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Abstract

Basing on highway bridge construction technique and management features,
this paper conducts analysis and establishment to construction safety risk
factor, index system, etc. of actual engineering, after using vague synthetic
judgment method, analytic hierarchy process, implement research via inte-
grated evaluation method, makes out argument to different safety risk factors,
establishes bridge safety risk factor collection via method of comprehensive
assessment, confirms bridge safety risk incidence value, judges matrix by us-
ing MATLAB construction vagueness, finally calculates concrete risk grada-
tion sort, and gets highway bridge construction safety risk grade. Through
practice it has proved that the construction safety risk assessment method is
based on the method of quantification, can find out biggest influence factors
on the safety of Bridges in engineering, and can also reduce the misjudgment
caused by subjective factors. The safety of the bridge has a positive practical
significance.
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1. Introduction

The safety of the bridge is a kind of ability that can still work normally under the
load without causing accidents. There are many influencing factors for this abil-
ity. Generally speaking, it involves the design of the bridge structure, material
selection, and construction technology. It is also affected by the degree of main-
tenance, maintenance, and use after completion. Most of the problems of high-
way bridges in China are caused by two reasons. One is overuse of bridges and
overuse; the other is that maintenance is not in place during use [1]. The assess-

ment of the safety of bridges is a means to determine that the current bridges

DOI: 10.4236/eng.2018.106024 Jun. 29, 2018 336 Engineering


http://www.scirp.org/journal/eng
https://doi.org/10.4236/eng.2018.106024
http://www.scirp.org
https://doi.org/10.4236/eng.2018.106024
http://creativecommons.org/licenses/by/4.0/

C. M. Yangetal.

have this capability. The safety assessment of bridges can provide scientific
guidance on the safety of bridges [2].

During the construction of actual roads and bridges, all parties involved have
unique security risks. If these problems are not adequately prevented, they will
likely lead to casualties. Even if only property damage occurs, it will have a direct
impact on the construction of the project. It can even lead to serious social nega-
tive effects [3]. With the in-depth development of bridge construction safety
risks, a method combining fuzzy comprehensive evaluation and analytic hie-
rarchy process is adopted. Through the construction of the evaluation model,
specific construction safety risk factors can be identified and calculated, and spe-
cific safety can be determined according to its importance. The risk level pro-

vides important data for the following risk control.

2. Bridge Construction Safety Risk Factor Identification

China’s social and economic development is fast, and the number of roads and
bridges has increased year by year. However, in actual construction and use, we
often find that these facilities have safety problems and their durability is poor
[4]. The impact of bridge construction safety risk factors, the actual case studied
in this paper, mainly involves five levels: external factors, materials, process fac-
tors, construction management factors, technical factors, supervision and main-
tenance factors. And complete the recognition of the importance of these five
aspects [5].

The fuzzy comprehensive judgment method is based on the analytic hierarchy
process, and the combination of the two can provide better accuracy for the

evaluation [6].

3. The Basic Concept of FAHP Evaluation Method

The FAHP evaluation method is a combination of fuzzy comprehensive evalua-
tion (FCE) and analytic hierarchy process (AHP). The application level can cov-
er system evaluation, effectiveness evaluation, system optimization, etc. Quantit-
ative and qualitative assessment model. The judging method is: using fuzzy
comprehensive evaluation method to determine the results, and then use the
analytic hierarchy process to divide the complex problems into multiple levels.
In the structure relationship of multiple constituent factors, the relationship be-
tween the various factors can be determined, and then the hierarchical structure
can be determined. Conduct the components; then, use the pairwise comparison
method to determine the importance of the factors [5]. The fuzzy comprehen-
sive evaluation method belongs to the higher level of the AHP, and the combina-
tion of the two can give a more reliable conclusion [6].

There are three levels involved in this method of judgment: Assume that the
number of relevant factors for evaluating core things is n, and the set of factors is
U ={u,,u,,"--,u, } ; assume that the number of possible comments is m, and that
it can be judged that the setis ¥ ={v,,v,,---,v,}; due to the different status of
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various factors, the role is not the same, usually considered to measure the
weight, recorded as 4 ={a,,a,,"-,a,}.

The assessment of risk factors should be made by many experts to judge
things. When the same assessment factors are used to score, different expert
opinions can be summed together. From this we can see that these assessment
results cannot be expressed using only a single numerical value and should be
described in fuzzy terms in words. Through the comprehensive use of the ana-
lytic hierarchy process and the fuzzy comprehensive evaluation method, a com-
prehensive judgment is made on the object to be evaluated [7].

To conduct a fuzzy comprehensive evaluation, usually follow the following
steps:

1) Determine the set of factors U = {ul ,uz,w-,un}

2) Determine the judgement set V ={v,v,,"--,v, }

>"m

3) Single factor assessment 7 = {v,,v,,,"-,V,, }

i

4) Structural comprehensive evaluation matrix:

h ha 0 Ny

Y. r. o L

21 22 2m
R=| T

rnl rnZ rnm

Comprehensive judgment: After the weight calculation, 4={a,a,,,a,}
obtains the result of B = A4oR. According to the principle of maximum subor-
dination, a comprehensive assessment is performed, and the risk level of the

evaluation object is determined [8].

4. Case Analysis

4.1. Project Overview

The object of this study is the Dongfeng Road Trans-Beijing-Hong Kong-Macao
Highway Bridge. This bridge belongs to the eastern section of Dongfeng Road in
Baoding City. The role is to connect the high-speed railway bus terminal to the
downtown area. The total length of the bridge is 504.660 m, including the length of
the main bridge 160 m, width 48 m. The lengths of approach bridges on the east
and west sides are 200 m and 140 m, respectively; the bridge width is 45 m. The
bridge is one of the main trunk roads in the city and is a two-way eight-lane
mode.

There are many risk factors affecting the safety of bridges, but it is not neces-
sary to evaluate all the factors. To evaluate these factors scientifically and effec-
tively, based on the actual situation of the project, determine the risk factors of
bridge safety, and then give a reasonable evaluation system. Construction plan.
First of all, a systematic analysis of the objectives of the study, determine the
major factors affecting the bridge’s security, and then find out the factors of each
of the factors of the next level, resulting in a progressive level of impact relations,

as shown in Table 1.
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4.2. Determination of Impact Degree Value of Bridge Safety Risk

In the actual risk assessment process, according to the specification require-
ments, combined with the actual situation at the scene, different degrees of value
are assigned to different impact conditions, indicating that the project is affected
by the risk factors, and the experts score according to the degree values to de-

termine the impact of the project. Key risk factors, such as Table 2.

4.3. Construct Fuzzy Judgment Matrix

After the completion of the safety risk factor assessment index system, the
second layer elements B,, B,, B;, B,, and B, during the construction have a do-
minant effect on the lower elements C,, C,, C,, ... Which risk is greater, it also

needs to be expressed in numbers. According to the corresponding numerical

Table 1. Evaluation index system of bridge construction safety risk factors.

External factors B, Regulatory charters and other theoretical factors C,
Construction program factors C,
Foundation soil expansion C,
natural factors C,

Material process The quality of construction materials is not qualified Cs

factors B, Material properties change Cg

Unreasonable construction process and technology C,

Construction Unfamiliar with drawing blind construction Cg

Bridge management Not according to plan construction C,

construction factors B,

safety risk
factors A Do not follow the relevant operating procedures C,,

Do not comply with relevant regulations C,,

Disturbance in construction management C,,
Technical factors B, Geological exploration factors Cy,

Lack of rational planning and design C,,

Lack of emphasis on safety C5
Regulatory maintenance Completion without construction monitoring Cyg
factors By Late maintenance is not in place C,,

Operational stage supervision is not in place C;4

Quality Warranty Insurance System C,o

Table 2. Bridge safety risk impact degree value.

Degree value The degree of influence of risk factors

1 The project is minimally affected by risk factors
The project is very little affected by risk factors
The project is affected by risk factors
The project is less affected by risk factors
Works affected by risk factors
Project is affected by risk factors
Works affected by risk factors
The project is greatly affected by risk factors

O 0 N o WN

The project is greatly affected by risk factors
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labeling rules, the fuzzy judgment matrix can be obtained by the expert scoring
the relative importance of the indicators at each level. The determination of the
fuzzy judgment matrix is directly related to the quality of the evaluation.

After evaluating B,, B,, B,, B,, and B; in A, compare the risk size and deter-
mine the value of the factor. Specifically summarized in Table 3.

The risk fuzzy judgment matrix is established according to the scale value,
which is known from the definition of the scale value of the fuzzy analytic hie-
rarchy process:

a;=05,i=]
a;=l-a,,i#j

i

A=[B, B, B, B, B]

Create A fuzzy comprehensive judgment matrix:

_Bl/Bl BI/BZ BI/B3 BI/B4 BI/BS_
BZ/BI BZ/BQ BZ/B3 BZ/B4 BZ/BS

A= Bz/Bl B}/Bz Bs/Bs Bs/B4 Bs/Bs
B4/Bl B4/B2 B4/B3 B4/B4 B4/B5

_BS/BI BS/BZ BS/BS BS/B4 BS/BS_

[0.5 0.6 03 04 04

04 05 03 04 04

=07 0.7 0.5 06 0.5

0.6 06 04 05 04

106 0.6 05 06 05

Calculate the weight matrix of the fuzzy complementary matrix of risk factors

Table 3. Risk factors.

Scale value meaning Specific instructions
0.5 Equally important Comparing two factors, equally important

The former factor is slightly more important than the latter

0.6 Slightly important
gty TP factor
. . The former factor is obviously more important than the
0.7 Obviously important
latter factor
. The former factor is much more important than the latter
0.8 Much more important
factor
0.9 Extremely important ~ The former factor is more important than the latter factor
0.1-0.4 On the contrary Comparison of two factors r=1-r,
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using MATLAB tool to get the feature vector value:
A= [0.1741,0.1204,0.2801,0.1991,0.2290]T

Create a B1 fuzzy judgment matrix:
G/G Gc Ge G,
G/G GJG G GJC,
CS/CI C3 /CZ C3 /C3 CS/C4
_C4/C1 C4/C2 C4/C3 C4/C4
[0.5 06 04 03

04 05 04 03

0.6 06 05 04
107 0.7 06 05

B =

Using the MATLAB tool to calculate the weight matrix of the risk fuzzy con-

sensus matrix:

B, =[0.2219,0.2002,0.2632,0.3147]'

The same reason:

B, =[0.3965,0.2046,0.3998]"
B, =[0.1359,0.1208,0.2343,0.2429,0.2661]'
B, =[0.2873,0.4221,0.2906]
B, =[0.2403,0.2437,0.3283,0.1877]'

According to the obtained B,, B,, B,, B,, and B, the total sorting weight of the

C layer can be calculated:

0.2219 0 0 0 0
0.2002 0 0 0 0
0.2632 0 0 0 0
0.3147 0 0 0 0

0 0.3965 0 0 0
0 0.2046 0 0 0
0 0.3998 0 0 0
0 0 0.1359 0 0
0 0 0.1208 0 0
0 0 0.2343 0 0
0 0 0.2429 0 0
0 0 0.2661 0 0
0 0 0 0.2873 0
0 0 0 0.4221 0
0 0 0 0.2906 0
0 0 0 0 0.2403
0 0 0 0 0.2437
0 0 0 0 0.3283
0 0 0 0  0.1877
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4.4. Hierarchical Sorting

After the analysis above, the result is the total ranking weight of the C layer. The
importance of all the factors of the C layer is compared with the importance of
the top layer A and the ranking can be concluded that the total risk of the Dong-
feng Road cross-bridge Beijing-Hong Kong-Macao highway bridge engineering,
such as Table 4, Table 5.

According to the above calculation results, this paper evaluates the engineer-
ing risk factors of Dongfeng Road across the Beijing-Hong Kong-Macao ex-
pressway bridge. The results obtained are: lack of reasonable planning and de-
sign, lack of supervision during the operation period, construction management
disorder, etc. Reasonable planning and design, quality supervision throughout
the life cycle of the operation stage and efficient construction organization and
management have a crucial role in the project [9].

In this paper, the highway bridge project is analyzed by the risk level, and the
method used is statistics. The final result of each factor weight can be calculated

and the principle of maximum degree of membership can be determined. After

Table 4. Comparison of the factors of layer C and the weight of layer A.

Various factors and weights

Specific risk The weight ‘of all
factors C B, B, B, B, B; fact(nTs relative to
item A
0.1741 0.1204 0.2801 0.1991 0.2290
C, 0.2219 0 0 0 0 0.038633
C, 0.2002 0 0 0 0 0.034855
C, 0.2631 0 0 0 0 0.045806
C, 0.3147 0 0 0 0 0.054789
Cs 0 0.3965 0 0 0 0.047739
Cs 0 0.2046 0 0 0 0.024634
C, 0 0.3998 0 0 0 0.048136
Cq 0 0 0.1359 0 0 0.038600
Cy 0 0 0.1208 0 0 0.033836
Cpo 0 0 0.2343 0 0 0.065627
C, 0 0 0.2429 0 0 0.068036
Cp, 0 0 0.2661 0 0 0.074535
Cy; 0 0 0 0.2873 0 0.057201
Cy 0 0 0 0.4221 0 0.08404
Cis 0 0 0 0.2906 0 0.057858
Cie 0 0 0 0 0.2403 0.055029
Cy 0 0 0 0 0.2437 0.055807
Cyg 0 0 0 0 0.3283 0.075181
Cyo 0 0 0 0 0.1877 0.042983
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Table 5. Ranking of risk factor weight values.

Specific risk factors Weights

Lack of rational planning and design 0.08404
Operational stage supervision is not in place 0.075181
Disturbance in construction management 0.074535

Do not follow the relevant operating procedures 0.068036
Do not comply with relevant regulations 0.065627
Lack of emphasis on safety 0.057858

Geological exploration factors 0.057201

Late maintenance is not in place 0.055807
Completion without construction inspection 0.055029
natural factors 0.054789

Unreasonable construction process and technology 0.048136
Construction material quality is not qualified 0.047739
Ground subsidence collapse 0.045806

Quality Warranty Insurance System 0.042983
Regulatory charters and other theoretical factors 0.038633
Unfamiliar with the blind construction of soil paper 0.038066
Construction program factors 0.034855

Not according to plan construction 0.033836
Material properties change 0.024634

evaluating the engineering risk level, this paper concludes that The result is

moderate risk.

5. Conclusions

1) This paper finds out safety factors that affect bridge engineering combining
reality and conduct systematic category to it, conducts category according to ex-
ternal factor, materials technology factor, construction supervision factor, tech-
nical factor, supervision maintenance factor and establishes bridge construction
safety risk factor evaluation index system.

2) A fuzzy analytic hierarchy process was introduced to analyze the factors af-
fecting the safety of bridges with Dongfeng Road, Beijing-Hong Kong-Macao
Expressway bridge project in Baoding City. The safety risk factors were analyzed,
different safety risk factors were demonstrated, and the bridge safety risk was
established in a comprehensive assessment manner. Factor sets, determine the
value of bridge safety risk impact, use MATLAB to construct a fuzzy judgment
matrix, and finally calculate the level of specific risk factors, and obtain the
Dongfeng Road cross-Beijing-Hong Kong-Macao expressway bridge construc-
tion safety risk rating. This method can display the safety risk of road and bridge
more accurately and objectively, and has more feasible operational value for en-
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gineering safety management and comprehensive management [10].

3) The development of bridge projects will continue to be striding forward. In
order to better ensure the safety of bridges and reduce the occurrence of bridge
safety accidents, bridge workers should invest more effort in the safety construc-
tion of bridge projects. When building bridge safety evaluation models, all fac-
tors should be considered as much as possible to make the evaluation result
more accurate. Some current safety guidelines are relatively sketchy and only
have directional guidance. They cannot provide detailed rules for different
bridges. Therefore, for the current norms, more efforts should be made to estab-
lish and improve relevant regulations so as to further ensure the safety of bridge

projects.
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