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ABSTRACT

Flood construction risk control occurs throughout the entire civil engineering construction phase
and is an important issue that must be considered in engineering planning and design. However,
risk analysis requires the coordination of indicators that affect each other in many aspects such as
construction duration and potential losses, and there is a lack of corresponding multi-objective deci-
sion-making methods. The study takes the construction period of an earth and rock dam as an exam-
ple, and based on the construction of a mathematical model of flood risk during the construction
period of a civil engineering project, the flood risk is calculated through the Monte-Carlo simulation
method. The multi-objective decision making model was then constructed by using the improved
hierarchical analysis method of kernel entropy weighting to determine the weights of the decision
indicators and introducing the approximate ideal solution ranking method to complete the multi-ob-
jective decision making model of the diversion scheme during the construction period. The results
show that in the Receiver Operating Characteristic Curve area comparison, the proposed method
can reach 0.941. In the comprehensive F1 value change, the method gradually stabilises when the
time reaches 0.98s, and the F1 value is 98.45%. In the practical application of the reservoir construc-
tion project, the method has an inflow accuracy of 96.355% and a running time of 0.182s, indicat-
ing that it can effectively avoid risks and is more efficient, providing a new technical reference

for the safety of civil engineering flood construction.
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1. Introduction

With the continuous progress of China’s economy and
technology, the mechanisation level of civil engineering
construction and dam construction technology is getting
more and more sophisticated. High-tech high earth engi-
neering buildings and earth and rock dams are being built
across the country, which makes civil engineering rock
dams have a large development space in the future construc-
tion of water conservancy projects [1]. Earth and rock dams
are simple in structure, easy to Master’s in Construction
Technology and convenient in operation and management,
and are widely used in the construction of controlled water

conservancy projects. In earth and rock dams, due to the
material characteristics of concrete, the flood stage during
construction is usually achieved by retaining water in the
dam body and releasing it in a drainage structure. In con-
trast to earth and rock dams, the various parameters at this
stage do not meet the design requirements and are difficult
to resist flooding, which can lead to flooding and even dam
failure [2]. At the same time, statistics show that the number
one cause of dam failure is flooding, which occurs during
the construction phase with a probability of 18%. Under
these conditions, not only is the project itself irreparably
damaged, but the lives and property of people downstream
are also at serious risk. However, in the construction of civil
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engineering works, earth and rock dams are often over-
topped, so in the planning and design of construction works,
it is important to analyse the flood risk during the construc-
tion phase of civil engineering works, so that construction
plans can be made to reduce the risk of construction works
[3,4]. At the same time, flood risk during construction pro-
vides an important basis for risk control and has become
one of the indispensable indicators in the decision-making
process for inflow solutions. As a multi-objective complex
decision-making problem, the key to the diversion scheme
is to coordinate the conflicts between construction cost indi-
cators, risk indicators and schedule indicators. Under the
influence of the mutual constraints and incommensurabil-
ity of the decision indicators, subjective arbitrariness often
makes it difficult to maintain a high level of objectivity in
the decision-making process [5]. Therefore, in order to cope
with this problem, the study proposes to integrate multi-ob-
jective decision algorithms with uncertainty analysis to fur-
ther improve the accuracy and rationality of civil engineer-
ing risk analysis for the risk analysis of civil engineering
flood construction. The article consists of four main parts.
The first part is a review of the literature on multi-objective
decision making for civil engineering flood construction risk
analysis. The second part is divided into two sections, the
first one is on the analysis of civil engineering construction
risk during flooding period based on uncertainty analysis,
and the second one is on the multi-objective decision mak-
ing of the inflow solution using TOPSIS. The third section
analyses the performance testing and application effects
of the multi-objective decision model, and the fourth sec-
tion summarises the results of the proposed method for
multi-objective decision making.

2. Related works

Civil engineering requires both high accuracy and lon-
gevity in the construction of water projects, as well as the
ability to effectively reduce risk analysis during the construc-
tion process. To this end, a fuzzy representation of environ-
mental flows was proposed based on the use of fuzzy theory
and eco-hydraulic radii. The results show that following an
environmentally friendly operation strategy is beneficial
for protecting the environment and improving the overall
effectiveness of the reservoir [6]. Bao et al. [7] developed an
urban flooding model with uncertain flow in order to pre-
vent urban flooding problems. The experimental results
were highly consistent with the flood points of two histor-
ical rainstorms in the region. The model can better help to
solve the urban flooding problem and improve the solution.
He et al. [8] concluded that the stochastic events during the
construction process could lead to managers not being able
to accurately calculate the energy consumption, duration
and benefits of the project, so a multi-objective stochastic
optimisation algorithm was proposed to analyse the energy
consumption, duration and benefits of the construction pro-
cess. Experimental results show that the simulation accuracy
and the discrimination rate of the benefit values are better
than the original algorithm. Feng et al. [9] argue that with the
advancement of carbon neutrality research, there is a need
for an advanced hydropower energy system that can serve

multiple energy sources and through which the system can
effectively cope with multiple forms of energy fluctuations.
It is also hoped that the system will be able to flexibly reg-
ulate various renewable energy sources to improve power
system security and stability. Various valuable research
directions are proposed in this topic. Nematollahi et al.
[10] proposed an MCDM optimisation model for the opti-
mal design of a reservoir system under flood conditions in
order to fill in during floods, based on hybrid modelling of
a coupled MCDM and an optimisation model of the reser-
voir and its outlet. The experimental results show that the
proposed optimisation model can provide more reasonable
recommendations for the design of reservoir outlets.

At the same time, scholars have turned their attention
to a variety of approaches to water resources allocation,
with Wu et al. [11] proposing an integrated water allocation
model that combines social, economic and environmental
objectives. The model was used to calculate a water alloca-
tion scenario for a particular region, which was analysed
independently in terms of demand and supply, and was
found to be reasonable and conducive to the development
of the region. Mohanavelu et al. [12] compared six differ-
ent state-of-the-art modelling techniques for a reservoir in
order to find a better solution for the operation of the res-
ervoir. The results obtained by the different methods were
combined to derive a set of Pareto optimal solutions. After
the analysis and comparison, it was finally found that the
best operational solution could be derived using deter-
ministic dynamic programming techniques, followed by
sampling stochastic dynamic programming and model
predictive control. Raseman et al. [13] proposed a new
decision framework for optimising water treatment plant
operations in order to help water company managers make
better decisions. The framework is able to give more opti-
mal decision options based on the decision maker’s prefer-
ence for cost and risk and the specific situation of the water
resource. Experimental results show that the framework
is effective in helping water company decision makers to
make decisions. A multi-objective planning model is pre-
sented by Modibbo et al. [14]. Using Nigeria as an example,
the researchers used the model to analyse the socio-eco-
nomic, environmental and energy sectors in Nigeria. The
experimental results were shown to be mathematically
sound. At the same time, the researchers say the model
can be applied to other countries in different contexts. The
model can help governments to make sound development
strategies.

From the above research by domestic and international
scholars, it is clear that the construction of civil engineering
has now received the attention of a wide range of schol-
ars. Most of these scholars have used traditional methods
around hydropower construction, and few studies have
applied machine learning algorithms to civil engineering
construction to solve problems such as flood risk analy-
sis in the construction process. In view of this, the study
proposes a multi-objective decision-based approach to
civil engineering flood construction risk analysis, which is
expected to effectively improve the accuracy of risk anal-
ysis for civil engineering construction and maintain the
safety of water conservancy construction.
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3. Methodological design of multi-objective decision
making in civil engineering flood construction risk
analysis

China is very rich in hydro energy resources and numer-
ous water conservancy projects have been constructed in
order to make effective use of water resources. The risk
analysis and construction decision scheme in project con-
struction has not been the most effective solution, for this
reason the experiment proposes a multi-objective deci-
sion-based approach to civil engineering flood construction
risk analysis.

3.1. Flood risk analysis for civil engineering construction based on
uncertainty analysis

The hydraulic engineering sector has always been con-
cerned with the risk analysis of construction flooding in
the civil engineering construction process, which is directly
related to the safety of engineering construction and the
construction investment and duration of the main project,
and is also the basic premise for determining the construc-
tion diversion scheme. In civil engineering, the construction
of earth and rock dams, for example, can be divided into
three stages: initial, medium and late inflow [15,16]. As a
whole, flood risk is present throughout the entire construc-
tion phase of a civil engineering project. The framework of
the risk analysis system is shown in Fig. 1.

In order to avoid serious economic losses and casualties,
the probability of flooding is used as a measure of flood risk
during the construction phase of a civil engineering project.
The mathematical model of flood risk during the construc-
tion phase of the civil engineering works is based on the
assumption that the diversion phase of the civil engineer-
ing works spans over N flooding periods, and is based on
certain diversion criteria and the setting of diversion holes.

R =P(Z(t)>H,

R:l—ﬁ(l—R}.)

T,.S,)/T, j=12,N
M

Il
-

where R indicates the flood risk for the first j flood period
during the construction period of the civil engineering dam;

T, indicates the start of the main flood period, calculated
from the results of the stepwise diversion design flood;
Z(t) indicates the flood level of the upstream flood at the cur-
rent time under the design diversion standard; H, indicates
the flood control elevation of the water retaining structures
at the current time; S, indicates the design parameters for
the diversion cavern, which include the cavern width B and
the cavern height H; T indicates the experimentally designed
diversion standard; indicates the combined flood risk for
the construction period of the civil engineering dam. R indi-
cates the combined flood risk during construction of civil
engineering dams. The risk during construction flooding of
civil engineering dams is determined by the uncertainty of
the relationship between the upstream flood level and the
flood control elevation that can be achieved by the dam [17].
A simulation of the flooding environment is shown in Fig. 2.
The calculation of the main uncertainties affecting
flood risk in a flooded environment is shown in Eq. (2).

R=f(Qq.F(Z)t,) 2

where F(Z) indicates the relationship between the water
level and the reservoir area before the uncertainty is mainly
caused by the combination of sedimentation, slope col-
lapse in the reservoir area and the error existing in the field
survey. Q indicates the upstream incoming flood process;
g indicates the discharge capacity of the diversion and dis-
charge structure; ¢, indicates the actual work experience
time for the dam works to complete the planned filling
height. Considering the small probability of the above sce-
narios occurring during the construction of the dam and
the current survey technology, the study focuses on the
uncertainties of Q, g and ¢ . The corresponding calculations
are shown in Eq. (3).

A ;
q= o 2g(H, +il-nd)
n
\/1+Z‘3+ o @)

to=t, + ;t,z‘,

where A indicates the cross-sectional area of the diversion
tunnel; ZC indicates the sum of the local loss factors for
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Fig. 1. Framework of the risk analysis system.
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Fig. 2. Simulation of the flood water inlet environment.

the inlet, intermediate and outlet sections; n indicates the
roughness factor; [ indicates the tunnel length; R indicates the
tunnel hydraulic radius; H; indicates the water depth above
the tunnel inlet floor; i indicates the tunnel bottom slope;
1 indicates the head ratio at the outlet of the pressurised
flow; and d indicates the height of the tank. md indicates the
magnitude of the fluctuation in uncertainty caused by the
risk factor on the working calendar; d indicates the coeffi-
cient of variation, that is, the uncertainty in the occurrence
of the risk factor. There are a number of methods for calcu-
lating flood risk, the main ones being the recurrence period
method, the direct integration method, the mean first order
moment method and the Monte-Carlo simulation method
[18,19]. The flood risk during the construction period of a
civil engineering dam is calculated by taking into account the
process of upstream flooding, the discharge capacity of the
diversion structure and the uncertainty of the construction
schedule. The flood flow simulation is shown in Fig. 3.

The Monte-Carlo method was chosen to calculate the
flood risk during the construction period of a civil engi-
neering embankment, as traditional methods are more dif-
ficult to solve for the more complex multiple integrals in
construction engineering. The distribution of uncertainties
and related parameters are first entered, and then the min-
imum number of simulations to meet the accuracy require-
ments is determined N, calculated in Eq. (4).

N, - éf; (1_;] @

r

where U represents the allowable error in flood risk and T,
represents the experimentally designed inflow criterion.
The joint distribution of the flood peak Q and the flood vol-
ume W is then constructed as a two-dimensional function,
given the designed inflow criterion T%(g,w). The joint prob-
ability density function of f(gw)Q and W is transformed
into a single-valued continuous function of the flood peak
Q. Finally, the surface density function is constructed and a
certain confidence level is chosen to determine the boundary
points of the recurrence period contour. A random number

Measuring
weir

5 Sluice
oy -

4 —/Y)am body

Fig. 3. Simulation of flooding environment.

obeying a uniform distribution between [0,1] is obtained
by calculation r,. If u = r, is set, then the design value of the
flood flow is g = FQ‘l(u) and is checked to see if it satisfies
gy < q < q.. If it does, the recurrence period contour can be
used to determine the value of v. The corresponding typi-
cal flood process is then scaled up using the variable ratio
method, as calculated in Eq. (5).

0= exp {—111[1 - T1u]9 - (—lnu)eTe 5
Q(1)=(Qu (1) = Qo) < (@ / T =) (Wy / T~ Q) +4

where Q(t) and Q,(t) represent the flow rate at the time of
the incoming flood at t for the simulated and measured
floods, respectively; Q. represents the peak flow rate of
the measured typical flood; W, represents the flood volume
at the time of the measured typical flood at T. The calcu-
lation gives a random number that satisfies a uniform dis-
tribution between the interval [0,1] r,. The capacity of the
diversion structure under the influence of underwater uncer-
tainties is simulated according to a triangular distribution.
The simulation process to obtain the flood control eleva-
tion based on the Monte—Carlo method is shown in Fig. 4.
Based on the continuous calculations in Fig. 4 and after
several sampling and simulation calculations, the number
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Fig. 4. Flowchart of the method-based flood elevation simulation for civil engineering.

of times for Z(f) > H, was counted and recorded as M. The
flood risk for the civil engineering construction in the j cal-
culation cycle is calculated and based on this the flood
risk for the different inflow stages k and the entire con-
struction period is calculated, Eq. (6).

szl—ﬁ(l—Rj) (6)

where x,y is the first and last calculation period of the
inflow phase, respectively, and kT is the calculation period
of the entire construction period of the civil engineering
construction.

3.2. Multi-objective decision making for construction diversion
schemes based on TOPSIS method

After an effective analysis of the risks of civil engineer-
ing construction, the study then goes on to analyse the con-
struction infusion in engineering construction. Different
civil engineering constructions have different characteristics,
so choosing an effective construction infusion solution is a
more complex decision problem [20]. The risk analysis and
construction period optimisation process is shown in Fig. 5.

The conflicting relationships between different indi-
cators in the decision-making process for the construction
inflow solution necessitates an effective multi-objective

decision making process for the construction inflow solu-
tion. The study selects the deterministic investment in the
inflow building, the risk of failure of the inflow system and
the average construction intensity of the inflow building to
make an effective decision on the inflow solution in civil
engineering construction. The deterministic investment in
the inflow structure is directly related to the size of the inflow
structure. The calculation is expressed in Eq. (7).

C=CytCp+Cp+Cy (7)

where C, represents the total deterministic investment in
the diversion structure; C,, represents the investment in the
diversion and drainage structure; C,, represents the invest-
ment in the construction of the upstream weir; C,, represents
the investment in the construction of the downstream weir;
C,, represents the cost of excavation and pumping of the
foundation pit. In general, civil engineering works will be
constructed with appropriate emergency plans for flood
prevention and rescue to ensure maximum protection of
people’s lives and safety downstream. The study does not
count the losses and risks downstream after the dam col-
lapse, but only the losses caused in the cofferdam pit. The
risk loss calculation for the failure of the diversion system
obtained is shown in Eq. (8).

C = ﬁ(cﬂ +C,,+C,+C,+C )R (1+ i) 8)

n=1

where C, represents the total risk loss if the diversion sys-
tem fails; C, represents the cost of repairing the upstream
and downstream weir failure after the breach; C , represents
the cost of repairing the dam failure; C, represents the cost
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Fig. 5. Risk analysis and construction period optimisation process.

of re-pumping the pit; C, represents the cost of dredging
the pit; C . represents the loss of machinery and equipment
not evacuated from the pit in time; k represents the service
life of the weir; i represents the investment of converting
the risk loss to the project. The probability calculation gives
the discount rate for the base year. The average construc-
tion strength of the cofferdam is calculated in Eq. (9).

©)

where D, represents the average construction intensity of
the cofferdam; V, represents the amount of work to be done
to fill the cofferdam; T, represents the duration of time to
fill the cofferdam. In the multi-objective decision problem,
there are many different types and numbers of decision
indicators, and different indicators have different degrees of
influence on the decision results. After comparing different
assignment methods, the experiments choose the improved
hierarchical analysis method, the improved entropy method
and the combined assignment to calculate the weights of
the subjective and objective decision indicators, and deter-
mine the weights of different indicators in the inflow scheme
by multiplying the combined assignment. The expression
of the calculation of the subjective and objective factors is
shown in Eq. (10).

nl_[ai/_
O — j=L12,--,n
nHai/_
j=1
" (10)
Hk+1—2H].
o, =—*k1
To n n
[ Hk+1—2H}}
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where ®, and o, denote the subjective and objective
weights of all indicators, respectively. n denotes the root of
the n square. H, and H], denote the entropy values of the k
and j decision indicators, respectively. The combination of
the subjective and objective weights is then used to obtain
the new weights @, and the resulting multi-objective deci-
sions are used as the final weights. The specific calculation
is shown in Eq. (11).

0 1-0

(Dj (1)/.

®. = s Lo
]

- (11)
o’ o™
Is 1o
)

where O represents the preference index of subjective
and objective weights, which takes values in the range
of 0 < 0 < 1; the smaller the value of 0, the more objective
entropy weights the final weights are, and the larger the
value of 0, the more subjective weights the final weights
are. The TOPSIS method is simpler to operate and provides
a clearer representation of the gap between different deci-
sion options. In view of this, the TOPSIS method was used
to make a multi-objective decision on the construction diver-
sion scheme in civil engineering construction. The selection
of the construction and investment of the diversion project,
the loss of risk of failure of the diversion system and the
average construction strength of the cofferdam are first car-
ried out. An indicator matrix Y = (y,),, was created using
the m diversion options from the alternatives [Eq. (12)].

yll ylZ y13
yZl yZZ y23

Y= (yl_]_)m3 - T (12)
yml ]/mz ymS
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where Y, (i=1,2 L m j=1, 2, 3) represents the value of
the j indicator for the i scenario. The decision indicators for
the inflow scenarios are then standardised and the indica-
tor matrix Y = (y,),,, is transformed into a new dimension-
less quantitative indicator matrix R = (r,), .. The weighting
of the decision indicators for the different inflow options
is then determined using a combination of weights . The
weighted Euclidean distances to the positive and nega-
tive ideal solutions d*, d-, and the closeness of the alter-
natives to the ideal solution u, are also calculated for
each alternative. The expression is given in Eq. (13):

(13)

-
I
&,
c\,\,

The different alternatives are prioritised by the mag-
nitude of the closeness obtained. The closeness indicates
how close the different alternatives are to the positive ideal
solution, and the larger the value obtained, the better the
solution is. A schematic representation of the overall opera-

ant colony algorithm (ACO) with the same experimental
experience to compare the performance with the research
method and experimental method in the literature [21].
Also, to ensure fairness and reasonableness in conducting
the experiments, the experiments were set to 150 iterations
for all algorithms. The ASCE dataset and the B-item data-
set from the Guotaian dataset repository were then selected
as the experimental dataset to test the performance of the
model, where the convergence variation of the different
algorithms is shown in Fig. 7.

Fig. 7a shows the variation of the fitness values on the
ASCE dataset. As the number of training iterations increases,
the fitness values of both ACO and literature [21] methods
begin to zigzag, but never have a stable value; when the
iteration proceeds to 90, PSO-SVM has a smooth fitness
value of 93.68; while the research method has a maximum
fitness value of 97.89 at the 58th iteration and stays more
stable thereafter. This indicates that the convergence of the
research method is more stable. Fig. 7b shows a test of the
fitness values on the Project B dataset, where the number
of iterations of the system increases the fitness values of the

Table 1

Experimental basic environmental parameters

Parameter variables Parameter selection

tion steps of the experiment is finally obtained in Fig. 6. Overall implementation Simulink
platform of the system
4. Performance testing and application effects of Operating system Windows 10
multi-objective decision models Operating environment MATLAB
In order to verify the effectiveness of the multi-objective System PC side memory 12G
decision system constructed by the study in a civil engineer- CPU dominant frequency 2.62Hz
ing flood construction risk analysis system, the study first GPU RTX-2070
tested the performance of the constructed system. The basic Central processing unit i7-8700
environment setjup for the experlmgnts is shown in Ta.ble 1. Data storage MySQL data bank
The study firstly selected particle swarm modified least . .
. . Data regression analysis platform SPSS 26.0
squares support vector machine algorithm (PSO-SVM) and
Multi-objective decision-
making
Constuction Analys1s.of | ; Rls'k analysis of'c1v11 ; Monte Carlo
. uncertain »| engineering construction during [ . .
scheduling simulation
factors flood season
4
Decision indicat Multi-objective decision-making
casion MAICALOT | | for construction diversion —>| TOPSIS method
analysis
schemes
| Deterministic investment in |
diversion structures Improved Subjective
K ) ) ) AHP+improv and objective
| Risk loss of diversion system failure ed entropy o
_ weight preference
| Average construction strength of method s
cofferdam

Fig. 6. Schematic representation of the overall running steps of the experiment.
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Fig. 7. Comparison of convergence variation of different algorithms.

four algorithms. The research method has the highest fit-
ness value at 46 iterations and converges to 99.99%, while
all other algorithms reach a stable fitness value after 90 iter-
ations and are smaller than the research method. In compar-
ison, the research method has the best fithess and achieves
a stable convergence rate more quickly. The ASCE dataset
was then used as the main experimental dataset to extend
the experiments. the changes in the Receiver Operating
Characteristic Curve (ROC) curves are shown in Fig. 8.

The area enclosed by the curves formed by the different
method trends and the FP rate in Fig. 8 is the area under
the ROC curve. The AUC values for the research method,
PSO-SVM, ACO and the literature [21] were calculated to
be 0.941, 0.923, 0.889 and 0.864, respectively, and the com-
parison shows that the research method has the largest area
value, followed by the method in the literature [21]. This
indicates that the research method performs significantly
better than the other three methods and is able to pro-
vide a good analysis of the risks of civil engineering flood
construction. In addition to this, the variation in the com-
bined F1 values of the four methods for the risk analysis
of data related to civil engineering construction in the two
datasets is shown in Fig. 9.

As can be seen in Fig. 9, the F1 values of all the mod-
els start to rise sharply as the running time of the system
increases. However, when the rise reaches a certain level,
the change in F1 values starts to become smaller and tends
to a steady state indefinitely. When the time reached 0.98 s,
the study method gradually stabilised with an F1 value of
98.45%. While the other three methods all started to stabi-
lise after 1.00 s. The F1 values of the research method are
0.56%, 1.20% and 0.99% higher than those of the literature
[21], ACO and PSO-SVM models, respectively. The com-
parison shows that the research method has the highest F1
value and the model has the best accuracy performance. The
squared correlation coefficients and mean squared errors
of the research methods in the different data sets were
then analysed and are shown in Fig. 10.

From Fig. 10a, the value of the squared correlation
coefficient for the study method in the ASCE dataset is
0.9256 and the value of the mean squared error is 0.00534.
The magnitude of the two values indicates that the study
method has a high accuracy in the ASCE dataset. As can be

Fitness
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Fig. 8. Comparison of ROC curves of different algorithms.
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Fig. 9. The F1 values for the different models.
seen from Fig. 10b, the squared correlation coefficient and

mean squared error of the research method in the Project B
dataset are 0.8827 and 0.01283, respectively. as the squared
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Fig. 11. Accuracy of risk analysis by different methods vs.
system running time.

relative coefficient values are both greater than 0.90, this
indicates a strong generalisation capability of the research
method. Finally, using a reservoir construction project as
an application example, the multi-objective decision model
constructed by the study and the research method in the
literature [21] were used to test the application of construc-
tion inflow during the civil engineering construction flood
period, and then to verify the feasibility and reasonableness
of the model in the actual engineering construction. Three
sets of experiments were carried out with test time and
test accuracy as variables. The specific results obtained are
shown in Fig. 11.

As can be seen in Fig. 11, in group A experiments, the
inflow accuracy of the study method in the literature [21]
was 88.256% with a run time of 0.489 s. In group B exper-
iments, the inflow accuracy of the study method in the
literature [21] was 92.584% with a run time of 0.523 s. The
inflow accuracy of the study in group C, the inflow accu-
racy of the method in the literature [21] was 91.773% with a
running time of 0.715 s. The inflow accuracy of the method
in the literature [21] was 99.869% with a running time of
0.211 s. Comparing the data from the three experimen-
tal groups, it can be found that the inflow accuracy of the
research method in groups A and C was the best infusion
results were achieved in groups A and C, with an accu-
racy of over 96%. The small variation in the run time of the
research method in the three sets of experiments indicates

that the research method is able to develop a reasonable
construction diversion plan for the actual construction
of the project during the flood season, while reducing the
analysis time and effectively avoiding risks.

5. Conclusion

The construction period is a high risk period for dam
failure and plays an important role in the control of civil
engineering risks. A mathematical model of flood risk was
constructed using the probability of dam failure as an indi-
cator of the degree of flood risk during the construction
phase of a civil engineering project. This model was used
as a basis for making effective decisions on the construc-
tion of diversion schemes in civil engineering construc-
tion by selecting the deterministic investment in diver-
sion buildings, the risk of failure of the diversion system
and the average construction intensity of the diversion
buildings, and using TOPSIS to achieve multi-objective
decision-making. The results show that the PSO-SVM has
a smooth adaptation value of 93.68 at 90 iterations in the
Project B dataset, while the research method has a max-
imum adaptation value of 97.89 at the 58th iteration and
remains relatively stable thereafter. This indicates that the
convergence of the research method is more stable. The
area under the ROC curve is 0.941, 0.923 and 0.889 for the
research method, PSO-SVM and ACO, respectively, indicat-
ing that the research method has the largest area value and
can provide a good analysis of the risk of civil engineering
flood construction. Also, in the ASCE dataset, the value of
the study squared correlation coefficient is 0.9256 and the
value of the mean squared error is 0.00534, which has a
high accuracy. In the comparison of the three sets of exper-
imental data, the study method has the best inflow effect
with an accuracy of over 96% in all cases, proving the effec-
tiveness of the method in flood risk planning. However,
the decision indicators selected for the study are all easily
quantifiable in practical engineering and may have certain
deviations. It is necessary to consider the decision methods
under different types of diversion buildings in the future
in order to obtain a solution that better meets the needs of
practical engineering.
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