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With the increase in construction scale and difficulty of large and complex bridges in China, it has become increasingly difficult to
assess the safety risks of bridges during the construction period. /erefore, how to reasonably assess the safety risk of large,
complex bridges during construction has become particularly important. Existing assessment methods are subjective in assigning
weights, and it is difficult to select representative important factors to focus on for the prevention and control of numerous risk
sources; they do not comprehensively consider the correlation of various risk sources during the construction period. To address
the above shortcomings, a safety risk assessment of large and complex bridges during the construction period based on the Delphi-
improved fuzzy analytic hierarchy process (FAHP) factor analysis method is proposed in this paper. First, the Delphi method was
used to conduct a general survey of safety risk factors during the bridge construction period, and then the work breakdown
structure-risk substructure (WBS-RBS) was used to establish the evaluation index system. Second, the improved FAHP was
combined with it to calculate the weight of each risk factor. Finally, the factor analysis method was used to determine the
correlation degree of each risk factor, and representative factors were selected to express the risk degree of the object to be
evaluated to screen out major risk factors in the construction process. Finally, the feasibility and practicality of the method are
verified by combining an actual engineering case with AHP (analytic hierarchy process) to perform a comparative study, which
provides a reference basis for subsequent bridge construction risk prevention.

1. Introduction

In recent years, as China’s demand for transport infra-
structure has increased, the construction of bridges in China
has accelerated accordingly, and construction locations have
gradually shifted from mountainous to coastal areas. /e
construction of large and complex bridges in coastal areas is
characterized by high construction difficulty, long con-
struction times, and many uncontrollable factors. Because it
involves marine operations, the building of these bridges
leads to innovation in construction methods; coupled with
the complex and changing environment of coastal areas, the
construction conditions are harsher than in other envi-
ronments, leading to greater difficulty in the construction of
complex bridges. /erefore, the dangers of the constructing

complex bridges in coastal areas are greatly increased. Some
scholars have pointed out that the risks faced by structures
such as bridges during the construction period are much
higher than those during the operational period [1, 2]. In
addition, due to the influence of factors such as geology,
hydrology, and construction complexity, bridge construc-
tion safety accidents occur frequently in China, resulting in
very large numbers of casualties and a very large amount of
property losses, as well as adverse effects on society. For
example, according to the analysis of 84 collapse accidents of
various engineering structures in the United States from
1977 to 1981, 21 of them occurred during the construction
period, accounting for 25% of the total. Further, more than
two-thirds of bridge collapse accidents that occurred in
China from 1984 to 1988 occurred during the construction
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period. /is shows that there is a high risk during the
construction of bridges, which must be given sufficient at-
tention. /erefore, to ensure the quality of bridge con-
struction and the safety of the construction process, it is
necessary to analyze and study the safety risks during the
bridge construction period and to correct and prevent the
construction process and management steps with potential
safety hazards to ensure the construction quality and safety.
For example, adverse factors such as ship collisions, sea
breezes, surge tide pressure, and deep marine accumulation
of soft ground foundations exist.

Today, the domestic and international research on the
construction period safety risk assessment of complex
bridges in coastal areas is still in its infancy, and both
theoretical research and practical application still need to be
expanded. /ere are many risk factors in the construction
period of complex bridges in coastal areas; for example,
given adverse factors such as ship collisions, sea breeze, surge
tide pressure, and deep marine accumulation of soft ground
foundations, each factor is interrelated and dependent on
each other, and the threat of hidden risk factors to the
construction period is no less than that of explicit risk
factors. /e scientific identification method and evaluation
analysis method are the basis of controlling the safety risk
during the construction period. /e main methods com-
monly used for risk evaluation are Monte Carlo simulation
analysis [3], analytic hierarchy process (AHP) [4], Technique
for Order Preference by Similarity to an Ideal Solution
(TOPSIS) method [5], machine learning method [6, 7],
triangular fuzzy number (TFN) and the AHP [8]./e idea of
risk analysis originated in France and was first used in the
insurance industry; in the 1950s, risk management was
established as a separate discipline in the face of the threat of
the nuclear industry. Risk analysis encompasses the risk
assessment of things, and conducting safety risk assessment
is beneficial in understanding the risk state of the structure
and identifying specific risk source factors. A number of
scholars have conducted studies on the safety risk assess-
ment of large and complex bridges during the construction
period. Peng [9] applied the integrated hierarchical analysis
method and cloud model to propose a cluster decision-
making method of cloud clustering to determine the main
risk factors and risk losses by means of expert scoring and
applied the cloud generator to calculate the numerical
features of expert scoring to quantitatively assess bridge
safety risks. Gong [10] summarized the risk factors for the
bridge construction period, which are divided into internal
factors, external factors, and human factors. Internal factors
mainly include internal action, material properties, and
geometric parameters, external factors include external
temporary supports, natural climate, and external loads, and
human factors mainly include management, design, con-
struction, modeling, and statistics. Different factors will have
different consequences according to their degree of influ-
ence, and when several risk factors cross each other, the
probability of risk is greatly increased. Lai et al. [11] used the
likelihood, exposure, criticality (LEC) method to select the
potential risk, risk conditions, and triggers of the bridge
structure construction period as risk indicators to calculate

the weights, used gray correlation theory to evaluate the risk
in terms of risk occurrence probability and loss, and ranked
the risk sources according to their indicators in order of
merit to determine significant risk sources./e levels of risks
at all levels were clarified, and the empirical study showed
that the method effectively improved the evaluation accu-
racy of the evaluation model. Liu [12] applied a fuzzy
comprehensive evaluation model to evaluate bridge con-
struction safety risks based on the study of advanced risk
management at home and abroad. Liu [13] combined the ant
colony algorithm and BP neural network to optimize the
model of the BP neural network for bridge construction
period risk by using the ant colony algorithm. Yang et al. [14]
established an assessment model based on extended belief
rule base (EBRB) joint optimization for bridge risk assess-
ment. /e work first proposed the generation method and
the approximate reduction method of the extended belief
rule by introducing parameter optimization and data en-
velopment analysis, respectively; then, the joint optimization
method of EBRB was proposed based on iterative optimi-
zation by linking these two methods together to ensure that
the constructed EBRB has the optimal parameter values and
number of parameters. Finally, the validity of the proposed
model was tested by introducing a recognized dataset
commonly used in the field of bridge risk assessment. /e
results showed that the proposed model can significantly
improve the accuracy of bridge risk assessment. Khan et al.
[15] proposed a framework for assessing bridge fire risk.
Within this framework, each criterion, subcriterion, and
alternative that may affect bridge fire risk is assigned a weight
value based on its importance. Using AHP to determine the
weights of different factors and validating the analysis with
examples, the method can estimate the fire risk of a specific
bridge in a region or the entire bridge network, which can
help in the prevention and control of bridge risks. Regarding
risk assessment models, Stewart [16] assessed the reliability
of bridges based on risk levels and environmental analysis,
which provides a better assessment model for the structural
inspection of bridges. Yang et al. [17] developed a new
disjunctive belief rule-based (DBRB) expert system for
bridge risk assessment that takes BRB into account as a type
of belief rule-based (BRB) system, thus overcoming the most
common conjunctive belief rules (CBR) consisting of a BRB
expert system with a combinatorial explosion problem.With
the proposed dynamic parameter optimization model and
improved differential evolution (IDE) algorithm, the DBRB
expert system is complete and can obtain globally optimal
parameter values for modeling bridge risks compared to the
existing CBR and DBR-related parameter optimization
models. Andric and Lu [18] combined fuzzy hierarchical
analysis with fuzzy logic to propose a basic framework for
bridge risk assessment and showed that both models can be
effective in achieving bridge risk assessment.

Scientific assessment methods are an important part of
safety risk evaluation and measure the accuracy of risk
analysis. Although many scholars have conducted many
theoretical and applied studies on bridge risk assessment,
there are few studies on safety risk assessment during the
construction period, which is much riskier than other
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periods. In addition, existing studies have not considered the
identification of dynamic risk sources as the most funda-
mental part of risk assessment, which is not conducive to
reflecting the potential risk factors for bridge projects, and
the assessment methods used are more subjective in
assigning weights. It is difficult to select representative and
important factors to focus on prevention and control for
many risk sources without considering the correlation
among risk sources during the construction period. /e
premise of risk assessment is identifying risk sources;
however, there are many dynamic risk sources in the con-
struction process that are gradually generated during the
construction process. Some evaluation indices in the bridge
construction process are fuzzy, and when using hierarchical
analysis to determine the weight of the indices, the relative
importance of each index cannot be determined at all. Factor
analysis explains themeaning of each factor by using the idea
of dimensionality reduction to study the interrelationships
among many variables, find the truly correlated variables,
and divide the variables with high correlation into one
category, each of which represents a common factor. Its
main function is to simplify the data, explain the relationship
between the original variables, and emphasize the correla-
tion between the variables. It is suitable for selecting rep-
resentative factors from many risk factor indicators to
express the degree of risk of the object to be evaluated. For
large and complex bridge construction projects in coastal
areas, it is difficult to conduct an accurate analysis using the
existing risk assessment methods. /rough an in-depth
study of the special environment of coastal areas and the
construction characteristics of large and complex bridges,
this paper establishes a comprehensive analysis method
based on the existing evaluation and analysis, including the
Delphi method, improved FAHP, and factor analysis, and
applies it to the analysis of safety risks during the con-
struction period of large and complex bridges in coastal
areas, taking the premise of risk source identification
combined with the Delphi method for initial screening of
risk sources and using improved FAHP for weight calcu-
lation of risk factors to reduce the influence of human
subjective factors on weight values. Finally, the correlation
between risk factors was analyzed using the factor analysis
method, and construction projects with higher risk coeffi-
cients were determined, which improved the comprehen-
siveness and accuracy of the evaluation process.

/e main contributions of this paper are as follows:

(i) /e Delphi method and improved FAHP were used
to identify and calculate the weight of risk sources
during the construction period of large and complex
bridges. By establishing a census list of risk sources
and combining the Delphi method, the risk sources
are scored, and the risk sources generated during the
whole construction process can be considered.

(ii) /e factor analysis method was proposed to assess
the safety risks during the bridge construction pe-
riod, and the factors with higher comparative risk
levels were screened out, taking the correlation
between the risk factors into full consideration.

(iii) /e rationality and feasibility of the Delphi-im-
proved FAHP factor analysis method were applied
and studied on actual engineering cases, and a
comparative study with AHP was performed to
verify the applicability of the method, which pro-
vides a reference for the safety risk assessment of
similar large and complex bridges during the
construction period.

/e rest of this paper is summarized as follows. Section 2
describes the methods used for safety risk evaluation during
bridge construction and their risk identification process.
Section 3 presents an applied study of the methods used in
this paper with practical cases. Conclusions are given and
discussed in Section 4. Figure 1 is a flowchart of the method
used in this paper.

2. Identification Process and Methods

2.1. Identification of Risk Sources during Bridge Construction.
/ere are many risk sources in the construction period of
large and complex bridges, which are closely related to each
other. /e application of reasonable methods for screening
can ensure the accuracy, scientific design, and effectiveness
of construction safety risk assessment. /ese risk factors
include the complex and not clear geological and hydro-
logical environment in which the bridge is located, and
foundation of the construction plan often has to change and
replace the construction equipment due to sudden changes
in geology and hydrology. /e bridge foundation structure
not only needs to bear the effect of large vertical loads, but
also needs to directly bear the effect of large horizontal loads
such as wind and waves, water currents, and ice pressure and
faces greater risks in construction of bridges in coastal areas,
as the construction conditions are more complicated. On the
one hand, due to the large scope of the project itself, material
supply, operating sites, and other factors and a wide range of
construction vessels, it is easy to experience difficulties in the
organization of the construction site. On the other hand,
offshore construction is more affected by cold currents,
waves, high winds, and other hydrological and meteoro-
logical influences, and risk events such as concrete pouring
of bearing platforms and superstructure construction are
increased. /e main methods of risk identification mainly
include expert scoring methods and checklist methods.
However, due to the lengthy construction period and
complex process of bridge construction, the potential risk
sources are not static as the construction process gradually
completes the bridge superstructure, substructure, bearings,
and other structures./ere will be dynamic risk sources, and
so the above method for identification is more difficult, and
it is difficult to exhaustively identify the risk sources. /e
Delphi method can concentrate the rich engineering ex-
perience of experts and thus effectively identify risks [19].
WBS-RBS was originally proposed by David Hilson, a leader
in the field of PMI in the U.S. /e basic principle is to
decompose the risk source into two parts: the work
breakdown structure (WBS) and the risk breakdown
structure (RBS). When using the WBS-RBS system, it is
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possible to analyze any of the risk factors present in the
construction process. In the lower part of the system, the
work is further divided into more independent parts, called
work units, which are theoretically more conducive to the
analysis of subprojects. WBS-RBS is an engineering risk
identification method that can be used to discern the overall
picture of an engineering project but can also go into the
specific details of engineering construction [20]. Based on
these factors, this paper uses the Delphi method to identify
risk sources and determines the main risk sources through
expert assignment. /en, using WBS-RBS, each process is

decomposed and analyzed to identify the risk sources level
by level to achieve the purpose of risk source identification.

2.1.1. Decomposition Structure of Bridge Construction
Technology. /e construction technology decomposition of
large and complex bridges in coastal areas should consider
not only the construction sequence, but also the formation
mechanism of risk sources. Bridge engineering is a bottom-
up structural system that includes the structural charac-
teristics and construction sequences of bridges. Bridge

Identify safety risk sources during bridge construction

Delphi method

Establish a safety risk evaluation system during bridge
construction

WBS-RBS

Establish priority relationship matrixs

Build fuzzy consistency matrixs

Consistency test, determine weights

Improved FAHP 

Evaluation of safety risks during bridge construction

Factor Analysis

Evaluation result analysis

Figure 1: Flow chart of the method used in this paper.
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construction technology can be divided into foundation
engineering, temporary engineering, tower column engi-
neering, and beam slab engineering. /e construction
procedures for large and complex bridges are shown in
Figure 2.

/e risks of subprojects should be considered for specific
project capacity and enter into the next level of project
division, as shown by Table 1. When users decompose the
construction process for other types of bridges, the analysis
should be carried out in conjunction with the construction
process of the bridge itself. For example, simply supported
beam bridges can be divided into lower engineering, upper
engineering, and auxiliary engineering.

2.1.2. Decomposition Structure of Bridge Construction
Technology. Different scholars use different risk classifica-
tions according to the characteristics of risk formation.
Combined with the environmental characteristics of coastal
areas, the division of safety risk factors for large and complex
bridge construction should follow the principle of easy risk
identification. Combined with the theory of system safety
engineering and bridge construction engineering, the Delphi
method was used to invite 15 experts from different fields,
and after the experts’ opinions about the classification of
bridge construction risk factors were obtained, they were
collated, summarized, counted, and anonymously fed back
to each expert, and opinions were again sought, concen-
trated, and fed back, until a unanimous opinion was ob-
tained. /e expert questionnaire is shown in Table 2. When
users conduct a survey of safety risk sources during the
construction period of other types of bridges, the survey
should be carried out in conjunction with the specific
construction processes of the bridge; for example, the
possible risk sources for the lower engineering of simply
supported beam bridges are pile foundation construction,
reinforcement cage tying, and welding.

Finally, the bridge construction risk factors can be di-
vided into four types of risk sources: human, machine,
material, and environment, thus dividing the bridge con-
struction risk source system into four subsystems, human,
machine, material, and environment, and establishing a
WBS decomposition tree, where WBS refers to the identi-
fication of bridge construction risk sources as a general
objective and is then decomposed into multiple independent
units. /e decomposition diagram is shown in Figure 3.
Users can directly refer to the WBS decomposition tree
based on the four categories of risk sources: human, ma-
chine, material, and environment.

Human factor risk refers to a source of risk from human
error. /e construction of the whole bridge project is a
process that is dominated by people, mainly performing
surveys, measurements, designs, construction, management,
detection, and maintenance. /erefore, human error has the
greatest impact on the entire bridge project.

Machine factor risk refers to the source of risk caused by
mechanical failure. Mechanical failures include mechanical
loss, mechanical aging, mechanical failure, mechanical
mismatch, and insufficient mechanical production capacity.

For large bridge construction, human power is limited, and
machinery is required to assist the construction. /e quality
of machinery directly determines the occurrence rate of
safety incidents.

Material factor risk refers to the risk source formed by
material factors. /e materials here do not only refer to the
reinforcement, cement, sand and gravel, asphalt, etc., re-
quired for the construction of bridges, but also include the
temporary materials used, such as hanging baskets, grouting
machines, supports, welds, cutting devices, and various
kinds of spammers and other application tools. Materials are
the pillars of the project, which directly affects the quality of
the project. With the continuous innovation of the bridge
structure situation and span, new materials and new tech-
nologies are always emerging for engineering applications.
/erefore, the influence of the quality of materials in the
construction process is becoming increasingly obvious.

Environmental factor risk refers to the risk source
formed by environmental factors. Environmental risk
sources include the natural environment and construction
environment. /e natural environment refers to the wind,
rain, lightning, temperature, humidity, earthquakes, volca-
noes, tsunamis, etc., at the project location./e construction
environment refers to the convenience conditions that can
be provided for construction based on existing technical
conditions and capital level. All kinds of environmental
factors in construction can affect the safety risk.

/ere are many risk factors in the construction period
of large and complex bridges in coastal areas, and their
influence degrees are different. /e reasonable division of
risk sources is an important part of safety risk assessment.
/erefore, continuing to use the Delphi method, inviting
experts from construction units, supervision units, design
units, etc., and considering the four aspects of human,
machine, material, and environment can determine the
risk events that each risk source subsystem has. /e results
of the are expressed using RBS, where RBS refers to the
decomposition of the four main factors of bridge con-
struction safety risk into individual basic events. At this
time, WBS is combined to obtain the factors affecting the
risk sources of the bridge construction period, and the
final results are shown in Table 3. /e specific risk [11]
sources of various risk factors are shown in Table 2. Users
can create an RBS based on the division of risk events in
the four areas of people, machines, materials, and envi-
ronment that different types of bridges have during
construction.

2.1.3. Identification of Risk Sources during Bridge
Construction. Combined with the construction process
breakdown structure table and the risk sources of various
risk factors, the project is reviewed item by item. First, the
risk checklist, as shown in Table 4, is sent to the relevant
technical personnel, including the main project leader,
project construction personnel, project supervision per-
sonnel, experts, and scholars related to the project and public
officials, for scoring and assignment. If more than 93% of the
requested data are collected, the data source is considered
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reliable, and the construction safety risk source data are
sorted out, which require further analysis. After performing
the previous task, when determining the unique

construction technology of other types of bridges and the
safety risk sources during the construction period, users
should develop a general survey table for the safety risk

Large complex bridge construction process

Unit project

Support construction

Pile foundation
engineering

Cofferdam
 construction

Boxed construction

U
nderw

ater concrete

Tower column engineering Beam slab engineering Foundation engineeringTemporary engineering

H
anging basket
construction

Box girder hoisting

Prestressed construction

Form
w

ork construction

Cable engineering

Concrete pouring
engineering

Floating bridge
construction

Steel trestle construction

Scaffold engineering

O
peration m

achinery

Crane operation

Sub project

Figure 2: Organizational chart of construction procedures for large and complex bridges.

Table 1: Decomposition of the large complex bridge construction process.

Unit project Subproject

Foundation engineering a1
Support construction a11, pile foundation engineering a12, cofferdam construction a13,

boxed construction a14, underwater concrete a15
Temporary engineering a2

Floating bridge construction a21, steel trestle construction a22, scaffold engineering a23,
operation machinery a24, crane operation a25

Tower column engineering a3 Formwork construction a31, cable engineering a32, concrete pouring engineering a33
Beam slab engineering a4 Hanging basket construction a41, box girder hoisting a42, prestressed construction a43

Table 2: Questionnaire on safety risk sources during bridge construction.

Project
Risk sources

Harmful
consequences

Level of risk (please compare
and quantify two by two) Remarks

Human factor Machine factor Material factor Environmental
factor

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .

Filler: Proofreader: Date of filling out the form:

Human factors risk 

Identification of risk sources during
bridge construction

Machine factor risk Material factor risk Environmental factor risk

Figure 3: WBS decomposition of risk sources during bridge construction.

Table 3: Construction risk factor decomposition.

Risk factor Subproject
Human risk b1 Personnel operation error b11, human design error b12, inexperience of personnel b13
Machine risk b2 Device not running b21, equipment mismatch b22
Material risk b3 Insufficient material strength b31, defective materials b32, materials expired b33
Environmental risk b4 Tsunami disaster b41, typhoon b42, heavy rain b43, earthquake disaster b44
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sources of the bridge during the construction period and lay
the foundation for the subsequent weight assignment.

2.2. Risk Source Weight Assignment. /e improved FAHP is
adapted from AHP. By introducing the theory of fuzzy
mathematics, the consistency test problem in AHP is solved.
/e fuzzy judgment matrix in this method conforms to
people’s thinking and logic, and the form is simple and ac-
curate. AHP is a combined qualitative and quantitative method
proposed by Professor Saaty in the US in the 1970s. /e
method is a decision-making tool for complex systems, which
mainly involves constructing a judgment matrix, comparing
the relative importance in each level, calculating the relative
weight of each item in that level, and finally combining the
relative weights of each level [21]. AHP does not require a large
amount of data and can quantify some qualitative issues
through the scoring of experts. /e method does not take into
account the dynamics of decision-makers in a dynamic en-
vironment, so it is difficult to express objectivity in the eval-
uation results; therefore, some scholars have combined fuzzy
mathematics and hierarchical analysis methods to form a new
decision-making method, FAHP [22]. FAHP is a new method
of risk assessment formed by combining fuzzy analysis with
hierarchical analysis. When using AHP, it is difficult to
maintain consistency in ways of thinking when there are many
indicators at different levels, and fuzzy hierarchical analysis can
solve this problem by introducing the “affiliation degree” in
fuzzy mathematics [23] and using the affiliation function for
the indicators with a fuzzy nature (see Table 5).

In general, the improved FAHP method has the fol-
lowing advantages over AHP:

(1) Simple in theory. /e FAHP method is simple to
calculate during the process of determining weights
and only needs to build a comparison matrix be-
tween two and two, without a complicated calcu-
lation process, which is convenient for decision-
makers to operate.

(2) Strong engineering applicability. FAHP can be an-
alyzed from both qualitative and quantitative as-
pects. As a huge decision system, engineering needs a
combination of qualitative understanding and
quantitative description to fully interpret all its in-
formation, and the method is widely used in engi-
neering practice.

(3) Good overall performance. When using FAHP for
analysis, the whole problem is first regarded as a

system, and the purpose of decision-making as a
whole is achieved by analyzing each part of the
system, which can be applied to the decision-making
problems of complex systems.

2.3. Improved FAHP. After the risk sources are identified,
they need to be categorized and analyzed, such as what risk
sources are involved in the foundation project and what are
the risk events; we rely on theWBS-RBS to gradually expand
these risks by level, which involves the allocation problem.
At this time, we need to listen to expert opinions regarding
the bridge construction of each structure in the human,
machine, and material ring, which may provide the risk
sources according to the Delphi method to enumerate and
combine with the actual construction of the project. /e
division is carried out according to the Delphi method,
taking into account the actual construction characteristics of
the project and listening to the experts’ opinions. /en,
values are assigned to the identified risk sources./emethod
of assignment is based on the possibility of risk sources, the
controllable degree of risk sources, the maturity of con-
struction technology, and the frequency of risk sources
through the Delphi method. Combined with the judgment
ideas of AHP [24], it is more flexible and convenient to
assign the weight of risk sources.

/e improved FAHP mainly establishes the comparison
matrix of assessment indices by comparing the relative
importance of risk source factors, constructs the fuzzy
consistency judgment matrix of assessment indices, calcu-
lates the weight vector of assessment indices, and then
conducts risk evaluation and analysis of bridges. /e user
needs to compare the risk sources of other types of bridges
during the construction period and determine the relative
importance of the risk source factors to establish a com-
parison matrix of evaluation indicators. /e subsequent
weight calculation can be calculated according to the fol-
lowing calculation formula, and the parameters involved in
each step formula are explained.

2.3.1. Fuzzy Evaluation. /e traditional fuzzy analytic hi-
erarchy process (FAHP) evaluation concept is rough, as
follows:

bi > bj, bij � 1,

bi � bj, bij � 0.5,

bi < bj, bij � 0.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(1)

Table 4: Survey on safety risk sources of bridge construction.

Project Risk sources
b1 b2

b11 b12 b13 . . . b21 . . .

a1

a11 ✓ ✕ ✕ . . . ✓ . . .

a12
a13
. . .

a2 a21
. . . . . .
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/e evaluation steps of the improved FAHP are similar
to those of the fuzzy chromatography analysis method. First,
according to the scoring situation of experts, the data are
sorted out and processed to improve the rationality of the
evaluation standard [25]. Compared with the traditional
evaluation concept, it is humanized and conforms to the
logical thinking mode of human beings. /e traditional
expert scoring comparison method uses the 1–9 scale
method [26], while Table 1 shows that the distribution of the
affiliation function is 0 to 1 to ensure that the overall af-
filiation interval is 0 to 1. /erefore, the refinement process
of the severity level and the possibility level is realized by
linear interpolation, which refines these two levels from 1
scale to the 0 to 1 scale, and this shift can effectively improve
the calculation accuracy and unify the interval variables for
special bridge construction. /e stability and reliability of
the risk level estimation results are guaranteed [27]. /e
expert scoring processing is shown in

bj �


n
i�1 Vij

n · 100
, j � 1, 2, . . . m, (2)

where bj is the j-th risk source scoring value after data
processing, and Vij is the actual scoring value of the i-th
expert for the j-th risk source. In addition, 100 is the per-
centage scalar.

2.3.2. Establish a Priority Relation Matrix. /e priority
relation matrix compares the risk sources of the same type,
judges the risk degree of each risk source, and determines the
overall weight coefficient according to the lower-level risk
matrix. /e length of the bij interval is 2, and the median
value is 0. According to the mapping principle, bij is con-
verted into the value of the 0-1 interval, and 0.5 is taken as
the median value of the interval. /e changed form is as
follows:

bij � bi − bj, (3)

b
∗
ij �

bij

2
+ 0.5, (4)

where bij is the difference between Row i and Column j, and
b∗ij is the comparison value after the change.

2.3.3. Establishing Fuzzy Consistent Matrix R and Relative
Weight. According to equations (2)–(4), the fuzzy consis-
tent matrix R is established.

Rij �
ki − kj

2n
+ 0.5, (5)

ki � 
n

j�1
bij, i � 1, 2, . . . , n. (6)

/e elements in the fuzzy consistent judgment matrix R
are added in rows to obtain vector c, and the vector c is
normalized to obtain the relative weight w [28].

ci � 
n

j�1
Rij, i � 1, 2, . . . , n, (7)

wi �
ci


n
k�1 ck

, i � 1, 2, . . . , n. (8)

2.4. Factor Analysis Method. /e bridge construction pro-
cess is a dynamic system. /rough construction process
decomposition and project risk factor decomposition, the
risk source identification method shows that the same risk
source does not exist solely in a fixed project process, but
that risk sources may be related and influenced by each
other. If only the identified risk sources are controlled, the
management method will be too mechanical and will play an
ineffective role in risk control. /erefore, the factor analysis
method is used to conduct microanalysis on the obtained
risk sources. By combining the occurrence mechanism of
risk sources and internal complex internal relations, the
correlation degree of various risk sources was evaluated to
determine the major risk sources [29]. /e user can perform
the corresponding calculations by the following calculation
steps and formulas to obtain the evaluation results, where
the parameters involved in each step are explained.

Table 5: Scale values of membership.

Scaling Definition Explanation
0.5 Equally important Element i has the same importance compared to element j
0.6 Slightly more important Element i is slightly more important than element j
0.7 Obviously important Element i is significantly more important than element j
0.8 More important Element i is much more important than element j
0.9 Extremely important Element i is extremely more important than element j

0.1, 0.2, 0.3, 0.4 Inverse comparison /e result of comparing the importance of element i over element j is bij;
then element j is more important by 1- bij than i.
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(1) Principle of factor analysis
First, the variables are standardized, so that the mean
value of each variable is 0, and the standard deviation
is 1. /en, the original variable is represented by a
linear combination of k (k<p) factors fk[30],
namely,

x1 � a11f1 + a12f2 + . . . + a1kfk + ε1,

x2 � a21f1 + a22f2 + . . . + a2kfk + ε2,

. . . ,

xp � ap1f1 + ap2f2 + . . . + apkfk + εp,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

x � af + ε,

h
2
i � 

k

j�1
a
2
ij,

si � 

p

j�1
a
2
ij.

(9)

(2) BM SPSS statistics V21.0 software was used to solve
and process the data, and the feasibility of the
method was determined by means of factor ex-
traction, consistency analysis, and construction
validity analysis [31]. Finally, the factor score is
calculated according to equation (13), and the safety
risk of large and complex bridges in coastal areas
during the construction period is quantitatively
evaluated.

F � a1f1 + a2f2 + . . . + anfn, (10)

f � 
v

i�1
vq. (11)

(3) In particular, a is the factor contribution rate, f is
the factor score coefficient, n is the number of fac-
tors, the maximum eigenvalue method is selected for
the number of factors, the factor has an eigenvalue
greater than 1, v is the number of original factors,
and q is the factor weight in the factor score matrix.

3. Engineering Application

3.1.EngineeringBackground. /eZhongkai expressway is an
east-west expressway planned by Zhongshan City, Jiangmen
City, Guangdong Province connecting Hong Kong and
Macao, Shenzhen, Zhongshan, Jiangmen main city, Kaiping
City and Taishan City, of which Yinzhou Lake Bridge is a
control node project of Zhongshan Kaiping expressway,
whose geographical location is Sanjiang Town, Jiangmen
City, Guangdong Province, spanning Shazai Island, Tanjiang
River, and connecting with Shuangshui Town. Its main
channel bridge includes a double tower and double cable
plane hybrid composite beam cable-stayed bridge with a
semifloating system. /e span combination is
56.8 + 64.8 + 66.4 + 530 + 66.4 + 64.8 + 56.8m, and the total
length of the main bridge is 903m, the total width of the

main beam top is 36m, the mid-span is a PK box composite
beam, and the side span is a concrete beam. /e cable tower
is an A-type bridge tower, and the auxiliary pier and
transition pier are box-type piers.

/e lower part of the bridge structure has a box-type
thin-walled pier and column foundation pier with a bored
pile foundation. /e main pier is arranged with 36Φ2.8 m
bored piles, 53m long on the east side, and 67m long on
the west side; 13 Φ2.2 m bored piles, 54 m and 55m long
on the east auxiliary pier; 2 × 6 Φ2.2 m bored piles, 70m
and 58m long on the west auxiliary pier; 13 Φ2.2 m bored
piles, 62 m long on the east transition pier; and 13 Φ2.2 m
bored piles, 49 m long on the west transition pier. /e
tower bearing platform is 60.1 m in the cross-bridge
direction and 22.4 m in the along-bridge direction, with a
thickness of 7 m and a tower height of 2.5 m; the bearing
platform of the east side transition pier, auxiliary pier,
and west side transition pier adopts an integral-type
bearing platform, and the left and right side bearing
platforms are connected with cross-ties, such that each
bearing platform has a plan size of 13.6 m × 9m and a
thickness of 3.5 m; the bearing platform of the west side
auxiliary pier adopts a separation-type bearing platform.
/e west side auxiliary pier bearing adopts a separated
bearing, with a plane size of 13.6 m × 9m and a thickness
of 3.5 m.

3.2. Risk Source Identification. /e WBS-RBS method was
used to establish a specific risk source index system, and then
the Delphi method was used to score the participating ex-
perts to identify the safety risk sources of the construction of
the lower part of the Yinzhou Lake Bridge. /e risk source
identification table established by the WBS-RBS method is
shown in Table 6. /e scoring data of 15 experts are pro-
cessed by equation (2). /e final construction safety risk
identification of the lower part of the Yinzhou Lake Bridge is
shown in Table 7.

3.2.1. Establish a Priority Relation Matrix. Taking D12, fire
prevention on-site, as an example, the priority relationship
matrix between D12-E is established by applying the im-
proved fuzzy analytic hierarchy process (FAHP) theory,
combined with the site construction situation and expert
scoring value, as shown in Table 8.

According to equations (2)–(8), the fuzzy consistent
matrix and relative weight of D12-E are calculated. /e
results are shown in Table 9.

3.2.2. Total Weight of the Fuzzy Hierarchy. /e above
methods were applied to solve the priority relationship
matrix and to calculate the relative weights for A11–D12,
which will not be repeated herein. Finally, the fuzzy hier-
archical relative weight matrix w was established for the
construction risks of the lower part of the Yinzhou Lake
Bridge to determine the importance of each risk factor to the
construction process.
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Table 6: Risk source identification table established using the WBS-RBS method.

Project
Risk sources

Human risk
E1

Machine material
risk E2

Environmental
risk E3

Construction technology
impact E4

Foundation pit
engineering (A)

Foundation pit excavation A11 . . . . . . . . . . . .

Foundation pit support A12 . . . . . . . . . . . .

Pile foundation
construction (B)

Equipment transportation and
installation B11

. . . . . . . . . . . .

Embedded casing B12 . . . . . . . . . . . .

Drilling with drilling machine B13 . . . . . . . . . . . .

Hole cleaning B14 . . . . . . . . . . . .

Hoisting reinforcement cage B15 . . . . . . . . . . . .

Underwater concrete pouring B16 . . . . . . . . . . . .

Pile cap
construction (C)

Boxed cofferdam C11 . . . . . . . . . . . .

Cofferdam hoisting C12 . . . . . . . . . . . .

Pile cap construction C13 . . . . . . . . . . . .

Formwork engineering C14 . . . . . . . . . . . .

Other(D) Construction electricity D11 . . . . . . . . . . . .

Fire prevention on-site D12 . . . . . . . . . . . .

Table 7: Risk source score table for the lower part of the Yinzhou lake bridge.

Project Risk sources
E1 E2 E3 E4

A A11 0.791 0.701 0.705 0.734
A12 0.789 0.776 0.746 0.697

B

B11 0.703 0.832 0.607 0.612
B12 0.817 0.822 0.714 0.734
B13 0.748 0.737 0.694 0.735
B14 0.797 0.767 0.714 0.742
B15 0.784 0.801 0.718 0.780
B16 0.894 0.815 0.698 0.795

C

C11 0.795 0.795 0.707 0.749
C12 0.800 0.749 0.701 0.735
C13 0.797 0.782 0.732 0.793
C14 0.816 0.816 0.750 0.841

D D11 0.807 0.831 0.790 0.840
D12 0.755 0.809 0.689 0.801

Table 8: D12-E priority relationship matrix.

D12 E1 E2 E3 E4
E1 0.500 0.546 0.602 0.541
E2 0.454 0.500 0.556 0.495
E3 0.398 0.444 0.500 0.439
E4 0.459 0.505 0.561 0.500

Table 9: D12-E fuzzy consistent matrix and relative weight.

D12 E1 E2 E3 E4 W1

E1 0.500 0.523 0.551 0.521 0.262
E2 0.477 0.500 0.528 0.498 0.250
E3 0.449 0.472 0.500 0.470 0.236
E4 0.480 0.503 0.531 0.500 0.252
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W �

0.257 0.255 0.252 0.256 0.252 0.255 0.252 0.262 0.254 0.257 0.253 0.251 0.249 0.249

0.246 0.253 0.268 0.256 0.251 0.252 0.254 0.252 0.254 0.250 0.251 0.251 0.252 0.256

0.246 0.249 0.240 0.243 0.246 0.245 0.243 0.237 0.243 0.244 0.244 0.243 0.247 0.241

0.251 0.243 0.240 0.245 0.251 0.248 0.251 0.249 0.248 0.249 0.252 0.254 0.253 0.255

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

T

. (12)

3.3. Risk Assessment and Analysis. /e internal relationship
between risk sources and engineering projects is determined
with the factor analysis method, and the relative weight W
calculated by the fuzzy hierarchy is imported into IBM SPSS
for factor analysis and calculation.

3.3.1. Data Analysis. /e variance contribution rate of
factors is calculated with software, as shown in Table 10.
Among them, the first set of data describes the initial so-
lution of the factor, the characteristic root of the first factor is
1.773, the explained total variance of the original four
variables is 44.335%, and the cumulative variance contri-
bution rate is 44.335%; the ending mode of the second and
third factors is similar to that of the first factor; the third
group of data describes the factor solution, with a total
variance of 99.877%, which indicates that the three factors
reflect 99.877% of the information of the original variable.

Figure 4 shows that the first factor has the highest ei-
genvalue and largest contribution rate to the variable in-
terpretation, while the eigenvalue of the third factor is
smaller, therefore contributing less to the explanatory var-
iables, and they can be ignored.

3.3.2. Factor Score. Table 11 is the factor score matrix, and
the factor score function can be calculated according to the
regression algorithm. According to equations (10)-(11), the
final score of the factors is calculated and sorted. /e data
results are shown in Table 12.

3.3.3. Result Analysis. According to the fuzzy comprehen-
sive calculation method, the foundation excavation factor
score is 0.83, ranking the first, and the risk coefficient is the
largest; the score of the foundation pit support factor is 0.55,
ranking the second, with the same risk; the score of the hole
cleaning work factor after drilling is 0.33, which is slightly
lower than the first two construction procedures, but there
are also greater risks; the other construction processes are
also high. /e factor scores and the risk order of the project
are shown in Table 13. During the construction progress of
the project, according to the known risk coefficient, scientific
management methods are applied to pay attention to the
construction process with high risk and take reasonable
construction measures to avoid risks in time and reduce
economic losses.

/e main purpose of bridge construction safety risk
identification and analysis is to perform better risk man-
agement and control to ensure the safety of people and
structures during bridge construction. /is process requires
reasonable risk response measures, scientific risk manage-
ment measures that are the key to risk disposal,

consideration that different sizes of risk disposal programs
are not the same, and the requirement of scientific con-
sideration that is not arbitrary, which requires compliance
with certain principles. /e specific principles of risk re-
sponse strategies are as follows.

(i) Availability and validity
Risk control should pay attention to the availability
of control methods, and the methods should be
combined with the practical factors of the situation
to ensure that they are available in engineering
practice. /e risk decision should be made
according to the characteristics of the risk occur-
rence. At the same time, the effectiveness of the
control method should be ensured, and the pro-
posed risk control method should be able to prevent
and control the risk effectively.

(ii) Cost reasonableness
/e bridge construction process has many kinds of
risks and great difficulty in prevention, which causes
the cost of the control process to also be larger.
/erefore, in the process of risk control, the issue of
cost should be considered, the size of the cost and
benefit should be compared, and the funds should
be reasonably controlled to ensure that the premise
of solving the risk is to try to save costs and balance
the gains and losses.

(iii) Comprehensiveness
Bridge construction projects are large and complex
systems, and construction processes face numerous
risks. Each risk control program has its own
uniqueness and limitations. /e control process
should be considered cross-use to ensure that the
control scope and control benefits are maximized.

(iv) Science
/e selection of a risk control program should have
a scientific basis and not be a blind decision./e risk
identification and assessment of the entire bridge
are rigorously scientifically proven, thus ensuring
the accuracy of risk recognition.

3.4. RiskAssessment andAnalysis. /emost commonly used
method for risk assessment is the AHP method [32, 33],
which we adopted as a comparative study. /e main steps of
the AHP method are establishing a hierarchical structure
model, constructing all judgment matrices in each level,
using the two-by-two comparison method to derive the
weights of individual influencing factors, and ranking the
weights of each influencing factor.
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3.4.1. Building Hierarchical Structure Model. /e hierar-
chical structure diagram is generally divided into 3 layers,
the top layer, middle layer, and bottom layer, representing
the target layer, criterion layer, and indicator layer, re-
spectively. In actual case analysis, the structure can be di-
vided according to the objectives to be evaluated, the factors
to be considered and the interrelationship points among

evaluation indicators. According to on-site research, liter-
ature review, and expert opinion, it was determined that the
risk source engineering items of the lower part of the
Yinzhou Lake Bridge are foundation pit engineering, pile
foundation engineering, bearing platform construction, and
others, and each risk source engineering item contains
multiple risk factors. Finally, a three-layer hierarchical
structure model containing the target layer, criterion layer,
and indicator layer is established. As shown in Figure 5, A, B,
C, D and A11, A12, . . ., D12 refer to risk source engineering
projects and risk source factors, respectively; the details are
the same as those in Table 6 for risk events and risk source
designations.

3.4.2. Construction of Judgment Matrix at Each Layer.
By inviting experts such as construction experts and su-
pervision experts, the relative importance of the two factors
is calibrated using a scale of proportionality, as shown in
Table 13, and the judgment matrix of risk source factors at
the criterion level relative to the target level is shown in
Table 14.

Table 10: Total variance explained.

Component
Initial eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings

Total % of variance Cumulative % Total % of variance Cumulative % Total % of variance Cumulative %
1 1.773 44.335 44.335 1.773 44.335 44.335 1.759 43.980 43.980
2 1.243 31.081 75.416 1.243 31.081 75.416 1.257 31.437 75.416
3 0.978 24.461 99.877
4 0.005 0.123 100.000
Extraction method: principal component analysis.

Component Number
1 2 3 4
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Figure 4: Factor eigenvalue distribution.

Table 11: Component score coefficient matrix.

Component
1 2

Risk sources 1 −0.031 0.787
Risk sources 2 −0.539 −0.350
Risk sources 3 0.320 −0.147
Risk sources 4 0.420 −0.187

Table 12: Factor score table.

Project name Factor score Sequence
A11 0.83 1
A12 0.55 2
B11 −1.12 13
B12 0.16 4
B13 −0.27 12
B14 0.33 3
B15 0.03 9
B16 −0.2 11
C11 0.12 5
C12 0.07 7
C13 0.05 8
C14 −0.53 14
D11 0.11 6
D12 −0.12 10

Table 13: Scale of proportions.

/e relative importance of the i-th risk event
over the j-th risk event

Quantified
values

Equally important 1
Slightly more important 3
Stronger and more important 5
Strongly important 7
Extremely important 9
Intermediate value of two adjacent judgments 2, 4, 6, 8
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To ensure that the results obtained with this method are
reasonable and reliable, it is necessary to judge the con-
sistency of the target layer-criterion layer judgment matrix.
/e consistency check is shown in

CR �
CI

RI
< 0.1, (13)

where RI is the average random consistency index. /e
equation for CI is CI � λmax − n/n − 1, n is the order of the
judgment matrix, RI takes the values shown in Table 15, and
λmax is the maximum eigenvalue.

/e square root method is adopted to find the solution of
λmax [34] as follows: Step one: multiply each element by row
to obtain uij; see equation (13); Step 2: raise uij to the power
of n to obtain ui; see equation (15); Step 3: normalize ui to
obtain the weight vector ωi; see equation (16); Step 4: cal-
culate the maximum characteristic root λmax of the judgment
matrix; see equation (17).

uij � 
n

j�1
bij, (14)

ui �
���
uij

n


, (15)

ωi �
ui


n
i�1 ui

, (16)

λmax � 
n

i�1

(Aω)i

nωi

, (17)

where bij is the relative importance value of the i-th eval-
uation index relative to the j-th evaluation index, which is
the value in the judgment matrix; A is the judgment matrix;
ω is the eigenvector; and n is the number of elements. In this

case, the maximum eigenvalue of CI is 4.235, RI is 0.078, and
CR is 0.9. /erefore, since 0.087< 0.1, the consistency re-
quirement is satisfied. /e weight vector occupied by A–D is
w � (0.566, 0.265, 0.060, 0.109).

/e following is the judgment matrix of each factor in
the index layer relative to the criterion layer. /e relative
importance of each factor in the index layer to the criterion
layer is calculated by two comparisons, and the results are
shown in Tables 16–19.

According to the calculation method of the weight
feature vector of each evaluation factor in the criterion layer
relative to the target layer, the weight vector of the judgment
matrix of A-A1-2 is obtained, and it is calculated that
λmax � 2, CI � 0, RI � 0, and CR � 0< 0.1, which meets the
consistency requirement. /e weight vector occupied by A-
A1-2 is w � (0.750, 0.250).

/e same calculation method is used to obtain the
weight vector of the judgment matrix of B–B1-6, and it is
calculated that λmax � 6.563, CI � 0.113, RI � 1.24, and
CR � 0.091< 0.1, which satisfies the consistency require-
ment. /e weight vector occupied by B–B1-6 is w � (0.157,
0.398, 0.055, 0.240, 0.119, 0.031).

In the same way, the weight vector of the judgment
matrix C–C1-4 is obtained, and after calculation,
λmax � 4.076, CI � 0.025, RI � 0.9, and CR � 0.028< 0.1,
which meets the consistency requirements. /e weight
vector occupied by C–C1-4 is w � (0.543, 0.254, 0.085, 0.119).

/e same calculationmethod is used to obtain the weight
vector of the judgment matrix of D-D1-2, and it is calculated
that λmax � 2, CI� 0, RI� 0, and CR� 0< 0.1, which also
meets the consistency requirements. /e weight vector
occupied by D-D1-2 � (0.750, 0.250).

3.4.3. Calculation of Combination Weights and Total Hier-
archical Ranking. /e combined weight of each risk source
is the product of the weight of each risk source in the

Safety Risk Assessment of the Construction of
the Bridge Lower EngineeringTarget layer

Criterion layer

Indicator layer

A CB D

B11 B12 B13 B14 B15 B16A12A11 C11 C12 D11 D12C13 C14

Figure 5: /e hierarchical structure model of the safety risk assessment of the project under the pile of the Yinzhou lake bridge.

Table 14: Judgment matrix of the objective layer-criterion layer.

A B C D
A 1 3 5 7
B 1/3 1 5 3
C 1/5 1/5 1 1/3
D 1/7 1/3 3 1

Table 15: Average random consistency index.

1 2 3 4 5 6 7 8 9
0.00 0.00 0.58 0.9 1.12 1.24 1.32 1.41 1.45
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indicator layer and the feature vector of the weight of the
indicator layer. /en, the calculated weight of each risk
source index was sorted from large to small, and the results
are shown in Table 20.

/e total ranking results of all risk factors that are
involved in bridge construction were obtained as follows:
foundation pit excavation A11, foundation pit support A12,
embedded casing B12, construction electricity D11, hole
cleaning B14, equipment transportation and installation
B11, boxed cofferdam C11, hoisting reinforcement cage B15,
fire prevention on-site D12, cofferdam hoisting C12, drilling
with drilling machine B13, underwater concrete pouring
B16, formwork engineering C14, and pile cap construction
C13.

Comparing the improved fuzzy hierarchical factor
analysis method with the AHP method in the bridge con-
struction safety risk evaluation study, we can see that both of
them use the expert scoringmethod to determine the relative
importance of the risk sources. However, for the initial
identification of risk sources, this paper adopts the fuzzy
hierarchical analysis method, which can solve the problem of
fuzzy evaluation indices in the bridge construction process
by introducing an “affiliation degree” in fuzzy mathematics
and using the affiliation function to deal with the fuzzy
indices. /e method proposed in this paper considers the
dynamic risk sources in the construction process and selects
the representative risk sources for analysis and
consideration.

4. Conclusions and Discussion

/ere are many risk factors present during the construction
period of a large and complex bridge. In this paper, the
Delphi method and WBS-RBS method are employed to
identify potential dynamic risk sources, establish a safety risk
evaluation index system for the construction period of a
large and complex bridge, use improved fuzzy hierarchical
analysis for weight calculation, and combine factor analysis
to evaluate the safety risk of a large and complex bridge
during the construction period. An empirical study was
conducted to assess the practical application of the method,
and the main conclusions are as follows.

(1) /rough the construction process decomposition
and construction safety factor decomposition
method, a set of safety risk census systems applicable
to the bridge construction period is established,
which can more perfectly identify the dynamic risks
in the construction process and identify them more
comprehensively and accurately. Whether the results
are obtained using the method proposed in this
paper or the comparative study, it is concluded that
foundation pit excavation and foundation pit sup-
port are relatively dangerous risk events, and so risk
prevention should be strengthened in actual con-
struction and similar projects to pay attention to
these types of risk.

(2) /rough the organic combination of the Delphi
method, FAHP, and factor analysis method, the
advantages of the above three methods are integrated
to compensate for their defects. /e safety risk sit-
uation of bridge construction periods is complex,
and there are many uncertainties and fuzziness. /is
method can quantitatively analyze this kind of
complex system and calculate the risk value
accurately.

(3) /e fuzzy comprehensive evaluation method is ap-
plied to quantitatively evaluate the safety risk of the
lower part of the Yinzhou Lake Bridge during its

Table 16: A-A1-2 judgment matrix.

A A1 A2

A1 1 3
A2 1/3 1

Table 17: B–B1-6 judgment matrix.

B B1 B2 B3 B4 B5 B6
B1 1 1/3 3 1/3 3 5
B2 3 1 7 3 3 7
B3 1/3 1/7 1 1/3 1/5 3
B4 3 1/3 3 1 3 7
B5 1/3 1/3 5 1/3 1 5
B6 1/5 1/7 1/3 1/7 1/2 1

Table 18: C–C1-4 judgment matrix.

C C11 C12 C13 C14

C11 1 3 3 7
C12 1/3 1 3 3
C13 1/3 1/3 1 1/3
C14 1/7 1/3 3 1

Table 19: D-D1-2 judgment matrix.

D D1 D2

D1 1 3
D2 1/3 1

Table 20: Hierarchical total sorting results.

Risk factors
Single weight

Weights SequenceA B C D
0.566 0.265 0.060 0.109

A11 0.750 0.4245 1
A12 0.250 0.1415 2
B11 0.157 0.0417 6
B12 0.398 0.1056 3
B13 0.055 0.0147 11
B14 0.240 0.0636 5
B15 0.119 0.0315 8
B16 0.031 0.0081 12
C11 0.543 0.0326 7
C12 0.254 0.0152 10
C13 0.085 0.0051 14
C14 0.119 0.0071 13
D11 0.750 0.0818 4
D12 0.250 0.0273 9
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construction period, and reasonable disposal mea-
sures are presented according to the risk of the
project to prevent the occurrence of safety risk events
and provide guidance for the safety risk assessment
of the bridge construction period in the future. A
comparative study was also conducted, and the
scientific and accurate nature of the proposed
method was fully demonstrated.

/is paper provides a new method that is applicable to
the evaluation of safety risks during the construction period
of large and complex bridges; however, the method also has
some limitations, the main 2 of which are as follows: first, the
method requires the user to have a certain level of mathe-
matical calculation ability, and the formula has some cal-
culation complexity; second, some risk source factors may
exist in the operational period or design period, and since
their risk hazard levels may also be high, these factors need to
be integrated with the factors of other periods. In general, as
a major infrastructure country, China’s infrastructure
construction is accelerating, and the construction of bridges
has reached new heights in terms of span, construction
difficulty, and construction technology, and so traditional
evaluation methods need to be innovated. Our next study
will focus on the acquisition and calculation of unidentified
factors, taking into account the complexity of the actual
construction environment, the numerous risk sources
during bridge construction, the decision to deploy these risk
events, and the identification of the more important risk
sources to assess their degree of risk to the overall project.
For the purpose of this paper, this involves intelligent cal-
culations, which need to rely on language programming to
edit the formulas involved in these methods and transform
them into source code language programs, and in practice,
the user only needs to input the relevant parameters to
obtain the evaluation results. To promote the use of this
method, we are also strengthening it to study the risk
evaluation of other types of bridges during the construction
period, and we will also carry out the safety risk evaluation of
other types of bridges during the construction period.
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