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)e health, safety, and environment (HSE) risk assessment of major sewage transport tunnel projects (MSTTPs) is of great
significance to guarantee sewage treatment, ecological environment protection, and sustainable development. To accurately
evaluate the HSE risk of MSTTPs at the construction stage and effectively deal with their randomness and ambiguity, a risk
assessment model based on the structural entropy weight method (SEWM) and the cloudmodel is put forward in this paper. First,
an index system for MSTTPs was constructed via a literature review and expert interviews, and the rough sets method was used to
filter the indicators.)en, weights were calculated by the SEWM, which is able to consider both subjective and objective factors of
the weight calculation. Finally, to clarify the randomness and ambiguity in the evaluation, the HSE risk level was determined by the
cloud similarity. )e model was applied to the Donghu Deep Tunnel Project in Wuhan, China, and the results demonstrated that
its HSE risk level was medium, which was acceptable. )e index related to construction safety had the largest weight. A humid
environment, improper power utilization, and sludge andmud pollution were found to be the most influential risk indicators.)e
risk level could be intuitively and qualitatively judged by the figure evaluation cloud, providing a vivid and rapid evaluation tool
for the emergency decision-making of project managers, and the risk level could be quantitatively judged by the calculation of
cloud similarity. Moreover, through the comparison with gray correlation degree, set pair analysis, and fuzzy comprehensive
evaluation method evaluation results, we prove the scientificity and effectiveness of the proposed model. )e research results
provide a valuable reference for the project management of MSTTPs at the construction stage.

1. Introduction

In the past 30 years, urbanization in developing countries,
especially China, has progressed rapidly, resulting in increased
difficulties in urban sewage treatment and environmental
pollution problems [1]. Moreover, the capacity for sustainable
development has been severely restricted. To solve these
problems, major cities in developing countries are initiatively
buildingmajor sewage transport tunnels under the core areas of
the cities [2]. At present, a large number of major sewage
transport tunnel projects (MSTTPs) are being built in China,
and the total investment has exceeded 15 billion RMB [3].

MSTTPs are usually located 30–60m underground and
their construction sites are typically closed construction

environments, which have great impacts on occupational
safety. )e construction processes of MSTTPs are charac-
terized by complicated technology, a strict construction
period, high mechanization, and complex construction
safety risk [4]. )e accidents and pollution incidents caused
by these risk factors may result in huge economic losses and
casualties, making the MSTTPs unable to be completed on
time.

Health, safety, and the environment (HSE) is a concept
that was originally generated in the petrochemical industry
[5]. In recent decades, HSE has been gradually applied to
high-risk industries [5] and the management of major
projects [6] with established results. In combination with the
research purposes of this study, the HSE risk of MSTTPs is
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defined as the occupational health risk of workers, the
construction safety risk, and the environmental pollution
risk caused by the construction of MSTTPs. )e occupa-
tional health risk of workers (the H risk factor) is geared
toward the research category of public health science [7].
Safety risk management during construction, which is re-
lated to the S risk factor, belongs to the research areas of civil
engineering and management science. )e adverse effects of
construction operations on the surrounding environment,
which are related to the E risk factor, are part of the research
fields of environmental engineering and civil engineering.

Referring to the general risk assessment process, the HSE
risk assessment of MSTTPs in the present study includes
three components, namely, the determination of risk in-
dexes, weight calculations, and the selection of assessment
methods.

At present, the existing research on HSE has primarily
considered the HSE performance management of enter-
prises and the HSE risk management system of projects.
Based on three elements, namely, time, scope, and type,
Amir-Heidari et al. [8] comprehensively classified the HSE
performance evaluation methods of enterprises and put
forward a new HSE performance evaluation method from
both positive and negative aspects. Lu and Li [9] studied the
importance of the teamwork culture of construction teams
in the HSE risk management system. Via a case analysis of a
large prefabrication plant, it was proven that ensuring the
HSE risk management system in an immersed tube pre-
fabrication plant is of great significance to its smooth
implementation. A team’s strength could be mobilized and
all construction workers could be motivated to participate in
vocational education and safety production training. Zhang
and Li [10] systematically studied the construction risk of the
subsea tunnel of the Hong Kong-Zhuhai-Macao Bridge via
HSE risk management.)e LEC, an operation condition risk
assessment, was used as the evaluation method for the
analysis of the HSE risk level of the subsea tunnel, and the
corresponding risk response measures were stated. How-
ever, the quantitative analysis and calculation process of the
LECmethod are subjective and do not provide a clear logical
relationship between the values of risk indexes and the risk
response measures. In addition, to the best of the authors’
knowledge, a study on the HSE risk assessment of MSTTPs
has not yet been reported. )e main reason for the lack of
prior research might be that the MSTTPs have only been
restarted in the past few years, and many completed
MSTTPs, such as the famous )ames Tunnel in London,
were completed over a century ago.

)e structural entropy weight method (SEWM) is a
combined subjective and objective weight method that has
been extensively used in recent years. Based on the char-
acteristics of a large number of risk indicators for coalbed
methane development and their complex relationships,
Wang et al. [11] used the SEWM to process questionnaire
survey results for weight calculation. )e results were
consistent with the actual situation of the case project. By
employing the SEWM to calculate the weights of indexes,
Liang et al. [12] not only effectively solved the problem of the
lack of statistical data in the risk assessment of pipeline

damage to the goaf, but also better handled the limitations of
expert experience. Sun et al. [13] effectively adopted the
SEWM to calculate the weights of the bearing capacity
evaluation indexes of water resources.

For the selection of a risk assessment method, as one of
the key steps in risk assessment, the characteristics of risk
factors and assessment should be fully considered. Rezaee
et al. [14] pointed out that the uncertainty of risk factors and
the objectivity of assessment results are the key issues in the
field of HSE risk assessment in the chemical industry. )e
failure mode and effects analysis (FMEA) and the fuzzy data
envelopment analysis (DEA) were used to deal with these
problems, but the randomness and fuzziness of the risk
factors and risk assessment were neither further explored
nor analyzed. )e grey relational degree [15], set pair
analysis [16], and fuzzy comprehensive evaluation [17] have
been frequently used in risk assessment; while they have
achieved sound results, it remains difficult for them to ac-
curately describe randomness and fuzziness.

)e cloud model is able to analyze both qualitative
descriptions and quantitative data and can handle both
fuzziness and randomness of a risk system. In recent years,
it has become increasingly more widely used in the field of
risk assessment. Liu et al. [18] combined the cloud model
with an artificial neural network and proposed a new
method of urban flood risk assessment that could effec-
tively deal with the randomness and fuzziness of urban
flood risk factors. Peng [19] used the positive cloud
generator and the reverse cloud generator to construct a
risk assessment model of a cable-stayed bridge; the risk
assessment results based on the cloud model were found
to be more stable and reasonable. Liu et al. [20] employed
the cloud model to improve the traditional FMEA
method, and their case study results proved the effec-
tiveness of this amendment.

)e present paper proposes a risk assessment model of
MSTTPs based on the SEWM and the cloud model. )e
main contributions of this paper are as follows. (1) For the
first time, a HSE risk evaluation index system was con-
structed from three aspects of health, safety, and environ-
ment by using the methods of literature research and
questionnaire survey. Based on the genetic reduction al-
gorithm of rough set theory, this paper retained the core
evaluation index, effectively reduced the workload of the
evaluation process, and enhanced the practicability of this
method. (2) In this paper, the structural entropy weight
method with the advantages of strong explanatory power
and high accuracy of calculation results was used to calculate
the weights of indexes. (3) Considering the fuzziness and
randomness in the evaluation process, the qualitative con-
cept of HSE risk evaluation index and the conversion of
quantitative data were realized by the cloud model, which
made the evaluation more reasonable. In addition, the risk
level could be intuitively and qualitatively judged by the
figure evaluation cloud, providing a vivid and rapid eval-
uation tool for the emergency decision-making of project
managers, and the risk level could be quantitatively judged
by the calculation of cloud similarity. (4))is paper revealed
for the first time that, among the health, safety, and
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environment, the index related to safety had the largest
weight, while the index affecting the environment had the
smallest weight. )is weight distribution was the same as the
current research situation; the main research focused on the
construction safety risks, while the research on analysis of
construction’s environmental impact risks was less. A humid
environment, improper power utilization, and sludge and
mud pollution were found to be the most influential risk
indicators.

)e remainder of this paper is organized as follows.
Section 2 focuses on the research materials and methods,
including the index system and the risk assessment method
based on the SEWM and the cloud model. )e process of the
case analysis is presented in Section 3, Section 4 details the
discussion of the results, and the conclusions are presented
in Section 5.

2. Materials and Methods

2.1.*e Index System ofHSERiskAssessment ofMajor Sewage
Transport Tunnel Projects

2.1.1. Preliminary Selection of HSE Risk Index Indicators of
MSTTPs. According to the principles of scientificity, sys-
tematicness, effectiveness, and operability, risk indicators of
the categories of health, safety, and the environment were
preliminarily identified via research of the existing literature.
Table 1 presents references for each risk indicator.

2.1.2. Determination of HSE Risk Index Indicators of
MSTTPs. At present, there only exist a handful of MSTTPs
that have been constructed around the world. As many were
built long ago, they are of little significance for investigation.
In addition, China and other countries have just begun to
construct MSTTPs.)erefore, the available engineering data
of MSTTPs is scarce. Considering this, the expert interview
method was chosen to score the importance of the 42 HSE
risk indicators that have been identified. According to the
index score, the rough set was used to filter the index with
the help of Rosetta.

In the questionnaire developed for this research, experts
scored each indicator on a 5-point Likert scale. Each sec-
ondary indicator has five degrees of attributes for its primary
indicator, which are “very strong” (5 points), “strong”
(4 points), “average” (3 points), “weak” (2 points), and “very
weak” (1 point).

)e questionnaire was distributed to twenty-five experts
with rich theoretical and practical experience. Eight experts
were affiliated with universities, eleven were affiliated with
construction enterprises of MSTTPs, and five were affiliated
with MSTTP design units. Seventeen experts had the title of
senior engineer or associate professor, while the other eight
experts had the title of deputy senior engineer. Twenty
experts had participated in the Donghu Deep Tunnel Project
in Wuhan, which is the case study object of this article.
Eleven experts had participated in more than three MSTTPs.
)ese characteristics of the experts ensure the rationality of
the survey results.

After twenty-five experts had completed scoring for all
42 secondary indicators, the results of the questionnaire
were collected.

Rough sets theory is a mathematical method proposed by
the Polish scientist Z. Pawlak to deal with inaccurate, un-
certain, and incomplete data [44]. In the process of rough set
reduction, the relationship between evaluation indicators
and decision indicators can be established according to
methods such as self-information and mutual information,
so as to determine the importance of conditional attributes
and calculate weights [45]. )e Rosetta system is a tabular
logic data tool based on the rough set theoretical framework.

Table 1: Identification results of HSE risk indicators.

Criteria layer Preliminary indicator References

Health

Construction noise [21]
Construction dust [22]

Humid environment [23]
High ambient temperature [23]

Irregular lifestyle [24]
Toxic and harmful chemicals [7]

Whole body vibration [7]
Radiation [25]

Safety

Unreasonable tunneling parameters [26]
Excessive deformation [26]

Improper use of transportation [2]
Wear failure of the shield cutter head [27]

Improper power utilization [28]
Unqualified shield segments [29]
Improper operation of shield

segments [30]

Random stacking [2]
Incorrect protection [31]
Failure of bearing seal [32]
Failure of hoisting jack [32]

Clogging at the exit of slurry [32]
Bad grouting effect [32]

Improper selection of TBM machine [33]
Inadequate fastening of bolt [34]

Anchor bolt quality [34]
Imprecise installation of launching

base [34]

Deviation of TBM from target shaft [34]
Formation of “mud cake” during

excavation [34]

Derailment or collision of electric cart [34]
Grout pipe blockage [34]

Improper grouting amount [34]
Improper control of grouting

coefficient [34]

Leakage of pipe piece joints [35]
Shield tail seal leakage [35]
Segment seal failure [36]

Environment

Domestic waste pollution [37]
Exhaust pollution [38]

Wastewater pollution [37]
Sludges and muds pollution [39]
Pollution from vehicles [40]

Impact on groundwater level [41]
Excessive surface subsidence [42]

Destruction of the ecological structure [43]
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It was developed by the Department of Computer and In-
formation Science of the Norwegian University of Science
and Technology and the Institute ofMathematics, University
of Warsaw, Poland. )is software is not aimed at a specific
research field, but a general tool for simplifying models.

In this paper, rough sets theory was used to screen in-
dicators with the help of Rosetta system; the index screening
results are shown in Table 2.

2.1.3. Construction of HSE Risk Index System of MSTTPs.
According to the identified indicators of the HSE risk of
MSTTPs, an index system including 3 primary indicators
and 13 secondary indicators was constructed, as shown in
Table 2. In addition, based on the characteristics and actual
situations of MSTTPs, the connotation of each secondary
indicator was analyzed, as presented in Table 2.

2.1.4. HSE Risk Assessment Criteria of MSTTPs.
Currently, no uniformHSE risk evaluation standard does exist
[46]. In this paper, the HSE risk was divided into five levels,
namely, lower risk, low risk, medium risk, high risk, and
higher risk. )e scoring interval was set as [0, 100]. According
to the opinions of experts, the risk levels were divided and are
presented in Table 3. )e concepts and calculations of Ex, En,
and He are described in the subsequent section.

Lower risk indicates that the risk is negligible. Low risk
indicates that the risk is low, but project managers must
check the existing risk management measures. Medium risk
indicates that the risk is moderate and acceptable, but
further measures should be considered. High risk indicates
that the risk is serious and mitigation measures should be
taken immediately. Finally, higher risk indicates that the risk
is the most serious and completely unacceptable and con-
struction should be stopped immediately.

2.2. *e Assessment Model of HSE Risk Assessment of Major
Sewage Transport Tunnel Projects

2.2.1. Introduction of the SEWM. )e SEWM combines both
qualitative analysis and the quantitative analysis of weight
calculation [11]. Its basic logic is as follows. First, the Delphi
expert survey method and fuzzy analysis method are
combined to form a quantitative order that fully considers
the subjective judgments of experts. )en, entropy com-
puting and cognitive blind degree analysis are used to an-
alyze the quantitative order, and the statistical processing of
potential data that may produce deviation is conducted with
the modified uncertainty of the subjective judgments of
experts. Finally, the weights of indexes are obtained via
normalization.

2.2.2. Introduction of the CloudModel. )e cloud model was
first proposed by Li et al., a Chinese scholar. It realizes the
two-way transformation of qualitative concepts and quan-
titative values [47]. By applying the cloud model to the
evaluation of complex systems, the randomness and fuzzi-
ness of indicators and evaluation are fully considered [18].

A qualitative concept can be described by Ex (expected
value), En (entropy), and He (hyper entropy), which are also
recorded as (Ex, En, and He) [19].

(1) Ex represents the basic certainty of the qualitative
concept. It is the mathematical expectation of
the cloud drop in the spatial distribution of
the domain. It also denotes the center value of
the evaluation index in a certain grade score
interval.

(2) En represents the uncertainty measure of the qual-
itative concept and is determined by both ran-
domness and ambiguity of the concept. It evaluates
the degree of fuzziness of the index grade boundary.

(3) He is the uncertainty of entropy and reflects the
degree of deviation of the random variable corre-
sponding to the qualitative concept from the normal
distribution.

2.2.3. Risk Assessment Method of MSTTPs Based on the
SEWM and the Cloud Model. )e flow chart of this eval-
uation method is illustrated in Figure 1.

)e specific steps of the risk assessment method of
MSTTPs based on the SEWM and the cloud model are as
follows.

Step 1. Determine the standard cloud of each risk level.
)ere are 5 subintervals shown in Table 1. Let the

subinterval i be [Cmin
i ,Cmax

i ], and the digital characteristic
values are

Exi �
C
max
i + C

min
i􏼐 􏼑

2
,

Eni �
C
max
i − C

min
i􏼐 􏼑

(2
����
2In2

√
)

,

Hei � k,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(1)

where k is a constant that is usually assigned the value of 0.5
[47].

Step 2. Calculate the weights by the SEWM.
)e detailed steps for determining the weights are as

follows [13].

(1) Determine the Quantitative Order Based on Expert
Opinions. According to the operating procedures of the
Delphi method, k experts with rich theoretical and
practical experience are selected and sent a question-
naire. )e questionnaire must be completed
anonymously.

Experts score the importance of each index by using the
integer of (1 − n), where 1 is the most important index and n
is the least important index. )e number of indicators is n.
)e index ranking matrix A is obtained as follows:
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A �

a11 · · · a1n

⋮ ⋱ ⋮

ak1 · · · akn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦, (2)

where aij indicates the importance evaluation of expert i

(1≤ i≤ k) for indicator j (1≤ j≤ n).

(2) Perform Weight Correction on the Quantitative Order.
According to the concept of the entropy weight method, the
uncertainty of the quantitative order is corrected [11]:

μ(I) � −
In(m − I)

In(m − 1)
, (3)

where I is the qualitative ranking number given by experts. If
the ranking number given is 1, then I is 1. If the ranking
number is 2, then I is 2. Additionally, m is the conversion
parameter, which is generally considered as m � j + 2.

After including aij in (3), the ordering quantitative
conversion value bij is obtained. Assuming that all experts

have the same weights in the evaluation system, the average
cognitive degree is defined as [12]

bij �
b1j + b2j + · · · + bkj􏼐 􏼑

k
. (4)

)e uncertainty of experts’ cognition is defined as
knowledge blindness, and its parameter Qj is as given by the
following equation [12]:

Qj �
max b1j, b2j, . . . , bkj􏽮 􏽯 − bj􏽨 􏽩 + min b1j, b2j, . . . , bkj􏽮 􏽯 − bj􏽨 􏽩􏽮 􏽯

2

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌􏼌
.

(5)

)e overall cognition degree of indicator j by k experts is
defined as [13]

xj � bj 1 − Qj􏼐 􏼑. (6)

Table 2: )e index system for the HSE risk assessment of MSTTPs.

Criteria layer Indicator layer Indicator interpretation

Health

Construction noise H1 Shield machines and vehicles in tunnels generate noise, which can give hearing damage to
construction workers.

Humid environment H2 )e humidity in the tunnel is exceedingly high, which may lead to skin dipping and
erosion of construction workers.

High ambient temperature H3 Excessive ambient temperature may cause heatstroke in workers.
Toxic and harmful chemicals

H4
Cement, paint, and other items may cause workers to suffer from occupational diseases

such as contact dermatitis.

Safety

Excessive deformation S1 Excessive deformation leads to the destruction of the original structure, leading to safety
accidents.

Improper power utilization S2 If the temporary power management is improper, it may easily give rise to an electric
shock accident.

Improper operation of shield
segments S3

)e improper operation of the construction personnel would end up in segments falling,
causing object strike accidents.

Imprecise installation of
launching base S4

)e launch base was installed incorrectly and the shield machine could not launch
normally, resulting in a safety accident.

Environment

Domestic waste pollution E1 Domestic waste in office and living areas may cause damage to the surrounding
environment.

Exhaust pollution E2 )e construction of tunnels uses a lot of machinery, and waste gas will be generated
during use. If it is not properly treated, it will pollute the atmosphere.

Sludges and muds pollution E3 Due to inexperience, it is difficult to achieve zero discharge of construction waste such as
engineering sludges and muds.

Impact on groundwater E4 )e earth pressure is not set properly, which may compact the surrounding soil and cause
the groundwater level to rise significantly.

Excessive surface subsidence E5 During the construction of the shield, the surrounding soil is disturbed greatly, and the
ground surface has a large settlement.

Table 3: Standard risk level classification and corresponding cloud models.

Risk level Standards Ex En He
Lower risk [0, 25] 12.5 10.616 0.5
Low risk (25, 50] 37.5 10.616 0.5
Medium risk (50, 75] 62.5 10.616 0.5
High risk (75, 90] 82.5 6.369 0.5
Higher risk (90, 100] 95.0 4.246 0.5
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(3) Perform Normalization to Determine the Weights.

ωj �
xj

􏽐
n
j�1 xj

. (7)

Step 3. Calculate the clouds of the evaluation factors and the
comprehensive cloud.

By substituting the scores of all experts [zij]k×m into the
following equations , the clouds of the evaluation factors are
obtained [19]:

Exj �
1
k

􏽘

k

i�1
zij, (8)

Enj �

��
π
2

􏽲

×
1
k

􏽘

k

i�1
zij − Exj

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌, (9)

Hej �

��������

S
2
j − En2j

􏼌􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌􏼌

􏽱

. (10)

)e weights W � (ω1,ω2, . . . ,ωn)T obtained in Step 2
are substituted into the clouds of the evaluation factors
(Exj,Enj,Hej). )e comprehensive cloud of the HSE risk of
the MSTTP is determined by the following equation [19]:

Ex � 􏽐
n

j�1
Exj · ωj,

En �

���������

􏽐
n

j�1
En2j · ωj

􏽳

,He � 􏽐
n

j�1
Hej · ωj.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(11)

By drawing the comprehensive cloud and five standard
clouds in the same image, the HSE risk level of an MSTTP
can be qualitatively judged.

Step 4. Determine the HSE risk level by the cloud similarity.
)e steps for the calculation of δi, which is the cloud

similarity between the clouds of the evaluation factors and
the comprehensive cloud, are as follows [47]:

(1) Generate Exp � Norm(En,He2).
(2) Generate xp � Norm(Ex,Ex2p).
(3) Substitute into (12) to calculate μp:

μp � e
− xp− Ex2

i( 􏼁
1
/ 2En2i( )􏼐 􏼑

. (12)

(4) Repeat Steps 2 and 3 to generate μp, where
q ∈ [10, 30]. )en, δi can be calculated as follows:

δi �
1
q

􏽘

q

p�1
μp. (13)

)e greater the value of δi is, the closer the HSE risk level
of the MSTTP is to the evaluation level. In this way, the HSE
risk level of an MSTTP can be calculated quantitatively.

3. Results

3.1. EngineeringBackground. )e case selected in this article is
theDonghuDeep Tunnel Project inWuhan, which is the largest
MSTTP in China. Its recent service scope covers the core area of
Wuhan, which is about 130.35 km2, and its long-term control
service range is about 200.25 km2. Its total length is about
17.5 km via shield construction, the tunnel diameters are
D3000-D3400mm, and the buried depths are 30–50m. When
this project is successfully completed, the sewage from the core
area of Wuhan will be directly transferred to the Beihu Sewage
Treatment Plant, which is the largest sewage treatment plant in
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Figure 1: Flow chart of risk assessment method of MSTTPs based on the SEWM and the cloud model.
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China. )e Donghu Deep Tunnel not only can elevate the
capacity and efficiency of urban sewage transport, but can also
effectively avoid the problem of the mixture of rain and sewage,
thereby improving thewater environment of Shahu Port, Luojia
Port, and Donghu Port. To achieve the smooth implementation
of this project, it is necessary to carry out a typical HSE risk
assessment.

Current data of MSTTPs was difficult to obtain, so the data
used for the computations of the weights and risk levels in the
case study were obtained by questionnaires. )e 10 invited
experts were the experts who selected the HSE risk indicator
system in the preliminary study. )e 10 experts scored the
indexes on the basis of fully understanding the site situation,
construction content, and process of the Donghu Deep Tunnel
Project. According to (1), three digital clouds of the charac-
teristics of each level were computed and are presented in
Table 1.

3.2. Determination of Indicator Weights. After a question-
naire survey, the results of the importance scores of the 3
primary indicators and 15 secondary indicators by the
twenty-five experts were substituted into (2)–(7), and the
calculation results of the weights of the 3 primary indexes
(Table 4), 4 secondary indexes related to the health indicator
(Table 5), 4 secondary indexes related to the safety indicator
(Table 6), and 5 secondary indexes related to the environ-
ment indicator (Table 7) were obtained.

From Table 4, it can be seen that the safety indicator has
the largest weight of the primary indexes, while the envi-
ronment indicator has the smallest weight. )is weighting
explains the phenomenon of most previous research fo-
cusing on construction safety risks instead of environmental
risks.

Table 5 shows that the humid environment index (H2) has
the largest weight, while the high ambient temperature (H3) has
the least weight. )ese results are consistent with the con-
struction content of MSTTPs, in which earth pressure balance
shield machines are used for shield construction and typically
create a high-humidity environment. However, MSTTPs are
mostly constructed underground and with good ventilation. So,
high temperature conditions will not occur.

As presented in Table 6, the weight of the improper
power utilization index (S2) is the largest of the 6 secondary
indexes related to safety, and the weight of the imprecise
installation of launching base (S4) is the smallest. )e
construction safety risk management of MSTTPs should
therefore focus on improper power utilization.

As presented in Table 7, the sludge and mud polarization
index (E3) has the largest weight. )e reason for this is that
the main pollutants produced during the shield construction
of the Donghu Deep Tunnel Project in Wuhan are sludge
and mud.

3.3. Calculations of the Clouds of Evaluation Factors and the
Comprehensive Cloud. Via the questionnaire survey results
of 25 experts, the scores of the 13 secondary indexes of the
Donghu Deep Tunnel Project were averaged and introduced
into (8)–(10). )e evaluation cloud model of each index was
obtained, as presented in Table 8.

After substituting the weight calculation results and the
clouds of the evaluation factors into (11), the comprehensive
cloud was found to be 67.8774, 7.3989, and 1.4578, and this is
shown in Figure 2.

It can be easily and intuitively seen that the HSE
risk level of the Donghu Deep Tunnel Project was found

Table 6: )e weights of 6 secondary indexes related to safety.

No. S1 S2 S3 S4
Expert 1 3 2 1 4
Expert 2 4 1 2 3
Expert 3 2 1 3 4
Expert 4 4 2 1 3
Expert 5 4 1 3 2
Expert 6 4 1 2 3
. . . . . . . . . . . . . . .

Expert 9 3 2 1 4
Expert 10 3 1 2 4
bj 0.6485 0.9191 0.8274 0.5741
Qj 0.0668 0.0778 0.1120 0.1413
xj 0.6052 0.8476 0.7347 0.4930
ωj 0.2258 0.3162 0.2741 0.1839
Ranking 3 1 2 4

Table 4: )e weights of primary indexes.

No. H S E
Expert 1 2 1 3
Expert 2 1 2 3
Expert 3 2 1 3
Expert 4 3 1 2
Expert 5 2 1 3
Expert 6 2 1 3
. . . . . . . . . . . .

Expert 24 2 1 3
Expert 25 1 2 3
bj 0.7687 0.9253 0.5985
Qj 0.0187 0.0291 0.1515
xj 0.7543 0.8984 0.5078
ωj 0.3491 0.4158 0.2350
Ranking 2 1 3

Table 5: )e weights of 4 secondary indexes related to health.

No. H1 H2 H3 H4
Expert 1 1 3 2 4
Expert 2 2 1 3 4
Expert 3 2 1 4 3
Expert 4 3 1 4 2
Expert 5 3 1 4 2
Expert 6 2 3 4 1
. . . . . . . . . . . . . . .

Expert 24 2 3 4 1
Expert 25 3 2 1 4
bj 0.8101 0.9159 0.5929 0.6446
Qj 0.0948 0.0746 0.1224 0.0708
xj 0.7333 0.8476 0.5203 0.5990
ωj 0.2716 0.3139 0.1927 0.2218
Ranking 2 1 4 3
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to be the closest to moderate risk [18, 38]. )e cloud
model could therefore effectively deal with the ran-
domness and ambiguity in the HSE risk evaluation of
MSTTPs.

3.4. Determination of the HSE Risk Level by the Cloud
Similarity. After introducing the obtained comprehensive
evaluation cloud (67.8774, 7.3989, and 1.4578) into (12) and
(13), the cloud similarities δi between the comprehensive
evaluation cloud and the five standard clouds were obtained
and are presented in Table 9. In (12), q is an important
parameter (q ∈ [10, 30]). δi under three different values of q

was calculated in Table 9.
)e cloud similarity between the comprehensive evaluation

cloud and the standard Cloud 3 was the largest, which indicates
that the HSE risk level of the Donghu Deep Tunnel Project is
medium risk.

4. Discussion

)e weight calculation in risk assessment often only
considers subjective or objective factors, thereby making
the weights inaccurate. Moreover, the common risk eval-
uation methods cannot reasonably take into account the

randomness and ambiguity in the evaluation process,
thereby making the risk evaluation results inaccurate.
Currently, MSTTPs are under construction in large
quantities, but there is little research on the risk of
MSTTPs, and research on the HSE risk assessment of
MSTTPs has not yet been reported.

To fill this gap, a typical risk evaluation index system of
MSTTPs was constructed in this study for the first time.
)en, to ensure the accuracy of the weight calculations, the
SEWM, in which both subjective and objective factors in the
weight calculation are comprehensively considered, was
used to calculate the weights. Finally, an evaluation method
based on the cloud model was adopted to describe the
randomness and ambiguity of the HSE risk assessment of
MSTTPs.)e research results obtained in this study can help
ensure the smooth implementation of MSTTPs and are
of great significance for ensuring wastewater treatment,
ecological environment protection, and sustainable
development.

Because there are no existing research results on the
HSE risk of MSTTPs, this paper compared the results of
case analysis with the results of common risk assessment
methods (the grey relational degree [15], set pair analysis
[16], and fuzzy comprehensive evaluation [17]). )e grey
relational degree calculation results of each risk level are
shown in Table 10. According to the calculation result of
the index weight of Donghu Deep Tunnel Project and the
average of the scores of each risk index, the gray cor-
relation degree of Donghu Deep Tunnel Project was
0.428, which belonged to medium risk. )e calculation
result of the five-element connection number of Donghu
Deep Tunnel Projects calculated by set pair analysis is
shown in Table 11. When the confidence ∈ [0.50, 0.70], the
HSE risk of Donghu Deep Tunnel Project was medium
risk. )e evaluation results of fuzzy comprehensive
evaluation are shown in Table 12. According to the
principle of maximum membership degree of compre-
hensive evaluation, the HSE risk was medium risk.

)e grey relational degree, set pair analysis, and fuzzy
comprehensive evaluation results of HSE risk of Donghu
Deep Tunnel Project belonged to the medium risk, and
the direct evaluation results were basically consistent

Table 7: )e weights of 5 secondary indexes related to the environment.

No. E1 E2 E3 E4 E5
Expert 1 5 4 1 3 2
Expert 2 4 3 2 1 5
Expert 3 4 5 1 2 3
Expert 4 3 5 2 1 4
Expert 5 5 4 3 1 2
Expert 6 4 5 1 2 3
. . . . . . . . . . . . . . . . . .

Expert 24 4 5 2 1 3
Expert 25 5 4 1 3 2
bj 0.5483 0.5621 0.9272 0.8453 0.7891
Qj 0.0320 0.1314 0.0403 0.0388 0.0956
xj 0.5308 0.4882 0.8898 0.8126 0.7136
ωj 0.1545 0.1421 0.2590 0.2366 0.2077
Ranking 4 5 1 2 3

Table 8: )e clouds of evaluation factors.

Indicator Average score Ex En He
H1 78.80 78.80 7.798650 1.617801
H2 84.84 84.84 5.120245 0.503215
H3 56.56 56.56 8.103378 2.329037
H4 73.96 73.96 8.556462 0.003187
S1 70.48 70.48 6.639879 2.580660
S2 55.48 55.48 7.008761 0.473030
S3 71.24 71.24 6.864416 0.826566
S4 79.44 79.44 6.287035 0.010070
E1 66.80 66.80 9.021574 2.986067
E2 61.84 61.84 7.483897 2.767690
E3 52.28 52.28 9.657094 3.233065
E4 54.48 54.48 6.371236 3.124658
E5 56.60 56.60 9.342341 2.485330
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with the evaluation results of the cloud model. )e gray
correlation model solved the ambiguity of indicators, but
it was difficult for it to deal with the randomness and
uncertainty of indicators [15, 47]. When many pieces of
data and information were used, the evaluation of in-
dicators always carried a certain degree of uncertainty
and randomness. In the application process of the set pair
analysis method, it was difficult to determine the ambi-
guity of the index difference coefficient, so it was not able

to be widely promoted in actual evaluation [16]. In
practical applications, the fuzzy synthesis method often
used the membership function to calculate the mem-
bership degree of each index and forcibly incorporated
the fuzziness of the index into the category of precise
mathematics. )ese characteristics made it difficult to
deal with the randomness and uncertainty of indicators.
)e method in this article used the cloud model to
consider the ambiguity and randomness in the HSE

Table 11: )e results of Donghu Deep Tunnel Project’ five-element contact numbers.

Five-element contact numbers f1 f2 f3 f4 f5 Level

Donghu deep tunnel project 0.0000 0.1080 0.5009 0.3569 0.0342 Medium risk
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Figure 2: Cloud of comprehensive evaluation.

Table 9: Calculation results of the cloud similarity.

Standard cloud q Cloud 1 Cloud 2 Cloud 3 Cloud 4 Cloud 5
Cloud similarity δi 10 0.003 0.121 0.614 0.262 0.010
Cloud similarity δi 20 0.002 0.120 0.620 0.251 0.007
Cloud similarity δi 30 0.000 0.125 0.615 0.254 0.006

Table 10: Comprehensive grey relational degree.

Risk level Lower risk Low risk Medium risk High risk Higher risk
Grey relational degree 0.6667 0.5000 0.4000 0.3571 0.3333

Table 12: Evaluation results of the Donghu Deep Tunnel Project.

Risk level Lower risk Low risk Medium risk High risk Higher risk
Membership 0.000 0.1107 0.5931 0.2787 0.0175

Advances in Civil Engineering 9



evaluation work, and the cloud diagram of the model in
the article vividly and intuitively depicted these char-
acteristics of the evaluation [47]. )e calculation results
are displayed in two ways: similarity and cloud graph,
which is convenient for decision makers to use evaluation
information.

5. Conclusions

To accurately evaluate the HSE risk of MSTTPs and effectively
deal with their randomness and ambiguity, the SEWMand the
cloudmodel were employed. In this paper, for the first time, an
index system for MSTTPs at the construction stage was
constructed from three aspects of health, safety, and envi-
ronment via a literature review and expert interviews. Based
on the genetic reduction algorithm of rough set theory, this
paper retained the core evaluation index, effectively reduced
the workload of the evaluation process, and enhanced the
practicability of this method.)en, weights were calculated by
the SEWM with the advantages of strong explanatory power
and high accuracy of calculation results. To clarify the ran-
domness and ambiguity in the evaluation, the HSE risk level
was determined by the cloud similarity. )is model was ap-
plied to the Donghu Deep Tunnel Project in Wuhan, China,
and the results demonstrated that its HSE risk level was
medium, which was acceptable. )e index related to con-
struction safety had the largest weight. A humid environment,
improper power utilization, and sludge and mud pollution
were found to be the most influential risk indicators, which
should be key points in HSE risk management of MSTTPs.
)e risk level could be intuitively and qualitatively judged by
the figure evaluation cloud, providing a vivid and rapid
evaluation tool for the emergency decision-making of project
managers, and the risk level could be quantitatively judged by
the calculation of cloud similarity. )rough the comparison
with gray correlation degree, set pair analysis, and fuzzy
comprehensive evaluation method evaluation results, we
prove the scientificity and effectiveness of the proposedmodel.

)e construction process ofMSTTPs has obvious stages and
is highly dynamic, so the HSE risk factors and risk levels also
have obvious stages and are highly dynamic. )e accurate
description of these stages and dynamics will further improve
the application and promotion value of the research results
achieved in this paper. Due to the difficulty in obtaining en-
gineering data, qualitative indicators were used in this research.
)erefore, determining how to select and use quantitative in-
dicators to describe the HSE risk of MSTTPs will be explored in
future research.
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