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Abstract: Prefabrication offers substantial benefits including reduction in construction waste, material
waste, energy use, labor demands, and delivery time, and an improvement in project constructability
and cost certainty. As the material cost accounts for nearly 70% of the total cost of the prefabrication
project, to select a suitable material supplier plays an important role in such a project. The purpose
of this study is to present a method for supporting supplier selection of a prefabrication project.
The proposed method consists of three parts. First, a list of assessment criteria was established to
evaluate the suitability of supplier alternatives. Second, Building Information Modelling (BIM) was
adopted to provide sufficient information about the project requirements and suppliers’ profiles, which
facilitates the storage and sharing of information. Finally, the Analytic Hierarchy Process (AHP) was
used to rank the importance of the assessment criteria and obtain the score of supplier alternatives.
The suppliers were ranked based on the total scores. To illustrate how to use the proposed method, it
was applied to a real prefabrication project. The proposed method facilitates the supplier selection
process by providing sufficient information in an effective way and by improving the understanding
of the project requirements.

Keywords: supplier assessment; assessment criteria; prefabricated components; BIM; AHP

1. Introduction

Concern over the impact of construction projects on building environments is increasing [1–4].
Conventional approaches of design, construction, operation and demolition for building projects result
in large amounts of energy consumption and construction wastes. The Architecture, Engineering, and
Construction (AEC) industry needs to improve sustainable development in construction [5,6]. In order
to meet the increased demands of sustainable development, new processes and technologies have been
introduced [7–9]. Among these, prefabrication construction is emerging. Several studies stated that
prefabrication can greatly reduce construction waste [10–12], greatly decrease energy consumption [13]
and CO2 emission [14–17]. Compared to conventional building technologies, prefabrication can bring
numerous benefits such as lower cost, higher construction speed, reduced dependency on labor, increased
productivity, improved quality and safety, and greater control over the construction process [18–23].
Given these advantages, prefabrication construction has been highly regarded by the global construction
industry for 40 years [24]. In China, this technique has attracted wide public attention and has been
supported by the “Made in China 2025” policy [25]. In view of prefabrication’s great benefits, industry
decision-makers have become even more interested in increasing its practical implementation [26].
Prior to making the decision, however, many aspects of prefabrication need to be thoroughly examined.
The unique nature of prefabrication components requires effective management throughout the whole
supply chain. Meanwhile, according to the findings of [27], the prefabrication supply chain is frequently
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impacted by many risks that impede the adoption of this technology. Supply chain management is
complex because of the particular context of temporary multiple organizations [28], the difficulties in
managing the networks of numerous different firms that provide materials and multiple services [29,30],
and the challenges of relationship management [31]. Although many factors are involved, the challenge
is still at risk from improper supplier selection [32]. According to [33], among the 21 barriers to
employment of prefabrication, poor integration in the supply chain is second on the list. The selection
of a supplier has a direct impact on the performance of a prefabrication project because the purchase of
prefabricated products accounts for nearly 70% of the total project cost [34]. Project goals cannot be
fully achieved without relying on reliable suppliers working on the project [35]. Therefore, the selection
of a suitable supplier is an important step in strengthening the application of prefabrication.

Supplier selection is not a punctual act; it is usually a multi-faceted process. Various factors are
critical to assess available suppliers [36]. If a supply alternative is the best option compared with all
other alternatives, then the selection is straightforward. This is rarely the case, however, and a number
of potential suppliers usually exist whose relative performance may vary considerably against different
criteria. The old-style business norm that uses a single, simple criterion for competitive bidding is
difficult to apply in this increasingly complex environment. Moreover, during the decision-making
process, the experts are usually requested to provide their opinion based on unsorted information on a
tight schedule. The selection process largely relies on experience and subjectivity of the participants.
A method that can provide effective information and a comprehensive analysis of potential suppliers is
required in order to improve the efficiency of the selection process. In this study, BIM was used to support
supplier selection of a prefabrication project. The proposed method used BIM to sort and categorize
information and vividly present the project purpose, which facilitates the decision-making process.

The proposed method mainly includes three parts. First, assessment criteria for evaluating
supplier alternatives should be established. It is challenging to convert the requirements into useful
criteria because they are usually expressed as qualitative concepts, while criteria are supposed to be
quantitatively evaluated. In this study, a set of criteria is developed based on literature review and
experts’ opinion. Moreover, a BIM model of a prefabrication project is developed due to its strength
in modeling and visualization [37]. Information plays an important role in decision-making, and
poor quality information inevitably results in poor decision-making [38]. The developed BIM model
stores data and information to form the basis for decision-making and helps decision-makers examine
various complexities and uncertainties. The current study uses BIM model to evaluate the capability
of suppliers, which improves optimization, automation and simplification of the supplier selection
process for prefabrication. Then, an opinion survey is conducted among project experts to rank the
importance of the criteria and score the potential suppliers against the criteria using Analytic Hierarchy
Process (AHP) technique.

This paper is organized as follows. The following section is the literature review. The third section
presents the proposed method for supplier selection. In the fourth section, the proposed method is
illustrated using a real prefabrication project case. The fifth section provides the results and discussion.
The study then concludes with the findings, contributions and practical implications.

2. Literature Review

2.1. BIM in Prefabrication

Building Information Modelling (BIM) can facilitate prefabrication in many ways [39]. BIM can
provide the quantity of material and specify material requirements, which improves ordering efficiency
and thus decreases construction waste. Also, BIM can provide a 3D model to help users better
understand the project. The wealth of project information stored in BIM facilitates communication
among designers, contractors, manufacturers and clients [40]. This section introduces a review of BIM
adopted in prefabrication. [41] explains how BIM can be used in a prefabrication house at different
stages of the construction life cycle. [42] illustrated how BIM can be used to guide the installation
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of the PC components for developing a building. [43] indicated that the process of incorporating
prefabrication and collaboration during the early stage of design is more effective with the adoption of
BIM. [44] addressed that the use of BIM in off-site manufacturing can increase productivity and reduce
delay problems in construction. Similarly, [45] stated that the application of BIM can increase efficiency
at both the design and construction stages by reducing man hours, decreasing rework and delivery
delays, and promoting effective communication. Although several studies have been performed in
this area, there is no studies about the application of BIM in selection of suppliers for prefabrication
components. In this study BIM is used to assist this decision-making process by aggregating the
necessary information and clarifying details.

2.2. Methods in Multiple-Criteria Decision-Making for Supplier Selection

Supplier selection is one of the most essential decision-making issues in supply chain
management [46]. Several studies have been conducted to evaluate the capabilities of the suppliers in
the construction industry using different methods. For example, [47] developed a multi-criteria utility
theory model to select an optimal sub-contractor for a construction project. In [48], the study applied
a simple additive weighting model to generate scores for each assessed supplier. In [49], the study
addressed the benefits of fuzzy principal component analysis because it avoids multicollinearity among
the criteria and eliminates errors of subjective weighting. In [50], the study decided to evaluate suppliers
using Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) in their integrated model
for construction material management due to its computational simplicity, applicability in multicriteria
analysis, and long tradition of adoption in construction-related decision-making. In [51], the study used
AHP weight assessment criteria to rank the supplier alternatives. [52] used a simple multi-attribute
rating technique and compromise ranking method for contractor selection. [53] employed evidential
reasoning for prequalifying construction contractors. [54] utilized the fuzzy set theory for contractor
selection. [55] suggested that the methods can deal with multiple quantitative and qualitative factors
including the Analytic Hierarchy Process (AHP), the Analytic Network Process (ANP), Case-Based
Reasoning (CBR), Data Envelopment Analysis (DEA) and Genetic Algorithms (GA). Some studies also
suggested the artificial intelligence methods such as case-based reasoning [56] and artificial neutral
networks [57]. Although many techniques available, AHP is used in this study since its advantages in
dealing with both quantitative and qualitative criteria [58] and its hierarchy structure consisting of
goal, criteria, and sub-criteria [59].

2.3. Supplier Selection Criteria

The selection process requires the evaluation of potential suppliers based on different criteria [60].
Supplier selection is a multi-criteria decision-making issue which includes both qualitative and
quantitative criteria [61]. There are many previous studies focusing on supplier selection criteria [46].
Appropriate selection criteria plays an important role in the supplier selection process [50]; therefore,
selection criteria should be carefully investigated and involved in the selection process, and the
weights of the criteria should be provided by industry professionals. For many years, cost was the only
criterion for choosing a supplier. Recently, only concern of cost is not adequate to select an optimum
supplier. The criteria for the selection process should consists of cost, quality, delivery performance and
supplier capability [46]. According to [62], cost considered as the only criterion is not well-organized;
a comprehensive multi-criteria method is required. As [62] stated, the adoption of multiple criteria
can represent the diversification of the client’s total requirements and foster competitiveness among
potential suppliers. Based on the findings of [63–67], quality, delivery, and product performance are the
three most important criteria. [63,67–70] pointed out the desired attributes that suppliers are expected
to fulfill, such as technological capability, financial health, and good services. According to [71], to
select a suitable supplier, a comprehensive assessment of technical, quality, financial, logistical and legal
aspects is required. As well, [72] addressed that quality, cost and delivery are the three most common
evaluation criteria after a thorough review of existing literature on supplier selection. The study also
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provided a list of evaluation criteria for supplier selection, which includes production capability and
flexibility, information and communication systems, innovation and R and D, technical capabilities
and support, and financial status. Based on the findings of [73], some factors, such as quality systems,
performance history, reputation and reference, amount of past business, the packing and handling
process, geological location, procedure compliance, warranties and claim policies, and attitude and
strategic fit are identified to be used as assessment criteria.

3. The Proposed Method

The proposed BIM-aid assessment process for material supplier selection consists of three phases.
The assessment criteria for evaluating suppliers were obtained based on the literature review and
opinions of experts. The next step is to collect all the required information to develop a BIM model of a
prefabrication project. The bid information, including the type, unit price and specifications, should
be collected and categorized in Revit library. An opinion survey is then conducted among industry
experts, AHP technique is used to rank the weights of the criteria. Then the pair-wise comparison for
supplier alternatives with regarded to each criterion is carried out by the experts. The total score of a
supplier can be obtained by sum up the scores of the supplier on each criterion. Then, the supplier
alternatives can be ranked based on their total score. The assessment process by using the proposed
method is shown in Figure 1.
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3.1. Assessment Criteria

The function of the criteria assessment is to stipulate the selection criteria for evaluating supplier
alternatives and assign importance weights associated with each criterion based on project requirements
and the client’s preferences. Moreover, professional insights from project participants, such as architects,
engineers and contractors, should be accommodated into the criteria and selection process. Therefore,
the assessment criteria are important because they can help decision-makers to identify potential
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requirements of the project. In this study, the assessment criteria were sourced from existing literature,
and they were refined and categorized by academic and industry experts.

For applicable purpose, each criterion needs to be broken down into its sub-criteria to better
define the requirements. The criteria for the supplier selection are shown in Figure 2. As shown in
Figure 2, there are five criteria: Financial strength, product performance, support services, quality
system, and cost. Financial status [72,74,75] is determined by fixed asset scale, cash flow conditions,
credibility, and financial conditions. Proper function, durability, and appearance provide a measure
of product performance [76–78]. Similarly, order processing, delivery on time [74,79], follow-up
service [77,80,81], and hazards handling mechanism [72,74,82] are the sub-criteria to decide support
services. Quality system is determined by the level of innovation [72,74], quality assurance [76–78],
technical standards [83,84], quality standards, and complaint handling procedures [82]. Finally, the
cost is composed of material price [79,81,82,85], delivery price [72], and transaction cost [72,74,86].
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Figure 2. The hierarchy model for selection criteria.

3.2. BIM Model

BIM can represent the physical and function features of a facility in a digital format, which consists
of geometric and semantic information [87]. While geometric information can provide a quantity of
objects, semantic information can offer information about the material. A BIM model provides a 3D
vivid model of the project and clarifies project details, which enables users to better understand the
project. Each prefabrication component can be easily identified in a BIM model, and the material type,
dimensions and specifications can all be obtained. BIM can develop a project in a virtual environment
prior to the project being constructed in reality, which helps in making informed decisions. A 3D
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model can present the faults to help users identify the errors and thus alleviate cost-related risks at the
construction stage.

BIM can fully support the assessment of cost criterion. The quantities of material can be extracted
from BIM using Revit Navisworks, and with this information, cost criterion is assessed. The total cost of
the material can be obtained based on the quantity of material and unit price from bid information.
Google Maps can also be used to assess the delivery distances. For this, the construction site and
manufacturing plants can be linked in Google Maps using an address or postal code. Hence, the delivery
cost can be obtained based on the transport distance derived from Google Maps. The transaction cost
is usually calculated as percentage of the material cost. In the second assessment phase, the external
quantitative or qualitative data can be incorporated into the Revit library by using direct links or
Industry Foundation Classes (IFC) schema for evaluating qualitative criteria. Direct links and IFC
schema are used to facilitate data interoperability during the assessment process.

3.3. Analytic Hierarchy Process (AHP)

First introduced by [88], the Analytic Hierarchy Process (AHP) is one of methods that are usually
used in the multi-criteria decision-making process to handle resource allocation and planning for the
military. It has been widely used in decision analysis in many fields, including management, real
estate, sociology, economics and business [89]. The AHP enables a model of a complex problem in a
hierarchy structure developing relationships of the goals, criteria, sub-criteria and alternatives [90].
AHP was used in this study to obtain the importance weights of the assessment criteria and the scores
of supplier alternatives.

First, a pair-wise comparison matrix was built to assess the relative importance of the sub-criteria
based on their importance for supplier selection. A higher weight value indicates a greater importance,
and a lower weight value indicates lesser importance. The importance of the criteria can be obtained.
The importance of each criterion was ranked by the selected key project professionals. The opinions of
the participants were collected using a 1/5-to-5 scale, where 1/5 represents “extremely less important
than” and 5 represents “extremely more important than.” The rank scales are shown in Table 1. The
importance rank of the criteria may vary depending on the opinions of the project participants. Hence,
the mean of the scales should be produced.

ai j =

∑n
t=1 at

i j

n
(1)

where n is the number of survey participants; at
i j indicates the assigned value by the t-th participant.

Table 1. The rank scales of pairwise comparison for assessment criteria.

Please Compare the Level of Relative Importance between Criterion 1 and Criterion 2

1/5 1/4 1/3 1/2 1 2 3 4 5

Extremely less
important than

Equally
important to

Extremely more
important than

Then, a matrix of pairwise comparison of all criteria is generated.
1 a12 a13 · · · a1m

a21

· · ·

1 a23 · · ·

· · · · · · · · ·

a2m

· · ·

am1 am2 am3 · · · 1

 (2)
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where m is the number of assessment criteria; and ai j indicates the relative importance of the i-th criteria
to the j-th criteria. For example, a12 is the relative importance of the first criteria to the second criteria.
Also, ai j × a ji = 1.

The relative importance of i-th criterion can be calculated in Equation (3).

RIi =
m∑

j=1

ai j (3)

where RIi is relative importance of criterion i; m is the number of criteria.
The normalized relative importance was calculated using Equation (4).

NRIi =

∑m
j=1 ai j∑m

i=1
∑m

j=1 ai j
(4)

To calculate the global importance of a criterion, the Equation (5) can be used.

GIx
k =

k∑
i=1

NRIi (5)

where GIx
k indicates the global importance of the x-th criterion; k is the number of sub-criteria of the

x-th criterion.
In the next step, a pair-wise comparison matrix was developed to assess the relative performance

of a potential supplier to the other potential suppliers with regards to a criterion. The total number of
the matrix depends on the number of criteria. The sum of the scores of the potential suppliers can be
calculated. A pairwise comparison of the supplier alternative with regarded to each criterion can be
conducted. The opinions of the participants were collecting using 1/5-5 scale (1/5 = extremely worse
than, 1 = equally good to, 5 = extremely better than). The rank scales are shown in Table 2. A pairwise
comparison of suppliers against the x-th criterion is shown in the matrix.

1 b12 b13 · · · b1l
b21

· · ·

1 b23 · · ·

· · · · · · · · ·

b2l
· · ·

al1 al2 al3 · · · 1

 (6)

bi j =

∑n
t=1 bt

i j

n
(7)

where l is the number of potential suppliers; bi j indicates the relative performance of supplier i
compared to j supplier j with regard to the x-th criterion; n is the number of survey participants, bt

i j
indicates the assigned score by the t-th participant. For example, b12 indicates the relative performance
of the first supplier compared to the second supplier. Also, bi j × b ji = 1.

Table 2. The rank scales of pairwise comparison for supplier alternatives.

Please Compare the Level of Relative Performance between Supplier 1 and Supplier 2

1/5 1/4 1/3 1/2 1 2 3 4 5

Extremely
worse than

Equally
good to

Extremely
better than
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Then the relative performance of supplier i with regarded to the x-th criterion can be calculated in
Equation (8).

RPx
i =

m∑
j=1

bi j (8)

where RPk
i is the relative performance of the supplier i on the x-th criterion.

Then, the score of the supplier i on the x-th criterion can be calculated in Equation (9).

Sik = GIx
k ×RPx

i (9)

where Sik indicate the score of the supplier i on the x-th criterion; GIx
k is the global importance of the

x-th criterion; RPx
i is the relative performance of the supplier i on the x-th criterion.

The total score of the supplier i can be computed in Equation (10).

TSi =

p∑
k=1

Sik (10)

where p is the number of assessment criterion; TSi is the total score of the supplier i.

4. Case Study

4.1. Prefabrication Project Information

The proposed method is illustrated using a real prefabrication building project. The prefabrication
project is a mixed-use apartment complex building, located in Beijing, China. This 17-story complex
features spacious apartments above a ground floor retail space with a total floor area of 21,580 m2

designed for service life of 100 years. The total surface area of the prefabricated wall is approximately
11,180 m2. The BIM model for the project was developed, as shown in Figure 3. A typical prefabrication
project may comprise a variety of components with different supply options. The prefabricated wall
panel is a load bearing element of the building that serves the primary function of support and
transfer the building load, which considerably impact the building performance. The construction
of prefabricated wall panels is usually regarded as the most important part of the project, in which a
finish-to-start relationship is applied to every building level; thus, any delay encountered may delay the
completion of the project. The proposed method was used to select a suitable supplier of prefabricated
wall panels.Buildings 2019, 9, x FOR PEER REVIEW 9 of 19 
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4.2. Assessment Process

The importance weights about the criteria and the scores of the supplier alternatives were
obtained based on an opinion survey using Analytic Hierarchy Process (AHP) technique. After
previous evaluation of the supplier alternatives, four suppliers are considered qualified to be evaluated.
The opinion survey was conducted among 28 key project professionals: two from the executive level,
16 from the management level, eight from contractors, one from the legal department, and one from
marketing. This composition was determined by the involved professional have depth knowledge
of project requirements as well as the familiarities to the potential suppliers. Twenty-eight survey
participants were assembled in a conference room, and the BIM model was displayed on the big screen
to help them thoroughly understand the project. Other information was also provided in order to
evaluate qualitative criteria. The BIM model is like a data repository to store both quantitative and
qualitative information about the project.

4.2.1. Important Weights of the Criteria

The experts were asked to rank the relative importance of the sub-criteria using scales
(1/5 = extremely less important than, 1/4, 1/3, 1/2, 1 = equally important to, 2, 3, 4, 5 = extremely more
important than) in order to calculate the importance weights of the criteria using the AHP technique.
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The pairwise competition for the sub-criteria is displayed in Figure 4. The relative importance of
the sub-criteria can be obtained according to Equation (4), as shown in Table 3. Then the relative
importance of the criteria can be obtained based on Equation (5), as shown in Table 4.Buildings 2019, 9, x FOR PEER REVIEW 10 of 19 
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Table 3. The priority results of the sub-criteria.

Criteria Sub-Criteria Importance Weight Rank

Cost
Material cost (C1) 11.80% 1
Delivery cost (C2) 11.34% 2

Transaction cost (C3) 10.80% 3

Financial strength
(FS)

Fixed asset scale (FS1) 1.63% 18
Cash flow conditions (FS2) 2.41% 14

Credibility (FS3) 1.92% 16
Financial conditions (FS4) 3.06% 12

Product
performance (PP)

Proper function (PP1) 4.92% 9
Durability (PP2) 4.41% 10

Appearance (PP3) 5.59% 8

Support services
(SS)

Order processing (SS1) 8.29% 5
Delivery on time (SS2) 8.94% 4

Follow-up services (SS3) 7.80% 6
Hazards handling mechanism (SS4) 7.48% 7

Quality system
(QS)

Level of innovation (QS1) 1.75% 17
Quality assurance (QS2) 3.21% 11

Technical standards (QS3) 2.08% 15
Complaint Handling Process (QS4) 2.57% 13

Table 4. The importance weights of the criteria.

Criteria Weight Rank

Cost 33.93% 1
Financial strength 9.03% 5

Product performance 14.92% 3
Support services 32.51% 2
Quality system 9.61% 4

4.2.2. Cost Analysis

A BIM model can be developed based on 2D drawings. The CAD drawings were transferred into
Revit to develop a 3D BIM model of the project which can provide sufficient and vivid information
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about the project. The industry professional can thoroughly understand the prefabrication project
and information about the prefabrication components such as type, quantity, structural properties,
dimensions and specifications. Then the required quantities of prefabrication components can be
extracted using Navisworks. The product of the quantities of the prefabrication components and the
unit prices of them sourced from bid information was obtained. The material costs of the prefabrication
components of the four potential suppliers were obtained. The transportation distances between the
construction site and the manufacturing plants of the four potential suppliers were then calculated
using Google Maps. The delivery cost can be obtained based on the transportation distance, so the
delivery costs of the four potential suppliers were obtained. The transaction cost can be calculated
based on the sum of the material cost and delivery costs, which is usually 10% of the sum. Finally, the
total costs of the four potential suppliers were obtained.

Supplier 1 and supplier 2 have relative lower material costs compared with supplier 3 and supplier
4. The material cost of supplier 2 is relatively higher than supplier 1, but the transportation distance
of supplier 2 is shorter than supplier 1, so that the delivery cost is cheaper than that of supplier 1.
The total cost of supplier 1 is still the lowest, while the total cost of supplier 4 is the highest. The total
cost of supplier 3 and supplier 4 is higher than either supplier 1 or supplier 2. The survey participants
were asked to rank the relative performance of one supplier to the other three suppliers with regard to
cost criterion using scales (1/5 = extremely worse than, 1/4, 1/3, 1/2, 1 = equally good to, 2, 3, 4, 5 =

extremely better than). The results are shown in Table 5. The scores of the four suppliers are different,
as RP1

1 = 12, RP1
2 = 8.5, RP1

3 = 2.08, and RP1
4 = 3.45, respectively. Supplier 1 has the highest score on this

criterion, while supplier 2 has the second highest score. Supplier 3 and supplier 4 have similar scores.

Table 5. The results of pairwise comparison for supplier alternatives with regard to cost criterion.

Supplier 1 Supplier 2 Supplier 3 Supplier 4 Total

Supplier 1 1 2 4 5 12
Supplier 2 1 3 4 8.5
Supplier 3 1 1/2 2.08
Supplier 4 1 3.45

4.2.3. Financial Ability Evaluation

A comprehensive evaluation of the financial abilities of the suppliers was conduction in order
to ascertain the suppliers have sound financial conditions. The selected suppliers have long-term
relationships with the client. They all have sufficient cash flow to support their normal operations.
Although some information is confidential, they can provide tax bills to show their financial conditions.
Moreover, some experts also indicted that they have been operating their plants nearly 10 years. After
the comprehensive evaluation, the survey participants were requested to rank the relative performance
of one supplier to the other three suppliers with regarded to financial strength criterion using scales
(1/5 = extremely worse than, 1/4, 1/3, 1/2, 1 = equally good to, 2, 3, 4, 5 = extremely better than). The
results are shown in Table 6. The scores of the three suppliers on the financial strength criterion are same
(RP2

1 = RP2
3 = RP2

4 = 3.5). While, supplier 2 gains a relative high score with RP2
2 = 7 on this criterion.

Table 6. The results of pairwise comparison for supplier alternatives with regard to financial strength criterion.

Supplier 1 Supplier 2 Supplier 3 Supplier 4 Total

Supplier 1 1 1/2 1 1 3.5
Supplier 2 1 2 2 7
Supplier 3 1 1 3.5
Supplier 4 1 3.5



Buildings 2019, 9, 222 12 of 18

4.2.4. Product Performance Evaluation

To evaluate the product performance criterion, the suppliers all declared that they can provide
qualified products as the customers’ request them. Also, they are willing to provide a third-party
report to prove the proper properties and durability of the prefabrication components. Additionally,
they all agreed that if any faults of a product occur so that it is not approved to access the construction
site, they can provide a new, qualified product promptly. Then, the survey participants were asked
to rank the relative performance of one supplier to the other three suppliers with regard to product
performance criterion using scales (1/5 = extremely worse than, 1/4, 1/3, 1/2, 1 = equally good to, 2, 3, 4,
5 = extremely better than). The results are shown in Table 7. The scores on this criterion supplier 1
and supplier 2 are similar, as RP3

1 = 2.83 and RP3
2 = 3. However, supplier 3 and supplier 4 have higher

scores on this criterion with RP3
3 = 8 and RP3

4 = 7.

Table 7. The results of pairwise comparison for supplier alternatives with regard to product performance criterion.

Supplier 1 Supplier 2 Supplier 3 Supplier 4 Total

Supplier 1 1 1 1/3 1/2 2.83
Supplier 2 1 1/2 1/2 3
Supplier 3 1 2 8
Supplier 4 1 7

4.2.5. Support Service Assessment

In the support service criterion, the four suppliers provided satisfactory results since this concerns
their reputation and value to customers. Suppliers 3 and 4 have a relatively shorter processing time
period to deal with the order, while suppliers 1 and 2 may take longer. Moreover, the transportation
distance of suppliers 3 and 4 are farther than suppliers 1 and 2, while supplier 2 has the shortest
distance to the construction site. Also, traffic conditions of the transportation route from supplier 2 to
the construction site is better than that of supplier 1. Comprehensively considering all the sub-criteria,
the survey participants were asked to rank the relative performance of one supplier to the other three
suppliers with regard to support services criterion using scales (1/5 = extremely worse than, 1/4, 1/3, 1/2,
1 = equally good to, 2, 3, 4, 5 = extremely better than). The results are shown in Table 8. The scores of
the four suppliers are different, as RP4

1 = 2.83, RP4
2 = 9, RP4

3 = 4.3, and RP4
4 = 4, respectively. Supplier 2

has the highest score on this criterion, while supplier 1 has the lowest score. Supplier 3 and supplier 4
have similar scores.

Table 8. The results of pairwise comparison for supplier alternatives with regard to support services criterion.

Supplier 1 Supplier 2 Supplier 3 Supplier 4 Total

Supplier 1 1 1/3 1 1/2 2.83
Supplier 2 1 3 2 9
Supplier 3 1 2 4.3
Supplier 4 1 4

4.2.6. Quality System Assessment

To evaluate the quality system of the four suppliers, they all can provide evidence to prove
the quality of their products. They can provide evidence including production permits, quality
certification and third-party test results of the products. Supplier 3 also provided video information
about the manufacturing plant, equipment and manufacturing process of the PC elements. The survey
participants were asked to rank the relative performance of one supplier to the other three suppliers
with regard to quality system criterion using scales (1/5 = extremely worse than, 1/4, 1/3, 1/2, 1 = equally
good to, 2, 3, 4, 5 = extremely better than). The results are shown in Table 9. Supplier 1 and supplier 2
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have a same score with RP5
1 = RP5

2 = 3. While, supplier 3 and supplier 4 have a same score, as RP5
3 =

RP5
4 = 6. Supplier 3 and supplier 4 have a higher score than supplier 1 and supplier 2 on this criterion.

Table 9. The results of pairwise comparison for supplier alternative with regard to quality system criterion.

Supplier 1 Supplier 2 Supplier 3 Supplier 4 Total

Supplier 1 1 1 1/2 1/2 3
Supplier 2 1 1/2 1/2 3
Supplier 3 1 1 6
Supplier 4 1 6

4.2.7. Final Assessment Results

After a comprehensive evaluation of each supplier against the criteria, the scores for the four
suppliers with regard to each criterion were then calculated based on Equation (9), and the total scores
of the four suppliers can also be generated based on Equation (10). The results are shown in Table 10.
The results indicate that supplier 2 has the highest total score (TS2 = 7.178), while supplier 1 has the
second highest total score (TS1 = 6.018). The total score of supplier 4 (TS4 = 4.408) is lower than that
of supplier 1, and supplier 3 yields the lowest total score (TS3 = 4.190). Therefore, supplier 2 is an
optimal supplier with relative lower material cost and the lowest delivery cost. Also, it can provide
satisfactory products and support services, and it has a sound financial background and a good quality
assurance system.

Table 10. The results of scores of the suppliers.

Suppliers Cost Financial
Strength

Product
Performance

Support
Services

Quality
System Total Rank

Supplier 1 4.072 0.316 0.422 0.920 0.288 6.018 2
Supplier 2 2.884 0.632 0.448 2.926 0.288 7.178 1
Supplier 3 0.706 0.316 1.194 1.398 0.577 4.190 4
Supplier 4 1.171 0.316 1.044 1.300 0.577 4.408 3

5. Conclusions

Given the increasing demand for sustainable development in the Architecture, Engineering and
Construction (AEC) industry, improving prefabrication performance is necessary for promoting the
application of prefabrication. This study proposes a method to simplify the supplier selection process
for prefabrication project. To illustrate how to use the proposed method, the method was applied
to a case study that includes the supply of prefabricated wall panels in a prefabricated building
project where four potential suppliers were evaluated and scored according to the criteria. The four
potential suppliers were ranked according to the total score. The supplier 2 with the highest total
score was selected as the optimal supplier of the prefabrication project. A satisfied result validates the
effectiveness of the proposed method. The proposed method employs a BIM model in the supplier
selection process. By using BIM, supplier assessment can be articulated with all other project disciplines,
which facilitates the decision-making process. The BIM model can help users better understand the
project and obtain sufficient and accurate information to make informed decisions.

The proposed method has three theoretical and practical contributions. First, the study provides a
list of assessment criteria for comprehensively evaluating supplier alternatives for a prefabrication project.
Second, the method uses BIM as a data repository to facilitate the decision-making process by vividly
providing project data and information about the potential suppliers. The survey participants can better
understand the prefabrication project and the potential suppliers than with the method that only uses
2D drawings and documentation. The sufficient and sorted information helps industry professionals to
provide objective advices during the decision-making process. Moreover, the construction industry is
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generally regarded as a low-information-intensive industry compared to other industries. The adoption
of BIM in the decision-making process prompts automation and informatization in the AEC industry.
Finally, the study may help to improve the adoption of new tools in decision-making process.

With the help of BIM, the jobsite processes can be modeled and handed over to the manufacturers.
The BIM model provides all the details of the prefabricated components that facilitate the production of
prefabrication components. Moreover, the BIM model of the project can be used in the construction stage
to improve project performance. Future studies will extend BIM model to project lifecycle for optimizing
project management. To prompt the adoption of BIM in construction can bring many benefits such
as improvement of sustainable development and automation in construction. The proposed method
can be used in other projects in another region, but the assessment criteria for evaluating suppliers
and importance weights of the criteria may be modified to fit the requirements of a new project in
another region.
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C2 Delivery Cost
C3 Transaction Cost
DEA Data Envelopment Analysis
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FS1 Fixed Asset Scale
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QS4 Complaint Handling Process
SS Support Services
SS1 Order Processing
SS2 Delivery on Time
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