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Abstract. Highway engineering projects face a complex financing risk environ-

ment due to their large construction scale, long financing cycle, and numerous 

influencing factors. This article takes PPP+EPC mode engineering projects as the 

research object, based on grounded theory and literature analysis method, a fi-

nancing risk influencing factor index system is constructed. The large-scale civil 

engineering project of Hangzhou Quzhou Railway in PPP+EPC mode is selected 

as a practical case. The financing risk of the project is analyzed and evaluated 

through the triangular fuzzy analytic hierarchy process, and the key financing 

risk factors of the project are clarified. The research conclusion shows that the 

most significant risk factors affecting the financing of engineering projects under 

the PPP+EPC model are financing sources and financing costs, followed by 

credit ratings of financial institutions and social capital, government supervision 

and regulatory capabilities of the project, and the ability to bear risks, providing 

reference for the development of PPP+EPC engineering projects. 

Keywords: PPP+EPC; Civil engineering; Engineering risks; Financing influ-

encing factors; TFAHP 
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In order to solve the investment difficulties of infrastructure projects and alleviate the 

financial pressure on the government[1], China vigorously advocates the construction of 

PPP (Public Private Partnership) projects and promotes the EPC (Engineer Procedure 

Construct) engineering general contracting model, which is conducive to overcoming 

key problems such as information fragmentation and mutual constraints among various 

participants in the traditional engineering management model[2]. The PPP+EPC model 

is an infrastructure engineering project model that combines public-private partnerships 

(PPP) and engineering procurement and construction (EPC)[3]. In this model, the public 

sector collaborates with private enterprises, with private enterprises undertaking the 

financing, design, construction, and operation of projects, while the public sector is 

responsible for supervision and guidance[4]. This model can effectively utilize private 
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sector funds and professional technology to accelerate the pace of infrastructure con-

struction. However, this model also brings a series of financing risks, which affect the 

implementation of engineering projects and lead to project failure[5]. PPP+EPC is not a 

specific model of PPP, but rather a combination of social capital and EPC model in 

solving financial problems[6]. This model provides an operational approach that unifies 

project investors and general contractors into a consortium. The PPP+EPC model, as a 

new financing and construction model, started relatively late in China, and the relevant 

theoretical research and practice are not yet sufficient. Most experts and scholars' re-

search on risks is mainly focused on a single PPP or EPC model, and risk research 

under the PPP+EPC model still needs to be explored[7]. Therefore, the simple addition 

of risk lists under both PPP and EPC models is no longer fully applicable to PPP+EPC 

models, and a suitable risk assessment index system needs to be reconstructed based on 

the specificity of this model. 

For the literature published from 2014 to December 2024, on the CNKI platform, 

when entering "PPP-EPC risk" in the theme or keywords, a total of 47 relevant literature 

were screened. At the same time, 6 relevant articles were found by entering "PPP AND 

EPC AND risk" in the topic on the Web of Science literature indexing platform. It can 

be seen that the research on the project risks of the PPP+EPC model in the academic 

and engineering fields is still in its infancy. Through the review and analysis of these 

literature, it is found that most of the existing research is limited to the development 

origin and connotation definition of the PPP+EPC model, and there is still relatively 

little research on risk assessment, risk control, and formation mechanism under this 

model. There is little research on the financing risks that will inevitably arise from the 

integration of PPP and EPC models in related risk studies. The focus is more on sum-

marizing macro risks, and the weighting method of risk factors is single, without con-

sidering the ambiguity of judgment. At the same time, it is greatly influenced by sub-

jectivity, which affects the accuracy and comprehensiveness of the final evaluation re-

sults. The large-scale civil engineering project of Hangzhou Quzhou Railway in 

PPP+EPC mode is selected as a practical case. The financing risk of the project is ana-

lyzed and evaluated through the triangular fuzzy analytic hierarchy process, and the 

key financing risk factors of the project are clarified, filling the gap in the research on 

financing risks that will inevitably arise from the integration of PPP and EPC models 

in related risk studies. The effectiveness and feasibility of the triangular fuzzy analytic 

hierarchy process were verified, providing a new perspective and method for the devel-

opment research of PPP+EPC model engineering projects and theoretical basis and 

practical guidance for highway financing risk management. 

2 PPP+EPC Model Project Financing Risk Factor Indicator 

System 

2.1 Identification of Risk Factors in PPP+EPC Model Project Financing 

To ensure the rationality and accuracy of the evaluation results, this article is based on 

grounded theory, combined with literature analysis method. Following the principles 
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of system and hierarchy, simplicity and completeness, science and operability, and 

combined with the opinions of experts with PPP or EPC project experience in the en-

gineering industry, four primary indicators of financing risk and twelve secondary in-

dicators of financing risk have been determined, ultimately forming a PPP+EPC model 

project financing risk evaluation index system with differences and applicability. As 

shown in the Table 1. 

Table 1. PPP+EPC Model Project Financing Risk Factor Indicators 

First level risk indicators Secondary indicators 

B1: Financing structure risk 

C1: Financing source 

C2: Financing Term 

C3: Financing cost 

B2: Credit and management level of 

financial institutions and social cap-

ital 

C4: Credit rating of financial institutions and social capital 

parties 

C5: Financial status of financial institutions and social capital 

parties 

C6: Management capabilities of financial institutions and so-

cial capital providers 

B3: Risk responsibility allocation 

among government, financial insti-

tutions, and social capital parties 

C7: The government's ability to regulate and supervise pro-

jects, as well as its ability to bear risks 

C8: Financing conditions of financial institutions, risk assess-

ment and risk-taking ability for projects 

C9: Social capital's own funds and risk bearing capacity for 

the project 

B4: exchange rate risks 

C10:The amplitude and frequency of exchange rate fluctua-

tions 

C11:Currency types and amounts involved in the project 

C12:Does the contract include clauses regarding exchange rate 

fluctuations and corresponding solutions 

2.2 PPP+EPC Model Project Financing Risk Indicator Evaluation Set 

This model adopts a three-level classification method to scientifically and reasonably 

evaluate the financing risk status of PPP+EPC projects. Based on the weight determi-

nation results, it is divided into five weight interval values corresponding to five risk 

levels. The risk evaluation levels of the corresponding interval risk factors are repre-

sented by 1, 2, and 3, respectively: high risk, moderate risk, and low risk. Therefore, 

the determined evaluation set is 

 𝐻 =  { 𝐻1, 𝐻2, 𝐻3 } =  { 1,2,3} (1) 
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2.3 PPP+EPC Model Project Financing Risk Assessment Model 

At present, most research in the field of highway financing risk is based on the Analytic 

Hierarchy Process to construct project risk assessment models. The traditional Analytic 

Hierarchy Process ignores the fuzziness of human judgment when constructing judg-

ment matrices, and the consistency check of judgment matrices is too complex and 

computationally intensive, making it difficult to deal with multi criteria decision-mak-

ing problems [7]. The Triangular Fuzzy Analytic Hierarchy Process Method can com-

pensate for the ambiguity that traditional Analytic Hierarchy Process cannot fully con-

sider when experts compare the importance of pairwise factors. By integrating triangu-

lar fuzzy numbers with Analytic Hierarchy Process, The triangular fuzzy analytic hier-

archy process is a decision analysis method that combines fuzzy mathematical theory 

with the analytic hierarchy process, particularly suitable for dealing with uncertainty 

and fuzziness problems in risk assessment. The following is the basic principle of the 

triangular fuzzy analytic hierarchy process in the risk assessment of highway financing: 

firstly, a multi-level evaluation index system for financing risk factors needs to be con-

structed. Secondly, judgment moments need to be constructed. Experts need to compare 

each factor pairwise and use triangular fuzzy numbers to represent the evaluation re-

sults. The weights of risk factors are determined through weight calculation, con-

sistency testing, and other steps. Finally, the risk factors are sorted based on the com-

prehensive weight value to determine their priority. The factors with the highest 

weights are considered as key financing risk factors. The triangular fuzzy analytic hi-

erarchy process takes into account the uncertainty and fuzziness of the evaluation pro-

cess in risk assessment, effectively solving the problem of strong subjectivity in expert 

scoring and difficult consistency in judgment matrices, and improves the reliability of 

weights, and making the risk assessment results more scientific and reasonable. 

2.4 Definition of Triangular Fuzzy Numbers 

Let F be a fuzzy number on the real number field R, if the membership function of F 

𝜇𝐹
(𝑦)

 (a continuous mapping from R to [0,1]) satisfies 

 𝑢𝐹
(𝑦)

= {

𝑦−𝑥

𝑧−𝑥
, 𝑥 ≤ 𝑦 < 𝑧

𝑠−𝑦

𝑠−𝑧
, 𝑧 ≤ 𝑦 ≤ 𝑠

 (2) 

Then F is a triangular fuzzy number, denoted as F=(x, z, s), where 𝑥is the lower 

limit, 𝑧 is the median, and 𝑠 is the upper limit. 

2.5 Triangle Fuzzy Number Operation Rule 

If it is a triangular fuzzy number 𝐹𝑖 = (𝑥𝑖 , 𝑧𝑖 , 𝑠𝑖)and 𝐹𝑗 = (𝑥𝑗 , 𝑧𝑗 , 𝑠𝑗), the operation rule 

is as follows: 

 𝐹𝑖 + 𝐹𝑗 = 𝑥𝑖 + 𝑥𝑗 , 𝑧𝑖 + 𝑧𝑗 , 𝑠𝑖 + 𝑠𝑗 (3) 
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 𝐹𝑖 × 𝐹𝑗 = 𝑥𝑖 × 𝑥𝑗 , 𝑧𝑖 × 𝑧𝑗, 𝑠𝑖 × 𝑠𝑗 (4) 

 
𝐹𝑖

𝐹𝑗
=    (

𝑥𝑖

𝑥𝑗
,

𝑧𝑖

𝑧𝑗
,

𝑠𝑖

𝑠𝑗
 ) (5) 

 𝑘𝐹𝑖 = (𝑘𝑥𝑖 , 𝑘𝑧𝑖 , 𝑘𝑠𝑖) (6) 

2.6 Construct a Fuzzy Judgment Matrix 

Invite experts to compare n indicators pairwise using the 1-9 scale method, as shown 

in Table 2, and compare the results using triangular fuzzy numbers. When the experts 

provide 
𝑛(𝑛−1)

2
 fuzzy judgments, a fuzzy judgment matrix can be constructed: 

 𝐴 = (𝑎𝑖𝑗)
𝑛×𝑛

 (7) 

Explain: 𝑖 = 1,2,∙∙∙, 𝑛; 𝑎𝑖𝑗 = (𝑥𝑖𝑗 , 𝑧𝑖𝑗 , 𝑠𝑖𝑗) ,Among them, 𝑥𝑖𝑗 , 𝑧𝑖𝑗 , 𝑠𝑖𝑗  are the lower 

limit, median, and upper limit values of triangular fuzzy numbers, respectively. For the 

judgment results of multiple experts, the average value can be taken as the comprehen-

sive triangular fuzzy number through the algorithm of triangular fuzzy numbers. 

Table 2. Scale Method for Assigning Values of 𝑟𝑘 from 1 to 9 

𝑟𝑘 scale value importance of indicators 

5 𝑟𝑖 is equally important than 𝑟𝑗 

6 𝑟𝑖 is slightly more important than 𝑟𝑗 

7 𝑟𝑖 is significantly more important than 𝑟𝑗 

8 𝑟𝑖 is stronger and more important than 𝑟𝑗 

9 𝑟𝑖 is extremely more important than 𝑟𝑗 

1,2,3,4, 
the ratio of the importance of 𝑟𝑖 to 𝑟𝑗 is 𝑎𝑖𝑗 

the ratio of the importance of 𝑟𝑗 to 𝑟𝑖 is 𝑎𝑗𝑖 

2.7 Calculate the Comprehensive Fuzzy Value 

Di represents the comprehensive fuzzy value of each risk indicator in the fuzzy judg-

ment matrix. The calculation formula is: 

𝐷𝑖 = ∑ 𝑘𝑖𝑗 × (∑ ∑ 𝑘𝑖𝑗
𝑛
𝑗=1

𝑛
𝑖=1 )

−1𝑛
𝑗=1 =

(∑ 𝑥𝑖𝑗
𝑛
𝑗=1 , ∑ 𝑦𝑖𝑗

𝑛
𝑗=1 , ∑ 𝑧𝑖𝑗

𝑛
𝑗=1 ) (∑ ∑ 𝑥𝑖𝑗

𝑛
𝑗=1

𝑛
𝑖=1 , ∑ ∑ 𝑦𝑖𝑗

𝑛
𝑗=1

𝑛
𝑖=1 , ∑ ∑ 𝑧𝑖𝑗

𝑛
𝑗=

𝑛
𝑖=1 )⁄ =

(∑ 𝑥𝑖𝑗
𝑛
𝑗=1 ∑ ∑ 𝑧𝑖𝑗

𝑛
𝑗=1

𝑛
𝑖=1⁄ , ∑ 𝑦𝑖𝑗

𝑛
𝑗=1 ∑ ∑ 𝑦𝑖𝑗

𝑛
𝑗=1

𝑛
𝑖=1⁄ , ∑ 𝑧𝑖𝑗

𝑛
𝑗=1 ∑ ∑ 𝑥𝑖𝑗

𝑛
𝑗=1

𝑛
𝑖=1⁄ ) (8) 

𝑖 = 1,2, ⋯ , 𝑛; 𝑗 = 1,2, ⋯ , 𝑛. 
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2.8 Remove Blurring 

The comprehensive fuzzy value cannot represent the fully deterministic state of indica-

tor weight information, so the possibility degree method is used to compare the com-

prehensive fuzzy value pairwise. The two comprehensive fuzzy values 𝐷𝑖 =
(𝑥𝑖̃, 𝑦𝑖̃, 𝑧𝑖̃), 𝐷𝑗 = (𝑥𝑗̃, 𝑦𝑗̃, 𝑧𝑗̃), 𝐹(𝐷𝑖 ≥ 𝐷𝑗) represent the possibility that the comprehen-

sive fuzzy value 𝐷𝑖 ≥ 𝐷𝑗. The rule for determining the value of possibility is: 

 𝐹(𝐷𝑖 ≥ 𝐷𝑗) = {

1,                      𝑦𝑖̃ ≥ 𝑦𝑗̃

(𝑥𝑗̃−𝑧𝑖̃)

(𝑦𝑖̃−𝑧𝑖̃)−(𝑦𝑗̃−𝑥𝑗̃)
, 𝑥𝑖̃ < 𝑦𝑗̃, 𝑧𝑖̃ ≥ 𝑥𝑗̃

0,                 others

 (9) 

Explain: 𝑓𝑔 represents the weight of the indicator after deblurring,𝑓𝑔 = 𝐹(𝐷𝑔 ≥

𝐷1, 𝐷2,∙∙∙ 𝐷𝑛),among them,𝑖 = 1,2,∙∙∙, 𝑛; 𝑘 = 1,2,∙∙∙, 𝑛; 𝑗 ≠ 𝑘. 

2.9 Determine the Weight 

Normalize the indicator weight vector after deblurring to obtain the final weight. 

3 Example of PPP+EPC Model Project Financing Risk 

Engineering 

3.1 Project Introduction 

The Hangzhou Quzhou Railway Project, a large-scale civil engineering project, is con-

tracted by the Fourth Survey and Design Institute of China Railway Construction Bu-

reau and constructed by China Railway 11th Bureau Group. It starts from the Hangzhou 

Huangshan Railway in the east, ends at Jiangshan Station of the Shanghai Kunming 

High speed Railway in the west, and connects with the Jiujing Quzhou Railway in the 

middle. The total length is about 132.28 kilometers, with a design speed of 350 kilo-

meters per hour. It is one of the landmark projects in the construction of the Zhejiang 

Jiangsu Provincial Expressway. This project is the first high-speed railway project in 

China to operate under the "PPP+EPC" mode and an important part of the Yangtze 

River Delta rapid transit network. After completion, the travel time from Hangzhou to 

Quzhou will be shortened to 40 minutes, which is of great significance for improving 

the layout of the Zhejiang railway network, alleviating the transportation pressure of 

the Shanghai Kunming high-speed railway, and driving the economic and social devel-

opment and development opening up along the project line. 

3.2 Construct a Fuzzy Complementary Judgment Matrix 

In the form of a survey questionnaire, a total of 3 important construction personnel, as 

well as 5 professors and graduate students in engineering risk related majors, who were 

invited to undertake the project at the Fourth Survey and Design Institute of China 
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Railway Construction Bureau, were invited to score. By taking the average, a comple-

mentary judgment matrix was constructed using triangular fuzzy numbers as as shown 

in Table 3-7: 

Table 3. B1-B4 Fuzzy Discriminant Matrix of Indicators 

index B1 B2 B3 B4 

B1 (5,5,5) (4.9,5.1,5.4) (4.8,5.1,5.6) (5.15.3,5.5) 

B2 (4.6,4.9,5.1) (5,5,5) (4.8,5.0,5.4) (4.9,5.2,5.6) 

B3 (4.4,4.9,5.2) (4.6,5.0,5.2) (5,5,5) (4.9,5.1,5.3) 

B4 (4.5,4.7,4.9) (4.4,4.8,5.1) (4.7,4.9,5.1) (5,5,5) 

Table 4. C1-C3 Fuzzy Discriminant Matrix of Indicators 

index C1 C2 C3 

C1 (5,5,5) (5.0,5.1,5.3) (4.9,5.0,5.2) 

C2 (4.7,4.9,5.0) (5,5,5) (4.8,4.9,5.0) 

C3 (4.8,5.0,5.1) (5.0,5.1,5.2) (5,5,5) 

Table 5. C4-C6 Fuzzy Discriminant Matrix of Indicators 

index C4 C5 C6 

C4 (5,5,5) (5.0,5.1,5.2) (4.9,5.1,5.3) 

C5 (4.8,4.9,5.0) (5,5,5) (5.0,5.0,5.1) 

C6 (4.7,4.9,5.1) (4.9,5.0,5.0) (5,5,5) 

Table 6. C7-C9 Fuzzy Discriminant Matrix of Indicators 

index C7 C8 C9 

C7 (5,5,5) (5.0,5.1,5.2) (4.9,5.0,5.2) 

C8 (4.8,4.9,5.0) (5,5,5) (4.9,5.0,5.1) 

C9 (4.8,5.0,5.1) (4.9,5.0,5.1) (5,5,5) 

Table 7. C10-C12 Fuzzy Discriminant Matrix of Indicators 

index C7 C8 C9 

C10 (5,5,5) (5.0,5.1,5.3) (4.9,5.0,5.1) 

C11 (4.7,4.9,5.0) (5,5,5) (4.8,4.9,5.0) 

C12 (4.8,5.0,5.1) (5.0,5.1,5.2) (5,5,5) 
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3.3 Calculation Results of Risk Indicator Weights 

The calculation results of risk indicator weights and risk levels are shown in Table 8: 

Table 8. Weight Calculation of PPP+EPC Financing Risk Factors 

First level 

indicator 
weight 

Second-

ary indi-

cators 

weight 

compre-

hensive 

weight 

Weight 

sorting 
Risk level 

B1 0.38 C1 0.47 0.179 1 1 

  C2 0.10 0.038 11 3 

  C3 0.43 0.163 2 1 

B2 0.3 C4 0.5 0.150 3 1 

  C5 0.27 0.081 6 2 

  C6 0.23 0.069 8 2 

B3 0.23 C7 0.44 0.132 4 1 

  C8 0.22 0.051 9 3 

  C9 0.33 0.076 7 2 

B4 0.09 C10 0.43 0.099 5 2 

  C11 0.10 0.009 12 3 

  C12 0.47 0.042 10 3 

4 Conclusions 

This article combines literature analysis to identify 12 project financing risk factors 

with differences and applicability under the PPP+EPC model, and establishes an index 

system for financing risk influencing factors. Taking the Hangzhou Quzhou Railway 

project under the PPP+EPC model as an actual case, the TFAHP method is used to 

calculate the weights of various influencing factors, fully considering the fuzziness in 

the comparison of the relative importance of each factor, making the formation of the 

judgment matrix more operable, and the establishment of weights more scientific and 

reasonable. It is concluded that the risk factors that have the greatest impact on the 

financing of engineering projects under the PPP+EPC model are the financing source 

and financing cost, followed by the credit rating of financial institutions and social cap-

ital, the government's supervision and supervision ability of the project, and the ability 

to bear risks, in order to provide reference for the financing development of engineering 

projects under the PPP+EPC model. The TFAHP method has limitations in dealing 

with the dynamic changes of financing risk factors over time. Future research can con-

sider dynamic analysis methods such as system dynamics to more comprehensively 

evaluate the dynamic changes of financing risk factors. 
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