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Abstract: Construction projects that are completed abroad involve not only the typical risks that
are faced at home but also various complex risks that are specific to international transactions.
However, little research has been conducted on the risks that exist in prefabricated construction
projects, but they need to be discussed. This paper aims to analyze the operational and financial
risks associated with the internationalization of small and medium-sized enterprises (SMEs) in the
province of Quebec operating in the prefabricated wood construction sector in the American market.
Firstly, a literature review was carried out on operational and financial risks in overseas construction
projects. This research identified 36 risks, including 21 operational and 15 financial. Next, the risks
identified were divided into eight categories: design, standards, coordination, resources, internal to
the alliance, partner, customer, and market. Professionals from different types of wood prefabrication
companies were then asked to identify the probability of occurrence and magnitude of the impact of
each identified risk. This information was used to calculate the criticality of each risk using Monte
Carlo simulation to generate scenarios for use as a decision-making tool in risk assessment. The
results show that highly critical operational risks are concentrated in the operational risk categories
of coordination and resources. It should be noted that the most critical risk is that of ineffective
communication and coordination, which is linked to project governance. On the other hand, financial
risks with high criticality are spread across the four financial risk categories. A comparison of the
criticality of the operational and financial risks identified revealed that the financial risks were the
most critical.

Keywords: risk; Monte Carlo simulation; risk analysis; prefabricated wood construction; international
construction projects

1. Introduction

The construction industry is considered a highly risky sector in which to conduct
business. This is explained by its characteristics and complexity, the strategic nature of its
products, the large number of actors involved, the production timeline, and the type of
production system used, which involves the expressive interaction between the internal
and external environments [1,2]. Latam [3] (p. 14) corroborated this assertion, stating
that “no construction project is without risk. Risk can be managed, minimized, shared,
transferred, or accepted. It cannot be ignored”.

In addition, it is assumed that international construction projects involve more risk
than local ones because the former faces risks that are very similar to those faced by local
construction projects, as well as the risks that are characteristically associated with the host
country and its market conditions [4-6]. Since risks are inherent in construction projects
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and negatively impact project performance criteria [6], risk management is considered
fundamental to achieving a good outcome on complex projects [7-9]. However, little
research has been conducted on the risks that exist in prefabricated construction projects,
but they need to be discussed [10].

v V77 Zan

“Prefabricated construction”, “industrialized building”, “offsite construction”, “offsite
production”, “preassembly”, “system building”, and “non-traditional construction” are
the terms used when buildings, entire houses, and building elements or modules are
manufactured and preassembled in a factory environment before being installed at the job
site [11-14].

Prefabricated construction can be classified by the type(s) of materials used (wood,
steel, concrete, or hybrid) [11]. In this article, we consider wood prefabrication, as there
are some benefits to using more wood than other materials, such as having a lower built-
in global warming potential, as wood is a potentially CO,-neutral material if produced
sustainably. A characteristic of wood is that it absorbs as much CO, during growth as
it releases during decomposition or combustion. In addition, wood can be considered a
“low-energy material” because its production needs relatively little energy for forestry and
wood processing. Finally, wood is a renewable material, which is not the case for all its
substitute products [15,16].

The construction industry is highly fragmented, and the large number of small compa-
nies that make up the supply chain on most construction projects can make better supplier
integration, process compliance, and alignment difficult [17]. Even though it is relevant in
the construction industry, there are not many empirical studies dealing with collaborative
relationships between SMEs and their different stakeholders [18-20].

The context presented above is corroborated by the fact that the construction sector in
Quebec is largely composed of SMEs—the Commission de la construction du Québec [21]
has indicated that 81% of companies in the industry are SMEs. As a result, these companies
face limitations when it comes to expanding their consumer market. However, they have
found that participating in cooperative relationships is one way they can overcome the
size-related constraints they face. This research’s main contribution is that it analyzes the
operational and financial risks associated with the internationalization of Canadian small
and medium-sized enterprises (SMEs) in the prefabricated wood construction sector in the
American market.

The remainder of this paper is organized into four sections. The next section details
our review of the literature on risk and risk management and summarizes the operational
and financial risk factors we found in the literature. The following section presents all the
steps of the method we used. The penultimate section discusses our findings. Finally, the
last section concludes the paper and provides recommendations for future research and
guidance for construction professionals.

2. Literature Review

This section presents the literature review and the concepts used in this article. Firstly,
the concept of risk is discussed. Next, the risk management process is presented. In
addition, a gap in the literature was identified, which is that of analyzing risks for the
prefabrication sector [10] in international projects. Therefore, operational and financial
risks in foreign construction projects were identified and then analyzed.

2.1. Risk

Risk is considered a multidimensional concept as it is composed of three dimensions:
1. probability of occurrence of a certain event; 2. consequences of an event; 3. causal path
leading to the event [22]. The probability of occurrence is linked to the frequency of an
event. It can be assessed subjectively or using historical data. Consequences refer to the
results of the event, mainly in financial terms. Finally, the last dimension of the risk concept
to be taken into account in its management is the causal path. It is linked to the roots
of the event itself and has an influence on its probability of occurrence and the scale of
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its consequences. There are different definitions of risk in the literature [10,23]. Risk is
considered a possibility of loss in most definitions. In this document, we consider it in the
same way, as it is associated with operational and financial events in a project that could
result in financial losses.

Companies can be encouraged to establish cooperative relationships with other com-
panies to reduce risk and uncertainty [24]. One of the main reasons why companies enter
into strategic alliances is to reduce risk through collaborative relationships [25-31]. Risk
may be reduced due to greater information sharing among alliance members, as the flow
of information generates common knowledge that enables better decision-making and
planning. However, cooperative relationships can also be a source of new types of risk,
such as opportunism risk, financial risk, the risk of loss of relational control, and day-to-day
operations risk [24].

In the context of collaboration, where companies act in networks, complexity increases,
as one company can generate risks in the other partners that make up its network [32].
Similarly, Gulati [33] argues that the performance of participants in a supply chain is
affected by the members that make it up. When this cooperative relationship is established
with the objective of enabling participating companies to access foreign markets, the
companies involved are exposed to the risks arising from the relationship and the intrinsic
risks of the internationalization process. Thus, potential risks and opportunities must be
analyzed before entering a new market, as they have a great influence on the expected
performance of projects [6].

2.2. Risk Management

Risk management can be achieved through a common network strategy. Risk man-
agement, therefore, provides guidance based on risk identification and assessment. The
behavior of some risks can be mitigated through collaborative network management. On
the other hand, other risks must be managed individually by the various network members.
In this case, risk assessment can be a decision-making tool for the company [34].

Deleris and Erhun [35] presented a framework for risk assessment in an enterprise
network environment. Their framework is made up of four different stages: (1) definition
of the risk management system, (2) risk identification, (3) risk assessment, and finally,
(4) risk management itself. In this research, we followed the risk management steps in an
international construction project. More specifically, the system that we consider in this
paper is an international prefabricated construction project.

Organizations can use risk typologies to identify and classify their risks in order
to better manage them. In this research, we study the financial and operational risks
construction companies face in international projects, as these types of risks are considered
very important in construction projects [6,36,37]. Furthermore, construction companies are
notably more exposed to financial risks than companies in other industries due to the type
of industry, strong competition, a low barrier to entry, and large fluctuations in construction
volume [38].

Thus, for this paper, we carried out an in-depth literature review to identify risk factors
that commonly arise in international construction projects. It resulted in the identification
of a total of 36 factors that we divided into eight categories: design, standards, coordination,
resources, internal, partner, client, and market, as shown in Tables 1 and 2.

Table 1. Summary of operational risks in international construction projects.

Category Operational Risk Authors
Design error [4,39-45]
Design Ill-defined project [4,36,37,42,45,46]

Design changes [36,37,39,43-52]




Buildings 2024, 14, 2563

40f19

Table 1. Cont.

Category Operational Risk Authors
Different construction standards [4,43-46]
Amendments to laws and regulations [37,39,45,48,50]
Different measurement systems [44]
Standards Strict safety and health requirements [4,46]
Strict quality requirements [4]
Strict environmental regulations [4,39,42]
Quality control difficulty [4,10,45,51]
Damage caused by human error [4,39]
Late possession of construction site [4]
Coordination Ineffective communication and coordination [4,37,40]
Tight project schedules [45,52]
Unforeseen ground conditions [4,45,49]
Lack of proper construction techniques [4,41,44]
Lack of subcontractors [4,41,45,52]
Unavailability of labor [4,10,37,43,45]
Resources Defective materials [4,40,45]
Unavailability of materials [4,36,37,40,42,43,45,49]

Unavailability of equipment

[4,10,37,40,42,45]

Table 2. Summary of financial risks in international construction projects.

Category Financial Risk Authors
Lack of capital to finance export [4,37,41,42,45,52,53]
Internal
Lower-than-expected project revenue [40]
Breach of contract [36]
Imprecision regarding the distribution of risks [41,44,46-48]
Partner
Bankruptcy of the project partner [36,38,49]
Partner in financial difficulty [46,48]
Bankruptcy of the client [36,37,43,44]
Client
Late payment by the client [36,37,39-46,48]
Excessive costs of transporting goods to a foreign market [46,51,53]
Rising fuel prices [38,50]
Material price fluctuation [4,37,44,45]
Market Inflation rate fluctuation [4,5,10,36,38-40,43-48,54]
[4,5,10,36,38,44,45,47 48]

Interest rate fluctuation

Currency

exchange rate fluctuation

[4,5,10,36,38,39,44-48,51-55]

Insurance risk

[4,36,38]

Liu, Zhao, and Yan [44] studied the risks in international construction projects in
the context of Chinese contractors. In their results, the risks related to the contractor’s
lack of experience and the contractor’s lack of managerial skills were quite significant.
Bing et al. [48] presented the risks associated with international construction joint ventures
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(JVs) in construction projects in East Asia. Their results demonstrate that the most critical
risks are in the financial aspects of JVs, economic conditions, and the relationship with the
project. On the other hand, some studies [39,41,52] have not focused on a specific market
but on the methods of treating risks. Ganbat, Chong, and Liao [50] presented the use of
BIM as a way to mitigate risks in international construction projects. Their results show
that BIM can effectively facilitate communication management and, thus, reduce the risks
generated by language differences between project members.

Safaeian et al. [56] used the PMBOK as a basis for developing a risk management
framework for choosing appropriate risk response strategies. Their model was used in a
case study of a construction company in Iran. Yousri et al. [57] assessed the probability of
occurrence and the consequences of risks in Egyptian construction projects. In their results,
the main risks were as follows: contractor financing problems, material price fluctuation,
unrealistic project schedules, unavailability of materials, changes in laws and regulations,
exchange rates, and changes in material types and specifications during construction.

Risk management aims to address the three dimensions of the risk construct, which,
as a reminder, are the probability of occurrence, the consequences of the event, and the
causal path to the event [22]. Risk assessment has generally been approached quantitatively
despite the difficulties encountered in obtaining objective probabilities and frequencies in
the construction industry. This problem stems from the fact that construction projects are
often one-off initiatives. This reality means project managers need to rely on subjective
probabilities. Therefore, knowledge, experience, intuition, and individual practices must
be structured to facilitate risk assessment [2].

Risk assessment includes identifying potential losses, determining their magnitude,
knowing their probability, and assessing overall risk [58]. On the other hand, according
to [59], each risk has three main characteristics: the probability of occurrence, the impact,
and the criticality. To calculate the probability of occurrence of an event, a company can
use expert judgment [60]. The event’s consequences can be measured in terms of currency
or on an expert opinion scale [32,60].

In this context, let j be the number of specialists concerned in risk assessment, and let i
be the event. a;; and B;; represent the probability and impact scales, respectively, associated
with the risk of the event (R;) assigned by individual specialists [52]. Variables «;; and B;;
can use the Likert scale and vary from 1 to z. In this research, z is equal to 5. The probability
of occurrence and impact scales related to risk R; are represented by Pg; and Iy;, respectively,
based on Equations (1) and (3) [52].

Pri= {an, ap, aiz, -, aij] 1)
aij € (1, ..., 2) (2)
Izi = {Bir, Biz, Bizs ---. Bijl (3)
Bij €, ..., z2) 4)

Then, a discrete probability distribution is created for the probability and impact
of the individual risks, represented by Pg; and I; correspondingly [52], based on
Equations (5) and (6).

P(Pyi) = ]Z”;.”vfxij:k (5)
i Bij
Pl) = L v py = k ©)

It is also essential to identify the most critical risks in order to focus on them. This
is where criticality comes into play. Criticality is the combination of a risk’s impact and
probability of occurrence. In other words, criticality is related to the intensity of the
event when it occurs and can be calculated. Based on probability «;; and impact f;;, the
criticality level (Cg;) can be obtained for each risk using Equation (7) as follows, according
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to Ouabouch and Amri [59] (p. 37), where the Cg; is the result of multiplying its probability
of occurrence (Pg;) by its impact (Ig;):

CRri = Pg; X Ig; (7)

With these results obtained, the next step is to develop a matrix, which can be called a
“risk matrix” or “criticality matrix”. From this matrix, we can classify the risks according to
different criticality scales. The construction industry frequently uses the risk matrix as a
tool [9,52], which serves as a two-dimensional representation of risks in terms of the impact
of the event and the probability of occurrence. Combining these two measures generates
a general criticality of the risk. A Likert scale is typically used to assess probability and
impact to generate a risk matrix. Although this is a widely used tool, it has limitations,
such as the fact it uses average probability and impact values to represent individual risks.
Using averages to prioritize risks weakens the risks” individual importance, which can
lead to less-than-ideal decision-making when it comes to selecting adequate risk mitigation
strategies [52].

In the risk literature, different techniques are used for risk assessment. Some examples
of these techniques are probability and impact (P&I), Monte Carlo simulation (MCS),
analytical hierarchical process (AHP), probability of occurrence of risk, etc. If we compare
the frequency of risk assessment techniques used in the literature, most studies used AHP,
MCS, and probability of occurrence of risk. Although the models proposed in the literature
that used these three techniques have shown good results when it came to assessing risk in
construction projects [1], MCS was the most adequate of the techniques mentioned when it
comes to analyzing risks linked to network size and complexity [35,61].

MCS is a powerful risk analysis technique because it helps identify robust solutions.
Two important properties of MCS are its simultaneous consideration of threats and op-
portunities and its probability of selecting several criteria. MCS is a statistical technique
that may become increasingly important for quantifying risk. Although it has been in
use since the 1940s, computer data processing has become accessible in recent decades,
and new applications have been developed for its implementation. In addition, there
has been an increase in dissatisfaction with the use of deterministic calculations and the
point estimates that are often used in quantitative risk assessment. As a result, MCS is
increasingly considered the preferred method for generating risk exposure probability
distributions [61].

MCS has been widely used to assess the risks associated with construction projects.
MCS with n simulation iterations generates a distribution of risk criticalities and, therefore,
makes it possible to create dynamic scenarios to analyze risks [52].

3. Methods

A first draft of the questionnaire was developed with the risk factors identified
during the literature review. The questionnaire was revised based on the comments
received during the pilot study when interviews were conducted with 4 professionals
to solicit feedback on the preliminary questionnaire’s readability, comprehensiveness,
and accuracy.

The questionnaire was divided into three sections. The first section was composed
of seven questions to characterize respondents. The second section asked respondents to
assess the probability of occurrence (PO) and the magnitude of the impact (MI) of each
financial risk and operational risk mentioned. Five-point Likert scales were used to measure
PO and ML, as shown in Table 3. Finally, the questionnaire had a question that asked what
the average value of a wood construction project abroad is.
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Table 3. Likert scales for PO and MI.
Probability of Occurrence (PO), % Magnitude of the Impact (MI)
1 Rarely <20 1 Very small
2 Somewhat likely 20-40 2 Small
3 Likely 40-60 3 Medium
4 Very likely 60-80 4 Large
5 Almost definite >80 5 Very large

Source: Adapted from Liu et al. [44].

The questionnaire was sent electronically via Google Forms to professionals from
companies exporting products that are part of the wood construction chain in the province
of Quebec. These professionals are members of Manufacturiers de Structures de Bois du
Québec (MSBQ), a trade association representing Quebec manufacturers of light-frame
wood structural components, and members of the Industrialized Construction Initiative
(ICI) of the Chaire industrielle de recherche sur la construction éco-responsable en bois
(CIRCERB). The sample was non-probabilistic. In total, 30 prefabricated wooden construc-
tion companies received the Google Forms questionnaire by email, such as 26 structural
component companies, 2 prefabricated construction companies, and 2 solid wood compa-
nies. A total of 7 companies responded to the questionnaire, representing a response rate
of 23%.

The results of the probability of occurrence and the impact (Equations (1) and (3)) of
each risk were used to calculate its criticality (Equation (7)) and, thus, create its risk matrix
by type of prefabrication. The same PO and MI data were used to feed the MCS model.
Microsoft Excel software was used to carry out the simulations. The Likert scale values
for PO and MI for each risk each had an associated cumulative frequency. In this way, a
new scale was developed from the accumulated frequencies of PO and MI so that the MCS
could draw random numbers, look for them on the new scale, and then associate them
with a value. This final PO and MI value was then used to calculate the criticalities. These
iterations were carried out 50,000 times for each PO and MI. This resulted in 50,000 random
criticality scenarios for the financial and operational risks [62].

The results were gathered and analyzed according to their probabilities to obtain
a probability distribution of the potential results associated with the wood construction
project abroad and to consider several measures of project risk [62]. To validate the results
obtained qualitatively, we conducted a focus group. Focus groups are carefully planned
discussions aimed at eliciting group members’ perceptions of a specific area of interest.
The number of participants is generally set between 3 and 12, and the discussion is guided
by a moderator who follows a predefined structure so that it remains on topic. The group
setting allows participants to draw on the responses and ideas of others, which increases the
wealth of information obtained [63]. Focus group participants were deliberately selected to
meet various criteria in terms of their professional role and experience as specialists in the
prefabricated construction sector.

Focus groups can be used to understand people’s perceptions and attitudes and, most
importantly, how people can have different points of view and change their point of view in
the process of speaking with others [64]. Focus group members may change their opinions
or at least their statements on the topic at hand, depending on the exchange of ideas
as a session progresses [65]. The target audience was experts in prefabricated wooden
construction with experience in exporting their products.

Lead questions were used during the focus group session to guide the discussion
of the participating specialists. A panel of 3 prefabricated construction specialists was
responsible for evaluating the simulation scenarios for validation purposes. Participants
gave their opinions on the scenarios generated by the MCS, and if they were contrary, they
suggested changes and justified the reason.
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4. Results and Discussion

This section presents the results and discussion of the risk analysis using a case
study in the province of Quebec, Canada. First, we present the case study with some
information about the prefabricated wood buildings in the province of Quebec, and
then we present the characterization of the interviewees. Next, we present the risk
measurement based on the type of prefabrication. We also analyze the financial risks and
operational risks based on the analysis carried out using Monte Carlo simulation. We
then validated these results using a focus group. Finally, we present some managerial
insights and recommendations.

4.1. Case Study

Exports of prefabricated wood buildings from the province of Quebec accounted for
18.6% of Canadian exports in 2019, 92% of which went to the United States [66]. In relation
to the Canadian market, more specifically the Quebec provincial market, companies in
the prefabricated wood construction sector have seen the opportunity of the Northeast
American export market due to these growth rates [67] and geographic proximity [68]. In
addition, increasing product exports is a strategy encouraged by the Quebec government,
as the goal of increasing exports of prefabricated buildings, mainly made of wood, has
been set to rise from CAD 390 million in 2016 to CAD 3 billion by 2030 [69].

The Quebec government also supports this industry as the use of wood in con-
struction brings environmental benefits through the reduction of greenhouse gas pro-
duction [70-72]. Combined with this, the US market is favorable to the entry of new
construction companies with green technology [73]. However, the prefabricated construc-
tion sector in the province of Quebec is made up of small and medium-sized enterprises
(SMEs), and this limits their ability to get involved in international-scale projects [74]. In
addition, there are different prefabricated wood construction companies in the province
of Quebec, such as kit homes, wood wall panel companies, prefabricated wood struc-
tures (beams, trusses, roof, etc.), glued laminated timber (GLT), and modular wood
construction. In this way, companies want to collaborate to achieve the scale and scope
of projects to enter and compete in the North American market. An analysis of the
operational and financial risks in international construction projects from the different
prefabrication companies is therefore necessary.

4.2. Characterization of Respondents

All seven respondents (100%) out of thirty had previously worked on construction
projects outside Quebec, with 43% having 11 to 15 years of experience and 43% having
more than 15 years of experience. In terms of their role, respondents were directors (86%)
or presidents (14%) in their respective companies. Most (86%) of the respondents were
members of prefabrication associations. In addition, 43% of respondents had a background
in engineering, architecture, or management.

As for the type of prefabrication, we had respondents from several areas of wooden
prefabrication; one represented a company that makes kit homes, one represented a (2D)
wood wall panel company, two worked in prefabricated wood structures (beams, trusses,
roof, etc.), one worked in glued laminated timber (GLT), and two represented companies
that make (3D) modular wood construction. Figure 1 shows the regions where they carry
out prefabricated wood construction projects. Most companies (six in the study) export to
the American market. The European, Asian, and African markets are part of the export
market of only two companies in the study.
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Figure 1. Export regions.

Kit homes are sent to customers in packages with pre-cut materials for them to assem-
ble on their property. GLT is an engineered structural timber product that is comprised
of multiple layers of laminated timber glued together. Wood wall panels are sections of
wood-framed exterior and prefabricated interior walls. Prefabricated wood structures are
used to form preassembled components for walls, floors, and roof systems. Modular wood
construction consists of volumetric units comprising walls, floors, and ceilings.

Regarding the value of construction projects completed outside Quebec by each respon-
dent, the highest-valued project (exceeding CAD 1 million) was undertaken by the wood
wall panel (2D) construction company. On the other hand, the lowest-valued project (less
than CAD 200 thousand) was conducted by the kit home company, as shown in Figure 2.
Two companies that manufacture modular wooden constructions have construction project
values abroad that are close to each other.

Kit home Wuud w all panel  Prefabricated Glued laminated Modular wood Modular wood Prefabricated

wood structutre timber construction (3D) construction (3D) wood structutre
(joints, roof (joints, roof
trusses, etc.) trusses, etc.)

Figure 2. Value (CAD) of a construction project abroad.

4.3. Risk Measurement

The PO and MI values were obtained from different types of prefabrication companies.
These values were used to calculate the criticality of the risks identified in the literature.
Tables 4 and 5 show criticality by type of prefabrication. Each color represents a level
of criticality. Green represents low criticality, yellow represents moderate criticality and
red represents high criticality. There is no homogeneity of criticality for the different
prefabrications in most of the risks. Table 4 shows that the criticality of operational risks
for the “wood wall panel” company (2D) is concentrated in the high criticality range. The
“glued laminated timber” and “modular” construction companies are concentrated in the
moderate to high range. On the other hand, the criticality of “kit home” and “prefabricated
wood structure” are concentrated in the low and moderate levels.
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Table 4. Criticality of operational risks by type of prefabrication.

Prefabricated Glued
Category Operational Risk Wood Laminated
Structure Timber

Wood Wall

Panel Modular Kit Home

Design error
Design I1l-defined project
Design changes

Different construction
standards

Amendments to laws
and regulations

Different measurement
systems

Standards Strict safety and health
requirements

Strict quality
requirements

Strict environmental
regulations

Quality control
difficulty
Damage caused by
human error

Late possession of
construction site

Ineffective
communication and
coordination

Tight project schedules
Unforeseen ground
conditions
Lack of proper
construction techniques
Lack of subcontractors
Unavailability of labor
Defective materials
Unavailability of
materials

Unavailability of
equipment

E— 0202020 w0
- I e

L

Coordination

||
b

Resources

Table 5. Criticality of financial risks by type of prefabrication.

Prefabricated Glued
Category Financial Risk Wood Laminated
Structure Timber

Wood Wall

Modular Kit Home
Panel

Lack of capital to
finance export

Lower-than-expected
project revenue

Breach of contract
Imprecision regarding
the distribution of risks

Partner Bankruptcy of the
project partner

Partner in financial
difficulty

Internal
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Table 5. Cont.

Prefabricated Glued Wood Wall

Category Financial Risk Wood Laminated Panel Modular Kit Home
Structure Timber
Bankruptcy of the client
Client Late payment by
the client

Excessive costs of
transporting goods to a
foreign market
Rising fuel prices
Market Material price fluctuation
Inflation rate fluctuation
Interest rate fluctuation

Currency
exchange rate fluctuation

Insurance risk

:
]

|
i.ﬁl

Table 5 shows that the criticality levels of the financial risks of the “modular” and
“wood wall panel” construction companies are concentrated in the moderate to high range.
The levels of criticality of the financial risks of the “glued laminated timber” construction
company are concentrated in the moderate to high range. On the other hand, the criticality
of “prefabricated wood structure” projects is concentrated at the low and moderate levels.
All types of prefabrication are considered simultaneously in the MCS. Furthermore, there
is no final criticality value but rather a distribution of criticality values, which allows for a
dynamic analysis of risks.

4.3.1. Operational Risks

From the MCS, operational risks had most of their criticality distributions at moderate
and low levels. Table 6 shows the operational risks that fall into each criticality level
according to their cumulative frequencies. Thus, the risks with high criticality are the
risks “ineffective communication and coordination”, “tight project schedules”, “damage
caused by human error”, and “unavailability of labor”. There are risks that have close
cumulative criticality distributions, which can be explained by the type of prefabrication,
such as “ill-defined project”, which had 45% moderate criticality and 43% high criticality,
and “lack of proper construction techniques”, which had 45% low criticality and 43%
moderate criticality.

Table 6. Operational risk criticality levels.

High Criticality Moderate Criticality Low Criticality

Amendments to laws and
regulations 58%
Strict quality requirements 53%
Design changes 51%
Design error 51%

Late possession of the site 51%
Different construction standards 50%
Strict environmental regulations 50%

Unforeseen ground conditions 47%
Tll-defined project 45%

Different measurement systems 69%
Strict safety and health requirements 57%
Defective materials 57%
Unavailability of equipment 53%
Lack of subcontractors 47%
Quality control difficulty 46%

Lack of proper construction
techniques 45%
Unavailability of materials 43%

Ineffective communication and
coordination 78%
Tight project schedules 59%
Damage caused by human error 48%
Unavailability of labor 40%
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In addition, Figure 3 presents the criticality scale for each operational risk factor. Each
color represents a level of criticality. Green represents low criticality, yellow represents
moderate criticality and red represents high criticality. The values from 0 to 100 in Figure 3
are the frequency percentage of each criticality level for each risk. We can visualize all risks,
along with their critical levels. It is important to highlight that a risk can have a frequency
in the three levels of criticality and that this distribution of criticality is due to differences
in risk assessments for different types of prefabrications. “Ineffective communication and
coordination” was the risk with the highest critical level of high criticality; however, there
was a small portion of low and moderate criticality.
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Figure 3. Operational risk criticality scales.

Figure 4 shows the criticality distributions of two operational risk factors. Each bar
represents a criticality value. In addition, each color represents a level of criticality. Green
represents low criticality, yellow represents moderate criticality and red represents high
criticality. In this case, for “ineffective communication and coordination”, the criticality
value 15 had the highest frequency (>10,000). “Tight project schedules” had the second
highest frequency of high criticality, and it did not have a frequency of low criticality. It
had a criticality value of 12 most frequently (>10,000).
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Figure 4. (a) Criticality distributions of the “ineffective communication and coordination” risk and
(b) criticality distributions of the “tight project schedules” risk.

4.3.2. Financial Risks

Financial risks had most of their criticality distributions at moderate and high levels.
“Price of materials” is the risk factor that obtained the highest frequency, and it is part of
the high criticality group. Table 7 shows the financial risks that fall into each criticality level
according to their cumulative frequencies. Most risks had a higher frequency of moderate
criticality. On the other hand, only two risks had a higher frequency of low criticality.

Table 7. Financial risk criticality levels.

High Criticality Moderate Criticality Low Criticality
Insurance risk 65%
Breach of contract 55%
Material price fluctuation 92% Inflation rate fluctuation 54%
Late payment by the client 57% Bankruptcy of the project partner 51%  Lower-than-expected project revenue 46%
Lack of capital to finance export 49% Bankruptcy of the client 49% Excessive costs of transporting goods to a
Imprecision regarding the distribution Partner in financial difficulty 47% foreign market 39%
of risks 49% Rising fuel prices 46%

Currency exchange rate fluctuation 45%
Interest rate fluctuation 43%

In addition, Figure 5 presents the criticality scale for each financial risk factor. Each
color represents a level of criticality. Green represents low criticality, yellow represents
moderate criticality and red represents high criticality. The values from 0 to 100 in Fig-
ure 5 are the frequency percentage of each criticality level for each risk. We can visu-
alize all financial risks, along with their critical levels. It is important to highlight that
there are risks that do not have a frequency in the three levels of criticality. For example,
“material price fluctuation” has its majority frequency in high criticality and only 8% in
moderate criticality.

Figure 6 shows the criticality distributions of the two financial risk factors with the
highest level of criticality. Each color represents a level of criticality. Green represents low
criticality, yellow represents moderate criticality and red represents high criticality. The
risk of “material price fluctuation” was most critical. Furthermore, there was no frequency
of low criticality levels. It had a criticality value of 12 most frequently (>14,000). On the
other hand, “late payment by the client” was critical but had a frequency of all three levels
of criticality. It had a criticality value of 20 most frequently (>9000).
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Figure 6. Criticality distributions of the “material price fluctuation” and “late payment by the client”

risk factors.

The main operational risk factors were “ineffective communication and coordination”,
“tight project schedules”, “damage caused by human error”, and “unavailability of labor”.
The first one can be explained by a characteristic of the sector itself since the relationships
between companies are generally project-based and not with a view to a long-term partner-
ship. Companies tend to focus more on project partnerships than strategic partnerships. In
this way, relationships are discontinuous, which limits the transfer of experience from one
project to the next over time [75-77]. This is one of the aspects that limit companies in the
construction sector from achieving supply chain gains. Adequate collaborative governance
between companies would likely mitigate this risk factor. These results corroborate research
by Liu et al. and Bing et al. [44,48].

Although the “tight project schedule” risk factor ranks second in terms of its cu-
mulative frequency of high criticality, it is quite critical if we consider that its criticality
distribution does not include any low-level criticality. It is a risk that all companies in the
prefabrication sector must manage closely. Furthermore, it is linked to other risk factors
such as “unavailability of labor”, “lack of subcontractors”, and “unavailability of materials”.
As for the “damage caused by human error” risk factor, although we are dealing with
prefabricated construction, the companies in question are not at the point of production
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robotization. Regarding the “unavailability of labor” risk factor, there is usually a shortage
of labor in Canada, and there is a need for skilled immigrants to occupy vacant positions in
companies in this sector [78].

When it comes to financial risk factors, the “material price fluctuation” risk factor was
the most important in terms of its criticality distribution. It had 92% of its frequency at the
high criticality level and 8% at the moderate criticality level. This can be explained by the
fact that wood is more expensive than other materials (concrete, steel, etc.), and its price is
also more volatile.

Focus group participants were asked if they agreed with the results of the MCS. They
agreed with most of them and indicated some changes were necessary in terms of the
criticality levels of some risk factors, such as “rising fuel prices”, since this factor had most
of its frequency at the moderate criticality level in the simulations; however, fuel prices
have increased considerably since the war in Ukraine ramped up in 2022. The “inflation
rate fluctuation”, “lack of subcontractors”, and “unavailability of materials” risk factors
were also considered highly critical rather than moderate or low criticality.

Finally, the “excessive transportation costs” risk factor was considered moderately
critical, also due to the war in Ukraine. An important aspect that was highlighted by the
focus group participants is that some risks generate other risks, which signals a causal
path. They generate other impacts in addition to having their own financial or operational
consequences. One example that was pointed out during the focus group was that the
“unavailability of labor”, “lack of subcontractors”, and “unavailability of materials” risk
factors contribute to “tight project schedules”. Furthermore, these risk factors can delay
project delivery, and participants stated they have worsened with the COVID-19 pandemic.

The “exchange rate fluctuation” risk factor was said to be moderately to highly critical.
It is a risk that is usually considered during project planning, but it must still be monitored
during project execution. Financial risks are more critical. This result confirms research
by Akintoye and MacLeod and also Naderpour et al. [79,80]. Financial risk influences the
cash flows of construction projects. Not surprisingly, this source of risk is very important
to companies in the timber construction sector.

4.4. Managerial Insights and Recommendations

There are a few recommendations that could be implemented to limit operational
risks. Regarding the risk of “ineffective communication and coordination”, we suggest
implementing BIM, digitalization, and better governance of alliances. This suggestion
corroborates research by Ganbat et al. [50]. With regard to “tight project schedules”, this
is associated with other risks (for example, lack of manpower, unavailability of materials,
etc.). It is, therefore, important to address these risks that are the source of it in order to
resolve the “tight project schedule”.

With regard to the “human error” risk, investing in automation, BIM, and workforce
training has been suggested. With regard to the “unavailability of labor” risk, we suggest
investing in automation, labor training, and developing a project to attract immigrant labor.
With regard to the “lack of subcontractors” risk, it is suggested to invest in partnerships
with subcontractors. For the “unavailability of materials” risk, investing in partnerships
with an exclusive supplier has been suggested. With regard to financial risks, it is suggested
that hedge contracts are needed for the “exchange rate” and “interest rate” financial risks.
This assessment is individualized for each project.

5. Conclusions

This research proposed to analyze the operational and financial risks associated with
the internationalization of Canadian small and medium-sized enterprises operating in the
prefabricated wood construction sector in the American market. It first presents a review of
the literature on operational and financial risks in construction projects completed abroad.
As a result of our research, we found 36 risk factors, of which 21 were operational and
15 were financial. We then categorized the risk factors identified into eight categories:
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design, standards, coordination, resources, internal, partner, client, and market. Afterward,
we asked professionals from different types of prefabrication companies to identify the
probability of occurrence and magnitude of the impact of each risk factor identified. We
used that information to calculate each risk factor’s criticality by Monte Carlo simulation
to generate scenarios that work as a decision-making tool in risk assessment. Then, this
research identified the risks associated with international construction projects based on
different types of prefabrication.

The operational risks with high criticality are concentrated in the “coordination” and
“resources” operational risk categories. On the other hand, the financial risks with high
criticality are distributed across the four financial risk categories. It is important to note that
some risk factors have narrow cumulative criticality distributions, such as the “ill-defined
project” risk factor, which had 45% moderate criticality and 43% high criticality, and the
“lack of proper construction techniques” risk factor, which had 45% low criticality and 43%
moderate criticality. When we compare the criticality of the operational and financial risks
identified, we see that the financial ones are more critical.

Risk analysis with the SMC is dynamic and should be used to support export decision-
making. It is also an interesting tool for companies wishing to export, as it was carried
out for the entire prefabricated timber construction sector. As the risk analysis framework
was developed for the entire prefabricated timber construction sector, it can be used by
companies wishing to start an alliance. It is worth noting that the companies themselves
need to decide on the next steps in risk management, such as which actions to take (accept,
prevent, mitigate, transfer, share). These actions will depend on the existing supply chain
and the levels of collaboration established.

The limitations of this study are as follows: The study’s focus on prefabricated wood
construction companies in the province of Quebec may limit the generalizability of its
conclusions to other cultural or industrial contexts. In addition, this research has identified
a limitation in terms of data. Since the data are based on expert opinion, construction
projects do not have risk histories. Therefore, there is a possibility of response bias.

For future research, it would be interesting to increase the number of responses
gathered to perform cluster analyses and to perform risk analyses considering all the
members in a prefabricated construction supply chain. In addition, we also suggest
mapping the risks and analyzing them from the different phases of the construction project
and their respective stakeholders. It would also be interesting to carry out comparative
studies with other types of prefabricated construction other than wood in order to better
understand the particularities of each material in relation to risks.
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