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Abstract

The accidents data are used as factor dominance relation in Analytic Network Process. Then,
aiming to the bent puts up operation, with the inspection process monitoring data as input, it
gives assessment results through the variable assignment and the factors weight derived from
ANP method. After a period of monitoring and rectification, it implements a new round of
safety monitoring and factors comparison and interaction analysis, so to achieve the goal of
"the nature of safety" of hydropower projects construction.
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1. Introduction

We select total 32 safety accidents related to work system in the construction projects,
which caused 35 deaths and 4 severe injuries. Based on the identification of the
hazardous sources, it is of great necessity to carry out safety assessment of work
system in construction projects, to provide a guideline of safety monitoring based on
safety assessment, to strengthen management of potential accidents and to prevent and
control accidents® 2. Therefore, it is necessary to analyze the factors which can cause
the accidents in construction projects, the methods to assess the safety levels of work
system in construction projects, and the applications of those methods.

2. Research methodology
The safety assessment in high-risk work system should firstly analyse safety risk
factors based upon the identification of risk factors, then we construct the risk

assessment structure model by the classification of factors and hierarchical structure®*.

The calculation process is quantitative evaluation combined with expertise and
accident statistics. The research methodology is as follows:

Amending HFACS framework factors and combining with case data of accidents and
expertise, finally we determine the risk factors. The risk factors after adjustment are
described diagrammatically in Figure 1.
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Fig. 1 The basic framework of four-layer for risk factors of high-risk operations

We use chi-square test for association analysis to identify the relation between factors.
With the comparative data between the factors, build ANP super-matrix, weighted
super-matrix and ultimate super-matrix, calculate the local weight and global weight
of factors®. Describe the value-at-risk by the use of fuzzy language variable, and then
build risk vector of factors. Aimed at Specific high-risk jobs, with standardized forms
and security check, we can master the security risk value of High-risk jobs, which is
mainly on site and inside the industry®. Use decision support software tools such as
Super Decisions to calculate the risk value of high-risk operations’.

3 models and computational analysis
According to the risk factors framework of figure 1, we can firstly analysis the
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relationship of factors, which affect each other. According to the data of accident case,
we count the risk factors of every accident. Statistical process is followed to
determine the factors in accident cases the accident given by the corresponding
HFACS factors. We should calculate the ratio of the value of each category of factors
to analyze the impact of the accident, identify the factors relatively large proportion of
species.

According to HFACS framework and the interaction between behavioral factors, we
can construct ANP network hierarchy structure of evaluation model. It shows in
Figure 2. The model reflects the relation between the factors in the criteria layer.
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Fig. 2 Delivery-level hierarchy and the relationship between the factors of ANP

ANP solution process combined with statistical methods is a purely quantitative
calculation, rather than semi-qualitative and semi-quantitative process depending on
experts.

According to Figure 2, draw ANP network hierarchy model in SD interface with SD
software, which reflects the relation between factors in the criteria layer. In the
network layer, we have four categories in an element set, they are enterprise
organizational influences, safety supervision, precondition for unsafe acts and
unsafe acts of operators, each category has different number of elements, respectively,
there are 13 evaluation indicators (behavioural factors) in total. As the four evaluation
criteria involved in high-risk operation evaluation are not independent of each other,
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you can see the circular arrows. In the same way, the 13 indicators (behavioral factors)
involved in the four evaluation criteria are not independent of each other as well,
circular arrows exist, too. The relationships between them have been discussed
previously, here can the conclusion be used directly.

4 Case study
According to the weights of behavioral factors given above, it is able to calculate the
risk value of high-risk operations system combined with factors value of risk
assessment variable (value of assessment variable for short). Therefore, it needs to
study to determine the value of assessment variable about the behavioral factors.
Since high-risk operation involves many types, such as the specific risk factors of
high-bent erection are quite different from the ones of installation of large equipment,
it is of little value to guide practice by continuing to use behavior factors in
macro-level to analyze the risk of high-risk operations. The following is about
specific high-risk operations, it is a study of specific factors and the corresponding
behavioral factors in macro-level , through process monitoring of high-risk operations,
the value of assessment variable of specific risk factors and behavioral factors in
macro-level can be determined, and combined with the safety evaluation results of
high-risk operations, the process monitoring can be guided..
The rules about the value of risk assessment variable are as follows: for each
inspection item, results of inspection can be divided into four categories according to
the degree, such as “matched”,  “just matched”,  “unmatched generally”,
“unmatched seriously”, their values of risk assessment variable are 0, 0.25, 0.5, 0.75
orderly. If there is a number of inspection items which belong to the same behavioral
factor, determining the value of assessment variable of behavioural factors should
firstly base on the principle of high risk in front. Secondly, if there are many
inspection items unmatched, the corresponding value of assessment variable of
behavioral factors adds 0.2 repeatedly for each generally unmatched one. If the total
comes to one, or two more inspection items are unmatched seriously, then FBR of
high-risk operating system values one prescriptively, and it does not continue to be
calculated.
In accordance with risk value FBR, follow-up measures can be decided:

(1) If FBR>=0.4, stop work and rectify, redesign and reorganize, until the new
risk assessment meets the requirements.

(2) If 0.4>FBR>=0.2, rectify, and re-evaluation after the rectification.

(3) If FBR<0.2, the high-risk operating system is safe.
The inspection about the process of gantry crane installation and assessment results
are described in Table 1.
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Table 1 The assessment value of gantry crane installation

Gantry crane installation
. ANP
Behavioral factors weights Value of
g Inspection results assessment Product
variable
ResourceManagement C1 | 0.0075 none 0 0
gggamzatlonalProcess 00131 matched 0 0
InadequateSupervisionC3 | 0.099 matched 0 0
Planned Inappropriate
Operations C4 0.0168 matched 0 0
Failed to Correct a
Known Problem C5 0.0393 matched 0
SupervisoryViolations C6 | 0.0393 matched 0 0
OperatingEnvironmentC7 | 0.1235 8 items of unmatched 0.9 0.1112
generally
Technical Measures C8 0.0692 matched 0 0
Crew Management C9 0.0374 matched 0 0
Personnel Quality C10 0.1906 none 0 0
Perceptual And Decision
Errors C11 0.1518 none 0 0
Skill-Based Errors C12 0.0131 none 0 0
Operation Violations C13 | 0.1995 | Litm of ‘unmatched |, 5 0.0998
generally

Sum the risk value of all the factors in Table 1, and know the risk value FBR about
the process of gantry crane installation is 0.211, so general rectification is suitable.

5 Conclusions and prospects

Current safety evaluation methods generally use the subjective qualitative or
semi-qualitative principle, so they cannot evaluate the current security management
and size of risk about the high-risk operations quantificational. AHP as a quantitative
assessment method can evaluate the risk without considering the correlations between
factors. In response to this, ANP method has been modified. However, either of the
two methods uses a simple way of experts’ evaluation to determine judgment matrixes
of the factors, thus qualitative properties remain and the accuracy of the evaluation
depends heavily on the expertise. In this paper, by statistical methods, accident
statistics is analysed, thereby the correlation between factors can be determined more
precisely, based on this, with combination of the frequency of factors, the weights can
be determined. Therefore, it is a more objective quantitative method. The use of
process monitoring finds the unmatched items in the checklist, and then according to
this, the corresponding behavioral factors can come out. With that, value of
assessment variable about factors can be determined; finally, the evaluation results
will be obtained. Because behavioral factors correspond with checking items, safety
evaluation and process monitoring have a reasonable interface, and by using safety
monitoring for the basis data sources of evaluation, safety-monitoring work can be
guided in return.
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