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Abstract. Existing risks in deep foundation excavation projects is a major issue in developing cities. With the rapid in-
crease in the number of various deep foundation and excavation projects in big cities of Iran, many accidents related to 
deep excavation have been reported every year. These accidents affected delay and increased cost of project implemen-
tation. Therefore identification and assessment of risks of these accidents is essential. The aim of the research was to 
develop a framework to overcome limitations of previous approaches to assess of risks in excavation projects. According 
to the complexity of a problem and the inherent uncertainty, the framework adopted SWARA (Step-wise Weight As-
sessment Ratio Analysis) and COPRAS (COmplex PRoportional ASsessment) methods through introducing new criteria 
for risk assessment. Data was collected through interview, a literature review and a questionnaire survey distributed to 
excavation project experts. A case study of deep foundation excavation in Shiraz was presented. The results have shown 
that the risks involving construction safety, unfavourable geological conditions, shortage of managerial experience, in-
complete emergency plan and subsidence of ground are the most significant risks excavation projects in Shiraz. The 
proposed framework and the obtained results can help stakeholders of excavation projects in developing countries better 
to manage project risks.
Keywords: risk assessment, deep foundation, excavation project, COPRAS, SWARA, Shiraz.

Introduction 

Civil construction projects are a mainstay of industries 
in national economy of Iran as the rapid development of 
urbanization and the shortage of urban space spurred by 
the need to build high-rise buildings, subways, tunnels, 
underground utilities networks, etc. has increased. With 
increasing population density, number of floors, building 
parking lots and other surfaces, need to provide services 
in buildings faced with increasing depth of excavation 
(Hong et al. 2013). Excavation is considered in eco-
nomic, safety and technical terms. Excavation projects 
have become one of the important and challenging is-
sues (Feng, Jun-yan 2011). There are many high risk fac-
tors in the construction industry such as deep excavation 
projects with attention to poor operating conditions com-
pared to various industries (Hong et al. 2013). According 
to available statistics, accidents in deep excavation have 
caused property loss, personal injury, and damage to the 
surrounding environment. Deep excavation projects are 

consistently at greater risk because there are many com-
plications and uncertainties implicit to these types of pro-
jects (Zhou, Zhang 2011). Frequent accidents including 
accidents in deep excavation projects have occurred in 
Iran and other countries, causing heavy casualties, huge 
financial losses, and significant social impacts. Several 
excavation projects have collapsed (Feng, Jun-yan 2011). 
For example the Hangzhou Xianghu Station in Metro 
Line 1 collapsed during construction on 2008, resulting 
in serious economic losses of more than 50 million Ren-
minbi (Wang 2008), 24 injuries and 21 deaths (Zhang, 
Li 2008). Guangzhou deep excavation of Haizhucheng 
collapsed on July 21, 2005. There were 4 people injured 
and 3 people killed in that accident (Feng, Jun-yan 2011). 
The excavation of the Mass Rapid Transit Circle Line ad-
jacent to Nicoll Highway in Singapore collapsed in 2004 
(Chiew, Yu 2006). 
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According to statistics reported, daily surround-
ing buildings collapse due to non-systematic excava-
tion in Tehran. In May 2013, more than 30 homes were 
destroyed by non-systematic excavation in Shiraz. One 
of the biggest factors that cause the problems is lack of 
knowledge of stakeholders and neglect of the risk of ex-
cavation projects. Although excavation is a complex and 
risky operation, the false idea that the implementation of 
safety measures used in excavation would be unneces-
sary in terms of cost and time is still prevalent (Hong 
et al. 2013). Indeed, risk management is an area with 
prospects of development and a number of unresolved 
problems (Aven 2015, 2016).  Ensuring quality and safety 
in excavation projects is a continuous challenge, thus it 
is essential that a risk management method be developed 
(Hong et al. 2013). Two types of risk management can 
be analysed: preventive measures before the start of a 
project (Leonavičiūtė et al. 2016) and remedial measures 
once a risk has already occurred (Iqbal et al. 2015). As-
sessment of risk in building and infrastructure projects 
applying formal decision making methods can be per-
formed (Zavadskas et al. 2010; Tamošaitienė et al. 2013; 
Shahata, Zayed 2015). Only through sensible risk assess-
ment techniques can the risks of construction projects 
including excavation projects be evaluated exactly and 
the corresponding risks of construction can be controlled 
(Antucheviciene et al. 2015). The probability of occur-
rence of risk events can then be reduced and casualties, 
economic loss and environmental consequences mitigated 
(Zhou, Zhang 2011). In addition, the lack of a sustain-
able method, depending on the type and characteristics of 
the hollow, increases the cost and time factor and time-
delayed project and increase the direct and indirect costs, 
and lack of optimum efficiency effects the project and 
increase the costs and waste of time and dissatisfaction 
of the project stakeholders (Li, Wang 2010). 

In recent years, many researches and experts ana-
lyzed the risk management of excavation projects. Yang 
et al. (2004) suggested a sketch of the characteristics and 
concepts of deep foundation excavation risk manage-
ment, relevant international studies and assessment of 
the risks grasped. Huang and Bian (2005) proposed some 
reliable approaches to deep excavation risk management 
and presented some research on the risks throughout the 
excavation construction period. Risk assessment methods 
are also used in deep excavation by researchers. Huang 
and Bian (2005) prepared the Analytic Hierarchy Process 
(AHP) and expert investigation methods to assess the risk 
in deep excavation projects, but their research needed 
adequate field investigations and experts’ experiences. 
Zhou et al. (2006) have suggested a general integration 
assessment method to determine the rank of risk by us-
ing AHP. In their study, fault tree analysis and AHP were 
combined in the risk assessment. He et al. (2006) used 
fault tree analysis to identify the risk factors associated 
with deep foundation and also investigated a fuzzy syn-
thetic evaluation model to analyse the construction risk. 

Hong et al. (2013) investigated risk management of deep 
foundation excavation based on Risk breakdown struc-
ture (RBS) and AHP method in China. Zhou and Zhang 
(2011) used Bayesian network and fuzzy method to as-
sess risk in deep foundation pit construction in China. 
Jian et al. (2016) used Rough Set Theory and Catastrophe 
Progression to calculate the risk probability of foundation 
pit construction subway station in Tianjin Lingbin road. 
Khosravizade and Sharifipour (2016) prepared AHP and 
TOPSIS for assessment of risk in Subway and tunnelling 
project and they found the landfall and unsystematic ex-
cavation were the most important risk. Bo et al. (2015) 
used Fuzzy Hierarchical risk assessment of Metro Deep 
Excavation Pit in China.

This paper aims to propose a comprehensive model 
to identification of risks, and extends the framework for 
risk assessment based on new criteria for risk assessment. 
Hybrid SWARA-COPRAS method is adopted for risk 
prioritization of excavation projects because of its effi-
ciency and capability in handling uncertainty, simulating 
the ambiguity of human judgment and simultaneous con-
sideration of the ratio to the ideal solution and the ratio 
with the ideal-worst solution. This study focuses on iden-
tification and assessment of risk excavation projects in 
Iran (Shiraz city) thus bridging these gaps. The findings 
of this study can help stakeholders of excavation projects 
(contractor’s project owners, contractors and subcontrac-
tors) to undertake better risk management, with less exca-
vation damage, cost and time savings, particularly in Iran 
and other developing countries.

1. Problem description

Several excavation projects have failed to achieve budget, 
deadlines, and quality; most of these projects have been 
exposed to high risks. Risks must be properly identified, 
understood and evaluated by Stakeholders. Researchers 
stated that the impact of risks in completing excavation 
projects is significant because these risks can be described 
as uncertain events that have negative effect on project 
objectives. A proper risk management strategy is essential 
for controlling and reducing the risks. In this regard, risk 
assessment is a major component of excavation risk man-
agement. Excavation project are diverse and of complex 
relation and all risk factors are mutually independent and 
bear a complex and reciprocal influence on the other risk 
factors. Each risk may be a source of other new risks, or 
increase the severity of other risks on project objectives. 
It is necessary to consider interdependencies among vari-
ous risk events. Thus, to comprehend the potential effect 
of these risks, the risk evaluation should handle the com-
bined impact of risk events. An accurate assessment of 
significant risks is important for participants as an input 
for risk response and control phase that ensure the suc-
cess of risk management in excavation projects. Research 
on risk assessment methods illustrates that previous meth-
ods used two criteria for ranking of risks, namely the oc-
currence probabilities and impact of each risk factor, but  
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neglect the loss factors. However, the unavailability of 
comprehensive risk assessment method in deep excava-
tion project makes the risk ranking practice unfeasible 
and they do not reflect actual and comprehensive situa-
tions. Lack of evaluation on detectability, vulnerability, 
reaction against event, threat of risk ranking in excavation 
projects is one of the reasons for weak risk assessment of 
these projects. However, the method of risk management 
and assessment is always influenced by the uniqueness of 
the construction industry in different countries. As well, 
the previous research shows there have been only a few 
researches and little is known about risk assessment of 
excavation projects in Iran construction projects.  There-
fore SWARA-COPRAS as a decision-making method 
developed for dealing with uncertainties and applied to 
solve problems of risk assessment in excavation project. 
The need for modelling uncertainties can be particularly 
high in applications of MCDM to risk assessment in criti-
cal objects.

2. Research methodology

The research methodology of this study included four 
main parts. The first part focused on the identification 
of risk factors in excavation projects in Shiraz and crite-
ria for risk assessment. This part had been accomplished 
through conducting a literature review, such as scholarly 
articles, internet sources, books, documents existing in 
fire stations and construction companies (NEZAM MO-
HANDESI) and interview with experts. The second part 
categorized each risk factor based on type and impact of 
each risk in excavation projects by using RBS method 
and interview with experts. The third part focused to ob-
tain weight of each criterion for risk assessment by us-
ing SWARA (Step-wise Weight Assessment Ratio Analy-
sis) method. This part includes design and distribution 
of the questionnaire and analysis of the result obtained 
from questionnaire by SWARA method. The fourth part 
focused on assessment of each risk factor in excavation 
projects. This part includes design and distribution of the 
questionnaire and analysis by COPRAS (COmplex PRo-
portional ASsessment) method. The flow of the research 
methodology for the study is schematically illustrated in 
Figure 1. 

2.1. Sample size
In this study, the sample involved the experts in deep 
foundation excavation projects in Iran. The random sam-
pling technique is utilized when there is an equal geo-
graphic distribution among samples. The sample size that 
represented the population for the questionnaire was de-
termined using the following formula (Al-Tmeemy et al. 
2012):

 

( )2

2
1

,
z p p

SS
c

−
=  (1)

where SS is the calculated sample size, z is z value for 
the confidence level, p is percentage picking a choice, 

expressed as decimal, c is confidence interval. The calcu-
lated sample size (SS) was then corrected for finite popu-
lation using Eqn (2): 

 
1

1

SS
Corrected SS

SS
pop

=
−

+
 
 
 

, (2)

where pop is population. Later, the corrected sample size 
(Corrected SS) was adjusted for the response rate using 
Eqn (3): 
 Corrected SS for rr = rr x corrected SS, (3)
where  rr is a response rate. 

Fig. 1. Research methodology 

2.2. Questionnaire
The questionnaire survey was conducted as a secondary 
resource to collect data for this study. Two types of ques-
tionnaires were used in this study. Questionnaire type A 
was designed to obtain the weight of each risk assessment 
criteria based on excavation projects. Questionnaire type 
B was designed to obtain the rank of each risk in excava-
tion projects. The first section provided general informa-
tion regarding the respondents such as years of experi-
ence in excavation construction projects, type of project 
involved, type of role in the project and background in-
formation about the individual completing the question-
naire. The second part included the main questions about 
the weight of each risk assessment criteria and ranking 
of each risk. The 5-point Likert scale is represented as  
1 = Very Low; 2 = Low; 3 = On Average; 4 = High; and 
5 = Very High.

2.3. Step-Wise Weight Assessment Ratio Analysis 
(SWARA) method
The Step-Wise weight Assessment Ratio Analysis 
(SWARA) method was developed and applied for the 
selection of rational dispute resolution method in 2010 
(Keršulienė et al. 2010). This method is helpful for coor-
dinating and gathering data from experts. Some research-
ers developed decision-making models based on SWARA 
in recent years that have been mentioned in several pub-
lications: Karabasevic et al. (2015), Turskis et al. (2016), 
Nakhaei et al. (2016), etc.
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In the current study, the SWARA method was ap-
plied for determining the weight of each risk assessment 
criterion. Each expert prioritized and ranked each risk as-
sessment criterion from the first to the last one. In this 
method, the most significant criterion obtained the first 
rank (1), and the least significant criterion obtained the 
last rank (12). The average value of ranks was used for 
determining the overall ranking of the group of experts 
(Keršulienė, Turskis 2011). 

2.4. COPRAS (Complex Proportional Assessment) 
method
Zavadskas and Kaklauskas (1996) described the math-
ematic concept and introduced the COPRAS method. 
Currently this method is one of the well-known MCDM 
methods, which selects the best alternative between a lot 
of feasible alternatives by determining a solution with 
direct and proportional ratio to the best solution to the 
ratio with the ideal-worst solution. Some recent decision-
making models based on COPRAS were developed in 
fuzzy environment. While, in the current research we ap-
ply initial COPRAS method, criteria weights and alter-
natives ratings are taken into account as crisp numerical 
data (Kundakcı, Işık 2016; Mulliner et al. 2016, etc.). 

3. The application of the proposed model

The purpose of this study is to apply a hybrid MCDM 
model for assessment of risks in foundation excavation 
project in Shiraz (city of Iran). Four case studies, that 
had been built or are still under construction, were se-
lected for this study. For this period of the research, 150 
experts were identified. In this paper, SWARA and CO-
PRAS methods are employed as an integrated methodol-
ogy for assessment of risk factors in foundation excava-
tion projects.

3.1. Case study
Shiraz is one of the major cities in Iran and is the capi-
tal of Fars province. The last census in 2012 recorded a 
population of over 1,500,000 people. The city of Shiraz 
in Fars province is located at an altitude of 1486 meters 
above sea level in the mountainous region of Zagros and 
features a moderate climate. City expansion is limited by 
the Drake Mountains to the west, and from the Bamou, 
Sabzposhan, Chehelmagham and Babakohi mountains 
(the mountains of Zagros) to the north. According to the 
latest urban city report, administrative divisions are divid-
ed into 9 independent areas covering over 178,891 square 
kilometres. The development of high-rise buildings and 
underground building is extremely important in Shiraz as 
a developing city in Iran with diverse geographical condi-
tions. The deep foundation excavation has developed due 
to the shortage and high cost of land in Shiraz. Many ac-
cidents occur in foundation excavations in Shiraz every 
year, resulting in great loss of life and in stakeholder asset 
values. Therefore, it is necessary to carry out effective 
risk assessment on foundation excavation projects.

3.2. Sample size
The sample size that represents the population in response 
to the questionnaire is calculated based on Eqn (1). In the 
paper, the targeted size of population is 150 experts in-
volved in deep foundation excavation projects in Iran. 
For the purpose of getting the maximum sample size, the 
value of p was taken as 0.5. The confidence level z was 
taken to be 95%, and the maximum standard error al-
lowed, c in this study, was taken as 10%. Applying the 
above formula, the sample size was calculated using a 
Microsoft Excel work sheet, and the results are listed in 
Table 1.

Table 1. Sample size calculation

Percentage (p) 0.5
Confidence interval (c) 0.1 0.975
Confidence level and z value 95% 1.96
Response rate (rr) 92% –
Population 150 –
Total 54

In this study, 150 experts from Iran that are in-
volved in excavation projects, including main and sub-
contractors, a deputy director, project managers, quality 
managers, technical directors and academic person were 
selected. The experts had to meet two criteria before be-
ing invited to participate in the survey: first, they needed 
to have extensive work experience within the construc-
tion projects of Iran; and second, they needed to be in-
volved in the management of excavation projects or have 
gained in-depth knowledge of the deep foundation ex-
cavation through research. A total of 89 duly completed 
survey forms were returned in June 2015, representing a 
response rate of 59.33%. Among these 89 responses, 24 
responses were declared invalid due to blank, illegible, 
invalid, or multiple answers. Based on sample size of 54, 
the 65 returned and valid questionnaires were deemed as 
adequate and reliable for the purposes of this research. 
Table 2 shows the background information of the re-
spondents.

3.3. Identification and assessment of criteria for risk 
assessment
Risk assessment criteria identification is the first step in 
risk assessment excavation projects. In order to identify 
risk assessment criteria, a decision-making group com-
prised of project manager, quality manager, main contrac-
tor, sub-contractor, a deputy director, technical director 
and foundation excavation project contractor was estab-
lished. The primary result of this step was to collect data 
through the interview by experts and the previous stud-
ies on foundation excavation and risk assessment articles 
in construction projects such as Zegordi et al. (2012), 
Valipour et al. (2015), Hong et al. (2013), Sarvari et al. 
(2014). Risk assessment criteria can be categorized as 
beneficial and non-beneficial (cost). Among these 12 cri-
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teria 7 criteria are non-beneficial (cost), namely C1, C2, 
C3, C4, C5, C6 and C7, and 5 criteria are beneficial, name-
ly C8, C9, C10, C11 and C12. Beneficial criteria are maxi-
mized, whereas non-beneficial criteria are minimized. As 
a result, 12 risks assessment criteria were identified and 
showed in Table 3.

In the next step, SWARA is applied to obtain the 
weight of each criterion (Keršulienė et al. 2010). There-
fore, the questionnaire design was based on SWARA 
method and distributed by email between the experts in 
excavation projects that have been identified. Based on 
their own experiences and implicit knowledge, each ex-
pert was asked to rank the importance of each criterion. 
Experts’ ideas were collected and the outcome shown in 
Table 4. Outcome of this step will be used in COPRAS 
method for assessment of risks.

Based on the results from SWARA, among 12 risk 
assessment criteria, the five highest criteria score of 
0.1346, 0.1140, 0.1, 0.0893 and 0.080 were Threat (C2), 
Consequence (C3), Risk manageability (C10), Risk prob-
ability (C11) and Risk coupling (C7), respectively. 

3.4. Risk identification and assessment
Risk identification was the next step for this study after 
identification and determining the weight of each risk as-
sessment criteria by SWARA method. Therefore, a review 
of books and journal papers relevant to excavation pro-
jects were also adopted to collect primary data for iden-
tification of risk factors. Data were collected through the 
previous studies on foundation excavation projects such 
as Hong et al. (2013), Feng and Jun-yan (2011), Zhang 
(2010), Li and Wang (2010), Zhou and Zhang (2011), 
Zhang et al. (2016) and Burcar Dunovic et al. (2016). The 
interview with experts in excavation project was the next 
approach to identify significant risks. Risk breakdown 
structure (RBS) and interview with experts were used to 
classify risks based on the risk impact and resources on 
the project objectives. 37 risks were then grouped into 
seven categories by expert judgments with the help of the 
Delphi method. Table 6 shows the significant risk factors 
in excavation projects in Iran. Risk assessment was the 
last part of this study and COPRAS method was applied 
for this part (Zavadskas, Kaklauskas 1996). A question-

Table 2. Background information of the selected experts

Role of the respondents
Sector Construction industrial 85 Academic 15

Position
Category Project 

Manager
Quality 
Manager

Main 
Contractor

Sub- 
Contractor

A deputy  
director

Technical 
Director

Academic

Number 8 6 13 10 4 9 15
Type of PPP projects that the survey respondents have been involved

Category High rise building 44 Subway 16 Tunnels 5
Industrial experience of the respondents

Years Five or below 5–10 11–15 Above 16
Percentage (%) 0 37.6 54.1 8.3

Table 3. Risk assessment criteria

Risk assessment criteria Description
C1: Vulnerability Vulnerability and weakness of an asset that can convert it into an event Cost (–)
C2: Threat Threat is defined as an event with an undesired the potential impact on a project 

objective (time, cost, quality)
Cost (–)

C3: Consequence  Consequence is defined as the effect of an event or incident Cost (–)
C4: Risk uniqueness When dealing with a special subject, a risk may receive particular attention Cost (–)
C5: Risk uncertainty The lack of information about the nature of the probability distribution function of 

risk measures 
Cost (–)

C6: Risk proximity Risk proximity is the interval during which the risk is expected to occur Cost(–)
C7: Risk coupling The effect that a risk would have on measures of other risks Cost (–)
C8: Detectability The capability and potential for identification and elimination of the weakness Benefit (+)
C9: Reaction against event    The capability of an appropriate response in order to reduce Benefit (+)
C10: Risk manageability The degree of manageability for control and influence of a given risk Benefit (+)
C11: Risk probability The degree of the likelihood that each risk will occur Benefit (+)
C12: Risk predictability This measure determines where and when in the project the risk might occur Benefit (+)
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naire survey based on COPRAS method was designed 
and distributed to experts by email. In this section, re-
spondents were asked to express their perceptions of the 
importance of 37 foundation excavation risks based on 
previous similar studies. At this stage of the application, 
the group of experts’ assesses each risk factors according 
to each criteria. The sums of the weighted normalized 
values for the beneficial criteria (pi+) and for the non-
beneficial criteria (pi–) are calculated. Table 5 presents 
COPRAS result for beneficial and non-beneficial criteria.

Then the relative significance or priority value (Qi) 
and the quantitative utility (Ni) for each alternative are 
calculated and as shown in Table 6.

According to the calculation results, the final rank-
ing of each risk factor using COPRAS method is pre-
sented in Table 6. The top risk was management of safety 
in construction (R41) with weight of 0.1190. The second 
and third risks were unfavourable geological conditions 
(R61), managerial experience shortage (R44) with scores 
of 0.11644 and 0.0868 respectively. The fourth and fifth 
ranks of each risk with scores of 0.08598 and 0.02729 
respectively were incomplete emergency plan (R47) and 
subsidence of ground (R14). Respondents believed that 
the lowest ranks of risk in excavation projects were R32 
and R65 with scores of 0.02377 and 0.02372, respectively.

Table 4. Weight of each risk assessment criteria

Criteria Comparative importance of average value 

jS

Coefficient 
1j jK s= +

Recalculated  

1j
j

j

x
w

k
−=
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j
j

j

w
q

w
=
∑

Rank

C2 – 1 1 0.1346 1
C3 0.18 1.18 0.8474 0.1140 2
C10 0.14 1.14 0.7433 0.1 3
C11 0.12 1.12 0.6637 0.0893 4
C7 0.105 1.105 0.6 0.080 5
C12 0.09 1.09 0.5510 0.0741 6
C5 0.085 1.085 0.5078 0.0683 7
C1 0.08 1.08 0.4702 0.0633 8
C4 0.074 1.074 0.4392 0.0591 9
C6 0.055 1.055 0.4163 0.0560 10
C8 0.03 1.03 0.4042 0.0544 11
C9 0.022 1.022 0.3955 0.0532 12

Table 5. COPRAS result for beneficial and non-beneficial criteria
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R11 0.00728 0.01622 R32 0.00728 0.01924 R55 0.00723 0.01782
R12 0.00772 0.01838 R41 0.09908 0.01585 R61 0.09890 0.01807
R13 0.00771 0.01724 R42 0.00661 0.01830 R62 0.00775 0.01760
R14 0.00672 0.15415 R43 0.00901 0.01866 R63 0.00789 0.01652
R21 0.00721 0.01844 R44 0.06848 0.01726 R64 0.00782 0.01893
R22 0.00770 0.01718 R45 0.00901 0.01844 R65 0.00775 0.01986
R23 0.00795 0.01743 R46 0.00831 0.01713 R71 0.00791 0.0191
R24 0.00775   0.0175 R47 0.06854 0.01819 R72 0.00772 0.01757
R25 0.00772 0.01812 R48 0.00791 0.01718 R73 0.00666 0.01622
R26 0.00776 0.01627 R51 0.00778 0.01641 R74 0.00839 0.01958
R27 0.00728 0.01866 R52 0.00775 0.01849 R75 0.00772 0.01733
R28 0.00791 0.01918 R53 0.00774 0.01935
R31 0.00772 0.01718 R54 0.00785 0.01957
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Conclusions

Excavation project has become one of the most important 
and challenging issues in Shiraz as a developing city in 
Iran. In response to the rapid growth of urbanization and 
increased deep foundation, particularly for the critical in-
frastructure, the need for identify and assess significant 
risks has attracted much time and attention of excavation 
contractors, responsible sectors and government. In addi-
tion, the prediction and measurement of risk is difficult 
for stakeholders and decision makers to accurately meas-
ure because of the intangible nature of risk. The previ-
ous studies only used impact and frequency parameters 

to assess each risk. This paper introduced a developed 
new framework for ranking risks in excavation projects 
by SWARA-COPRAS method. The proposed model ex-
tended the conventional risk assessment model through 
introducing new criteria for ranking of risk. Twelve risk 
assessment criteria were identified from literature review 
and interview with expert. The weights of these crite-
ria were obtained from SWARA method. The SWARA 
result showed that Threat (C2), Consequence (C3) and 
Risk manageability (C10) were the top three criteria 
with scores of 0.1346, 0.1140 and 0.1000 respectively.  
COPRAS method was used to obtain rank of risks based 

Table 6. Rank of Significant risk in excavation projects 
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1
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R1: Security risks R11: stiffness of retaining structure                                                                                                     
R12: strength of retaining structure                                                                                                     
R13: upheaval in the bottom 
R14: subsidence of ground                                                             

0.02682
0.02498
0.02611
0.02729

22.55
20.7
21.93
22.9

9
25
17
5

R2: construction risks R21: type of excavation engineering
R22: construction plan
R23: construction quality
R24: groundwater control
R25: excavation monitoring construction impact 

on environment
R26: new construction technique 
R27: not standardized construction
R28: excessively rapid excavation and overcut

0.02441
0.02616
0.02614
0.02588
0.02522

0.02711
0.02428
0.02444

20.49
21.97
21.94
21.73
21.17

22.8
20.38
20.52

30
15
16
20
23

6
32
29

R3: Economic risks R31: project financing
R32:  contract performance

0.02618
0.02377

21.98
19.96

14
36

R4: Management risks R41: management of safety in construction 
R42: ability of skilled workers
R43: construction management personnel 
R44: managerial experience shortage 
R45: not timely monitoring
R46: poor communication 
R47: incomplete emergency plan
R48: unsound administration system

0.11909
0.02398
0.02600
0.08685
0.02620
0.02684
0.08685
0.02637

100
20.14
21.83
72.9
22.02
22.55
72.9
22.14

1
35
19
3
12
9
3
11

R5: Design risk R51: insufficient design theory foundation
R52: shortage of experience for reference
R53: not fully retaining and protection structure
R54: ill-considered underground water and 

surrounding building
R55: not comprehensively considered construction 

factors

0.02711
0.02498
0.02414

0.02405

0.02522

22.74
20.91
20.27

20.20

21.17

7
26
33

34

23
R6: Environmental risk R61: unfavourable geological conditions

R62: force majeure
R63: surrounding huge building around 
R64: complicated underground pipe network 
R65: perturbation of the road nearby around

0.11644
0.02577
0.02708
0.02457
0.02372

97.7
21.63
22.73
20.63
19.92

2
22
8
27
37

R7: Survey risk R71: error in the survey process
R72: insufficient breadth and depth of survey 
R73: wrong testing method 
R74: calculation and parameter error
R75: rock and soil and hydrological condition 

variation

0.02452
0.02577
0.02621
0.02437
0.02602

20.58
21.64
22.02
20.46
21.85

28
21
12
31
13
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on criteria weight. Initially, 37 significant risks in excava-
tion projects were identified and assessed. The COPRAS 
result showed that safety in construction risk (R41), un-
favorable geological conditions risk (R61), managerial 
experience shortage risk (R44), incomplete emergency 
plan (R47) and subsidence of ground (R14) with scores 
of 0.1190, 0.11644, 0.0868, 0.08598 and 0.02729, respec-
tively, were five top risks in excavation projects in Shiraz. 
A comparison between COPRAS method and other deci-
sion making methods illustrated that COPRAS method is 
very useful when the number of alternatives and criteria 
are very high, because it does not need pair-wise compar-
ison like FANP method and  it does not contain complex 
calculations like Fuzzy method. This method can provide 
a complete ranking of alternatives and deal with both 
qualitative and quantitative problems and issues within 
one assessment.  The finding of this study lays the foun-
dation for risk management in excavation projects and 
construction companies are active in this area, particu-
larly in Iran and developing countries, who are helped 
with monitoring and detection of risks in excavation pro-
jects, so as to reduce the possibility of accidence. This 
new hybrid multiple criteria decision making method can 
be useful in other sector of construction projects such as 
selection of the best area, the best type of contract and the 
best company for implementation of projects.
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