Supplemental Materials B. The designed questionnaire
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	Position:
	Education level:

	Duration of work in this position:
	Field of study:

	Place of work:
	


 Brief introduction to the subject and purpose of the research
The sewer collection network pipes are often considered among the most expensive structural components of these systems. Destructive factors, like aging, have led to the need for rehabilitation of this network of pipelines, just like other urban infrastructures. As rehabilitation is a costly process, and the utility budget is limited, its implementation must be accurately planned and in a systematic way. In light of this topic's major importance, this research focuses on the development of a comprehensive model for prioritizing the sewer collection network's pipes for inspection and rehabilitation activities. The present study employs multi-criteria decision-making to determine the relative importance of effective parameters on and consequences of structural failure, and calculate risk indices by taking uncertainties into account.
In this study, in order to calculate multi-dimensional risk, the consequences of structural failures are presented in three categories named Environmental impact, Traffic and road, and Life quality and public/private property. It should be noted that many factors can affect the structural failure of sewer pipes and the pipe failure may cause several negative consequences. However, as it is neither economical nor practical to monitor all of these variables, this research tries to consider the most important factors.
You are hereby kindly requested to comment on the factors and do the pairwise comparisons based on your experience and knowledge in this area and on the basis of the instruction presented in the following pages.

Thank you sincerely for your cooperation!


 Description
Please specify the relative importance of each item according to the proposed scale in Table S3-1.
Table S3-1. Scale of Relative Importance
	Explanation
	Comparison state of i with j
	Value

	The importance of i is equal to j; they are not superior to each other.
	Equally Significant
	1

	Experience and judgment slightly favour i over j
	Moderately Significant
	3

	Experience and judgment strongly favour i over j
	Significant
	5

	Item i is strongly favoured and its dominance demonstrated in practice
	Strongly Significant
	7

	The evidence favouring item i over j is of the highest possible order of affirmation
	Extremely Significant
	9



There is an example to illustrate how to complete the questionnaire:
Example) Which of the following factors is more effective in increasing the likelihood of sewer pipes’ structural failure? "Depth of installation" or "Pipe material"
If in your opinion the value of "Depth of installation" is "strongly significant" in comparison to "Pipe material", according to Table S3-1, mark number "7" on the right side of Table S3-2.
Table S3-2. Performing a comparison between the effective parameters according to the target activity (purchase a car)
	Factor i
"Depth of installation"
	Which factor has a greater impact on increasing the likelihood of sewer pipes’ structural failure? How much?
	Factor  j
" Pipe material "

	Degree of importance

	9
	7
	5
	3
	1
	3
	5
	7
	9



Note 1: If the importance of the two parameters is the same for you, mark number "1".
Note 2: Be careful that the numbers in the pairwise comparison table (for example, Table S3-2) are symmetric, and you need only to mark one number on one side (that is, the side of the more important parameter).
 Pairwise comparison tables
Please specify the relative importance of each of (sub) criteria presented in the following tables and according to the table headings:





Table S4-1. Pairwise comparison of “Construction factors” which increase the likelihood of sewer pipes’ structural failure
	In each row, which of the factors i and j have a greater impact on increasing the likelihood of sewer pipes’ structural failure? How much?

	Factor  i
	Degree of importance
	Factor j

	Pipe depth
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Installation condition

	Pipe depth
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Pipe material

	Pipe depth
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Pipe length to diameter ratio

	Pipe depth
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Operating conditions (e.g. quality of workmanship, standards, etc.)

	Installation condition
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Pipe material

	Installation condition
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Pipe length to diameter ratio

	Installation condition
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Operating conditions (e.g. quality of workmanship, standards, etc.)

	Pipe material
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Pipe length to diameter ratio

	Pipe material
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Operating conditions (e.g. quality of workmanship, standards, etc.)

	Pipe length to diameter ratio
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Operating conditions (e.g. quality of workmanship, standards, etc.)



Table S4-2. Pairwise comparison of “Local external factors” which increase the likelihood of sewer pipes’ structural failure
	In each row, which of the factors i and j have a greater impact on increasing the likelihood of sewer pipes’ structural failure? How much?

	Factor  i
	Degree of importance
	Factor j

	Road type
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Groundwater level

	Road type
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Soil type

	Road type
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Root penetration

	Road type
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Produced amount of H2S

	Groundwater level
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Soil type

	Groundwater level
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Root penetration

	Groundwater level
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Produced amount of H2S

	Soil type
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Root penetration

	Soil type
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Produced amount of H2S

	Root penetration
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Produced amount of H2S



Table S4-3. Pairwise comparison of “Other factors” which increase the likelihood of sewer pipes’ structural failure
	In each row, which of the factors i and j have a greater impact on increasing the likelihood of sewer pipes’ structural failure? How much?

	Factor  i
	Degree of importance
	Factor j

	Pipe age
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Wastewater type



Table S4-4. Pairwise comparison of “Environmental consequences” of sewer pipes’ structural failure
	In each row, which of the factors i and j are affected more negatively in the case of sewer pipes’ structural failure? How much?

	Factor  i
	Degree of importance
	Factor j

	Soil contamination
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Groundwater contamination



Table S4-5. Pairwise comparison of “Traffic and road consequences” of sewer pipes’ structural failure
	In each row, which of the factors i and j are affected more negatively in the case of sewer pipes’ structural failure? How much?

	Factor i
	Degree of importance
	Factor j

	Service interruption of critical buildings (e.g. fire station, hospital, etc.)
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Decreasing the life span of road asphalt (road type)

	Service interruption of critical buildings (e.g. fire station, hospital, etc.)
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Parking loss 

	Service interruption of critical buildings (e.g. fire station, hospital, etc.)
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Traffic jam

	Decreasing the life span of road asphalt (road type)
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Parking loss 

	Decreasing the life span of road asphalt (road type)
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Traffic jam

	Parking loss 
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Traffic jam



Table S4-6. Pairwise comparison of “Life quality and public expenditure consequences” of sewer pipes’ structural failure
	In each row, which of the factors i and j are affected more negatively in the case of sewer pipes’ structural failure? How much?

	Factor  i
	Degree of importance
	Factor j

	Drop in people’s work efficiency and comfort due to delays, odor and noise (Population)
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Damage to nearby buildings



Table S4-7. Pairwise comparison of effective groups in increasing the likelihood of sewer pipes’ structural failure
	In each row, which of the groups i and j have a greater impact on increasing the likelihood of sewer pipes’ structural failure? How much?

	Group  i
	Degree of importance
	Group j

	Construction factors
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Local external factors

	Construction factors
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Other factors (e.g. pipe’s age)

	Construction factors
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Other factors (e.g. pipe’s age)







Table S4-8. Pairwise comparison of sewer pipes’ structural failure risks by considering the specific risk in question poses significant harm
	In each row, which of the risks i and j have a longer effect in the area, in the case of sewer pipes’ structural failure? How much?

	Risk  i
	Degree of importance
	Risk j

	Quality reduction of the natural environmentEnvironmental contamination
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Traffic disturbance and road damage

	Environmental contaminationQuality reduction of the natural environment
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Reduction Annoyance of life quality and increase the public expenditures

	Traffic disturbance and road damage
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Annoyance Reduction of life quality and increase the public expenditures



Table S4-9. Pairwise comparison of sewer pipes’ structural failure risks by considering the required costs to minimize the risk
	In each row, which of the risks i and j need more expenditures to be removed from the area, in the case of sewer pipes’ structural failure? How much?

	Risk i
	Degree of importance
	Risk j

	Environmental contaminationQuality reduction of the natural environment
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Traffic disturbance and road damage

	Environmental contaminationQuality reduction of the natural environment
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Annoyance Reduction of life quality and increase the public expenditures

	Traffic disturbance and road damage
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Annoyance Reduction of life quality and increase the public expenditures



Table S4-10. Pairwise comparison of sewer pipes’ structural failure risks by considering the challenges and obstacles for utilities to manage the related risk effectively
	In each row, which of the risks i and j are managed with more difficulty, in the case of sewer pipes’ structural failure? How much?

	Risk i
	Degree of importance
	Risk j

	Environmental contaminationQuality reduction of the natural environment
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Traffic disturbance and road damage

	Environmental contaminationQuality reduction of the natural environment
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Annoyance Reduction of life quality and increase the public expenditures

	Traffic disturbance and road damage
	9
	7
	5
	3
	1
	3
	5
	7
	9
	Annoyance Reduction of life quality and increase the public expenditures
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