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ABSTRACT

Wind farm projects have recently gained popularity in many countries. However,
since wind farms are a novel type of infrastructure for energy production for which
limited historical data are available, numerous unique challenges are encountered
during their construction. One of the main challenges involves risk management. Many
researchers and practitioners have investigated on- and off-shore wind farm projects in
terms of risk identification. However, they have mostly focused on off-shore wind farm
projects; there is little research on risk identification for on-shore wind farm projects.
To address this gap in the research, this paper develops a risk breakdown matrix (RBM)
for the construction of on-shore wind farm projects. Due to a lack of research on risk
identification for on-shore wind farm projects, in this paper, the case-based reasoning
(CBR) technique is used to develop the RBM. First, the construction work packages
(CWPs) of on-shore wind farm projects are identified. Then, by comparing the CWPs
of these projects to those from other types of construction projects, the work-
package-level risks that affect each CWP are identified based on the similarities
between on-shore wind farm projects and other types of construction projects. The
RBM developed in this paper can be used for the risk identification and risk
management of on-shore wind farm projects. The contributions of this paper are
twofold: First, it introduces CBR as a risk identification technique for on-shore wind
farm or other similar construction projects, which is a topic that has not previously been
comprehensively studied. Second, it identifies the work-package-level risks affecting
these projects and maps each risk factor to the affected CWPs.
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INTRODUCTION

Since the construction costs of wind farm projects have been decreasing due to
technological advancements, these projects are growing in popularity as an efficient
way to harness energy from renewable sources (Renewable Energy Policy Network for
the 21st Century 2018). As a result, global wind power production capacity increased
by 53 GW annually on average from 2013 until 2018, according to the International
Renewable Energy Agency (IRENA) report IRENA 2019). This growth in wind power
production capacity is responsible for 30% of the annual growth in global renewable
energy production capacity reported from 2013 to 2018 (IRENA 2019). North
American countries (i.e., Canada, the USA, and Mexico) produced 16.5% of the annual
growth of global wind power capacity, with Canada having added an average of 9 GW
annually to their wind power production capacity from 2013 to 2018 (IRENA 2019).
Canada and the USA have recently invested in the development of wind farms due to
energy demand. As this trend continues, risk management for wind farm projects needs
to be investigated in order to reduce the impact of unforeseen events that can affect
construction project objectives.

The Project Management Institute (PMI 2016) divides the construction project life
cycle into five phases: conception, design, construction, commissioning, and closeout.
On wind farm projects, the construction phase consumes the largest portion of project
budget and time (Fera et al. 2012). Accordingly, ample research has been conducted on
the implementation of risk management procedures for identifying and mitigating the
risks that affect wind farm projects during their construction phase (Gatzert and Kosub
2014; Fera et al. 2017). Effective implementation of risk management in the early
stages of construction projects is essential for the success of construction projects;
failing to properly implement risk management processes can lead to negative impacts
on project objectives (Siraj and Fayek 2019). Although risk management for wind farm
projects has previously been researched, the majority of existing studies have focused
on off-shore wind farm projects. For example, Chien et al. (2013) implemented risk
management procedures for an off-shore wind farm in Taiwan, and Gkoumas (2010)
developed a risk analysis framework for off-shore wind turbines for the operation and
construction phases of these projects. However, there is a gap in the research for
identifying risks affecting the construction work packages (CWPs) of on-shore wind
farm projects, which is addressed in this paper. This paper aims to identify work-
package-level risks and map them to the associated CWPs for on-shore wind farm
projects.

Risk identification is the first step in the risk management process, and many tools
and techniques have been proposed for this purpose, including case-based reasoning
(CBR); literature review; the strengths, weaknesses, opportunities, threats (SWOT)
technique; checklist analysis; and diagram analysis (Siraj and Fayek 2019). CBR is a
methodology used to identify the characteristics (e.g., risks) of an unknown
phenomenon (e.g., an on-shore wind farm project) based on its similarity to other
phenomena (e.g., other types of construction projects) by using similar cases to retrieve
information about the unknown phenomenon (Watson 1999). CBR can help
construction researchers and practitioners identify project risks that are unknown and
not well-researched due to their novelty, such as those involved in on-shore wind farm
projects. Accordingly, in this paper, due to the lack of comprehensive research on risk
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identification for on-shore wind farm projects, the CBR technique is used to identify
the work-package-level risks that affect these projects during their construction phase.
The objectives of this study are twofold. The first objective is to introduce CBR as a
risk identification technique for on-shore wind farm projects, and the second is to
identify the work-package-level risks affecting these projects and map them to their
CWPs.

LITERATURE REVIEW

The International Organization for Standardization (ISO) (2009) defines risk as
“the effect of uncertainty on objectives.” Construction projects are highly influenced
by various risks due to their complex nature and the fact that they are under the
influence of numerous external factors (Siraj and Fayek 2019). Therefore, many
researchers have aimed to identify or assess risks on construction projects and
determine appropriate risk management practices for reducing the adverse effects of
risks on construction projects’ objectives. Kassem et al. (2019) conducted a survey on
the risk factors influencing the oil and gas industry in Yemen, and they identified the
risk factors that affect the time and cost of oil and gas projects. Construction risks are
traditionally represented in the form of a risk breakdown structure, which is a
hierarchical structure of risks categorized based on their potential sources. Hillson et
al. (2006) introduced the risk breakdown matrix (RBM) as an innovative format for
representing risks on construction projects. In an RBM, risks are presented and each
risk is mapped to the work package(s) affected by the risk. RBMs can be presented in
the form of matrices or they can be presented graphically in the form of a diagram. Li
et al. (2013) developed an RBM for bridge construction projects.

There are a small number of studies in the literature investigating risk identification
for wind farm projects. Fera et al. (2017) identified 42 risks for on-shore wind farms;
however, they did not specify what risk identification methodology they used. Fera et
al. (2017) ranked those 42 risks based on their severity index using the analytic network
process, and the result revealed that the quality of concrete curing has a high impact on
project objectives. Gatzert and Kosub (2014) investigated the risks affecting on- and
off-shore wind farm projects from the design phase until the operation phase and
identified 58 risks that are further classified into seven categories, namely business,
construction, operation, legal, market, counterparty, and policy risks. As Gatzert and
Kosub (2014) mainly focused on off-shore wind farm projects, the majority of the risk
factors identified in their study only affect off-shore wind farm projects. Only two of
the risks they identified are applicable to both on- and off-shore projects: (1) grid
connection and (2) damage to the turbine or theft during transportation or construction.
Prostean et al. (2016) used a simulation model to identify risks for on- and off-shore
wind farm projects in Romania, identifying 16 risks affecting these projects throughout
their life cycles. Delay in completion of turbines by the manufacturer, delay in
obtaining construction permits, and lack of qualified labor were found to be the major
risks for the construction phase. Finlay-Jones (2007) interviewed eight project
managers in Australia who were experts in on- and off-shore wind farm projects and
conducted an extensive literature review to identify the risks affecting wind farm
projects. They focused primarily on cost risks and validated the list of identified risks
through multiple case studies in Australia. Most previous research on identifying the
risks affecting wind farm projects has focused on the maintenance and operation
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phases, rather than on the construction phase. In addition, most research has focused
on the risks associated with off-shore rather than on-shore wind farm projects. This
paper fills this gap by identifying the work-package-level risks affecting the
construction of on-shore wind farm projects.

METHODOLOGY

In this study, CBR is used to identify the risks that affect the construction of
on-shore wind farm projects. CBR is a methodology for systematically retrieving
information about an unknown phenomenon based on its similarities to other
well-studied phenomena, and it has been proven to be an appropriate technique for risk
identification (Hu et al. 2016). The most commonly used methodologies for
construction risk identification are literature reviews, questionnaire surveys, and
interviews (Siraj and Fayek 2019). The literature review methodology relies on the
existence of ample research on the same type of construction projects to identify
generic construction risks, and questionnaire and interview surveys are highly
dependent on subjective expert knowledge. Risk identification using CBR does not rely
on expert knowledge or previous research on the same types of construction projects;
rather, CBR identifies the risks that affect a specific type of construction project based
on its similarities to other types of construction projects. Thus, CBR is an appropriate
methodology for risk identification for on-shore wind farm projects since they are novel
and there is little research available on risk identification for these types of projects.
This section presents the research methodology for implementing CBR for the risk
identification of on-shore wind farm projects.

CBR is applied in three key steps: case representation, retrieval, and adaptation
(Goh et al. 2009a; Goh et al. 2009b). In the case representation step, the problem case
(i.e., risk identification of on-shore wind farm projects) is represented by a set of its
characteristics in order to find similar cases. The characteristics used to represent the
problem case are identified by considering the scope of the problem, which in this paper
is the identification of risks affecting on-shore wind farm projects at the work package
level. In the case retrieval step, the represented case is compared to other cases based
on its characteristics, which determines the similarities between the problem case and
other cases. Cases with similar characteristics are retrieved. While the problem case
might not be fully similar to any other cases due to the uniqueness of all construction
projects, in the adaptation step, the retrieved cases are analyzed, and the extracted
information about these similar cases is modified or removed based on the level of
similarity between the problem case and the retrieved cases. The result of the adaptation
step is a list of information extracted from the different retrieved cases relevant to the
problem case.

Case Representation

In this paper, the characteristics of on-shore wind farm projects used to represent
risk identification are the CWPs of on-shore wind farm projects, since the objective of
this study is to identify work-package-level risks for on-shore wind farm projects.
Representing the problem case by its CWPs leads to the identification of other projects
that share the same CWPs. This representation helps extract the work-package-level
risks from those similar projects in order to identify the risks that affect the construction
of on-shore wind farm projects. Case representation is accomplished by identifying the
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CWPs of wind farm projects from the literature based on the scope of research and then
representing these projects using their CWPs. Hao et al. (2019) developed a WBS of
on-shore wind farm projects by presenting 11 CWPs, namely pre-construction
activities, surveying, turbine foundation, turbine assembly, electrical collector line,
electrical distribution substation, access road and parking lot, stormwater management
system, meteorological tower, dewatering, and O & M building. In this paper, the
CWPs used to represent on-shore wind farm projects are adopted from the research
conducted by Hao et al. (2019), and three of the CWPs are considered for risk
identification using the CBR technique, namely pre-construction activities,
metrological tower, and electrical distribution substation.

Case Retrieval

The case retrieval step consists of two sub-steps. First, each CWP is searched in
Scopus and the Google Scholar database to find any similar cases. The search in the
Scopus database is accomplished by searching for articles that include the name of each
CWP and at least one of the four terms (i.e., “risk identification”, “risk management”,
“risk assessment”, and “construction risk’) within the article keywords, abstract, or
title. For Google Scholar, the same keywords are used, but they are searched for within
the entire contents of the articles. In addition to scientific articles, technical/engineering
reports are also searched in Google Scholar and the Scopus database. The searches in
Scopus and Google Scholar are not limited to a specific time frame and/or publisher
name. The criteria for selecting similar cases are (1) the article/report specifically
identifies construction risks, (2) the article/report lists the work-package-level risk
factors, and (3) the defined CWPs are investigated in the article/report in terms of risk
identification. These criteria are defined to determine the similarity between the
problem case and the other cases using crisp numbers {0, 1}, where 1 means that the
case fulfills the three criteria and is considered a similar case and 0 means that the case
does not fulfill any of the three criteria and is considered a dissimilar case.

Case Adaptation

In this step, the retrieved articles/reports are reviewed, and the extracted
information (i.e., risks) about the similar cases are manually modified or removed based
on the dissimilarities between on-shore wind farm projects and the projects studied in
the retrieved articles/reports. First, by reviewing each article/report, all risk factors
relevant to the CWPs that are common with on-shore wind farm projects are extracted.
Next, each risk is analyzed and modified based on similarities and dissimilarities to
on-shore wind farm projects. For example, while the meteorological tower is
structurally and functionally similar to the telecommunication tower, those risks related
to the failure of telecommunication equipment are not relevant to the construction of
meteorological towers. Accordingly, this risk factor is modified, and the failure of
meteorological tower equipment is considered one of the risk factors that affects
on-shore wind farm projects.

CASE STUDY

Three CWPs of on-shore wind farm projects were chosen to represent the problem
case, namely pre-construction activities, electrical distribution substation, and
meteorological tower. The application of CBR in this study identified 43 work-
package-level risk factors affecting the three aforementioned CWPs, shown in Figure

5



225 1. For the case retrieval step, Table 1 shows the number of retrieved cases (i.e.,
226  construction projects) that share similar CWPs with the on-shore wind farm projects.
227  This section describes each retrieved case in term of its similarity to CWPs.

Meteorological Tower

Insufficient rigging plan

Inadequate reinforcement for construction loads
Tower failure due to ice and wind with ice
Hurricanes, tornadoes and straight line winds

Electrical Distribution Substation Falling of equipment or workers

Guy wire slippage
Installation flaw

Delays due to wind
Corrosion of anchor

Anchor failure

. . Lo L . . Tower Failure
Equipment installation issues Issues with circuit switcher after long-term storage in substation
Errors/omissions in construction documents

Unforeseeable site conditions delays

Electrical outage/failure construction
Moisture content in transformer oil after long term storage in the substation

Delays due to equipment trasportation Improper ground connection

Environmental risk of SF6 circuit breakers
Electrocution

“—— " — Wind Farm
Security issues (material and equipment thefts)
Public protest against wind farm development due to environmental concerns
Poor communication (radio and cellular phone)
Existence of cultural resource/ archaeological issues
Improper construction methods implemented by the contractor
Unavailability of owner engineers during sample testing
The increase in materials' cost during the building's construction
Problems related to the transportation of materials to the site

Lightning issues

Lack of skilled worker

Delay in completing design plans
Personnel safety issues

Inadequate equipment used

Unavailability of materials

Land ownership issues (transferring, renting and claims)
The selection of unskilled workers by the contractor
Delay in obtaining permits/long regulatory permitting process. Difficulty in transferring construction waste and disposal
Delay in the approval of contractor submissions by the owner Ineffective planning and scheduling of the project by the contractor

Changes to specifications/ specified materials Shortage in site equipment

iPre-ConstrucIi on Activities)

228 Figure 1. Three CWPs with their associated risk factors.

229 Table 1. Number of Cases Retrieved by CBR
230

g N
.8 | g8 o S
8 =8 =B —_ =) o S E =
S5 | 2225 | 8¢ : 52
s B T 5
Cwp g & = g £ g & % = g ]
5.z & & ) 5 = — o=
SER=IRS) S8E5 |2 & ) SRS
T g E = s 7 > @] O -~
g 5] = = an °
[a W — < —~
Pre-construction
. 3 0 0 0 0
activities
Electrical distribution
. 0 2 1 0 0
substation
Meteorological tower 0 0 0 1 1




231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271

272
273
274
275
276

Pre-construction Activities

The first CWP discussed in this paper is pre-construction activities, which consists
of different construction activities including site preparation, mobilization, and site
acquisition. While pre-construction activities are common between all types of
construction projects, this paper focuses on projects operated in remote locations to
identify the risk factors affecting this CWP on wind farm projects. On-shore wind farm
projects are commonly operated in remote locations, due to social concerns regarding
the perceptibility of this type of infrastructure in residential areas; consequently, the
pre-construction activities of wind farm projects share many risks with those projects
operated in remote locations. Kershaw et al. (2009) studied the risks affecting the
construction and design process of water pipeline projects in remote locations and
concluded that delays in obtaining permits, the potential to disturb cultural sites, and
the existence of security issues are the major risks affecting these projects. Sidawi
(2012) identified 22 risks that affect construction projects in remote locations in Saudi
Arabia. According to Sidawi (2012), long travel time and lack of construction materials
are the major risk factors that affect construction projects in remote locations. Baroudi
and McAnulty (2013) did the same investigation on Australian projects and concluded
that the lack of skilled workers is the main risk for remote projects in Australia.

Electrical Distribution Substation

The second CWP investigated in this paper for risk identification is the electrical
distribution substation. This CWP is common between different types of power plant
projects since after the generation of power and its transformation into electricity, the
electrical distribution substation is required to distribute the power within the power
network. Accordingly, for the identification of risks affecting this CWP, electrical
transmission and distribution (T & D) substations were investigated. In addition to
generic construction risks that apply to all types of power plant projects, those risks
that are specific to renewable energy power plants (e.g., hydropower) projects were
investigated, and those risks associated with the construction of electrical distribution
substations were extracted. Zhao and Guo (2014) investigated construction risks for
ultra-high voltage transmission, which consists of two 1000kV T & D substations and
transmission lines. They found that equipment installation and large equipment
transportation risks should be considered in the construction phase since they have a
greater negative impact on project objectives. The International Association of
Engineering Insurers (IMIA) reported that lightning during the construction phase can
do serious damage to T & D substations. Stantec (2017) published a report on the
construction of a hydropower electrical distribution substation and identified the risk
factors that affected the project, namely, error or omissions in construction documents,
issues with circuit switchers and moisture content in transformer oil after long-term
storage in the substation, delays due to equipment transportation, unforeseeable site
condition delays, and electrical outage or failure construction. These risk factors were
ranked based on the significance of their impact on project cost.

Meteorological Tower

Meteorological towers commonly have a very high ratio of tower height to tower
width (i.e., width measured at the very bottom of the cross-section of towers).
Therefore, these types of structures are prone to structural risks caused by horizontal
forces (i.e., wind force, earthquakes), and one of the few options available for

7
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addressing these risks is to support the structures with structural cables connected to
the ground with anchors. The main function of this type of tower is the carriage of
measurement instruments. Telecommunication and cell towers have the same
functionality and construction method, in that these towers also carry electrical
instruments and antennas (i.e., functionality) and are held by anchors and cables (i.e.,
construction method). Therefore, in this paper, telecommunication and cell towers were
investigated in order to identify the risks associated with the construction of
meteorological towers for on-shore wind farm projects. Davies (2011) conducted a
comprehensive investigation on the main reasons for the failure of cell towers in North
America and identified the risks that lead to project failure. The risk factors were
insufficient rigging plans, inadequate reinforcement for construction loads, guy wire
slippage, tower failure due to ice and wind with ice, and anchor failure and corrosion
of anchor. Rosu et al. (2018) searched for the safety risks associated with the
installation of telecommunication towers and mentioned that falling is the most severe
risk, which leads to worker injury and fatality.

DISCUSSION

Forty-three work-package level risks for on-shore wind farm projects were
identified in this study (see Figure 1). The results of this study reveal that of the three
CWPs considered for risk identification, pre-construction activities of projects in
remote locations is the most highly risk-prone CWP with 21 risk factors. In the
comparison of on-shore and off-shore wind farm project risk factors, some risk factors
are common in both types of projects (e.g., personal safety issues, lightening issues,
and falling of equipment or workers). Although some off-shore wind farm project risk
related to marine hazards do not affect on-shore wind farm projects, many risk factors
are common to both types of projects due to their remoteness.

CONCLUSIONS

Risk identification for on-shore wind farm projects has not yet been thoroughly
researched due to the novelty of these projects, even though there is a need to identify
the risks that affect these projects so they can be effectively managed. In this paper,
CBR is used as a technique for risk identification for on-shore wind farm projects to
overcome the lack of research on these projects. The application of CBR in this paper
identified 43 work-package-level risks that affect on-shore wind farm projects during
the construction phase. The results of this research show that CBR is an appropriate
method for risk identification for any novel type of construction project that has not
been comprehensively researched or for risk management practices on those projects
that suffer from a lack of historical data. The results of this study can also be used as a
general source for researchers and practitioners for risk identification for on-shore wind
farm projects. In future research, all the work-package-level risks that affect the
construction of on-shore wind farm projects will be identified. These risks will be
prioritized based on their severity using multi-criteria decision-making (MCDM)
techniques. MCDM techniques (e.g., the analytic hierarchy process) can be used to
prioritize work-package-level risks based on their severity with regard to project
objectives. In addition, the fuzzy similarity index can be used instead of crisp values to
measure similarity. In this paper, crisp values for similarity measurement are used: each
case is either similar or not similar, and cases that are partially similar to the problem
case are overlooked. This limitation can be addressed by using a fuzzy similarity index,

8
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which can consider partial similarity between the problem case and other cases using
any number within the range of [0,1] in order to retrieve more information about the
problem case.

REFERENCES

Baroudi, B., and McAnulty, S. (2013). “Management of remote construction projects:
the Australian experience.” Int. J. of Constr. Manage., 13(2), 1-12.

Chien, L., Chiu, S., Tseng, W., and Chen, K. (2013). “Risk assessment of offshore
wind-farm construction.” Proc., 23rd Int. Offshore Polar Eng. Conf., 414—420.

Davies, D. K. (2011). North American Tower Failures: Causes and Cures.
Consolidated Engineering Inc., Evansville, IN.

Fera, M., lannone, R., Macchiaroli, R., and Miranda, S. (2012). “Cost analysis in small
wind projects.” 8th International DAAAM Baltic Conference: Industrial
Engineering, 448—453.

Fera, M., Macchiaroli, R., Fruggiero, F., and Lambiase, A. (2017). “Risks prioritization
in decision making for wind energy investments using analytic network process
(ANP).” International Journal of Applied Engineering Research, 12(10), 2567—
2573.

Finlay-Jones, R. (2007). “Putting the spin on wind energy: Risk management issues
associated with wind energy project development in Australia.” Southern Cross
University, Lismore, NSW.

Gatzert, N., and Kosub, T. (2014). Risks and risk management of renewable energy
projects:  The case of onshore and  offshore  wind  parks.
https://ssrn.com/abstract=2535782 (July 2019).

Gkoumas, K. (2010). “A risk analysis framework for offshore wind turbines.” Earth
and Space 2010, American Society of Civil Engineers, Reston, VA.

Goh, Y. M., Chua, D. K. H., and Asce, M. (2009a). “Case-based reasoning for
construction hazard identification: Case representation and retrieval.” J. Constr.
Eng. Manage., 135(11), 1181-1190.

Goh, Y. M., Chua, D. K. H., and Asce, M. (2009b). “Case-based reasoning approach
to construction safety hazard identification: adaptation and utilization.” J. Constr.
Eng. Manage., 136(2), 170-179.

Hao, Y., Kedir, N. S., Gerami Seresht, N., Pedrycz, W., and Fayek, A. R. (2019).
“Consensus building in group decision-making for the risk assessment of wind
farm projects.” Proc., 2019 IEEE International Conference on Fuzzy System
(Fuzz-IEEE).

Hillson, D., Grimaldi, S., and Rafele, C. (2006). “Managing project risks using a cross
risk breakdown matrix.” Risk Management, 8(1), 61-76.

Hu, X., Xia, B., Skitmore, M., and Chen, Q. (2016). “The application of case-based
reasoning in construction management research: An overview.” Automat. Constr.,
72, 65-74.

International Renewable Energy Agency (IRENA). (2019). “Renewable energy
capacity statistics 2019.” https://www.irena.org/publications/2019 (July 2019).

ISO (The International Organization for Standardization). (2009). “Risk management
principles and guideline.” ISO 31000:2009, International Standard Organization,
Geneva, Switzerland.



368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405

Kassem, M. A., Azry Khoiry, M., and Hamzah, N. (2019). “Evaluation of risk factors
affecting on oil and gas construction projects in Yemen.” International Journal of
Engineering & Technology, 8(1), 6—14.

Kershaw, D., Kotey, T., and Johnson, R. (2009). “Challenges in the design and
construction of water importation projects.” Proc., Pipelines 2009 Conference,
Reston, VA, 631-640.

Li, Q. F., Zhang, P., and Fu, Y. C. (2013). “Risk identification for the construction
phases of the large bridge based on WBS-RBS.” Research Journal of Applied
Sciences, Engineering and Technology, 6(9), 1523-1530.

Prostean, G., Vasar, C., Prostean, O., and Vartosu, A. (2016). “Risk analysis for
renewable energy projects due to constraints arising.” IOP Conference Series:
Materials Science and Engineering.

Project Management Institute (2017). 4 guide to the project management body of
knowledge (PMBOK Guide), Newtown Square, PA.

Renewable Energy Policy Network for the 21st Century (REN21) (2018). “Renewable
2018 global status report.” https://smartnet.niua.org/content/2ad1d4a2-7241-
4630-82c8-1cla6113f75a (July 2019).

Rosu, S. M., Rosu, L., Dragoi, G., and Pavaloiu, I. B. (2018). “Risk assessment of work
accidents during the installation and maintenance of telecommunication
networks.” Environmental Engineering and Management Journal, 14(9), 2169—
2176.

Sidawi, B. (2012). “Management problems of remote construction projects and
potential IT solutions: The case of Kingdom of Saudi Arabia.” Electronic Journal
of Information Technology in Construction, 17, 103—120.

Siraj, N. B., and Fayek, A. R. (2019). “Risk identification and common risks in
construction: Literature review and content analysis.” J. Constr. Eng. Manage.,
145(9), 3119004.

Stantec. (2017). Hawkesbury hydro 115kv substation budget and construction review.
http://www.rds.oeb.ca/HPECMWebDrawer/Record/590667 (July 2019).

The International Association of Engineering Insurers (2010). Construction of
transmission and distribution lines IMIA WGP 69. https://www.imia.com/wp-
content/uploads/2013/05/IMIA-WGP-6910-Transmission-and-Distribution-
Lines20 05 2010-3.pdf (July 2019).

Watson, I. (1999). “Case-based reasoning is a methodology not a technology.”
Knowledge-Based Systems, 12(5-6), 303-308.

Zhao, H., and Guo, S. (2014). “Risk evaluation on UHV power transmission
construction project based on AHP and FCE method.” Mathematical Problems in
Engineering, 2014, 1-14.

10



