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Abstract - BIM for Infrastructure and Public-Private Partnership are both powerful tools that can benefit the infrastructure 

projects, although the development and the implementation of these tools are still at the preliminary stage in China. The lack of 
exchange of information, the inadequate supervision, and the complexity of the projects are the common issues that could lead 
to the failure of PPP projects, where applying BIM for Infrastructure could potentially mitigate such issues to a great extent. 
Although benefits of applying BIM for construction to PPP have been proved, in particular for improving the overall projects 
cost control, its benefits for infrastructure have not been specified. Therefore, it is worthwhile to further investigate the costs 
and benefits of implementing BIM for Infrastructure for PPP projects. In this study, the main benefits and costs of 
implementing BIM for Infrastructure for PPP projects are reviewed from literature and rated by practitioners from the civil and 
construction industry through a survey. Based on the survey results, the most significant benefit and cost are “reducing rework, 

risk, liability and contingency fees” and “developing universal BIM standard and database”. 
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I. INTRODUCTION 

 

Since 2014, the Chinese government started to 

promote the implementation of 

Public-Private-Partnership (PPP) for a wide range of 

projects, especially infrastructure projects. By having 

the private sector taking most responsibilities in 

different project phases, more cost-effective solutions 

can be produced while maintaining a high level of 

quality. Meanwhile, the financial burden of the 

government can be greatly reduced. However, the PPP 

projectscould also easily faildue to various 
reasonssuch as ineffectiveexchange of information, 

inadequate supervision from the government, and the 

complexity of the project, contributing to huge losses 

for the national economy[1]. Accordingly, 

someresearchers have suggested that Building 

Information Modeling (BIM) should be adopted for 

PPP projects to alleviate the possible problems 

normally occurred in PPP projects and to improve the 

project quality and the overall communication[2][3]. 

The term BIM was originally designed for building 

projects only. When the similar type of modeling 
technology is used in infrastructure projects, another 

term “BIM for Infrastructure” could be used. Thus, 

BIM for Infrastructure ischosen and used throughout 

this paper. The suitabilityof BIM for Infrastructure 

forPPP projects has been proven, but it has not been 

used to a wide scale. In this study, the main costs and 

benefits of implementing BIM for Infrastructure 

forPPP projects have been investigated through the 

current literature and surveys to civil and construction 

industry practitioners. The statistical methods are 

employed to evaluate the level of significance for each 

of the identified benefit and cost as well as thelevel of 
agreement among all participants. 

 

II. LITERATURE REVIEW 

 

A. BIM for Infrastructure 

BIM is defined as “a digital representation of physical 

and functional characteristics of a facility. BIM is a 

shared knowledge resource for information about a 

facility forming a reliable basis for decisions during its 

life cycle; defined as existing from earliest conception 

to demolition” [4]. The key characteristics of BIM are 

collaboration, representation, process,and lifecycle, 

which is superior to traditional paper-based 2D figure, 
offering the solution for more demanding information 

sharing functions [2],[5],[6]. 

The Architecture, Engineering,and Construction 

(AEC) industry recognize BIM as an effective tool that 

is expected to increase the productivity and quality of 

the project[2]. It has been widely used in the building 

projects until now, whereas its implementation for 

infrastructure projects is relatively untested and 

undocumented [6]. Since BIM usage is still at the 

preliminary stage, some academic and industry 

stakeholders are making efforts to prove the suitability 
of BIM implementation in the infrastructure sector. 

According to a comprehensive literature review and 

analysis by Costin et al. [8], the research and 

application of BIM for Infrastructure had been raised 

greatly in the last 5 years. The article summarized the 

differences between building and infrastructure 

construction and highlighted challenges and 

limitations that need to be conquered, promoting 

furtherresearch and applications on BIM for 

Infrastructure. Chong et al. [9] compared the adoption 

and use of BIM in infrastructure projects in both 

Australia and China, and the results showed that BIM 
had been successfully implemented in infrastructure 

projects and had some specialized functions using in 
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infrastructure projects compared to BIM applied to 

building industry. They also revealed that BIM in 
infrastructure was still at the low level of 

implementation while BIM used in the building was 

moving forward to n-dimensional models including 

3D model, time and cost, etc. 

BIM for Infrastructure is able to provide convenience 

and advantages to infrastructure projects although 

BIM and infrastructure were not well integrated 

before. It was also reported that numerous active signs 

had appeared that the use of BIM in this sector was 

poised to be more widespread. The most striking 

findings from experts’ views were that positive value 

was obtained from the aid of BIM and Return of 
Investment (ROI) exceeded 25% in the infrastructure 

sector[10]. In addition, fewer errors and greater cost 

predictability by BIM software were two ways of 

developing the processes and project outcomes most 

efficiently. 

 

B. Public-Private Partnership 

There has been an increasing trend to apply 

public-private partnership (PPP) to the development 

and operation of infrastructure projects around the 

world. PPP is a mechanism whereby a government 
entity takes advantage of the resources and expertise 

of the private sector to procure and implement public 

infrastructure and services, where the risks and 

responsibilities are shared during the long-term 

contractual agreement [11]. In general, the size and 

complexity of infrastructure projects contribute to the 

huge investment that is/can be a burden for 

governments. As a result, the public sector transfers 

some of their authority in exchange for funding from 

private parties. When the latter participate in the 

financing, design, procurement, 

construction,operation,andmaintenance, the public 
sector will monitor the whole process. After the 

expiration of a contract, the public entity will retain the 

ownership of the project. It can be concluded that the  

PPP  has many strengths for the public in 

infrastructure projects,  based on these characteristics: 

high efficiency, incentive mechanisms, innovative 

service delivery and lower economic risk [12]. As for 

the private sector, especially for construction firms, 

PPP can play a role in diversification strategies, so as 

to relieve the heavy dependency on economic cycles. 

It has also been demonstrated that the PPP approach 
benefits the quality and quantity of infrastructure 

services with lower expected overall cost [3]. 

 

C. How BIM for Infrastructure is used in PPP 

The critical factor to make PPP work smoothly in an 

infrastructure project is not just sufficient capital 

investment. From the analysis conducted by Chelliah 

and Laishram[2], innovation, knowledge and 

expertise, effectiveness and efficiency of the private 

investor are key elements to influence the process of 

an infrastructure project. The characteristics and 

objectives of a PPP project such as responsibility 

execution, risk share and innovation highlight the 

significances of collaboration and communication. 
Timely coordination between different parties 

throughout the whole lifecycle is, therefore, necessary 

to guarantee the schedule and accuracy of the project. 

Functions of BIM for Infrastructure which have 

already been verified supply a collaboration and 

communication platform to PPP projects, providing 

huge potential for combining BIM for Infrastructure 

with PPP project. In the study of Laishram[13], BIM 

for Infrastructure plays an essential role in 

collaboration, information sharing,and financial 

viability; hence issues led by the complex contractual 

arrangement of a PPP project can be diminished or 
avoided. Also, McArthur and Sun [14]-[15]conducted 

the first survey of BIM use in Canadian PPP projects 

and revealed that handover effectiveness of the BIM 

model for public infrastructure from the design to the 

construction period was more effective than from the 

construction to operation periods.In their study, 26 

qualified participants had significant experiences in 

BIM and PPP project delivery; they pointed out that 

BIM was used for 3D coordination, design reviewing, 

site staging simulation and construction monitoring, 

all of these were of values while usages of mechanical 
analysis, cost estimation, record model 

development,and phase planning were less frequent. 

Similarly, when comparing two highway PPP projects 

using BIM in Australia and China, Chong et al. [9] 

recognized that BIM for Infrastructure was highly 

effective to reduce reworks and errors on site and 

improve the productivity. Moreover, BIM for 

Infrastructure was integrated with the geographic 

information system (GIS) in the case of a Chinese 

highway project, which was a peculiar application 

using accurate locality information and boundaries to 

benefit for infrastructure construction. And from the 
perspective of Guo et al.[16], GIS is a type of CIM 

(Civil Information Modelling) related technology 

which brings an obvious effectiveness to the 

construction of transportation projects. Moreover, as 

Cui et al. [17] reviewed, adopting BIM would be a 

promising approach to enable stakeholders to make 

informed decisions using information technology and 

to assist in the performance management for 

infrastructure projects. In addition, since BIM for 

Infrastructure could potentially be applied to the 

whole lifecycle of PPP projects, it is regarded as a 
critical success factor for PPP in infrastructure 

projects. 

However, implementing BIM may lead to extra cost, 

inconvenience or misunderstanding related to PPP 

projects, especially for infrastructure projects. 

Usually, BIM usage is accompanied by personnel 

training, a steep learning curve, infrastructure 

purchases,and maintenance, as well as universal BIM 

standard development, which can be summarized as 

cost, time, staff and database investment 

[13],[14],[18],[19]. For instance, Fanning et al. [7] 

compared two PPP projects for bridges having a 
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number of similar characteristics, but the main 

difference in construction was whether the project 
implemented BIM. The results showed the costs 

increased due to initial investments for BIM 

implementation such as software purchase, learning 

curve,and software output. Nevertheless, the 

quantities of contract modification orders (CMO) and 

requests for information (RFI) dropped compared to 

the project that did not utilize BIM.  The authors also 

mentioned that the cost regarding BIM had a 

significant impact on the overall project cost, which 

indicated that the project cost would reduce 

substantially once the stakeholders were proficient in 

BIM usage. In addition, some interviewees in the field 
of BIM for Infrastructure from public sector pointed 

out they were not proficient in BIM, although they 

worked with it;  moreover, they had no available 

resources or time for learning, technology and 

software were limited, and usage of existing tools 

hindered them from adopting BIM widely [19]. Such 

factors contribute to the low development of BIM for 

Infrastructure in PPP projects, which requested the 

stakeholders to invest additional time and money if 

they wanted to implement BIM for future works. Also, 

Reijo [19] found that users from different perspectives 
needed various information; thus embedding the data 

into a universal information system or database to 

share among the users was essential. 

 

III. METHODOLOGY 

 

The aim of the study is to research and identify the 

costs and benefits of applying BIM for Infrastructure 

technology to a PPP project. Over 60 research papers 

were reviewed comprehensively on the subjects of 

BIM for Infrastructure and PPP projects. The literature 

search was carried out using keywords and the 
relevance to find out the targeted publications and case 

studies. Compared with the traditional construction 

project in the studies, the characteristics, the potentials 

and challenges, and the costs and benefits of BIM for 

Infrastructure applications applied to PPP projects 

were concluded. Based on the research results in the 

early stage, a questionnaire was designed in both 

Chinese and English versions to focus primarily on the 

current applicationof BIM for Infrastructure forPPP 

projects in Chinese civil and construction industry. It 

consisted of 13 questions including single/multiple 
choice(s), rating and open-ended questions. In the 

survey, the main costs and benefits of using BIM for 

Infrastructure for PPP project were summarized from 

the relevant research papers, the brief interview of 

practitioners and the knowledge of authors. The 

factors of costs and benefits in the questionnaire were 

rated by their level of expense and potential value 

using a 5-category Likert scale, according to the 

understanding and working experience of participants. 

The statistical methods such as mean value, standard 

deviation, 95% confidence interval and inter-rater 

reliability were adopted to analyze the survey results. 

In the analysis, mean value was used to rank the level 

of importance in terms of main benefits and costs of 
implementing BIM for Infrastructure forPPP projects. 

The standard deviation was a complementary indicator 

to determine the ranks of factors in case several factors 

had the same mean value. The 95th percentile 

confidence level was employed to display the 

reliability of the survey results by taking into account 

the standard deviation and the size of the sample for 

each factor. Furthermore, the inter-rater reliability was 

applied to present the level of agreement awgamong 

raters following the guidance in the study conducted 

by Olawumi et al [18], see Eq (1). 

 

awg = 1−
2SD2

  A + B M−M2 − A ∗ B ∗
n

n−1

 (1) 

 

where M is the mean value of that factor, SD is 

standard deviation, A and B are maximum and 

minimum scale values, and n is a sample size of 

participants. 

 

IV. SURVEY RESULTS 

 

In this study,21 survey responses were received from 

the participants who are working in theChinese civil 

and construction industry. However, 5 participants had 
no experience withneither BIM application nor PPP 

project, so their responses were excluded from the 

further analysis. Among all the 16 effective responses, 

the roles of the participants includethe owner, the 

private investor, the designer, the contractor, the 

consultant and the researcher. The business type 

consists of the private company (10 participants), the 

state-owned company (4 participants), and the 

university (2 participants). 75% of participantshave 

worked in the Architecture, Engineering, Construction 

and Operation (AECO) industry for more than 10 

years. 12.5% of participants have 6-10 years’ 
experience. 6.3% of participants have 3-5 years’ 

experience, and the rest have less than 3 years’ 

experience. 

Among all the participants, 93.75% have used BIM 

technology in their projects whereas the application 

rate of BIM for Infrastructure is lower (37.5%). They 

are more familiar with BIM applied to the traditional 

building projects thanBIM for Infrastructure applied to 

the infrastructure projects, reflecting that BIM for 

Infrastructure has not widely used in Chinese design 

and construction industry yet. According to the 
participants who have used BIM for Infrastructure 

before, three of six mentioned that BIM for 

Infrastructure is most beneficial for the infrastructure 

projects that involveunderground utilitiesfrom their 

perspectives. On the other hand, 63.5% of participants 

have worked with PPP projects before, and only 6.3% 

ofparticipantshave worked ina project that 

utilizedBIM for Infrastructure ina PPP infrastructure 

project located in Suzhou, China. This indicates that 
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the application of BIM for Infrastructure for PPP 

projects in China is still atthe preliminarystage. 
The main benefits and costs of using BIM for 

Infrastructure for PPP projects were rated based on the 

opinion and understanding of participants. Figure 1 

and Figure 2 demonstratethe results of the rated 

benefits and costs including their mean values, the 

standard deviation,and the 95th percentile. Based on 

the survey results, “reducing rework, risk, liability and 

contingency fees”, “predicting the cost in the supply 

chain and procurement” and “enabling more 

sustainable and informed decision making” are the 

three most valuable benefits. The mean values for the 

ratings of these factorsall exceed 3.5, which are 
closeto ”Fairly valuable (4 points)”. The least valuable 

benefit of implementing BIM for Infrastructure 

forPPP projects is “Helping obtain more future 

projects” with a relatively low standard deviation. It 

means that the majority of participants agree that the 

application of BIM for Infrastructure forPPP projects 

produce fewer benefits to the stakeholders for their 

future work, especially when they bid for new 

projects. Nevertheless, there is no significant 

divergence between the level of value for these 

benefits, since all the ratings are above 3 points 
(Valuable). Apart from these benefits summarized 

from the current literature, several participants pointed 

out other potential benefits using BIM for 

Infrastructure for PPP projects. Three extra benefits 
mentioned are improving the efficiency of the budget, 

settlement and final accounts, visualizing the joints 

effectively for checking and collision detection, and 

standardizing the information and processes in 

construction, with fairly valuable or very valuable 

indicators.Regarding the main costs, “universal BIM 

standard and database development” is deemed to be 

the most expensive with the lowest standard deviation 

among all types of costs. It indicates that the 

development and maintenance of the BIM database is 

the most complex process which consumes manpower 

and resource materials continuously. In addition, the 
low standard deviation represents the consistency of 

opinion onthe high cost of the BIM database. 

Meanwhile, the participants assessed that “personal 

training cost” and “hardware infrastructure purchase 

and maintenance cost” are less expensive compared to 

other costs, and the ratingsof all the costs are around 3 

which isexpensive. In addition, three participants 

indicated that the cost of capital during the 

construction, the consultation cost (if no BIM 

specialist), and the cost for adjusting different BIM 

standards by different stakeholders could haveeffects 
on the overall cost of a PPP project when BIM for 

Infrastructure is applied. 

 

 
Figure 1.  The mean value, standard deviation and 95

th
 percentile of main benefits 

 

 
Figure 2. The mean value, standard deviation and 95

th
 percentile of main costs 
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In the open-ended questions, the participants were 

asked to identify the difference between using BIM for 
Infrastructure in general transportation projects and in 

PPP projects with respect to its benefits and costs. Five 

participants emphasized the advantages of BIM for 

Infrastructure in PPP projects, three replied there were 

no differences, and the other eight had no idea about it. 

Among the five who give clear explanation, two 

participants pointed out that stakeholders pay more 

attention to the integration of the whole life cycle in 

PPP projects, therefore the life cycle assessment 

supported by BIM for Infrastructure can be enhanced 

and well applied in the PPP project. More specifically, 

the private sector, the contractor and the operator may 
see more benefits in using BIM for Infrastructure 

through the entire life cycle of PPP projects. Secondly, 

the technology of 3D modelling and visualization 

provided by BIM for Infrastructure extends its 

application in PPP projects, contributing to the high 

productivity and low cost. In addition, the basic data 

collection and analysis is recognized as a crucial 

element for effectively using BIM for Infrastructure, 

due to the huge investment, the complexity and the 

long concession period of PPP projects compared to 

other building construction projects. Also related to 
the characteristics of PPP projects, BIM for 

Infrastructure is more cost-effective to help control the 

labor, the material, and the costs during the 

construction processes. 

 

V. COSTS AND BENEFITS 

 

Table 1 and Table 2 show the ranks of the main 

benefits and costs, the 95% confident interval and the 

level of agreement. The mean values of all the 

identified benefits range from 3.0625 (standard 

deviation= 0.899) to 3.6875 (standard deviation= 

1.102). Four factors are assessed as fairly valuable, 
and the other seven benefits are assessed as valuable. 

Thelevel of agreement among all the participants for 

each beneficial factor is not good enough. The most 

reliable category is “assisting life cycle assessment” 

with aawg value of 0.66, while “improving project 

performance” is the least reliable with alack of 

agreement (awg=0.13). In another word, all participants 

agree thatthe life cycle assessment supported by the 

BIM for Infrastructure is valuable to PPP projects, but 

they don’t really have a consensus on the level of value 

of using BIM for Infrastructure to improve the 

performance of PPP projects. 
“Universal BIM standard and database development” 

is the only cost factor the participants assessed as 

fairly expensive (mean value= 3.5625), and the rest of 

thefactors are rated as expensive. The level of expense 

for BIM specialist recruiting, software purchase and 

upgrade, and change of workflow are comparable 

(same mean value but different standard deviation), 

and the cost for personal training and the hardware 

purchase and maintenance are similar but lower than 

the former three factors. The level of agreement for the 

main costs of applying BIM for Infrastructure to PPP 
projects are more consistent, presenting that awg values 

for most of the cost factors are higher than 0.65. It 

should be noted that personal training cost is regarded 

as arelatively low-cost factor for using BIM for 

Infrastructure in PPP project compared to other costs, 

strongly approved by the participants. However, they 

have divergence on the cost of change of workflow. 

Two participants think it could have a big influence on 

the overall project cost whereas one participant thinks 

it would have a relatively low influence on the overall 

project cost compared to other aspects. 

 

Rank Factors Level of value 
95% Confident 

interval 
Level of agreement 

1 Reducing rework, risk, liability and contingency fees Fairly valuable 3.15-4.23 Weak 

2 Predicting the cost in the supply chain and procurement Fairly valuable 3.17-4.08 Moderate 

3 Enabling more sustainable and informed decision making Fairly valuable 3.07-4.05 Weak 

4 Producing better or cost-effective design and analysis Fairly valuable 3.01-3.99 Moderate 

5 Improving collaboration and communication Valuable 2.83-3.92 Weak 

6 Improving production efficiency Valuable 2.86-3.89 Weak 

7 Modelling and monitoring the construction process Valuable 2.75-3.88 Weak 

8 Assisting life cycle assessment Valuable 2.90-3.73 Moderate 

9 Improving project performance Valuable 2.59-3.91 Lack of agreement 

10 Promoting supervision from the public Valuable 2.72-3.65 Moderate 

11 Helping obtain more future projects Valuable 2.62-3.50 Moderate 
Table 1. Level of potential value in descending order 

 

Rank Factors Level of expense 
95% Confident 

interval 
Level of agreement 

1 Universal BIM standard and database development Fairly expensive 3.18-3.95 Moderate 

2 BIM expert recruiting cost Expensive 2.71-3.54 Moderate 

3 Software purchase and upgrade cost Expensive 2.67-3.58 Moderate 

4 Change of workflow Expensive 2.61-3.64 Weak 

5 Personnel training cost Expensive 2.43-3.20 Strong 

6 Hardware infrastructure purchase and maintenance cost Expensive 2.42-3.21 Moderate 
Table 2. Level of expense in descending order
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