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The safety risk events that may occur during the cast-in-situ process of a concrete box girder of an interchange
bridge with high piers in mountainous areas are briefly listed. Based on the background of an interchange project in
Yunnan province, China, the relative importance weights of selected safety risk events are calculated by an analytic
hierarchy process, and the uncertainty and fuzziness of the analytic hierarchy process are solved using the cloud
theory to improve the accuracy of the analytic hierarchy process; then the improved likelihood–exposure–criticality
method is used to evaluate the risk level of safety risk events. It is verified that the use of back-propagation-neural
network theory can realize the risk prediction of engineering projects based on human factors and environmental
factors. At the same time, real-time risk prediction based on dimension and space dimension is necessary, and it also
provides a new idea for security risk assessment.

Notation
aij ratio of importance of matrix elements
Bi target elements
D hazard and the risk grade of the construction

operation
E social impact caused by the accident
En entropy
Ex expectation
He hyper-entropy
K possibility of safety accident
L relative importance weight of each risk calculated by

the analytic hierarchy process
M direct economic loss caused by accident
n matrix order
P casualties caused by the accident
T time loss caused by the accident
WA weight vector from formula in table
Wi,j connection weight between the input layer and the

hidden layer
Wj,i connection weight between the hidden layer and the

output layer
λmax maximum characteristic root
μi degree of certainty

1. Introduction
According to the existing data, there have been safety accidents
in the past related to the bridge construction process.

Minor safety accidents do not affect the progress of construc-
tion, do not cause casualties and do not cause economic
losses, while major safety accidents produce heavy casualties
and economic losses, as well as adverse social impact. The
construction process of high-pier bridges in mountainous
areas faces more complicated construction environments,
more stringent construction techniques and more potential
safety hazards than in inland regions (Lu et al., 2014).
In order to avoid the occurrence of safety accidents during the
construction of high-pier bridges in mountainous areas, it is
necessary to carry out a safety risk assessment. An analysis
of 47 safety incidents relating to bridge construction found
that 13 bracket failure incidents occurred, accounting for
27.6%; seven accidents involving a fall from high altitude
occurred, accounting for 14.9%; and nine mechanical injury
accidents occurred, accounting for 19.1%; there were 13
accidents involving bridge collapse (most of which occurred
during the construction of arch bridges, and fewer beam
bridges), accounting for 27.6%; four accidents of mouldboard
destruction occurred, accounting for 8.5%; and one other
safety accident occurred, accounting for 2.1%. From these
data, it is known that the higher accident occurrence rates
during the bridge construction stage are bracket failure safety
accidents and bridge collapse safety accidents, followed by
mechanical injury accidents, high-altitude fall accidents,
mouldboard destruction accidents and then other safety
accidents.
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How to quickly, efficiently and accurately carry out safety risk
assessments is the focus of the current paper. Two different
assessment systems are adopted for the safety risk assessment
of cast-in-situ concrete box girders of interchange with high
piers in mountainous areas. Method 1 combines multiple
methods of evaluation to improve the accuracy of the assess-
ment results, and is applied to engineering examples. Method
2 proposes a time-sensitive security risk assessment method for
real-time observation of project risks.

2. Safety risk assessment method
There are many methods of security risk assessment, the most
common are sensitivity analysis, the analytic hierarchy process
(AHP), expert scoring method, fuzzy comprehensive evalu-
ation method, Monte Carlo method and fault tree analysis
(Deng et al., 2012; He et al., 2016; Liu et al., 2017; Nariman,
2017; Tong and Yang, 2017; Yazdi et al., 2017). Each of these
security risk assessment methods has its own unique advan-
tages and disadvantages, and they can be combined to make
the various methods complementary to each other, giving full
scope to the advantages of each, and thereby improving the
accuracy and effectiveness of safety risk assessment. The AHP,
cloud theory, improved likelihood–exposure–criticality (LEC)
method and back-propagation (BP)-neural network method
will all be briefly introduced in this section, and a theoretical
preparation will be made for combining these methods to
make a safety risk assessment of a cast-in-situ concrete box
girder of interchange with high piers in mountainous areas.

2.1 Analytic hierarchy process
In the early 1970s, American operations researcher, Saaty,
proposed the AHP. This method breaks down the elements
related to the research item into the levels of goals, criteria
and schemes by establishing a structural hierarchy model,
followed by qualitative and quantitative analysis (Raka and
Liangrokapart, 2017; Zayed et al., 2007). In the process of
organising the goals at each level, the target elements (Bi) in
each level should not be too numerous, as an excessive number
of elements will make the comparison between the elements
complicated. Therefore, the risk hierarchy judgement matrix
generally does not exceed the ninth order. The specific
calculation process is shown in Table 1.

WA ¼ w1;w2;w3ð ÞT, where WA is the weight vector from the
formula in Table 1; aij is the ratio of importance of the matrix
elements. The assignment of aij will directly affect the final
calculation result, and its assignment is shown in Table 2. If
the ratio of importance of element i to element j is aij, then the
ratio of importance of element j to element i is 1/aij.

The consistency check can be expressed as

1a: λmax ¼
Xn
i

ðA �WAÞi
nvWAi

1b: CR ¼ λmax � n
RIðn� 1Þ

where λmax is the maximum characteristic root; n is the matrix
order; CR is the decision value of consistency check; RI is the
consistency index value. The value of RI is related to the
matrix order n. As the order increases, the value of RI
becomes larger, as shown in Table 3.

Table 1. AHP calculation process

A–B judgement matrix
Product of elements
in each row

Nth root of the product of
elements in each row Normalisation

A B1 B2 B3 Mi ¼
Qn

j¼1 aij mi ¼
ffiffiffiffiffiffi
Mi

n
p

Wi ¼ mi=
Pn

j¼1 mi

B1 a11 a12 a13 M1 m1 w1

B2 a21 a22 a23 M2 m2 w2

B3 a31 a32 a33 M3 m3 w3

Table 2. Denotation of matrix element (aij) assignment

Denotation Assignment

Two elements are equally important 1
The former is slightly more important than the
latter

3

The former is more important than the latter 5
The former is significantly more important than the
latter

7

The former is extremely more important than the
latter

9

Intermediate value of the above adjacent
judgements

2, 4, 6, 8

Table 3. Assignment of RI

n RI n RI n RI

1 0 5 1.12 9 1.46
2 0 6 1.24 10 1.49
3 0.52 7 1.36 11 1.51
4 0.89 8 1.41 12 1.54
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When CR is less than 0.1, the judgement matrix conforms to
the consistency test, and the calculation results can be used
directly. If CR is not less than 0.1, the matrix elements should
be reassigned.

2.2 Cloud theory model
In order to solve the defects of probability theory and fuzzy
mathematical theory in the process of dealing with uncertainty
problems, Professor Li Deyi proposed the concept of a cloud
model (Li and Meng, 1995). The basis of cloud model theory
is actually the mutual conversion between qualitative concepts
and values with fuzziness and randomness, and the qualitative
evaluation of natural language from the mathematical point of
view. The commonly used digital features are expectation (Ex),
entropy (En), and hyper-entropy (He). The cloud generator
is divided into two types: forward cloud generator and
backward cloud generator. The forward cloud generator is
from qualitative concept to quantitative representation and the

reverse cloud generator is from quantitative value to qualitative
concept (Li et al., 2009; Liu and Zhang, 2018).

2.2.1 Forward cloud generator algorithm
The digital features Ex, En, He, representing the qualitative
concept of indicator importance and the number of cloud
drops N generated, are input. Each cloud drop xi and the
corresponding membership are output. The specific algorithm
steps are as follows.

(a) Generate a normal random number xi with En as the
expectation and He as the variance.

(b) Generate a normal random number xi with Ex as the
expectation and En as the variance.

(c) Calculate the degree of membership (the degree of
certainty), μi ¼ exp½�ðxi � ExÞ2=2ðEnÞ2�.

(d ) Repeat the above steps until sufficient cloud droplets are
generated.

Table 4. Values for each letter

Point value 10 8 6 3 1

P Casualties Deaths≥ 30 or
serious
injuries≥ 100

10≤deaths < 30 or
50≤ serious
injuries < 100

3≤ deaths < 10
or 10≤ serious
injuries < 50

1≤ deaths < 3
or 3≤ serious
injuries < 10

No deaths
or minor
injuries

M Economic loss:
1160 GBP

>1000 1000≤ loss < 500 500≤ loss < 100 100≤ loss < 50 <50

T Loss of time:
days

>60 30≤ loss < 60 10≤ loss < 30 2≤ loss < 10 <2

E Extent of
impact

Above the provincial
level

Provincial level Municipal level District level Partial level

Point value >4.2 0.096–4.2 0.042–0.096 0.042

D Risk rating Extremely high High Moderate Low
Countermeasure Unacceptable Strict control Rational control Acceptable

Input layer Hidden layer Output layer

X1

X2

X3

N0, 1

N1, 1

N1, 2

N2, 1

N2, 2

Z1

Z2

Wi, j Wj, i

N0, 2

N0, 3

Figure 1. Flowchart of BP neural network
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2.2.2 Backward cloud generator algorithm
Backward cloud generator refers to finding Ex, En, He from
given cloud drops. Quantitative values of N cloud drops and
the degree of certainty (xi, yi) of each cloud drop concept are
input. Digital features Ex, En, He represented by N cloud
drops are output. The specific algorithm steps are as follows.

(a) The sample mean x̄ and the sample variance
(S2 ¼ 1=ðN � 1Þ½ �PN

i¼1ðxi � x̄Þ2) of N cloud drops are
calculated from xi.

(b) The expectation Ex= x̄ is found.
(c) The entropy En ¼

ffiffiffiffiffiffiffiffi
π=2

p � 1=N
PN

i¼1 xi � x̄j j is calculated.
(d ) The hyper-entropy He ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
S2 � E2

n

p
is calculated.

(a)

(c)

(b)

Figure 2. Some photographs of the construction
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2.3 Improved LEC method
The traditional LEC method is mainly used to judge the
casualties, because the single evaluation standard cannot
accurately and objectively reflect the actual situation of the
project safety risk source (Liu and Sun, 2015; Tang et al.,
2015). So the improved model is as follows:

D ¼ L� ðPþM þ T þ EÞ � K

where D is the hazard and the risk grade of the construction
operation; L is the relative importance weight of each risk
calculated by the AHP; P is the casualties caused by the
accident; M is the direct economic loss caused by the accident;
T is the loss of time caused by the accident; E is the social
impact caused by the accident; K is the possibility of the safety
accident. The specific values are shown in Table 4.

2.4 BP neural network theory
The neural network mainly contains the input layer, the
hidden layer and the output layer. The number of neurons in
these three layers, however, is not exactly the same, and must
be determined according to actual conditions (Chen, 2016;
Yin et al., 2011). As shown in Figure 1, where Wi,j is the
connection weight between the input layer and the hidden
layer; Wj,i is the connection weight between the hidden layer
and the output layer.

The learning process of BP-neural network (Fan, 2011; Ji and
Cai, 2016) is divided into two stages – namely, the forward
propagation of input information and the backward propa-
gation of error information. When the output result does not
match the actual result, the error is back-propagated; the
weight of the network is adjusted by error feedback and the
actual output of the network is closer to the expected output
through the continuous correction of the weight. The error-
forward propagation and the error-backward propagation are
repeated until the error is zero or convergence occurs.

In this paper, the relative importance weights of the security
risk events are calculated by the AHP, and the uncertainty and
fuzziness of the AHP are solved using the cloud theory to
improve the accuracy of the AHP; then the improved LEC
method is used to evaluate the risk level of safety risk events.
At the same time, BP-neural network theory is used to analyse
the risk prediction and evaluation system based on human
factors and environmental factors to verify its feasibility and
effectiveness.

2.5 Application to an engineering example
An interchange project forms the background of this paper,
and a safety risk assessment of the in situ casting process of its
high-pier interchange box girder is conducted. The interchange

project has a total of 31 links (eight links on the main line and
23 links on the ramp bridge), and 101 spans are cast in situ
at the construction site; the sections of all of the bridge are
ordinary concrete cast-in-place box girders, and some of the
piers are 60 m high. Some photographs of the construction
are shown in Figure 2.

During the cast-in-situ construction process of a high-pier inter-
change concrete box girder in a mountainous area, safety acci-
dents with a high incidence include bracket safety accidents,
falls from high altitude, construction equipment accidents,
bridge collapse accidents, as well as other safety-related acci-
dents. The list of possible safety accidents for the cast-in-situ
process selected in this paper is shown in Figure 3.

2.6 Risk estimation
In this section the AHP is mainly used to obtain the relative
importance weight value of safety accidents that may occur
during the cast-in-situ construction process. First, the nine
elements B1–B9 in the criterion layer of Figure 3 are passed
to six people with relevant experience to judge the relative
importance of two adjacent risk events, and each expert’s
judgement matrix regarding the relative importance of each
risk event is obtained. Then the relative importance weight
value of each risk event according to each expert’s judgement
is calculated using the AHP. Finally, the consistency of evalu-
ation of the various risk events by the experts is verified by
way of the cloud theory model, and the relative importance
weight value will thereby be obtained for the nine types
of safety risk events that may occur in the cast-in-situ

Ta
rg

et

Bracket failure (B1)

Bridge collapse (B2)

Construction equipment (B3)

High-altitude fall (B4)

Mouldboard destruction (B5)

Physical factor (B6)

Chemical factor (B7)

Natural disaster (B8)

Other factors (B9)

Figure 3. Target-based safety accident selection results
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process of a high-pier interchange concrete box girder in this
mountainous area.

Taking the assessment of expert number 1 as an example, the
judgment matrix on the relative importance of each risk event
is shown in Table 5.

Calculation by the aforementioned theoretical formulas gives

WA ¼ 0:294 0:051 0:178 0:141 0:078 0:102 0:062 0:027 0:066½ �T

CR ¼ λmax � n
ðn� 1Þ �RI

¼ 9:779� 9
8� 1:46

¼ 0:067 , 0:100

Therefore, the judgement matrix of the expert number 1 meets
the requirements of consistency. So, matrix WA can be used as
the relative importance weight value of each risk event.

Similarly, the relative importance weight values of the remain-
ing experts to each risk event can be calculated, as shown in
Table 6.

The risk event B8 is taken as an example in this paper, and the
consistency of multiple experts’ judgements on this risk event

is verified by using the cloud theory model. The initial inspec-
tion cloud diagram is shown later in Figure 5, where the
abscissa is the relative importance weight value of B8 and the
ordinate is the degree of certainty (μi). As can be seen from
Figure 4, in the probability cloud diagram of this risk event
B8, the cloud droplets are less discrete, so it can be concluded
that the evaluation of the relative importance of this risk event
by six experts meets the consistency requirements.

The cloud theory model finally obtains the relative importance
weight values, W=Ex= [0.269 0.047 0.150 0.156 0.107 0.097

1.0

0.8

0.6

0.4

0.2

0 0.1 0.2

Relative importance weight value

0.3 0.4 0.5

Va
lu

e 
of

 µ
i

Figure 4. Probabilistic cloud diagram of the eighth risk event

λmax ¼
Xn
i

A �WAi

n �WAi
¼ 1

9
2:858
0:294

þ 0:523
0:051

þ 1:707
0:178

þ 1:390
0:141

þ 0:749
0:078

þ 1:005
0:102

þ 0:619
0:062

þ 0:253
0:027

þ 0:655
0:066

� �
¼ 9:779

Table 6. Relative importance weight values of the six experts for each risk event

No. of experts B1 B2 B3 B4 B5 B6 B7 B8 B9

1 0.294 0.051 0.178 0.141 0.078 0.102 0.062 0.027 0.066
2 0.278 0.045 0.135 0.145 0.124 0.110 0.056 0.024 0.083
3 0.249 0.042 0.178 0.166 0.103 0.091 0.056 0.025 0.090
4 0.281 0.056 0.127 0.143 0.135 0.084 0.055 0.026 0.094
5 0.240 0.040 0.135 0.186 0.092 0.109 0.058 0.023 0.118
6 0.270 0.048 0.146 0.155 0.109 0.084 0.057 0.025 0.106

Table 5. Judgement matrix of expert number 1 on the relative importance of each risk event

Expert no. 1 B1 B2 B3 B4 B5 B6 B7 B8 B9

B1 1 4 3 4 4 3 3 7 4
B2 1/4 1 1/3 1/3 1/2 1/4 2 3 1/3
B3 1/3 3 1 2 3 3 3 5 2
B4 1/4 3 1/2 1 3 3 2 5 2
B5 1/4 2 1/3 1/3 1 1/2 2 3 2
B6 1/3 4 1/3 1/3 2 1 2 3 2
B7 1/3 1/2 1/3 1/2 1/2 1/2 1 3 2
B8 1/7 1/3 1/5 1/5 1/3 1/3 1/3 1 1/3
B9 1/4 3 1/2 1/2 1/2 1/2 1/2 3 1
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0.057 0.025 0.092], which may occur during the cast-in-situ
process of a high-pier interchange concrete box girder in the
mountainous area. The order of numerical values are: bracket
failure (B1), high-altitude fall (B4), construction equipment
(B3), mouldboard destruction (B5), physical factor (B6), other
factors (B9), chemical factor (B7), bridge collapse (B2) and
natural disaster (B8).

2.7 Risk assessment
The improved LEC method is used to evaluate each security
risk event, and the resulting risk level assessment is shown in
Table 7.

To verify the consistency of the six experts’ assessments of each
risk event, the cloud theory model is also used for consistency
checking, and the first risk event (B1) is taken as an example.
The initial inspection cloud diagram is shown in Figure 5,
where the abscissa is the point value of risk level of B1 (D)
and the ordinate is the degree of certainty (μi). At the same
time, it can be seen that the degree of separation of cloud
droplets is large, which indicates that the opinions of the
experts are inconsistent.

Therefore, this risk event must be re-assigned and evaluated.
The second consistency check cloud after reassignment and

evaluation is shown in Figure 6. It can be seen that the
cloud diagram has a low degree of cloud droplet dispersion,
which indicates that the expert judgement results are consistent.

In the same way, the risk value of each security risk event is
finally obtained: D′= [0.197, 0.048, 0.052, 0.065, 0.076, 0.035,
0.044, 0.028, 0.037], and the corresponding risk levels are
[high, moderate, moderate, moderate, moderate, low, moderate,
low, low]. It can be seen that the failure accident of the bracket
belongs to the high risk level, so it is necessary to carry out a
special risk assessment and formulate risk reduction measures.

3. Risk assessment prospects
If the safety risk event is comprehensively considered using the
traditional four aspects of personnel, materials, machinery and
equipment, and the environment, there is a certain degree of
difficulty in risk prediction. If only human factors and environ-
mental factors are considered (Tian et al., 2015; Zhou et al.,
2008), then the risk prediction can be realised with high accuracy.

3.1 Assessment theory based on human and
environmental factors

The risk assessment theory of human factors is mainly based
on the unqualified rate of human factors. Human factors are

1.0

0.8

0.6

0.4

0.2

Va
lu

e 
of

 µ
i

0 0.05

Value of D

0.10 0.15 0.250.20 0.30

Figure 6. Second consistency check of risk assessment for risk
event (B1)

1.0

0.8

0.6

0.4

0.2

Va
lu

e 
of

 µ
i

0 0.1

Value of D

0.2 0.3 0.4 0.5

Figure 5. Initial consistency check of risk assessment for risk
event (B1)

Table 7. Level assessment of each risk event by six experts

Expert no. 1 Expert no. 2 Expert no. 3 Expert no. 4 Expert no. 5 Expert no. 6

D1 0.207 0.235 0.211 0.198 0.169 0.190
D2 0.062 0.044 0.041 0.068 0.034 0.041
D3 0.050 0.038 0.067 0.048 0.038 0.069
D4 0.066 0.068 0.062 0.067 0.077 0.044
D5 0.055 0.087 0.087 0.095 0.052 0.077
D6 0.029 0.034 0.038 0.039 0.032 0.039
D7 0.061 0.039 0.039 0.047 0.041 0.040
D8 0.033 0.029 0.028 0.032 0.019 0.025
D9 0.025 0.039 0.038 0.027 0.052 0.040
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divided into five components: physical, psychological, quality,
education and technology, which are expressed by A, B, C,
D and E, respectively. In addition, the influence of the
environmental factor is expressed by H, as shown in Table 8.

The principle of calculating the failure rate is to conduct a
survey by questionnaire (various forms of questionnaires) or
skill assessments of human factors (physical, psychological,
quality, educational and technical factors) for all construction
personnel on the project, and then count the number of
unqualified human factors. The failure rate can be calculated
by the following formula:

k ¼ n
m
; ðn and m are integers; and n � mÞ

where n is the number of unqualified persons; and m is the
total number of construction personnel.

The principle of the degree of impact of environmental factors
is to invite a number of experts to conduct field inspections on
the living environment, the working environment and the
natural environment of the project, and score them according
to the environmental impact degree table. Then the value of
the environmental impact degree is comprehensively obtained.
The specific risk prediction process is shown in Figure 7.

3.2 Risk prediction based on Matlab-BP neural
network theory

Two sets of 30 groups of data (see Table 9) are taken randomly
in this section, including the human factors failure rate, the
impact rate of environmental factors on the project and the
risk prediction level. Matlab software is adopted to train

the input sample data and obtain the internal rules of the
data, which is used in the risk prediction. The first 25 groups
of data in each set are used as BP-neural network training
samples. The six types of influencing factors are input, the
corresponding risk level is output, the maximum number of
learning iterations is 20 000 and the learning rate is 0.01. So
the remaining five groups of data are predicted samples and
compared with actual values.

The graph predicted by the Matlab-BP neural network theory
is shown in Figure 8. From Matlab-BP neural network analysis
of two sets of 30 groups of data, it is found that the difference
between the actual value and the predicted value is small, no
matter whether the given test sample data group is regular, it
can be predicted by the neural network.

Real-time risk prediction in time dimension – the risk predic-
tion described above is for the project as a whole, and the
amount of risk in the construction process of the actual
project may change at any time. Therefore, a certain method
can be set by the computer to determine the risk level of
each day during the construction process, and the process is
shown in Figure 9. The realisation of the real-time prediction
process of project risk can greatly reduce the probability of
occurrence of risk events, and at the same time, the trend of
project risk quantity can be clearly known by recording
the daily risk level of the project to assess the stability of
project risk.

Real-time risk prediction in spatial dimension – the process of
determining the level of risk in certain work areas is shown in
Figure 10. The spatial prediction results of engineering risk
can further reduce the probability of occurrence of risk acci-
dents, and have a significant effect on reducing the accident
rate in some high-risk areas.

Risk assessment based on human factors and environmental
factors has the advantages of considerable accuracy, a concise
process of risk assessment, the timeliness of risk assessment
results and low investment in risk assessment. Because the
traditional safety risk assessment method only assesses the
overall risk, it does not consider the time and space risks of
the actual project construction process; only the result risk is
considered and the process risk is ignored. Therefore, under
the same conditions, after the Matlab-BP neural network

Table 8. Expression of each influencing factor

Human and environmental
factors

Physical
A

Psychological
B

Quality
C

Education
D

Technology
E

Environmental
H

Risk level,
S

Initial failure rate K1 K2 K3 K4 K5 K6 S1
Failure rate after taking
measures

k1 k2 k3 k4 k5 k6 S2

Inputting training and
test data

Creating a BP neural
network by Matlab

software

Initialisation of
weights

Outputting the results,
then comparing the
predicted and the

actual values

Network for training
and learning

Setting of network
training parameters

Figure 7. Flowchart of risk forecast
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theory has predicted the real-time and spatial risks in the
construction process, corresponding measures can be taken in
time which can reduce the probability of risk occurrence.

Test all workers at the construction site
and store the results in the computer

Implement the punch card system of
the staff and record their work status

for the day

Use the BP-neural network theory based
on the recorded information to obtain the

predicted amount of risk for the day

Take appropriate precautions based on
predicted results

Figure 9. Real-time risk prediction process based on time
dimension

5

4

3

2

1

Ri
sk

 le
ve

l

26 27 28

Serial number

29 30

Risk level of theoretical prediction of group A
Actual risk level of group A
Risk level of theoretical prediction of group B
Actual risk level of group B

Figure 8. Comparison of actual and predicted values of sample
data in groups A and B

Table 9. The two sets of randomly extracted data

Physical
factor

Psychological
factor

Quality
factor

Education
factor

Technology
factor

Environmental
factor

Risk level
(A)

Risk level
(B)

1 0.030 0.151 0.211 0.458 0.291 0.368 2 4
2 0.341 0.351 0.047 0.001 0.270 0.197 3 3
3 0.021 0.333 0.299 0.231 0.435 0.342 2 4
4 0.036 0.270 0.235 0.212 0.132 0.352 3 3
5 0.261 0.349 0.348 0.230 0.159 0.221 3 4
6 0.048 0.333 0.350 0.385 0.060 0.010 3 3
7 0.409 0.089 0.319 0.161 0.470 0.165 4 4
8 0.409 0.064 0.017 0.392 0.323 0.212 3 4
9 0.361 0.500 0.034 0.236 0.240 0.135 3 4
10 0.075 0.086 0.160 0.018 0.320 0.099 2 2
11 0.330 0.016 0.265 0.088 0.272 0.411 3 4
12 0.259 0.281 0.327 0.361 0.324 0.215 3 4
13 0.486 0.441 0.204 0.237 0.272 0.444 2 5
14 0.324 0.335 0.410 0.076 0.361 0.196 3 4
15 0.400 0.095 0.359 0.171 0.261 0.385 4 4
16 0.227 0.184 0.484 0.304 0.497 0.198 3 5
17 0.216 0.230 0.266 0.096 0.109 0.404 3 3
18 0.413 0.491 0.163 0.369 0.053 0.378 2 5
19 0.042 0.078 0.053 0.121 0.055 0.189 2 1
20 0.067 0.428 0.305 0.459 0.032 0.108 3 4
21 0.087 0.322 0.389 0.135 0.202 0.395 3 4
22 0.195 0.188 0.212 0.383 0.224 0.475 3 4
23 0.416 0.095 0.045 0.094 0.183 0.164 3 3
24 0.402 0.214 0.133 0.144 0.382 0.336 4 4
25 0.030 0.241 0.077 0.046 0.314 0.219 4 3
26 0.200 0.060 0.141 0.288 0.386 0.417 2 4
27 0.263 0.295 0.220 0.342 0.466 0.384 2 5
28 0.208 0.113 0.264 0.273 0.486 0.084 3 4
29 0.328 0.192 0.229 0.213 0.096 0.431 4 4
30 0.314 0.291 0.438 0.322 0.069 0.495 2 5
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Of course, there is almost no test behaviour of human factors
and environmental factors in an actual engineering project,
and the actual failure rate of human and environmental factors
is very difficult to obtain from previous engineering cases; this
is the biggest difficulty when using Matlab-BP neural network
theory to predict the risks. At the same time, to collect test
results on human and environmental factors for all kinds of
projects in a short time involves the necessary investment of
more manpower, material and financial resources, so this
paper simply puts forward the risk prediction system as a new
research method.

4. Conclusions

(a) After collecting the case list of risk events for previous
bridge construction, nine kinds of risk events were
obtained, among which the failure of the bracket,
high-altitude fall, destruction of mouldboard and
mechanical injury had the highest occurrence of risk
during the construction process of the bridge.

(b) Using the AHP, a cloud theory model and an improved
LEC method to analyse the types of safety accidents that
may occur in the cast-in-situ construction of a high-pier
interchange box girder in a mountainous area, it is
concluded that the risk level of bracket failure can be
categorised as high risk.

(c) The impact of human and environmental factors on risk
prediction is considered and the Matlab-BP neural
network method is proposed to predict the risk. At the
same time, in order to reduce the probability of
occurrence of risk events, real-time risk prediction in time
and space dimensions are necessary.

(d ) Because of the addition of ‘intelligence’, the risk
assessment of future bridge projects has more
possibilities, as follows. (i) Based on digital measurement
technology and building information modelling

technology to establish an engineering risk source
monitoring terminal, which can carry out real-time
dynamic monitoring of various risk sources during
construction, a Bayes dynamic risk assessment model is
established, combining the risk source mega data
collected by the real-time monitoring terminal with
artificial intelligence analysis technology, so the risk
events can be dynamically assessed during the
construction process to improve the intelligent level of
engineering safety management. (ii) A standard database
of engineering safety risks is established to realise the
transmission and sharing of information for various
engineering projects, to enable quick general judgements
to be made for the risk assessment of a specific
engineering case.
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