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Abstract. The construction safety supervision errors can lead to unsafe behavior; further affect the
working conditions of workers and result in accidents at last. The probabilities of data are provided by
statistical analysis between the different types of neighborhood-level factors by the independence of
the chi-square test. The relationship analysis of the independence between the behavioral factors has
been performed in order to find the non-independent factors. Among the Human Factors Analysis and
Classification System (HFACS), the impact of the high-level factors on the bottom level is
determined. Based on the data, the work path of various factors in the HFACS frame is confirmed and
it can be a reference for the development of the preventive measures.

Introduction

Human Factors Analysis and Classification System (HFACS) can make a preliminary classification
of accident which leads by behavioral factors. But this is only a static analysis [1]. Dekker indicated
that HFACS just classify the behavioral factors in the accident simply. It does not show how the upper
factors affect the lower and the measures to avoid accidents in the future [2]. So the analysis for
relationship of factors between adjacent layers in HFACS frames is indispensable. Such analysis is
benefit for developing security measures for specific factors. It can also inhibit the occurrence of
chain-reaction leads by the factors [3, 4].

Amendment of HFACS

In order to adapt to the hydraulic project, some amendments has been done according to HFACS. The
details are shown in the following. L4 means Influence of Enterprise which includes resource
management, safety culture and organizational processes. L3 means Safety Supervision which
includes insufficient supervision (training), inappropriate scheduling, rectification is not hidden and
management irregularities. L2 means Precondition for Unsafe Acts which includes operating
environment, technical measures, team management and the quality of personnel. L1 means Unsafe
Behavior of Construction Workers which includes perception and decision-making errors, skill errors
and illegal operation. The factors in the new HFACS framework revised have been selected again
according to the Construction characteristics. In the hydraulic engineering construction, one of the
purposes of application of HFACS framework is to determine the factors which are relatively
important part of the totals in the occurred incidents as quickly as possible. Hence, human and
material resources can focus on rectification of the problems which reflected by the factors. After the
adjustment of factors of Standard HFACS framework, it is possible to reflect the actual situation of
hydraulic projects more reasonably by strengthening the independence and general.
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Chi-square test and its application

The classification statistics of human factors in accident are described in this study. They are of
categorization of variables, so the chi-square test is applied. Based on the theoretical numbers, the
chi-square distribution is to measure the deviation between the actual and the theoretical numbers,
respectively. It can be described by Eq.1.

r' =2 [(fo_f—f)z} (1)

Where, fj is the actual number of observations, f. is the theoretical (expected) number of observations.
In this study, the data which used are given in a table with two rows and two columns. The detailed
test steps are as follows [5]. In the first, the original hypothesis and alternative hypothesis are put
forward, respectively. In the second, the chi-square statistics are calculated by Eq.1 based on the
Table 1.

Table 1 Calculated table for the chi-square statistics

High-level factors Sum of rows
yes no
yes ny(fi1) ny,(f12) ny|
low-level factors
no ny1(f21) n2:(f) Ny
Sum of columns N¢y Neo n(57)

In the Eq.1, fj is the n in the Table 1 which is the data of actual observations. The fin the brackets is f.
in the Eq.1 which is the theoretical data. The value of f is calculated by Eq.2.
fl] Nri Nri o Ngj

2)
ng n

If A, B, C and D are used to represent the observations times in the Table 1, then the calculated
equation for the chi-square statistics can be shown as Eq.3 [6].

- n(4D - BC)® 3)
(A+B)(C+D)A+C)B+D)
In the third, based on the degrees of freedom and significance level &, the critical value of 4 is

4

obtained. Then by comparing the statistics of * with 5, the results are obtained.

Correlation analysis by Chi-square test

The original hypothesis Hj is that two variables are independent and the alternative hypothesis H; is
that two variables are not independent. The correlation analysis is done from high-level adjacent to
the lower level between the factors. The significance level ¢ is taken as 0.05, so the ., =3.84.

The first stage is the correlation analysis of the factors in L4 and L3. The complete calculation is
given in the following.

Table 2 The correlation analysis result between L4 and L3

Resource management
Sum of rows
yes no
Inadequate yes 4 49 53
supervision no 0 4 4
Sum of columns 4 53 n(57)

Test results 72=032, ¥ <J,s Independent
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Table 3

The correlation analysis result between L4 and L3

Resource management

Sum of rows

yes no
Scheduling yes 2 7 9
inappropriate no 2 46 48

Sum of columns 4 53 n(57)

Test results

72=379, 1 <X,s Independent

Table 4

The correlation analysis result between L4 and L3

Resource management

Sum of rows

yes no

Rectification yes 1 13 14

is not hidden no 3 40 43
Sum of columns 4 53 n(57)

Test results

7% =0.00045, ¥ <x,s Independent

Table 5

The correlation analysis result between L4 and L3

Resource management

Sum of rows

yes no

Management yes 2 19 21

irregularities no 2 34 36
Sum of columns 4 53 n(57)

Test results

72 =032, 7 <X,s Independent

Table 6

The correlation analysis result between L4 and L3

Organizational processes

Sum of rows

yes no

Inadequate yes 7 46 53

supervision no 0 4 4
Sum of columns 7 50 n(57)

Test results

72=0.60, 7 <4,s Independent

Table 7

The correlation analysis result between L4 and L3

Organizational processes

Sum of rows

yes no
Scheduling yes 2 7 9
inappropriate no 5 43 48

Sum of columns 7 50 n(57)

Test results

72 =0.98, ¥ <},s Independent

Table 8

The correlation analysis result between L4 and L3

Organizational processes

Sum of rows

yes no

Rectification yes 4 10 14

is not hidden no 3 40 43
Sum of columns 7 50 n(57)

Test results

72 =481, 2> Non-independent
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It is indicated that the organizational processes and rectification which is not hidden are
non-independent among the factors.
The second stage is the correlation analysis of the factors in L3 and L2. Due to limited space,

Table 9 The correlation analysis result between L4 and L3

Resource management

Sum of rows

yes no

Management yes 4 17 21

irregularities no 3 33 36
Sum of columns 7 50 n(57)

Test results

72 =141, ¥ <X,s Independent

only the correlation analysis of non-independent factors is given in the following.

Table 10 The correlation analysis result between L3 and L2

Inadequate supervision

Sum of rows

yes no

The quality yes 48 1 49

of personnel no 5 3 8
Sum of columns 53 4 n(57)

Test results

72 =1325, 1> 4,s Non-independent

Table 11

The correlation analysis result between L3 and L2

Management irregularities

Sum of rows

yes no
Operating yes 13 32 45
environment no 8 4 12
Sum of columns 21 36 n(57)

Test results

72 =581, ¥ >s Non-independent

The third stage is the correlation analysis of the factors in L2 and L1. Due to limited space, only
the correlation analysis of non-independent factors is given in the following.

Table 12 The correlation analysis result between L2 and L1

Team management

Sum of rows

yE€s no
Illegal operation }rlleos 164 ég 32
Sum of columns 20 37 n(57)

Test results

72 =537, 1> },s Non-independent

Table 13 The correlation analysis result between L2 and L1

The quality of personnel

Sum of rows

yes no
Perception and yes 38 0 38
decision-making errors no 11 8 19
Sum of columns 49 8 n(57)

Test results

72 =18.61, ¥ >4, Non-independent
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Table 14 The correlation analysis result between L2 and L1

T}Illeesquality of perS(I)lr(l)nel Sum of rows
Illegal operation }Illeos ;; ; ;g
Sum of columns 49 8 n(57)
Test results 71 =499, > ;éos, Non-independent

Conclusions

From the analysis, it is found that the influence of enterprise is not the dominant factor in the accident
and its influence on lower factors is limited. It is found obviously that inadequate supervision, the
quality of personnel, perception and decision-making errors and illegal operation are the main related
reasons. Safety training plays a crucial role for improving the quality of personnel and can improve
safety awareness and safety knowledge of construction workers.

HFACS framework is no longer simply be classified based on hierarchical and array-based method of
factors by the method of correlation analysis which is from top to bottom adjacent layer to find the
relationship between factors. So the development of accident prevention measures according a certain
factor will be more comprehensive and thorough.
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