information of experts. 

Field Education No. 

Civil Engineering 
Bachelor’s 3 
Master’s 7 

PhD 2 

Architecture 
Bachelor’s 0 
Master’s 6 

PhD 4 

Top managers 
Bachelor’s 0 
Master’s 2 

PhD 1 

4.2. Determining Effective Indices for Selection 

Effective indices were determined upon assessment of the various types of materials used in 
building façades in Iran for their resistance to the effects of explosion by gathering experts’ ideas as 
well as reviewing the literature for those criteria which used in resistant façade evaluation. 
Decision-making indices, which consisted of a set of economic and executive characteristics, are shown 
in Table 2. 

Table 2. Assessment indices of façade materials in blast-resistant buildings. 

Symbol Criteria 
C1 Reducing explosion effects capability 
C2 Debris removal capability 
C3 Resistance to fire capability 
C4 Reconstruction capability 
C5 Implementation costs 
C6 Skilled technician availability 
C7 Access to material supply 
C8 Maintenance costs 
C9 Environmental footprint 
C10 Reducing energy loss 

4.3. Criteria Screening  
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In order to enhance the efficiency of the assessment, the criteria were screened (as seen in this 
section) by using fuzzy Delphi. Experts were asked to specify the importance of the criteria according 
to the specified scale. The following criterion is presented as an example of the calculation procedure. 

Scales for expert judgment: 
1. Totally irrelevant (1–3); 
2. Irrelevant (2–4); 
3. Relatively relevant (4–6); 
4. Relevant (6–8); 
5. Totally relevant (7–9). 

The mentioned scale was a guide to speed up the consensus efficiency and narrow down the 
range of gray numbers assigned to a particular criterion. Hence, experts at first chose a specific 
overall range and consequently defined their exact proposed gray numbers. This assisted experts by 
categorizing the criterion, leading to a more accurate decision. 

Table 3. Experts’ opinions on a selected criterion. 

Criteria Primary Category Final Decision 

C5 Implementation costs Relevant 
12 experts: 7–8 
11 experts: 6–8 
2 experts: 6–7 

The following Table 4 represents the fuzzy Delphi technique, based on experts’ opinions as it can 
be seen in Table 3, which was developed based on classic methodology [15] and the experts’ opinions. 

Table 4. Fuzzification and defuzzification of the experts’ opinions. COG: Center of gravity. 𝜹𝟏(𝒊.𝟓) 𝜹𝟐(𝒊.𝟓) 𝜹𝟑(𝒊.𝟓) 𝜹𝟒(𝒊.𝟓) 𝜹𝟓(𝒊.𝟓) 𝜹𝟔(𝒊.𝟓) 𝜹𝟕(𝒊.𝟓) 𝜹𝟖(𝒊.𝟓) 𝜹𝟗(𝒊.𝟓) Expert (i) 
0 0 0 0 0 0 1 1 0 1 
0 0 0 0 0 0 1 1 0 2 
0 0 0 0 0 0 1 1 0 3 
0 0 0 0 0 0 1 1 0 4 
0 0 0 0 0 0 1 1 0 5 
0 0 0 0 0 0 1 1 0 6 
0 0 0 0 0 0 1 1 0 7 
0 0 0 0 0 0 1 1 0 8 
0 0 0 0 0 0 1 1 0 9 
0 0 0 0 0 0 1 1 0 10 
0 0 0 0 0 0 1 1 0 11 
0 0 0 0 0 0 1 1 0 12 
0 0 0 0 0 1 1 1 0 13 
0 0 0 0 0 1 1 1 0 14 
0 0 0 0 0 1 1 1 0 15 
0 0 0 0 0 1 1 1 0 16 
0 0 0 0 0 1 1 1 0 17 
0 0 0 0 0 1 1 1 0 18 
0 0 0 0 0 1 1 1 0 19 
0 0 0 0 0 1 1 1 0 20 
0 0 0 0 0 1 1 1 0 21 
0 0 0 0 0 1 1 1 0 22 
0 0 0 0 0 1 1 1 0 23 
0 0 0 0 0 1 1 0 0 24 
0 0 0 0 0 1 1 0 0 25 𝑦ଵ(ହ) 𝑦ଶ(ହ) 𝑦ଷ(ହ) 𝑦ସ(ହ) 𝑦ହ(ହ) 𝑦଺(ହ) 𝑦଻(ହ) 𝑦(ହ) 𝑦ଽ(ହ) 

 
0 0 0 0 0 13 25 23 0 𝑌(ହ)(𝑥ଵ) 𝑌(ହ)(𝑥ଶ) 𝑌(ହ)(𝑥ଷ) 𝑌(ହ)(𝑥ସ) 𝑌(ହ)(𝑥ହ) 𝑌(ହ)(𝑥଺) 𝑌(ହ)(𝑥଻) 𝑌(ହ)(𝑥଼) 𝑌(ହ)(𝑥ଽ) 
0 0 0 0 0 0.52 1 0.92 0 𝐶𝑂𝐺(ହ)തതതതതതതതത 

7.16 

Based on the calculated average center of gravity for the proposed criteria, the following Table 5 
controlled the consensus status. 
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Table 5. Checking consensus achievement. 

Expert (i) 𝑪𝑶𝑮(𝒊.𝟑𝟎) 𝑨𝑩𝑺(𝑪𝑶𝑮(𝒊.𝟑𝟎) − 𝑪𝑶𝑮(𝟑𝟎)തതതതതതതതതതത) 
1 7.5 0.34 
2 7.5 0.34 
3 7.5 0.34 
4 7.5 0.34 
5 7.5 0.34 
6 7.5 0.34 
7 7.5 0.34 
8 7.5 0.34 
9 7.5 0.34 

10 7.5 0.34 
11 7.5 0.34 
12 7.5 0.34 
13 7 0.16 
14 7 0.16 
15 7 0.16 
16 7 0.16 
17 7 0.16 
18 7 0.16 
19 7 0.16 
20 7 0.16 
21 7 0.16 
22 7 0.16 
23 7 0.16 
24 6.5 0.66 
25 6.5 0.66 

As presented in the table, these criteria converged in the first round. In this regard, this 
methodology applied to all of the criteria, and consequently the results are presented as follows (Table 6). 

Table 6. Final criteria ranking for screening. 

Symbol Criteria 𝑪𝑶𝑮തതതതതത 
C1 Reducing explosion effect capability 8.62 
C2 Debris removal capability 3.47 
C3 Resistance to fire capability 6.12 
C4 Reconstruction capability 4.66 
C5 Implementation costs 7.16 
C6 Skilled technician availability 1.96 
C7 Access to material supply 1.45 
C8 Maintenance costs 1.88 
C9 Environmental footprint 1.12 
C10 Reducing energy loss 1.34 

According to the specified scale, an irrelevant criterion with an average center of gravity of less 
than 2 was eliminated for the rest of the process. The remaining criteria after the screening phase are 
briefly defined as follows. 

4.3.1. Reducing Explosion Effect Capability (C1) 

The goal of this index was to avoid penetration of the wave and quivers into the building 
arising due to an explosion. If waves and quivers enter any building, existing people and facilities 
inside of the space face unrecoverable damage. In other words, the more resistant the materials used 
in a building façade are to explosion, the less the penetration of waves and quivers is, and a building 
faces less damage. 

4.3.2. Debris Removal Capability (C2) 
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Another effective index on selecting the genus of the building outer wall material is the debris 
removal capability of such materials. Such a capability is important from two aspects. First of all, in 
the case of falling debris, a higher weight (of materials) brings more damage to people and facilities 
under the debris. In other words, lighter materials facilitate debris removal, with reduced 
vulnerability. Second, in the case of some materials breaking, their pieces cause injuries to people 
inside a building. 

4.3.3. Resistance to Fire Capability (C3) 

At the time of explosion, it is possible that buildings around the explosion will fall into a fire. In 
the case of the outer wall material being resistant to fire, fire penetration into other inner parts of the 
building will be reduced, and people inside the building will face less damage.  

4.3.4. Reconstruction Capability (C4) 

After an explosion and at the end of a relief process, if possible, the building should return to its 
previous condition, as it was before the explosion. Thus, using materials with a high reconstruction 
capability is very crucial, as this can return building action to a normal state in a shorter period of time. 

4.3.5. Implementation Costs (C5) 

This means all related costs of each alternative. These costs can be diverse and alternatives to 
others and can be practical or material costs. 

4.4. Fuzzy EDAS 

The results of calculations carried out according to the proposed methodology are summarized 
in Tables 7–11. A decision-making matrix (Table 7) (the average distance) was calculated based on 
the average of experts’ opinions about the topic. 

Table 7. Average distance. 

Alternatives Criteria 
C1 C2 C3 C4 C5 

Brick facade A1 3.5, 4.4, 4.9 1.2,1.6,1.9 8.4, 8.9, 9 1, 1, 1.2 2.6, 3.1, 3.8 
Stone facade A2 8.1, 8.6, 9 1.6, 2, 2.5 6.8, 7.2, 7.8 1.4, 2.1, 2.6 1.6, 2, 2.7 

Coatings cement facade A3 1.8, 2.6, 3.2 8.4, 8.6, 9 4.2, 4.5, 5.7 8.8, 9, 9 8.7, 9, 9 
Composite facade A4 1.2, 1.6, 2.6 4.1, 4.7, 5.1 1, 1.4, 2.1 4.3, 4.7, 5.3 1, 1, 1.3 

Curtain wall A5 1, 1, 1.2 1, 1, 1.5 1, 1, 1.4 1.1, 1.4, 1.9 1, 1.6, 2.4 

Table 8. Criteria weight. 

 Criteria 
C1 C2 C3 C4 C5 

Average criteria weight 𝑤෥௝ 8.6, 9, 9 4.2, 4.7, 5.8 1, 1.1, 1.4 3.8, 4.4, 5.3 1, 1.5, 1.8 

Average responses 𝑎𝑣෦௝ 3.12, 3.64, 
4.18 

3.26, 3.58, 
4 

4.28, 4.6, 
5.2 

3.32, 3.64, 
4 

2.98, 3.34, 
3.84 

Crisp value 𝜅൫𝑎𝑣෦௝൯ 3.645 3.605 4.67 3.65 3.375 

The defuzzification method that was used for a triangular fuzzy number -𝐴ሚ = (𝑎ଵ, 𝑎ଶ, 𝑎ଷ)- in 
this case study was as follows: 𝜅(x෤) = 𝑎ଵ + 2 × 𝑎ଶ + 𝑎ଷ4  (16) 

Table 9. Negative distance from average (nda) and positive distance from average (pda). 

Alternatives pda 
C1 C2 C3 C4 C5 

Brick façade A1 -0.19, 0.21, 0.49 -0.78, -0.55, -0.38 0.69, 0.92, 1.01 -0.82, -0.72, -0.58 -0.37, -0.07, 0.24 
Stone façade A2 1.08, 1.36, 1.61 -0.67, -0.44, -0.21 0.34, 0.56, 0.75 -0.71, -0.42, -0.20 -0.66, -0.40, -0.08 
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Coatings cement facade A3 -0.65, -0.29, 0.02 1.22, 1.39, 1.59 -0.21, -0.02, 0.30 1.32, 1.47, 1.56 1.44, 1.68, 1.78 
Composite facade A4 -0.82, -0.56, -0.14 0.03, 0.31, 0.51 -0.90, -0.69, -0.47 0.08, 0.29, 0.54 -0.84, -0.69, -0.50 

Curtain wall A5 -0.87, -0.72, -0.53 -0.83, -0.72, -0.49 -0.90, -0.77, -0.62 -0.79, -0.61, -0.39 -0.84, -0.52, -0.17 
 

Alternatives nda 
C1 C2 C3 C4 C5 

Brick façade A1 -0.49, -0.21, 0.19 0.38, 0.55, 0.78 -1.01, -0.92, -0.69 0.58, 0.72, 0.82 -0.24, 0.07, 0.37 
Stone façade A2 -1.61, -1.36, -1.08 0.21, 0.44, 0.67 -0.75, -0.56, -0.34 0.20, 0.42, 0.71 0.08, 0.40, 0.66 

Coatings cement facade A3 -0.02, 0.29, 0.65 -1.59, -1.39, -1.22 -0.30, 0.02, 0.21 -1.56, -1.47, -1.32 -1.78, -1.68, -1.44 
Composite facade A4 0.14, 0.56, 0.82 -0.51, -0.31, -0.03 0.47, 0.69, 0.90 -0.54, -0.29, -0.08 0.50, 0.69, 0.84 

Curtain wall A5 0.53, 0.72, 0.87 0.49, 0.72, 0.83 0.62, 0.77, 0.90 0.39, 0.61, 0.79 0.17, 0.52, 0.84 

Table 10. Weighted positive and negative distances from average and related normalized values. 

Alternatives sp nsp sn nsn 
Brick facade A1 -7.67, -2.98, 0.98 -0.58, -0.22, 0.07 -1.66, 2.98, 10.24 0.28, 0.79, 1.11 
Stone facade A2 3.42, 8.35, 13.16 0.26, 0.63, 0.99 -12.91, -8.35, -1.33 1.09, 1.59, 1.91 

Coatings cement facade A3 5.73, 12.93, 21.32 0.43, 0.98, 1.61 -14.88, -12.93, -10.46 1.73, 1.91, 2.04 
Composite facade A4 -8.34, -4.09, 3.00 -0.63, -0.31, 0.23 -2.01, 4.09, 9.53 0.33, 0.712, 1.14 

Curtain wall A5 -15.76, -14.20, -10.81 -1.19, -1.07, -0.82 8.85, 14.20, 19.66 -0.38, 0.002, -2.77 

Table 11. Alternatives’ scores and rankings. 

Alternatives 𝒂𝒔෦𝒊 Ranking 
Brick facade A1 0.2526783 3 
Stone facade A2 1.0861673 2 

Coatings cement facade A3 1.4497902 1 
Composite facade A4 0.2341943 4 

Curtain wall A5 -0.519481 5 

5. Conclusion 

As mentioned above, a building façade is the first barrier resisting waves and quivers from an 
explosion, and it plays a determining role in decreasing a building’s vulnerability and human 
casualties. Thus, in this research, we tried to assess various widely used materials in this part of a 
building (due to effective indices). To do so, 5 out of 10 indices were considered, including reducing 
an explosion’s effect, debris removal capability, resistance to fire capability, reconstruction 
capability, and implementation costs. In this regard, a list of 10 important indices (as a criteria list) 
was developed based on expert opinions and was screened using a fuzzy Delphi technique to find 
the five most important indices in the rest of a façade assessment. According to the screening phase 
results, reducing an explosion’s effect had the most influence on selecting the proper façade, and 
then implementation costs were placed in the next rank. As a consequence of the screening phase, an 
assessment of different façade materials was practiced using fuzzy EDAS. Based on the results, a 
“coatings cement facade” was recognized as the best alternative to building a façade to enhance 
resistance to an explosion wave. In addition, a “stone facade” was selected as the second best 
material, with a minimal difference in the importance factor. However, other alternatives were 
steeply lower in importance and are not recommended for use as façade materials in blast-resistant 
buildings. The proposed methodology can be used to evaluate other materials in other case studies, 
based on different project environments, available options, and other standards and specifications 
according to a project’s obligations. 
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