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Abstract

:

Construction development of Commercial and Recreational Complex Building Projects (CRCBPs) is one of the community needs of many developing countries. Since the implementation of these projects is usually very costly, identifying and evaluating their Critical Risk Factors (CRFs) are of significant importance. Therefore, the current study aims to identify and prioritize CRFs of CRCBPs in the Iranian context. A descriptive-survey method was used in this research; the statistical population, selected based on the purposive sampling method, includes 30 construction experts with hands-on experience in CRCBPs. A questionnaire related to the risk identification stage was developed based on a detailed study of the research literature and also using the Delphi survey method; 82 various risks were finally identified. In order to confirm the opinions of experts in identifying the potential risks, Kendall’s coefficient of concordance was used. In the first stage of data analysis, qualitative evaluation was performed by calculating the severity of risk effect and determining the cumulative risk index, based on which 25 CRFs of CRCBPs were identified for more accurate evaluation. At this stage, the identified CRFs were evaluated based on multi-criteria decision-making techniques and using the TOPSIS technique. Results show that the ten CRFs of CRCBPs are external threats from international relations, exchange rate changes, bank interest rate fluctuations, traffic licenses, access to skilled labor, changes in regional regulations, the condition of adjacent buildings, fluctuations and changes in inflation, failure to select a suitable and qualified consultant, and employer’s previous experiences and records. Obviously, the current study’s results and findings can be considered by CRCBPs in both the private and public sectors for proper effective risk identification, evaluation, and mitigation.
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1. Introduction


“Risk is an uncertain event or conditions that, if it occurs, has a positive or negative effect on a project objective” [1]; from that, construction projects are massively pervaded by risks due to the fact that they are planned and managed on the basis of uncertain forecasts [2,3]. These uncertainties come from the ‘variability’ and ‘ambiguity’ in relation to performance measures like cost, duration, or quality and, according to [4], they can be grouped into five areas in relation to construction projects: The variability associated with estimates of project parameters, the basis of estimates of project parameters, design and logistics, objectives and priorities, and relationships between project parties. From the cited categories of uncertainty, some risks are inherently related to the project operating organizations and only they are responsible for managing them, while others are related to the economic, social, political, and technological environments [5].



Hence, identifying and evaluating risks in projects is necessary and can play a very important role in achieving project objectives. Project management literature identified several techniques for identifying and assessing risks involved in the construction industry. For instance, it has been found that the main reference in risk identification is historical data, past experience, and judgement [6]. According to Chapman [7], risk identification methods can be grouped into three general categories: Identifying the risks by the risk analyst; risk identification by interviewing key members of the project team; and risk identification through brainstorming meetings. In this regard, research has shown that the questionnaire survey is the most frequently used technique for risk identification in the construction sector [8,9]. However, despite the literature produced (see also [10,11,12,13,14]), few contributions (e.g., Tamošaitienė et al. [12]) have been dedicated to the risks in Commercial and Recreational Complex Building Projects (CRCBPs)—which comprise shops connected to each other with sidewalks that are designed and built alongside recreational, residential, office, hotel, restaurant, and cinema spaces [15,16]. Among them, it is worth mentioning the work of Comu et al. [17] that, despite classifying risks for CRCBPs, has the drawback of diverging from a very extensive list of risk factors (i.e., 21; much less than the 82 included in this study). This is the gap addressed in this work and that can be synthesized in the following research question: What are the most severe risks in commercial and recreational complex building projects (CRCBPs)?



To answer the above research question, the Delphi method is used to identify common risks of CRCBPs. Then, the qualitative method of probability of occurrence and the effect of risk on project objectives is adopted to identify CRFs of CRCBPs. Finally, a multi-criteria decision making (MCDM) method is employed, i.e., Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS). This is another great advancement with respect to prior works that have been interested in CRFs of CRCBPs (i.e., [5]). As a result, the findings of this research are an unseen contribution to the original body of CRCBPs and the construction industry. Such an outcome would enable decision makers to make more informed decisions with regard to, for example, proper risk allocation, bid pricing, selection of the optimum procurement route, and evaluation of different construction projects.




2. Commercial and Recreational Complex Building Projects (CRCBPs)


The increase of the urban population in large metropolises, followed by the increase in demand for better building infrastructure on a global scale, paints a positive outlook for improving the construction market’s situation in developing countries [18]. Over the past two decades, the construction of CRCBPs, to develop the welfare of citizens and increase socio-economic development indicators and subsequent sustainable development in Iran, has been greatly increased. Stemming from that, realizing projects faster and cheaper has been prioritized by policymakers and, as a consequence, the amount of construction has exceeded its quality [19].



Projects are divided into different types depending on the purpose and type of expected operation. In the field of construction projects, we are faced with different types that the 2015 United Nations’ product classification (see Section 5) categorizes as Constructions Buildings and Civil Engineering Works [20]. A subclass of Construction Buildings is Commercial Buildings and among them there are Commercial and Recreational Complex Buildings. CRCBPs comprise a series of interconnected sidewalk shops designed and constructed in conjunction with entertainment, residential, office, hotel, restaurant, and cinema spaces [5]. In order to achieve economic growth, developing countries are forced to increase investment in infrastructures [21]. In fact, development of an infrastructure, such as construction of CRCBPs, can positively affect economic development [22]. Some examples of CRCBPs include Siam Paragon in Bangkok, Berjaya Times in Kuala Lumpur, Jewelry in Istanbul, West Edmonton in Edmonton, Canada, Dubai Mall in the UAE, Aventra Mall in Miami, and Harrods in London.



However, some CRCBPs construction projects have been unsuccessful due to various marketing, financial and investment issues. A clear example of such projects is the CRCBP of Arge Jahannam in Isfahan, which has failed due to a lack of detailed market studies and non-compliance with social rules and conditions [23]. In general, the existence of risk and uncertainty in the project reduces the accuracy and proper estimation of objectives and the efficiency of the project itself; in sum, the need to recognize and manage the risk of full CRCBPs is being increasingly perceived.




3. Perceived Risks of CRCBPs


Risk is an inherent component of all projects, and it is not possible to eliminate it completely. Therefore, identifying and analyzing risks can play an important role in the success of the project. In identifying the critical risk factors (CRFs) of any project, it is not enough to identify the risks that occur gradually. However, with a well-defined risk statement, weighing up not only what might happen, but also all the characteristics of the time of occurrence, probability of occurrence, and its impacts must also be considered. Determining a process for identifying, evaluating, and responding to CRFs will cause improvements in the mechanism, increase the accuracy and quality of work, and have a direct impact on time and cost [24]. Marle and Gidel [25] also stated that uncertainty and risk in projects affect project objectives more than anything else. Therefore, risk management plays an important role in the quality and reliability of decisions during a project.



The first step of risk management is to identify and record the characteristics of the risks that may affect the project (i.e., listing any potential risk to a project’s cost, schedule, or any other critical success factor [1]). Risk identification is an iterative process, as new risks may be identified and discovered as the project progresses through its lifespan [16]. In order to identify the risks, several methods have been proposed, including interviews, hypothesis analysis, document review, the Delphi technique, brainstorming, graphing methods [26], Artificial Neural Network (ANN) [27], Failure Mode and Effects Analysis (FMEA) [28], Cross Analytical-Machine Learning models [29], and the Integration Definition for Function Modeling (IDEF0) process [30]. In the risk identification phase, the risks affecting the objectives should be prioritized and the impact of risks that do not affect the objectives should be avoided [12]. In this regard, the methods such as the Delphi technique are useful due to their simplicity, flexibility, and ease of access to experts [10,31,32,33,34]. With regard to CRCBPs, Chen and Khumpaisal [35] adopted an Analytic Network Process model based on 29 defined risk assessment criteria associated with commercial real estate development, then classified the data under four risk clusters: Social risks, economic risks, environmental risks, and technological risks. However, no prioritization of these risks was offered. The same applies for the work by Tamošaitienė et al. [12], who identified 19 types of risks for CRCBPs divided into macro- (i.e., country, industry), meso- (i.e., project, enterprise), and micro- (i.e., management, organization) categories.



The second step is risk analysis (i.e., the scope of the risk must be determined [1]), considered as a key factor in risk management that greatly aids the process. Risk classification is an important part of risk management issues with significant effects on the risk management process. General classifications can include cost, financing, demand, and political risks [36]. Risk classification should always be done with regard to the project’s objectives [37]. There are different classification methods for risks that can be used for different purposes. Based on this, the risks can be divided into main and subsidiary risks [38]. They can also be categorized according to their impact on project objectives for project status reporting purposes [39]. However, according to PMI [1], the most appropriate approach for identifying and responding to risks is to determine risk groups based on their origin (instead of their impact), e.g., external risks, internal risks, technical risks, and legal risks [40]. Risk classification is usually done in the form of the Risk Breakdown Structure (RBS), which identifies the groups and subgroups of risks that may occur in a typical project, and they are classified based on their origin [41]. Then, the RBS prioritizes these risks according to their weight—i.e., potential and probable harmful impact [1].



In these cases, where projects deal with a significant set of variables and there is a need to prioritize decision-making parameters based on their relative importance, using several techniques is a good tool for prioritizing and making more accurate scientific decisions. In most previous research, risk ranking has been done by applying different methods such as the Analytic Hierarchy Process (AHP) [42,43], the Analytic Network Process (ANP) [11,24], the Choosing by Advantages (CBA) method [44], and the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) [10,45]. Furthermore, more sophisticated techniques have been advanced (e.g., Mata et al. [46]). For example, Liu et al. [47] proposed a model that integrates the Internet of Things (IoT), Building Information Modeling (BIM), a security risk analysis method, the Apriori algorithm, and a complex network.



In terms of produced results, with a focus on construction project delay, Cheng and Darsa [27] found that the most important risk factors in the Ethiopian context are ‘change order’, ‘corruption/bribery’, and ‘delay in payment’. Yet, recently, Chattapadhyay et al. [29] while investigating risks in megaprojects—by collecting and prioritizing risks as stated by 70 Indian megaprojects experts—found that the most severe risks are a delay in obtaining traffic regulation orders, inappropriate equipment, political and legal issues, political instability, government intervention, regulatory confirmation and regulation order delays, and wrong engineering designs. Comu et al. [17], instead, prioritized these risks for CRCBPs in the Turkish context by using the ANP model; they found that ‘Exchange rate and inflation rate fluctuations’ ‘Political instability’, and ‘Location selection’ were risk factors for CRCBPs projects in developing countries.



In terms of categories that can result from the application of the above tools, Draji Jahromi et al.’s [48] study identified twelve criteria for assessing risks, which are vulnerability, threat, consequence, uniqueness, risk uncertainty, proximity of risk, interaction of each risk, risk identification, response to risk occurrence, risk manageability, risk occurrence, and risk forecasting. In another study, Mohammadi Talvar and Panahi [49] also introduced various criteria for risk assessment, including technical dimensions, experimental, management, good track record and credibility, competence, and proposed price.



Failure to manage risks in CRCBPs usually leads to excessive costs and prolongation of the project [50] and considering the implementation of a risk management process in CRCBPs is necessary in order to try to countervail these failures.




4. Research Methodology


The present study seeks to provide clear guidance for the stakeholders to properly identify and classify the risks of CRCBPs. For this purpose, both qualitative and quantitative approaches were used for the current research. There are three main stages in this study, as displayed in the following flowchart (Figure 1).



In situations where the prioritization of decision-making units, based on their relative importance and according to various criteria, is considered, the use of multi-criteria decision-making techniques is suitable for ranking and making rational decisions. Among these techniques, we can mention the multi-criteria decision-making methods that have been used according to the advantages and results as well as the characteristics of the TOPSIS method as a priority of risk prioritization [1].



According to the risk management cycle [1], the first step aimed to identify the risks of the construction of the CRCBPs. To this end, similarly to Khosravi et al. [5], a literature review was carried out and the resulting list of identified risks was strengthened by the application of a three-round Delphi survey method—already used for similar and recent research works (e.g., [51]). Then, to assess the risks, two different risk assessment methods were used in this study: (1) Qualitative and (2) quantitative.



The literature review confirms that in many previous studies (e.g., Khosravi et al. [5]), two indicators, “impact rate” and “probability of occurrence” of risk, have been used to assess risks in construction projects. Qualitative risk analysis is usually a quick and cost-effective tool for prioritizing risks, and it forms the basis for quantitative risk analysis, if needed. The output of this process can be the input to the quantitative risk analysis process or, directly, the input of risk response planning [1]. In this work, qualitative risk assessment has been used for evaluating risks and identifying CRFs. In particular, a survey questionnaire was distributed among identified experts and used to determine the importance of each identified risk. In fact, experts were asked to determine the importance of each risk based on the probability of occurrence and the impact of risks on project objectives (i.e., cost, time, and quality). Accordingly, 25 CRFs were identified.



However, some researchers have also emphasized the unreliability of the qualitative assessment of risks [52]. One of the problems with using the probability–risk effect matrix is that the importance of low-probability is that high-impact risks may be overlooked. Because of this approach, high-risk and low-impact risks are equated, which is not necessarily the will of the decision maker. To overcome this problem, quantitative risk assessment was applied to evaluate CRFs. Based on PMI [1], quantitative assessment is performed on risks that have a high priority in qualitative assessment and can significantly affect the project objectives. In this step, new criteria were identified and adopted for assessing the importance of the identified CRFs (i.e., risk response criteria, risk management, influencing the occurrence of other risks, accepting threat, risk detection, risk probability, and vulnerability) (e.g., [48]).



TOPSIS was then performed for the quantitative prioritization of CRFs of CRCBPs. It is worth noting that the use of TOPSIS is a greater advancement with respect to similar works [5,53] because it has been proved to work satisfactorily across different application areas and industrial sectors with varying terms and subjects [54], and “although several techniques have been combined or integrated with the classical TOPSIS, many other techniques have not been investigated. These techniques make the classical TOPSIS more representative and workable in handling practical and theoretical problems”. Stemming from that recognized value of the TOPSIS method, in a series of studies. it has been empirically found to be better performing than other techniques, such as the Analytical Hierarchy Process (e.g., [55]), under some contextual circumstances. With regard to the proposed application, TOPSIS has been successfully used in works concerning the assessment of risks in construction projects and it is the preferred method, rather than simple/probit/logit regressions in risk analysis works [54]; this is due to its ability to fully use attribute information, providing a cardinal ranking of alternatives, and not requiring attribute preferences to be independent. Indeed, Gebrehiwet and Luo [56] recently adopted it for risk level evaluation on a construction project lifecycle and found that the construction stage is the most influenced by risk factors. Yet, Dandage et al. [57] used TOPSIS for reviewing the risk categories that are predominant in international projects and ranked them according to their effect on project success; they found political risks, technical risks, and design-related risks as the most important.



Investing in construction projects in Iran is one of the most lucrative decisions, but the lack of regular supervision in this sector has caused the people in the community to be exposed to human and financial damage due to the quality of construction of buildings [58]. Iran’s economic problems, along with the country’s situation in the international arena, are issues that foster project-related risks. In fact, political issues related to nuclear energy and subsequent sanctions against Iran have led to an increase in Iran’s economic risk index in recent years [11]. The growth of the economic risk index has undoubtedly reduced Iran’s economic interactions with other parts of the world, which can increase the likelihood of occurrence and severity of the impact of various other internal and external risks of projects [59]. At the same time, building construction is one of the main problems in developing countries today and because of rapid population growth, lack of financial resources, land problems, lack of skilled manpower, and, most importantly, lack of proper policy and planning, this issue has become critical [60]. In light of the above, construction projects in Iran, as a developing country, are always associated with many risks and uncertainties. Therefore, Iran was selected for this study to identify and evaluate the CRFs of large and complex CRCBPs.



4.1. Delphi Survey Technique


The Delphi technique is often used for risk determination and screening before the application of a MCDM method. The Delphi technique’s main goal is to obtain the most reliable experts’ opinions through a series of structured questionnaires with controlled feedback. For the selection of experts that were asked to respond to the Delphi questionnaires, one important rule is to prioritize the quality of experts over their quantity [50]. From that, participants of the Delphi survey are experts with solid knowledge and experience in the same subject, with time to participate in the research, and with effective communication skills [61,62]. Regarding the number of involved experts, this is usually less than 50, and often from 10 to 20 [62,63]. The survey also depends on a series of factors, such as desired sample homogeneity, the Delphi goal, difficulty range, quality of decision, ability of the research team, internal and external validity, time of data collection, available resources, and the scope of the problem under study [63]. The study adopted a purposive sampling technique in the selection of respondents, as done by other scholars for similar research [51,62]. In this regard, 30 experts were selected among practitioners of CRCBPs in Iran based on their level of knowledge and expertise in the field. In this regard, all the experts in this study have experience in the construction of CRCBPs. The survey was launched in May and June 2019. Table 1 shows the demographic data of the experts participating in the Delphi process.



In this study, 53 construction risks—classified into 14 categories—of CRCBPs were identified based on a detailed and comprehensive literature review (e.g., [5,16,24,31,64]). Table 2 outlines the risks affecting the objectives of CRCBPs and categorizes them into internal and external risks as well as grouping them into 14 clusters at the second level (i.e., social, economic, political, legal, natural, technical, work force, investment, management, safety, design, contract, market and environmental) and 53 risks at the third level. Because of different uses in previous studies and because the risks of each project vary widely depending on the environmental and social conditions, the present study uses past records and library studies as well as interviews with reporters to design a comprehensive RBS for CRCBPs.



The first stage of the Delphi questionnaire was developed based on the risks identified from the literature. By collecting the Delphi first-round questionnaires and statistically analyzing them, a small number of risks were eliminated, and new ones, such as tax and toll risk, site access risk, and traffic permits risk, were added. In the second stage, a questionnaire containing 67 risks of CRCBPs was sent to the experts. By reviewing the results of the second round, a number of risks were removed, and a number of new ones were added; 15 new risks were finally added. As a result, 82 risks were identified as relevant for CRCBPs and were classified into 16 different groups. By distributing the questionnaire based on the risks categorized in the third round, it was found that according to the Delphi panel experts, all 82 identified risks can be considered as relevant for CRCBPs. As it can be seen, 29 new risk factors were identified by the experts in three rounds of the Delphi survey. The authors believe that the identification of this volume of new risks could be due to several different reasons, including (i) the high volume of construction risks of CRCBPs compared to the construction of other urban projects and (ii) the high volume of construction project risks in developing countries compared to developed countries. Yet, this huge addition of risk factors is in line with other similar works [16,24]. In each Delphi round, the questionnaires were confirmed in terms of reliability and validity. Cronbach’s alpha coefficient was used to evaluate reliability, while the content validity of Kendall’s Coefficient of Concordance (W) was used to examine the degree of agreement (similarly to Sarvari et al. [51] and Khosravi et al. [5]). Kendall’s coefficient of concordance shows (i) whether people who sorted items according to their importance used similar criteria for their judgment with regard to these items and (ii) whether these people agree with each other [65,66]. Kendall’s coefficient of concordance is calculated using the following Formula (1).


  W =  S   1  12      k 2   (   N 3  − N  )    ,  



(1)







Within this formula, K is the sum of all rankers (number of judges); N is the number of ranked items;    1  12      k 2   (   N 3  − N  )    is the maximum value of the sum of squares of variations from average Rj (which is equal to S in case of complete agreement between K judges); S is the sum of squares of Rj variations minus the mean Rj (i.e., all ranks for an item). From that, S is, therefore, calculated as follows:   S =  ∑     [   R j  −    ∑   R j   N   ]   2   . However, due to the complexity and time-consuming calculations of the value of S, Kendall’s coefficient of concordance is computed by the Statistical Packages for Social Sciences (SPSS) computer software (similarly to other scholars [67,68,69]).




4.2. Qualitative Risk Assessment


To identify CRFs of CRCBPs, a qualitative method of probability of occurrence and impact of risks on project objectives (i.e., cost, time, and quality) was used. To do this, a questionnaire, concerning the 82 identified risks, was developed. Based on this questionnaire, experts were asked to comment on the probability of occurrence and impact of each of the risks of CRCBPs based on a 5-point Likert scale measurement (very low, low, medium, high and very high). The questionnaire used at this stage, like the Delphi stage, was evaluated and approved in terms of content reliability and validity. Risk refers to the number of expectations for that event to occur; in cases where the probability of occurrence is random, it is only possible to rely on the opinion of experts [12]. The magnitude of the impact of risk and the probability of occurrence are expressed by using descriptive or numerical expressions. Unlike the probability of occurrence, which is one, the impact of risk can have more than one effect; that is, it affects more than one project goal. In preparing the questionnaire, an attempt was made to obtain more valid results by inserting the structure of risk failure and determining the group of internal and external origins of the risks. Yet, with the aim of prioritizing risks by using the risk failure structure and calculating the effect of each risk, the score of each risk in the set of risk failure structure can be determined. The intensity of the impact of each risk is obtained by multiplying the probability of occurrence of each risk by the impact of the same risk on the project objectives. Thus, at first an initial risk index is defined based on the criteria of probability of occurrence and the effect of risk on project time, cost, and quality (Formula (2)).


PIR = ∑ (PIt) + (PIc) + (PIq),



(2)







In this equation, PIR represents the initial risk index for each risk. Furthermore, ‘P’ is the probability of occurrence of risk; ‘It’ is the impact of risk on project time; ‘Ic’ is the impact of risk on project cost; and ‘Iq’ is the impact of risk on project quality. These indicators are separately measured based on each expert’s opinion. To this end, according to Formula (3), the arithmetic mean method is used to aggregate indicators and the aggregated initial risk index is calculated for each of the risks.


  APIR =     ∑   i = 1   30    (    PIR  i   )   N   



(3)







In this formula, the APIR represents the cumulative primary risk index for each of the risks. ‘PIRi’ means initial risk index per risk for each specialist and ‘N’ is the total number of experts; in this study, there are 30. Finally, by using this index, it is possible to rank the risks qualitatively based on the severity of the impact of each risk.




4.3. Quantitative Risk Assessment


After evaluating and qualitatively prioritizing the risks, a quantitative evaluation is performed for CRFs of CRCBPs. To do this, the TOPSIS technique was used as one of the MCDM methods (Taylan et al., 2014). There are eight steps of the TOPSIS technique, based on Hwang and Yoon [75]: (i) setting risk assessment criteria; (ii) adjusting the decision matrix based on the prepared questionnaires; (iii) converting the decision matrix into a scaleless matrix; (iv) creating a weightless scale matrix; (v) identifying positive and negative ideal solutions; (vi) calculating the relative distance through the ideal positive and negative solutions; (vii) determining the relative proximity to each alternative; and (viii) determining the most important and least significant risks based on the proximity obtained. In this study, quantitative evaluation of CRFs has been done based on the same steps. In addition, the calculations related to the TOPSIS method were done using Microsoft Excel Office software.



In particular, to identify the risk assessment criteria, the results of the research of Draji Jahromi et al. [48]—which was performed to evaluate the risk assessment criteria—were used. Thus, seven risk assessment criteria were selected to evaluate CRFs of CRCBPs. These criteria are (i) risk response criteria, (ii) risk management, (iii) influencing the occurrence of other risks, (iv) accepting threat, (v) risk detection, (vi) risk probability, and (vii) vulnerability. Risks iii, iv, and vii were considered as criteria with a negative effect on risk assessment, while risks i, ii, v, and vi were considered as criteria with a positive effect on risk assessment.



The questionnaire at this stage was developed based on seven criteria and 25 CRFs of CRCBPs, based on which the results of the decision matrix will be formed. In this questionnaire, the importance of each risk was measured based on the criteria evaluated using a 9-point Likert scale measurement, so that 1 indicates very low importance and 9 indicates extremely high importance.





5. Calculation Results


5.1. Results of Delphi Survey


The risk identification step aimed to record the details of the uncertainties before the occurrence of risks. In the present study, after identifying the various risks of CRCBPs based on the study of research literature (e.g., [5,16,24,31,64,70,76]), the relevance of the identified risks was evaluated and monitored. Finally, based on three rounds of the Delphi technique, 82 risks of CRCBPs were identified and recorded; see Table 3 and Table 4, respectively, for internal and external risks.



The agreement of experts in the Delphi method was investigated using Kendall’s coefficient of concordance (W); the experts rank several categories based on their importance in a similar manner by using, essentially, the same judgment criteria of importance for each category. This Kendall’s coefficient of concordance has a range from zero to one, indicating the degree of consensus between individuals (with W > 0.9 indicating very strong consensus; W > 0.7 strong consensus; W = 0.5 average consensus; W = 0.3 weak consensus and W = 0.1 very weak consensus). Furthermore, the significance of W is not enough for stopping the Delphi panel since for panels with more than 10 members, even small values of W are sometimes significant [65,66]. In this study, Kendall’s coefficient of concordance was computed using SPSS computer software. According to the calculations, Kendall’s concordance coefficient of the current study was equal to W = 0.734, which indicates a strong consensus and favorable agreement between respondents in identifying risks. The results of calculating the Kendall’s coefficient of concordance are reported in Table 5. In addition, based on Formula (1) the value of W has been provided.


  W =  S   1  12      k 2   (   N 3  − N  )    =    ∑     [   R j  −    ∑   R j   N   ]   2     1  12      k 2   (   N 3  − N  )    =   11092347    1  12        (  30  )   2   (     (  82  )   3  − 82  )    =   30182908   41121128   = 0.734  












5.2. Calculation and Results of Qualitative Risk Assessment


The importance and severity of each risk depend on the probability of occurrence and the effect of that risk. Hence, a qualitative evaluation is adopted based on these two dimensions. In particular, qualitative ranking is determined according to the source of risk by using the risk failure structure [12]. The severity of each risk’s impact is calculated by using the probability of occurrence for each risk and its impact on the objectives. After calculating the PI values, the importance of each area of the risk failure structure can be calculated as the sum of the PI values. In the present study, in order to qualitatively rank the risks—by calculating the probability of occurrence and the effect of risk on the main objectives of the project (i.e., time, cost, and quality) with the same weight—qualitative risk rating has been performed. In order to achieve the desired result, the Primary Risk Index (PIR) is calculated after determining the probability of occurrence of each risk and each risk’s impact on the time, cost, and quality of the project. It is worth mentioning that the above index is calculated separately based on the presentation of each expert. PIR1 to PIR30 is then determined for each of the 82 risks. The aggregated risk index will then be calculated for each of the risks. By calculating the PIR of all risks, the APIR value is calculated, and the final ranking is provided. Table 6 shows the overall PIR and APIR results of the risks and the degree of rating of each risk based on the probability and effect method. According to the results of the qualitative evaluation stage, risks with an APIR value of 0.6 and above were identified as CRFs. Thus, a total of 25 risks were identified as CRFs of CRCBPs that will be quantitatively analyzed.




5.3. Calculation and Results of Quantitative Risk Assessment


To determine the final priority of the identified CRFs, first the decision matrix should be formed based on the evaluation criteria and using the TOPSIS technique. Then, the normal matrix is extracted and the relative proximity of each option to the solution is determined.



The first step in the TOPSIS technique is the formation of a decision matrix, which is prepared by gathering the opinions of experts through a decision matrix questionnaire. This matrix is needed for evaluating the importance of risks based on criteria. Table A1 (Appendix A) shows the results of the questionnaires collected from 30 experts. Normalization is the second step in solving all MCDM techniques based on the decision matrix. In the present study, normalization is performed by the vector method, which results in normalization according to Table A2. In the TOPSIS method, to create a normal matrix, the weight of each criterion is multiplied by all the numbers below each of the same criteria. Accordingly, the weight of the proposed criteria is according to Table A3. After applying in the normal matrix, the normal matrix will be in accordance with Table A4.



In order to determine the risk rating, the relative proximity of each option to the ideal solution must be extracted. The Euclidean distance of each option from the positive and negative ideals was calculated, and the positive and negative ideals of each criterion were calculated according to Table A5. Formula (6) is also used to calculate the relative proximity of each option to the ideal solution. Finally, the rating of each risk is determined based on Confidence Interval (CL), which is a number between one and zero. The closer this value is to one, the higher the risk priority; conversely, the closer the value is to zero, the lower the risk significance. Table 7 shows the final results of the CRFs ranking of CRCBPs using the TOPSIS method.


   d i +  =     ∑   j = 1  n     (   v  ij   −  v j +   )   2     
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   d i −  =     ∑   j = 1  n     (   v  ij   −  v j −   )   2     
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    CL  1 +  =    d 1 −     d i −  +  d i +     



(6)







Results shown in Table 7 highlight that the five CRFs with the highest importance for CRCBPs are (1) the risk of external threats due to international factors (with a relative distance of 0.895), (2) exchange rate fluctuations and changes (with a relative distance of 0.852), (3) bank interest rate fluctuations (with a relative distance of 0.795), (4) traffic licenses (with a relative distance of 0.681), and (5) access to skilled labor (with a relative distance of 0.678).





6. Discussions and Conclusions


What are the most severe risks in commercial and recreational complex building projects (CRCBPs)? This is the question at the center of the presented study, and results of the quantitative step (see Table 7) showed that the 10 most important CRFs of CRCBPs are (i) threats from international relations, (ii) exchange rate fluctuations and changes, (iii) bank interest rate fluctuations, (iv) traffic licenses, (v) access to skilled labor, (vi) changes in regional regulations, (vii) the condition of adjacent buildings, (viii) fluctuations and changes in inflation rates, (ix) failure to select a suitable and qualified advisor, and (x) previous experiences and records related to the employer.



The results of the current study are partly aligned with those of some previous scholars interested in identifying and ranking CRFs in construction projects, even if not specifically considering CRCBPs. For example, [10] reported that construction project risk indicators are mainly related to changes in domestic and international situations and the efficiency of a country’s economics/workforce/construction characteristics/consultative and contractual services. Yet, Hatefi and Mohseni [73] also ranked the CRFs as high in relation to initial price fluctuations, rising inflation, exchange rate fluctuations, bank interest rate fluctuations, tax increases, and the uncertainty of fiscal policies. Results are slightly in contrast to Dey [74] who, by evaluating project risks using a MCDM method, identified that also risks connected with government bonds and equipment suppliers and technology selection have a high priority in construction projects (not ranked high in the proposed study).



With regard to CRCBPs, the produced results extend the contributions by Chen and Khumpaisal [35] and by Tamošaitienė et al. [12], who identified risks for CRCBPs without, however, providing their prioritization. Yet, when considering prior studies that identified and prioritized CRFs of CRCBPs, results of the proposed work are partly in accord; indeed, with regard to Comu et al. [17], this is despite ‘exchange rate and inflation rate fluctuations’ and ‘political instability’ not being included with other CRFs ranked as important in the proposed work (e.g., traffic licenses, access to skilled labor, changes in regional regulations, etc.). Differences in these findings can come from the different economic, social, and cultural contexts, as well as from the different features of the samples involved. Indeed, respondents for the proposed contribution are more experienced, they come from distinct stakeholders’ categories (clients and consultants have been included), and they are more heterogeneous in terms of field of specialty. These individual differences, according to the literature [77], can lead to different perceptions and, as a consequence, to distinct prioritization of categories. Yet, project risks can also vary from time to time depending on the progress level of the project [78], and this is more important for financial risks, such as the exchange rate instabilities, which can occur suddenly due to unforeseen factors [79], most of which are often external ones.



If looking at risks identified and prioritized for megaprojects that have some parallelism with CRCBPs [80], results are slightly in contrast. Indeed, Cheng and Darsa [27] found that the most important risk factors in the Ethiopian context are ‘change order’, ‘corruption/bribery’, and ‘delay in payment’, while Chattapadhyay et al. [29] found that the most severe risks are delay in obtaining traffic regulation orders, inappropriate equipment, political and legal issues, political instability, government intervention, regulatory confirmation and regulation order delays, and wrong engineering designs. Obviously, these differences can be associated to the usual distinct nature of megaprojects and CRCBPS, mainly public and private, respectively [81].



Among the ten identified risks, some were external risks of CRCBPs while others were internal risks. However, all the identified risks have significant effects on project development in the setting of developed or developing countries. As expected, given the timing of the investigation into sanctions and severe economic problems in Iran, the most important CRFs were in the economic risk group. Sanctions imposed on Iran have reduced liquidity and increased inflation, which is reflected on the price of equipment and materials. Therefore, factors, such as exchange rate fluctuations and inflation, followed by changes in bank interest rates, certainly cause serious uncertainties in CRCBPs projects. The reason can be found in the fact that most of the mechanical, electrical, and even construction materials and equipment of these projects in Iran are supplied through imports from industrialized countries. Consequently, the cost of manufacturing CRCBPs in Iran is directly related to exchange rate fluctuations. Furthermore, the procurement of these projects is often faced with problems and therefore this issue causes negative effects during the implementation of the project and the construction of CRCBPs in Iran is always delayed. Given that such projects have a certain delicacy at the joining stage, the need for skilled and experienced labor is a condition for achieving the desired work. This is why, in Iran, the main experience of the staff is in uniform construction items and the need for training in this field is strongly felt. This is also evident in the installation of mechanical and electronic equipment. Yet, the increase in the exchange rate has made it practically impossible for public and private employers to employ non-Iranian specialized forces in the construction of CRCBPs, basically because the import of technical and engineering services in this situation will greatly affect the cost of manufacturing CRCBPs. Regarding the risk of the contractor’s claim, acknowledging that economic problems will definitely lead to a reduction in the contractors’ profit margins, various claims will therefore follow. The result of this issue will not only affect the executive affairs and the quality of the finished product but will also cause legal problems and difficulties for all parties.



The present study was conducted to identify and evaluate CRFs of CRCBPs, using a MCDM method, and identify the most severe ones. For this purpose, based on a careful study of the research literature and the implementation of the Delphi method, 82 risks of CRCBPs were identified and ranked; then, they were empirically analyzed through the TOPSIS method. Results showed that the most severe risks for CRCBPs are (1) the risk of external threats due to international factors, (2) exchange rate fluctuations and changes, (3) bank interest rate fluctuations, (4) traffic licenses, and (5) access to skilled labor.



In terms of theoretical implications, when considering similar works that prioritized CRFs of CRCBPs, the proposed contribution overcomes their main limitation in having considered just a small sample of risks to be assessed; see Comu et al. [17] who included only 21 risks, a small amount compared to the 82 risks included in this study. If considering results of this and prior studies on CRFs of CRCBPs, it can be stated that external risks, such as the exchange rate and inflation rate fluctuations and political instability, are the most severe. However, from the identified differences compared with prior literature, it can be put forward that the economic, social, and cultural contexts of the study and the socio-demographic/personality features of the sample involved are pivotal for the identification and prioritization of CRFs. This undermines the generalizability of results. Yet, this study also underlines the importance of considering the stage of the project life cycle [82] for which risks are assessed. The influence of different groups of identified risks cannot be separately studied in some phases of the CRCBPs. As an example, in the ‘management’ category of risks, individual identified risk factors can be important at different or for multiple phases of the CRCBPs’ life cycle. This is very clear in the risk factor ‘site unavailability and delay in delivery of land to the presenter’, which has a significantly higher importance during the first phases of the CRCBPs compared to later phases. In contrast, a risk factor such as ‘poor coordination and management’ can be important in all CRCBPs’ phases (e.g., design and engineering, and procurement and construction). This means that practitioners should aim to mitigate single risks that are more likely to occur in each phase of the CRCBPs’ life cycle (but are not exclusive to that phase), while controlling the evolution of risks and their effects on project performance, even if the project is passed the phase during which these risks are expected to manifest. This can be done, for example, by the use of the real options method or a scenario-based approach [83]. In summary, the external and internal conditions of CRCBPs may vary significantly, resulting in the appearance of risks that were thought to be unlikely to occur. As a result, scholars interested in risk management should pay a great deal of attention to risks and changes in the internal and external environment of the project and be prepared for manifestation of such risk factors.



In terms of practical implications, it is worth noting that a number of external risks, such as fluctuations in currency exchange rates, changes in inflation rate, foreign threats due to international relations, and fluctuations of banking interest rates, are outside of the power of CRCBPs’ managers while also having a large impact—especially on the project’s conceptual planning and feasibility study’s life cycle. Indeed, the presence of these economic and financial risks during the initial phases of the project can result in CRCBPs’ decision makers abandoning the project before significant investments are made. Alternatively, decision makers can try implementing projects in countries and/or during periods of stable exchange rates that can facilitate the fulfillment of project objectives. Another practical strategy to reduce these risks is to insure CRCBPs’ against possible economic and financial risks. The cost of such insurance is even more financially acceptable if investors in CRCBPs also have significant investments in other projects. The increase in the number of projects in the investors’ portfolio allows them to control investments with different levels of risk manifestation and can reduce the risk of overall failure in practice. However, insurance protection is not possible for risks such as traffic permits and the condition of adjacent buildings, which are always outside a project management team’s control. If such risks are verified, they can result in significant delays in CRCBPs (or undermine their fruition), and therefore decrease the overall value of the CRCBPs. In such a case, CRCBPs’ decision makers must choose to either continue with the project while attempting to maintain economic and financial equilibrium or liquidate the project if the cost of these risks can reach or exceed the planned return on investments.



Finally, the risks of lack of access to skilled labor, lack of qualified consultants, and unrealistic preliminary estimation can also have significant effects, similar to the previously discussed risks, by delaying the execution of the CRCBPs while also undermining risk management and coordination efforts. However, since these risks are related to processes actively controlled by CRCBPs’ management, their direct control is possible. For instance, the lack of access to resources or qualified consultants can often be resolved through human resource agencies, headhunters, or other qualified players capable of identifying and delivering suitable employees and consultants for participation in CRCBPs. Similarly, simple solutions are possible for unrealistic primary estimation, including conducting suitable feasibility studies on the CRCBPs. Furthermore, using skilled labor and qualified consultants can help minimize the forecasted mistakes and problems in the project’s progress.



There are few limitations to this study. Despite the fact that the categories of identified risks overlap with the ones identified in the extensive and recent review on construction risks by Siraj et al. [70], all the risks identified by these scholars (i.e., 571) have not been included in our survey due to the: (i) Lack of a complete list of these risks (authors just propose a sample of 10 risks for each category), and (ii) methodological difficulty in proposing a related lengthy questionnaire for the ranking of risks. Always with regard to the method adopted, i.e., the Delphi technique, it has inner reliability and validity limits. In particular, considering the reliability problem of the Delphi study (i.e., two or more different groups of experts can lead to different results even if facing the same questions/phenomena); and the criteria for qualitative studies—i.e., truthfulness, applicability, consistency and confirmability—were followed to ensure that credible interpretations of the findings are produced [84]. These criteria are based on the following issues; however, as Keeney et al. [85] stated, following these criteria cannot totally limit the involvement of different panels that may lead to obtaining the same results. Despite that, results emerging from the Delphi study can be considered reliable, in as much as the best (in terms of knowledge and expertise) possible panelists are involved. With regard to the validity problem (i.e., whether the produced results are the right expression of the investigated phenomena), the involvement of a respondent with great knowledge in the field is the most used approach within the technique [85] and this solves also the problem of convergence of opinions that can occur over three rounds of the Delphi technique. However, it is true that this study involved a small number of experts, even though their expertise was in line with the study’s aims and that this number is similar to works in the same field adopting the Delphi method [15]. Future studies should increase the validity of the results through interviewing a larger group of experts, at least around 50, or expanding their scope to that of other developing countries. Additionally, comparing the results of similar studies conducted in developed countries to that of developing countries could lead to interesting results. Furthermore, the socio-demographic characteristics of the experts participating in the initial phase of identifying risks of CRCBPs can play a role through their opinions regarding the existence and/or importance of certain risk factors. Therefore, an interesting future prospect will be to carry out future quantitative studies based on Upper Echelons Theory literature [77,86], regarding the effects of socio-demographic characteristics and/or other psychological variables on definition and evaluation of CRCBPs’ risks at the individual and group levels. Another main limitation of this study is the adoption of the TOPSIS method. Indeed, as well accounted by Madi et al. [87], TOPSIS uses crisp information that is impractical in many real-world situations (e.g., human judgements are often vague and cannot estimate preferences in exact numerical form). Yet, TOPSIS suffers from the rank reversal problem that is related to the change in the ranking of alternatives when a criterion or an alternative is added or dropped; yet, since TOPSIS uses Euclidean distance (that does not consider correlations), results are affected due to information overlap [88]. To try to overcome this limitation, future research is encouraged to combine MCDM techniques [89]. Another solution is to adopt established developments of the TOPSIS method, such as fuzzy TOPSIS; the sets can be used to express preferences using linguistic variables [90]. The adoption of this more sophisticated technique can help also to overcome the limitation of this study having been based on a MCDM approach; indeed, the fuzzy set theory has led to a new decision theory, known today as fuzzy MCDM where decision-maker models are able to deal with incomplete and uncertain knowledge and information [91].
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Table A1. Decision matrix based on the results of the collected questionnaires.






Table A1. Decision matrix based on the results of the collected questionnaires.





	
Code

	
Risks

	
Vulnerability

(−)

	
Probability of Occurrence of Risk

(−)

	
Risk Detection

(+)

	
Accepting Threat

(−)

	
Impact on the Occurrence of Other Risks

(−)

	
Risk Manageability

(+)

	
Risk Response

(+)




	
C1

	
C2

	
C3

	
C4

	
C5

	
C6

	
C7






	
CRF1

	
Exchange rate fluctuation

	
1/333

	
1/625

	
6/375

	
2/25

	
2/5

	
4/625

	
4/25




	
CRF2

	
Inflation fluctuation

	
2/667

	
2/375

	
6

	
4

	
3/625

	
4

	
3/875




	
CRF3

	
Access to skilled worker

	
4/167

	
3/875

	
4/625

	
2/25

	
4/875

	
4/5

	
4




	
CRF4

	
Contractor’s claim

	
4/5

	
3/625

	
4/75

	
4/125

	
4/875

	
3/5

	
3/625




	
CRF5

	
Foreign threats

	
2/667

	
2/25

	
5/375

	
1/375

	
2/625

	
5/625

	
5




	
CRF6

	
Bank interest fluctuation

	
2/167

	
3/5

	
4/875

	
2/25

	
2/25

	
5

	
5/375




	
CRF7

	
Lack of qualified consultant

	
1/833

	
3/375

	
5/125

	
4/125

	
5/25

	
3/375

	
3/25




	
CRF8

	
Traffic permits

	
2/333

	
1/375

	
4/625

	
3/75

	
3

	
4/125

	
3/625




	
CRF9

	
Unrealistic primary estimation

	
4/167

	
4/75

	
3/875

	
4/625

	
4/875

	
3/75

	
3/625




	
CRF10

	
Adjacent building condition

	
3/333

	
3

	
5

	
3/375

	
5/375

	
4/625

	
4/375




	
CRF11

	
Mismatch of job referrals to personnel with related specialized skills

	
5/833

	
5/625

	
4/25

	
5/5

	
5/75

	
4

	
4/125




	
CRF12

	
Previous employer-related experience and background

	
4/667

	
4/625

	
5

	
4

	
4/25

	
4/25

	
4/5




	
CRF13

	
Delays in construction

	
5

	
4/375

	
4/125

	
4/75

	
4/25

	
4/125

	
3/75




	
CRF14

	
Regional standard changes (firefighting-master plans, etc.)

	
4/5

	
3/5

	
5/25

	
3/25

	
4

	
4/625

	
4/625




	
CRF15

	
Changes in the legal obligations of contracts

	
5/633

	
5/5

	
3/375

	
5/75

	
6

	
3

	
3/625




	
CRF16

	
Mismatch between demand and available resources

	
5/167

	
4/625

	
4

	
4/875

	
4/375

	
3/375

	
3




	
CRF17

	
Lack of using appropriate methods in workshop management

	
6/167

	
5/865

	
3/375

	
6/125

	
6/75

	
3/25

	
3/625




	
CRF18

	
Change in duties of imported equipment

	
4/5

	
4/125

	
4/625

	
4/5

	
4/625

	
3/5

	
3/875




	
CRF19

	
Lack of on time finance

	
4/167

	
4

	
5/25

	
4/25

	
5

	
3/25

	
3/5




	
CRF20

	
Inappropriate finance

	
4/167

	
4

	
4/625

	
4

	
5/625

	
3/375

	
3/5




	
CRF21

	
Law changes and economic policies of materials

	
5/633

	
5/5

	
3/5

	
4/875

	
6/25

	
2/75

	
3/125




	
CRF22

	
Bankruptcy

	
4/833

	
5/875

	
3

	
3/875

	
3/5

	
4/875

	
4




	
CRF23

	
Incomplete plan

	
6/333

	
6/125

	
2

	
6/375

	
6/625

	
2/125

	
1/625




	
CRF24

	
Poor technical specifications

	
6/5

	
6/375

	
1/75

	
7/25

	
7

	
1/375

	
1/125




	
CRF25

	
Failure to complete work items in anticipated times

	
5

	
4/75

	
4/25

	
5

	
5

	
3/625

	
3
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Table A2. Normalized decision matrix based on the results of the collected questionnaires.
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Risks

	
−

	
−

	
+

	
−

	
−

	
+

	
+




	
C1

	
C2

	
C3

	
C4

	
C5

	
C6

	
C7






	
CRF1

	
0/0590

	
0/074

	
0/284

	
0/101

	
0/101

	
0/238

	
0/225




	
CRF2

	
0/118

	
0/108

	
0/267

	
0/179

	
0/147

	
0/205

	
0/205




	
CRF3

	
0/184

	
0/176

	
0/206

	
0/101

	
0/197

	
0/231

	
0/211




	
CRF4

	
0/199

	
0/165

	
0/212

	
0/185

	
0/197

	
0/180

	
0/192




	
CRF5

	
0/118

	
0/102

	
0/239

	
0/062

	
0/106

	
0/289

	
0/264




	
CRF6

	
0/096

	
0/159

	
0/217

	
0/101

	
0/091

	
0/257

	
0/284




	
CRF7

	
0/081

	
0/153

	
0/228

	
0/185

	
0/212

	
0/173

	
0/172




	
CRF8

	
0/103

	
0/063

	
0/206

	
0/168

	
0/121

	
0/212

	
0/192




	
CRF9

	
0/184

	
0/216

	
0/173

	
0/207

	
0/197

	
0/193

	
0/192




	
CRF10

	
0/148

	
0/136

	
0/223

	
0/151

	
0/217

	
0/228

	
0/231




	
CRF11

	
0/258

	
0/256

	
0/189

	
0/246

	
0/233

	
0/205

	
0/218




	
CRF12

	
0/207

	
0/210

	
0/223

	
0/179

	
0/172

	
0/218

	
0/238




	
CRF13

	
0/221

	
0/199

	
0/184

	
0/213

	
0/212

	
0/212

	
0/198




	
CRF14

	
0/199

	
0/159

	
0/234

	
0/145

	
0/162

	
0/238

	
0/244




	
CRF15

	
0/249

	
0/250

	
0/150

	
0/257

	
0/243

	
0/154

	
0/192




	
CRF16

	
0/229

	
0/210

	
0/178

	
0/218

	
0/177

	
0/173

	
0/158




	
CRF17

	
0/273

	
0/267

	
0/150

	
0/274

	
0/273

	
0/167

	
0/192




	
CRF18

	
0/199

	
0/188

	
0/206

	
0/201

	
0/187

	
0/180

	
0/205




	
CRF19

	
0/184

	
0/182

	
0/234

	
0/190

	
0/202

	
0/167

	
0/185




	
CRF20

	
0/184

	
0/182

	
0/206

	
0/179

	
0/228

	
0/173

	
0/185




	
CRF21

	
0/249

	
0/25

	
0/156

	
0/218

	
0/253

	
0/141

	
0/165




	
CRF22

	
0/214

	
0/267

	
0/134

	
0/173

	
0/142

	
1/250

	
0/211




	
CRF23

	
0/280

	
0/279

	
0/089

	
0/285

	
0/268

	
0/109

	
0/086




	
CRF24

	
0/288

	
0/290

	
0/078

	
0/325

	
0/283

	
0/071

	
0/059




	
CRF25

	
0/221

	
0/216

	
0/189

	
0/224

	
0/202

	
0/186

	
0/158
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Table A3. Weight of criteria.
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	Criteria
	C1
	C2
	C3
	C4
	C5
	C6
	C7





	wj
	0/0633
	0/089
	0/0544
	0/135
	0/08
	0/1
	0/053
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Table A4. Harmonic decision matrix.
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Risks

	
(−)

	
(−)

	
(+)

	
(−)

	
(−)

	
(+)

	
(+)




	
C1

	
C2

	
C3

	
C4

	
C5

	
C6

	
C7






	
CRF1

	
0/004

	
0/007

	
0/015

	
0/014

	
0/008

	
0/024

	
0/012




	
CRF2

	
0/007

	
0/010

	
0/015

	
0/024

	
0/012

	
0/021

	
0/011




	
CRF3

	
0/012

	
0/016

	
0/011

	
0/014

	
0/016

	
0/023

	
0/011




	
CRF4

	
0/013

	
0/015

	
0/012

	
0/025

	
0/016

	
0/018

	
0/010




	
CRF5

	
0/007

	
0/009

	
0/013

	
0/008

	
0/008

	
0/029

	
0/014




	
CRF6

	
0/006

	
0/014

	
0/012

	
0/014

	
0/007

	
0/026

	
0/015




	
CRF7

	
0/005

	
0/014

	
0/012

	
0/025

	
0/017

	
0/017

	
0/009




	
CRF8

	
0/007

	
0/006

	
0/011

	
0/023

	
0/010

	
0/021

	
0/010




	
CRF9

	
0/012

	
0/019

	
0/009

	
0/028

	
0/016

	
0/019

	
0/010




	
CRF10

	
0/009

	
0/012

	
0/012

	
0/020

	
0/017

	
0/024

	
0/012




	
CRF11

	
0/016

	
0/023

	
0/010

	
0/023

	
0/019

	
0/021

	
0/012




	
CRF12

	
0/013

	
0/019

	
0/012

	
0/024

	
0/014

	
0/022

	
0/013




	
CRF13

	
0/014

	
0/018

	
0/010

	
0/029

	
0/017

	
0/021

	
0/011




	
CRF14

	
0/013

	
0/014

	
0/013

	
0/020

	
0/013

	
0/024

	
0/013




	
CRF15

	
0/016

	
0/022

	
0/008

	
0/035

	
0/019

	
0/015

	
0/010




	
CRF16

	
0/014

	
0/019

	
0/010

	
0/029

	
0/014

	
0/017

	
0/008




	
CRF17

	
0/017

	
0/024

	
0/008

	
0/037

	
0/022

	
0/017

	
0/010




	
CRF18

	
0/013

	
0/017

	
0/011

	
0/027

	
0/015

	
0/018

	
0/011




	
CRF19

	
0/012

	
0/016

	
0/013

	
0/026

	
0/016

	
0/017

	
0/010




	
CRF20

	
0/012

	
0/016

	
0/011

	
0/024

	
0/018

	
0/017

	
0/010




	
CRF21

	
0/016

	
0/022

	
0/008

	
0/029

	
0/020

	
0/014

	
0/009




	
CRF22

	
0/014

	
0/024

	
0/007

	
0/023

	
0/011

	
0/025

	
0/011




	
CRF23

	
0/018

	
0/025

	
0/005

	
0/038

	
0/021

	
0/011

	
0/005




	
CRF24

	
0/018

	
0/026

	
0/004

	
0/044

	
0/023

	
0/007

	
0/002




	
CRF25

	
0/014

	
0/019

	
0/010

	
0/030

	
0/016

	
0/019

	
0/008
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Table A5. Positive and negative ideals of each creation.
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Positive and Negative Ideals

	
(−)

	
(−)

	
(+)

	
(−)

	
(−)

	
(+)

	
(+)




	
C1

	
C2

	
C3

	
C4

	
C5

	
C6

	
C7






	
A+

	
0/004

	
0/006

	
0/015

	
0/008

	
0/007

	
0/029

	
0/015




	
A−

	
0/018

	
0/026

	
0/004

	
0/044

	
0/023

	
0/007

	
0/003
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Figure 1. Research methodology of the study. 
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Table 1. Specifications of interviewed experts.
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Sample Features

	
Code

	
No. (%)






	
Age

	
<30 years

	
6 (20.0)




	
30–45 years

	
15 (50.0)




	
>45 years

	
9 (30.0)




	
Education

	
Bachelor’s degree

	
14 (46.7)




	
Master’s degree

	
11 (36.7)




	
PhD degree

	
5 (16.7)




	
Tenure in the construction sector

	
<10 years

	
9 (30.0)




	
10–20 years

	
8 (26.7)




	
>20 years

	
13 (43.3)




	
Field of activity

	
Public

	
2 (6.7)




	
Private

	
21 (70.0)




	
Both

	
7 (23.3)




	
Role

	
Client

	
8 (26.7)




	
Consultant

	
16 (53.3)




	
Contractor

	
6 (20.0)




	
Job Position

	
Architect

	
5 (16.7)




	
Director

	
3 (13.3)




	
Engineer—Civil, Electrical and Mechanical

	
7 (23.3)




	
General Manger—Procurement and Contracts

	
3 (10.0)




	
Project Manager

	
3 (10.0)




	
Senior Project Manager

	
4 (13.3)




	
Technical Director

	
4 (13.3)
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Table 2. Identified risks affecting the objectives of CRCBPs based on the review of the literature.
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No.

	
Chapter RBS

Level 1

	
Group RBS

Level 2

	
Risk RBS

Level 3

	
References






	
R1

	
External

	
Social

	
Dissatisfaction

	
[2,24,70]




	
R2

	
Sabotage

	
[2,24,37,70,71]




	
R3

	
Economical

	
Exchange rate fluctuation

	
[10,35,36,70]




	
R4

	
Inflation

	
[8,37,56,64,70]




	
R5

	
Government economic policies

	
[11,70,72]




	
R6

	
Political

	
Government policies

	
[37,41,70,73]




	
R7

	
Foreign threats

	
[8,11,49,70,74]




	
R8

	
Political events

	
[12,70,71]




	
R9

	
Legal

	
Changes in law

	
[8,11,70]




	
R10

	
Standards and requirements

	
[3,35,48,70,71]




	
R11

	
Regional standards

	
[10,33,64,70]




	
R12

	
Changing point view of government organization

	
[12,36,70,72]




	
R13

	
Natural

	
Earthquake

	
[12,33,64,70]




	
R14

	
Storm

	
[11,35,49,70]




	
R15

	
Flood

	
[8,36,70]




	
R16

	
Fire

	
[37,41,70,73]




	
R17

	
Technical

	
Lack of documentation on the changes in project

	
[3,36,70,71,72]




	
R18

	
Lack of acceptance changes control

	
[11,24,56,70,74]




	
R19

	
Internal

	
Work force

	
Availability of skilled worker

	
[3,36,56,70]




	
R20

	
Salary amount

	
[10,24,64,70]




	
R21

	
Work standards and behavior

	
[8,64,70]




	
R22

	
Skill efficiency

	
[35,56,70,73]




	
R23

	
Unrealistic primary estimation

	
[12,33,49,70]




	
R24

	
Investment

	
Lack of finance

	
[3,11,64,70,71]




	
R25

	
Bankruptcy

	
[35,36,56,70]




	
R26

	
Mismatch between demand and available resources

	
[24,33,70,72,74]




	
R27

	
Management

	
Client records and experience

	
[12,33,49,70]




	
R28

	
Delay in land hand over

	
[11,41,70]




	
R29

	
Poor coordination and management

	
[3,10,24,33,70,73]




	
R30

	
Lack of using management methods

	
[8,48,70]




	
R31

	
Safety

	
Building site safety

	
[36,70,72]




	
R32

	
Hygiene

	
[12,35,49,56,70]




	
R33

	
Environment

	
[3,64,70,71,72]




	
R34

	
Design

	
Technical ability and authority of counselor

	
[8,48,70]




	
R35

	
Inadequate geotechnical studies

	
[24,33,35,70,73]




	
R36

	
Failure to identify underground factors

	
[3,11,56,70,72]




	
R37

	
Workshop supervision

	
[41,64,70]




	
R38

	
Incomplete plans

	
[35,37,49,70]




	
R39

	
Poor technical characteristics

	
[36,56,70,73,74]




	
R40

	
Contract

	
Contractor contract (listed, fixed)

	
[8,36,70]




	
R41

	
Contractor policies to enter biddings

	
[33,35,48,56,70,73]




	
R42

	
Incomplete duties, agreements, and contracts

	
[10,41,70]




	
R43

	
Contractor claims

	
[11,56,70,71,74]




	
R44

	
Legal claims

	
[3,12,24,64,70,73]




	
R45

	
Market

	
Increasing work competition

	
[32,36,70,72]




	
R46

	
Change in demand purchases

	
[10,11,70]




	
R47

	
Facilitating sales and commercial marketing

	
[35,70,71]




	
R48

	
Environmental

	
Adjacent building condition

	
[64,70,74]




	
R49

	
Smoke, pollution, noise

	
[37,48,70]




	
R50

	
Building workshop security

	
[35,70,71]




	
R51

	
Historical condition

	
[36,41,48,70]




	
R52

	
Historical buildings’ privacy space

	
[8,11,70,73]




	
R53

	
Geographic and climatic condition

	
[10,24,33,70]
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Table 3. The identified risks of CRCBPs based on literature review and the Delphi survey technique—internal risks.
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	Code
	Social Risks



	R1
	General dissatisfaction with the project’s location



	R2
	Sabotage



	R3
	Cultural difference between people



	R4
	Regional and ethnic limitations



	Code
	Economic Risks



	R5
	Exchange rate fluctuation



	R6
	Inflation fluctuation



	R7
	Bank interest fluctuation



	R8
	Change in duties of imported equipment



	R9
	Law changes and economic policies of materials



	Code
	Political Risks



	R10
	Government internal policies contradiction



	R11
	Foreign threats



	R12
	Inappropriate work relation of government organizations



	R13
	Government instability



	Code
	Legal Risks



	R14
	Changes in law



	R15
	Changes in binding legal obligations in contracts



	R16
	Regional standard changes (firefighting-master plans, etc.)



	Code
	Accident Risks



	R17
	Natural disasters (flood—earthquake, etc.)



	R18
	Sewage and water network unexpected accidents



	R19
	Annual change in weather



	R20
	Electrical distribution network unexpected accident



	Code
	Market Risks



	R21
	Mismatching spaces with customer needs



	R22
	Public’s lack of interest



	R23
	Increased work competition around project area



	R24
	Changes in demand for the purchase of spaces with different uses



	R25
	Facilitate sales and marketing conditions for specific user spaces



	Code
	Work force Risks



	R26
	Access to skilled worker



	R27
	Changes in the legal obligations of contracts



	R28
	Behaviour, standards, work commitment



	R29
	Mismatch of job referrals to personnel with related specialized skills



	Code
	Investment Risks



	R30
	Unrealistic primary estimation



	R31
	Inappropriate finance



	R32
	Lack of on time finance



	R33
	Bankruptcy



	R34
	Mismatch between demand and available resources
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Table 4. The identified risks of CRCBPs based on literature review and the Delphi survey technique—external risks.
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	Code
	Management Risks



	R35
	Previous employer-related experience and background



	R36
	Site unavailability and delay in delivery of land to the presenter



	R37
	Unauthorized allocation of funds at various stages



	R38
	Lack of realistic goals



	R39
	Poor coordination and management



	Code
	Project communication Risks



	R40
	Lack of using appropriate methods in workshop management



	R41
	Lack of proper organizational coordination



	R42
	Project staff crisis in different units



	R43
	Assigning responsibility of units to a third party



	R44
	Lack of qualified consultant



	R45
	Incomplete plan



	Code
	Design Risks



	R46
	Poor technical specifications



	R47
	Mismatch of layout with site location



	R48
	Inaccuracies in realistic calculations and estimates



	R49
	Non-compliance with design codes



	R50
	Lack of maintenance period in designing process



	R51
	Lack of a specific contract with contractors



	R52
	Contractor’s claim



	R53
	Lack of coordination between the design process and manufacturing technology



	Code
	Construction Risks



	R54
	Claims



	R55
	Lack of timely completion of geotechnical studies and identification of underground factors



	R56
	Delays in construction



	R57
	Poor quality of workshop supervision



	R58
	Incomplete description of tasks in contracts



	R59
	Failure to complete work items in anticipated times



	Code
	Timetable Risks



	R60
	Mismatching physical progress with the comprehensive project schedule



	R61
	Delay in project duration due to lack of parallel work



	R62
	Delay in completion of the project



	R63
	Increase in exploitation costs



	R64
	Increase in maintenance cost



	R65
	Inappropriate pricing of saleable spaces



	R66
	Lack of proper internal zoning of spaces in the business centre



	Code
	Exploitation Risks



	R67
	Luxury businesses in the vicinity of ordinary businesses



	R68
	Poor wide advertising



	R69
	Ignorance of security and safety protocol



	R70
	Lack of crisis management in CRCBPs



	R71
	Lack of specific instructions in case of unexpected events



	R72
	Lack of maintenance team stationed in the CRCBs



	R73
	Adjacent building condition



	R74
	Historical conditions



	Code
	Environmental Risks



	R75
	Traffic permits



	R76
	Privacy of monuments in the area



	R77
	Workshop security in terms of side access



	Code
	Logistics Risks



	R78
	Timely supply of materials



	R79
	Supply of materials according to technical specifications



	R80
	Predicting spare parts for emergency repairs and installations



	R81
	Lack of instructions for ordering goods and services



	R82
	Lack of instructions for ordering items in project warehouse
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Table 5. Results of Kendall’s coefficient of concordance analysis using SPSS software version 25.
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	N
	Kendall’s (W) a
	Chi-Square
	df
	Asymp. Sig.
	Result





	30
	0.734
	1784.082
	81
	0
	strong consensus







a Kendall’s Coefficient of Concordance.
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Table 6. PRI and APRI results of qualitative risk evaluation.
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	Code
	∑PRI
	Sample Size
	APRI
	Risk Ranking
	Code
	∑PRI
	Sample Size
	APRI
	Risk Ranking





	R1
	6.30
	28
	0.225
	67
	R42
	10.22
	28
	0.365
	49



	R2
	8.26
	28
	0.295
	58
	R43
	8.32
	28
	0.297
	55



	R3
	3.48
	28
	0.124
	81
	R44
	23 44
	28
	0.837
	7



	R4
	4.18
	28
	0.149
	79
	R45
	17.22
	28
	0.611
	23



	R5
	46.36
	28
	1.655
	1
	R46
	17.04
	28
	0.608
	24



	R6
	25.23
	28
	1.615
	2
	R47
	12.62
	28
	0.455
	39



	R7
	14.44
	28
	0.872
	6
	R48
	14.90
	28
	0.532
	30



	R8
	18.92
	28
	0.675
	18
	R49
	7.84
	28
	0.280
	60



	R9
	17.76
	28
	0.634
	21
	R50
	8.64
	28
	0.308
	53



	R10
	13.67
	28
	0.488
	35
	R51
	15.14
	28
	0.540
	29



	R11
	24.49
	28
	0.874
	5
	R52
	24.98
	28
	0.892
	4



	R12
	11.68
	28
	0.417
	46
	R53
	13.44
	28
	0.480
	37



	R13
	10.20
	28
	0.346
	50
	R54
	12.50
	28
	0.446
	42



	R14
	12.38
	28
	0.442
	43
	R55
	11.02
	28
	0.393
	48



	R15
	8.28
	28
	0.295
	57
	R56
	20.26
	28
	0.723
	13



	R16
	19.58
	28
	0.699
	14
	R57
	16.36
	28
	0.580
	26



	R17
	13.50
	28
	0.482
	36
	R58
	9.10
	28
	0.325
	52



	R18
	2.28
	28
	0.081
	82
	R59
	16.90
	28
	0.603
	25



	R19
	7.86
	28
	0.280
	59
	R60
	13.14
	28
	0.469
	38



	R20
	3.80
	28
	0.135
	80
	R61
	13.54
	28
	0.447
	41



	R21
	6.74
	28
	0.240
	65
	R62
	16.24
	28
	0.580
	27



	R22
	6.57
	28
	0.234
	66
	R63
	4.58
	28
	0.163
	75



	R23
	7.42
	28
	0.265
	62
	R64
	5.42
	28
	0.193
	71



	R24
	4.52
	28
	0.161
	77
	R65
	5.34
	28
	0.190
	72



	R25
	4.56
	28
	0.162
	76
	R66
	5.61
	28
	0.200
	70



	R26
	25.02
	28
	0.893
	3
	R67
	4.58
	28
	0.163
	75



	R27
	19.54
	28
	0.697
	15
	R68
	4.24
	28
	0.151
	78



	R28
	14.01
	28
	0.500
	33
	R69
	5.24
	28
	0.187
	73



	R29
	20.72
	28
	0.740
	11
	R70
	5.98
	28
	0.213
	68



	R30
	22.66
	28
	0.809
	9
	R71
	7.00
	28
	0.253
	63



	R31
	18.21
	28
	0.647
	20
	R72
	7.02
	28
	0.250
	64



	R32
	18.72
	28
	0.668
	19
	R73
	21.84
	28
	0.780
	10



	R33
	17.36
	28
	0.620
	22
	R74
	8.52
	28
	0.304
	54



	R34
	19.44
	28
	0.694
	16
	R75
	22.82
	28
	0.815
	8



	R35
	20.72
	28
	0.694
	16
	R76
	5.80
	28
	0.207
	69



	R36
	13.72
	28
	0.490
	34
	R77
	12.80
	28
	0.431
	45



	R37
	11.04
	28
	0.390
	47
	R78
	15.36
	28
	0.548
	28



	R38
	7.47
	28
	0.266
	61
	R79
	12.34
	28
	0.440
	44



	R39
	14.10
	28
	0.503
	32
	R80
	8.32
	28
	0.297
	56



	R40
	19.08
	28
	0.681
	17
	R81
	9.47
	28
	0.338
	51



	R41
	12.62
	28
	0.450
	40
	R82
	14.20
	28
	0.507
	31
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Table 7. Prioritization of CRFs of CRCBPs using the TOPSIS method.
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	Code
	d+
	d−
	CL
	Final Rank
	Code
	d+
	d−
	CL
	Final Rank





	CRF1
	008/0
	047/0
	852/0
	2
	CRF14
	019/0
	036/0
	657/0
	6



	CRF2
	020/0
	035/0
	640/0
	8
	CRF15
	039/0
	016/0
	286/0
	22



	CRF3
	018/0
	038/0
	678/0
	5
	CRF16
	032/0
	022/0
	416/0
	18



	CRF4
	026/0
	028/0
	519/0
	12
	CRF17
	042/0
	014/0
	256/0
	23



	CRF5
	006/0
	050/0
	895/0
	1
	CRF18
	028/0
	026/0
	483/0
	15



	CRF6
	011/0
	044/0
	795/0
	3
	CRF19
	027/0
	027/0
	495/0
	14



	CRF7
	025/0
	030/0
	549/0
	9
	CRF20
	027/0
	027/0
	502/0
	13



	CRF8
	018/0
	038/0
	681/0
	4
	CRF21
	037/0
	018/0
	331/0
	21



	CRF9
	029/0
	025/0
	457/0
	17
	CRF22
	028/0
	031/0
	528/0
	11



	CRF10
	019/0
	036/0
	650/0
	7
	CRF23
	047/0
	007/0
	128/0
	24



	CRF11
	036/0
	021/0
	346/0
	20
	CRF24
	053/0
	000/0
	000/0
	25



	CRF12
	025/0
	030/0
	548/0
	10
	CRF25
	032/0
	022/0
	407/0
	19



	CRF13
	030/0
	025/0
	459/0
	16
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