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Abstract. The accident level in sectors of the national economy is estimated from such data as: the number of persons
employed in the analysed sector, the number of victims of accidents at work and the frequency and seriousness of the
accidents. The data have a static character: they inform about the accident level in the analysed period but not about its
variation over time. Also the pace of work contributes to accidents at work. The accident level and the production volume
change over years. It is essential to be able to determine the rate of variation of two quantities. For this purpose a model
enabling the assessment of dynamic changes in the investigated phenomena has been developed. Besides accident indices
the model takes into account indices which measure the economic effects of construction production.
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1. Introduction

In most countries, the construction industry is one of
the most dangerous industries [1-6].

Accidents at work result from the activation of the
hazards associated with the work environment’s techni-
cal, organisational and social conditions [7, 8]. The acci-
dent situation in the construction industry is to a great
extent determined by the specificity of this form of hu-
man activity which has many features conducive to acci-
dents such as: work on different construction sites, work
conditions differing between sites, subcontracting, a wide
range of construction processes, a large number of ma-
chines and devices posing different hazards, the seasonal
character of construction work and the effect of atmos-
pheric conditions on the work environment [4, 5, 9—12].

The accident level in the particular sectors of the na-
tional economy, including the construction industry, is
estimated by such data: the number of persons employed
in the analysed sector, the number of victims of accidents
at work and the number of days of disablement, as a re-
sult of accident at work. Two kinds of indicators, ie the
number of accidents and the accident index (defined as
the number of accidents per 100 000 working persons),
are used in studies by the Statistical Office of the Euro-
pean Communities (Eurostat) [13]. In Poland the number
of accidents, the accident rate index, the accident serious-
ness index and the accident absenteeism index are used
for statistical purposes [14]. None of the above indicators
provides any information about the achieved values of
production indices. Also the pace of work significantly
contributes to accidents at work [15]. It is proposed here
to take production indices, eg productivity and production
value, into account in accident level assessments.

The accident indices used so far in both the EU and
Poland have a static character [10, 16-19], ie they indi-
cate the level of the phenomenon in an investigated pe-
riod but do not provide any information about the rate of
its changes [15]. It seems that indicators showing the
accident situation in a dynamic way, eg chain indices of
accident rate dynamics, should also be used to assess the
accident situation. Dynamic accident rate indicators show
the level of the phenomenon in the investigated period
relative to its level in the preceding period. Thanks to
such an analysis both negative and positive changes in the
accident rate in short periods of time can be discerned.

Accident rate assessments perform an informational
and motivational role. From the values of accident indices
one can infer, among others, the specific character and
level of the hazards associated with construction work,
the effectiveness of the preventive measures, the compe-
tence of the management and inspection personnel in
work safety management, the qualifications and motiva-
tion of workers for performing assigned tasks in a safe
way, and the efficiency of the factory safety system and
the national work protection system [3, 19-24]. The in-
formation is first of all the basis for taking decisions con-
cerning preventive measures aimed at improving work
safety.

By observing the development of the accident situa-
tion over time one can build its time series. A time series
is a sequence of an investigated phenomenon’s quantities
observed in consecutive time units [25, 26]. By analysing
time series one can estimate the trend function which in
turn can be used to make a forecast of the investigated
phenomenon in the next periods.
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The paper presents an in-depth analysis and assess-
ment of the accident situation in the Polish construction
industry in the years 1992-2005. A general model of
accident rate growth for both static and dynamic indices,
based on the analyses of the statistical data published by
the Chief Statistical Office, has been built [14].

2. Approach to accident rate assessment
2.1. Accident rate as static phenomenon

The following indices were used to assess the static

phenomenon:
e the total, minor, serious and fatal accident rate in-
dex,

e the accident seriousness index,
e the index of the accident rate per unit construction
production.

The accident rate index specifies the number of vic-
tims of accidents at work in analysed year f;, per each
1000 employed persons, and it is expressed by the fol-
lowing relation (1):

W M 1000, at izlm: =1 ond (1
i.j.1000 = cat i=1 ., j=1.,4, (D

1

where: lw; ; — the number of victims of accidents at

work in construction in year ¢, where:
Jj =1 — the total number of accidents,
J =2 — the number of minor accidents,
J =3 — the number of serious accidents,
J =4 — the number of fatal accidents,
Iz; — the number of persons employed in construc-
tion in year ¢;.

The accident seriousness index specifies the average
number of working days lost due to sick leave per person
injured in minor and serious accidents and expressed by
the relation:

,ati=1, ..., n; j=2,3, 2

where: ds;; — the number of working days lost due to sick
leave, i=1,...,n;j=2,3.

Construction production can be increased through
the introduction of organisational changes into the work
system, such as increasing the worktime and the work-
load, bringing additional process material components, eg
technical means and work objects, onto the construction
site and increasing the employment. All such changes
lead to increased hazards on the construction site and thus
to a greater probability of accidents at work.

It is proposed here to take into account, besides the
number of employed and the number of victims, the value
of production when evaluating the accident rate whereby
one will be able to better assess the accident situation.

The index of the accident rate per unit construction
production was calculated from the relation:

_ Wi j 1000

L= ,att i=1,...,n: j=1,...,4, (3)
i,j/
JIp p,-

w

where: p; — the construction production value in year t;
with the rate of inflation taken into account.

2.2. Accident rate as dynamic phenomenon

The following indices were used to assess the acci-
dent rate as a dynamic phenomenon:
e chain indices of accident rate and seriousness,
e chain indices of construction production value dy-
namics,
e an index of accident rate dynamics to construction
production value dynamics.

A chain index of dynamics is a ratio of the level of a
phenomenon in an investigated period to the level of the
phenomenon in the preceding period [27]. From static
variables w;; jo00, cw; and p; new variables, ie chain indi-
ces of accident rate dynamics, a chain index of accident
seriousness and a chain index of construction production
value, were formed and expressed by the formula:

Wi, 1000 : ;
Iw; 1000 =—2——, at i=l..n j=1,..,4,4)
Wi-1,7,1000
cw;
Iew; =——, at: i=1,..,n, ®)
1
Wi
=L ati=l,..n (6)
Di

where: Iw;; ;000 — a chain index of accident rate dynamics,

Icw— a chain index of accident seriousness dynamics,

Ip; — a chain index of construction production dynamics.
In order to investigate the rate of variation in con-

struction production versus the rate of variation in the

frequency of accidents at work in construction, the fol-

lowing dynamic variation index was created:

Iw; i 1000
Ww!p)j=—2——, at i=1,..n j=1,..4(7
Ip;
3. Description of mode
For time interval <ty,......,t,> covering the years

1992-2005 a model of accident trend in construction was
built. The model includes both static and dynamic indices
characterising the state of safety.

For each analysed time period i, where i = 1, ..., n,
observation vector [t;, l,;; l; p;] was obtained. The in-
formation was used to calculate the accident indices from
the above relations. In this way for each investigated
phenomenon a sequence of values corresponding to the
successive periods in the analysed time interval was ob-
tained. The sequences form time series.

The accident related phenomena represented by a
time series are the resultant of principal causes and ran-
dom causes. Principal causes are reflected by the constant
dependencies which occur in the investigated phenome-
non. It is essential to identify the principlal causes in
order to construct a trend model.

The presented trend model represents the permanent
changes occurring in the level of the phenomenon and
allows one to predict its level in the future. One should
note, however, that in order for the forecast to be correct
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one must systematically check if no changes in the trend
occur beyond the observed time interval. Such changes
may apply to both the function’s parameters and its ana-
lytical form. Since accidents are a negative phenomenon
knowing the forecast one can take measures to reduce the
predicted accident rate.

A general form of the trend function is expressed,
according to [25, 28], by the formula:

yie =f@) +u; at k=1, ..., [, ®)

where: k — the number of the explained variable, y, — the
endogenous (explained) variable, ¢ — the exogenous (ex-
planatory) variable, f{t) — a hypothetical trend function,
u;— a random component being a measure of the acciden-
tal deviation of variable y, from the trend line.

On the basis of previous investigations and analyses
[10, 16, 25] a trend function in the form of a polynomial
of the m-th order was adopted as the general model of the
accident rate trend, ie

fk(l)=a0’k +O(,Lkl‘l +....+(Xm’kl‘m; Oy, k #0, ©)]

where: o, — parameters of the polynomial of the m-th
order for the k-th explained variable, where: ¢ = 0, ..., m.

For n observations of the vector of variables #; and k
vectors Yy, k=1, ..., |, each of which contains n observa-
tions of analyzed dynamic variable y;; the trend model
can be written in the matrix form:

YkZTAk +Uk, (10)
where:
i 2
Y1k L 1 4 1"
Yk = T =
2 m
Yn,k 1 t, Iy Iy
Aok ULk
Ay = U, = ,wherek=1, ..., 1
OLm,k _un,k

for: Y; — a vector of [n] observed values of explained
variable y;;; T — a matrix of [n, m+1] observed values of
the time variable, 4 ; — a vector of [m+1] unknown pa-
rameters oy . Cnp U — a vector of [1n] random compo-
nents uy g,....,Uy k-

Yik = Wi j1000 - at: k=1,.,n; j=1,..,4.
Yik =cw;, at k=35.
Yik =Wi1/p at: k=6,..,9;, j=1,..,4.
Yik = IWi,j,lOOO’ at: k=10,..,13; j=1,..,4.
Vig =lew;, at: k=14 yixk =1Ip; at: k=15

Yik =W(w/p)l-,1 at: k=16,..,19; j=1,..,4.

For each k = 1,..., [, the trend function in the form of a
polynomial of the m-th degree was determined.
Unknown parameters o ghatg=,..m of the trend

function were estimated by the least squares method [25].

Polynomial degree m was determined by comparing
whether the remainder variances for the polynomial of m
and m+1.

A polynomial of the degree up from which the re-
mainder variances did not change significantly was
adopted as the trend function [25, 26].

4. Model verification

The coefficients of determination and correlation
were adopted as the measure of the fit of the model to
real values. The coefficient indicates what part of the
general variability of characteristic Y} is described by the
model. The determination coefficient is calculated from
the formula:

Y - \2
R2_Ak (T T)—”(Yk)
k=0T -2
Yo' Y —n(3y)
where: n — the number of observations, y, — the average

. k=1,.1 (11

of the terms of vector Y} .
The correlation coefficient is expressed by the for-

mula:
Ry =R (12)

On the basis of [25, 26] it was assumed that if the correla-
tion coefficient takes values from the interval:

e (,00-0,33, the correlation between characteristics T
and Y is weak and insignificant and the model un-
satisfactorily describes the investigated phenome-
non;

e (0,340,606, the correlation between the characteris-
tics is medium and the model satisfactorily de-
scribes the investigated phenomenon;

e (,67-0,90, the correlation between the characteris-
tics is strong and the model well describes the inves-
tigated phenomenon;

e (,91-1,00, the correlation between the characteris-
tics is very strong and the model very well describes
the investigated phenomenon.

5. Investigation results and their analysis
5.1. Accident rate as statistical phenomenon
e Number of accidents at work

Trend functions and determination and correlation
coefficient values for the total number of accidents at
work in the construction industry in the years 1992-2005
and for minor, serious and fatal accidents are shown in
Table 1.

For the total number of accidents at work and minor
and series accidents a 6th order polynomial very well mod-
els the investigated phenomenon. In each case the determi-
nation coefficient and the correlation coefficient reached
values close to a unity, which is evidence of the trend func-
tion’s very good fit to the empirical data. For the number
of victims of fatal accidents at work in construction a 5th
order polynomial poorly describes the investigated phe-
nomenon. The determination coefficient reached 0,6255
and the correlation coefficient reached 0,7908.
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Table 1. Trend functions and determination and correlation
coefficients for victims of accidents at work in con-
struction in years 1992-2005

Investigated . Determinati.on
No phenomenon Trend function and correlation
coefficients
1 | Total num- f(t)5= —0.0288£°+ R? =0.9885
ber of vic- 0.76547 + 1.6935¢" —
tims of 204,868 + 1901472 — | Re= 0.9942
accidents 5732.5¢ + 16839
2 | Number of 0 =5—O.0277t64+ R? =0.989
ersons 0.7258¢ + 1.931¢" —
?njured in 200227 + 183337 — | Re=09944
minor acci- 5406.6¢ + 15833
dents at
work
3 | Number of ) = ;0.00ZItZ + R>=0.9793
Ersons 0.0826r —1.091¢" +
ipnjured in 415687 + 20,8927 | Rie=0.9895
serious 210.18¢ +788.96
accidents
4 | Number of f(l)j—O.OOIZS-SI- R? =0.6255
victims of 0.1095¢* —2.62227 +
fatal acci- 23.0617 —75.4161 + Ri=0.7908
dents 195.17

Fig 1 shows the variation in the number of victims

of serious of accidents at work in construction in the
years 1992-2005 while the variation of victims of fatal
accidents in the same period is shown in respectively
Fig 2. The number of persons injured in serious accidents
at work in the construction industry in the investigated
period shows a marked downward trend while the num-
ber of fatalities in accidents at work shows a variable
downward-upward trend.

Number of persons

700
fit) = -0,00211% 0,0826t%+1,001t%
600 | 4,1568t% 20,892t~ 210,18t + 788,97
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Fig 1. Number of persons injured in serious accidents at
work in construction in 1992-2005
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Fig 2. Number of victims of fatal accidents at work in
construction in 1992-2005

The number of victims of accidents at work in the
analysed period is not a fully reliable measure of the state
of safety in the considered sector of national economy.
From the histograms in Figs 1-2 one cannot conclude
how often the employed persons meet with accidents,
how serious the accidents are and what effect on the acci-
dent rate the production rate has. For comparing and rat-
ing the particular sectors of national economy with regard
to the accident situation, the accident rate index and the

accident seriousness index are helpful [10, 17].

° Rate and seriousness of accidents

Trend functions and determination and correlation
coefficient values for the accident rate index and the ac-
cident seriousness index are shown in Table 2.

Table 2. Trend functions and determination and correlation
coefficients for indices of rate and seriousness of ac-
cidents at work in construction in years 1992-2005

Investicated Determination
No hZﬁi rr%jnf(:)n Trend function and correlation

P coefficients

Total acci- f()=0.0158¢* — R? =0.8026
1 | dentrate 0.38517 +2.4922¢ + _

index 9.8696 Ry = 0.8958

Minor acci- fiy=0.01557 — | R =0.8065
2 | dent rate 0.38287 +2.5371 + _

index 9.1049 Ri=0.8980

Serious fit) = 4B-057 + | R? =0.9459
3 accident rate | 0.00277 —0.0722¢ + _

index 0.6604 Ri=0.9725

Fatal acci- fi)=4E-08°+ | R =0.5955

dent rate 4E-067 — 0.00017* +

R,=0.771
4 |index 0.00134 —0.00437 + k= 07716
0.0067 + 0.133

Accident fi)=0967r+4424 | R =0.9347
6 seriousness R, = 9667

index k
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For the total accident rate index and the minor acci-
dent rate index, the trend is well described by the trend
function circumscribed by a 3rd degree polynomial. In
both cases the determination coefficient exceeded 0.8
which means that in over 80 % this function explains the
variation of the analyzed variable, and the correlation
coefficient exceeded 0.89. In case of the serious accident
rate index, the trend function described by the 3rd degree
polynomial describes well the variation of the analysed
variable. The determination coefficient reached 0.9459,
while the correlation coefficient reached 0.9725 The fatal
accident rate index is well described by the 6th degree
polynomial. The determination coefficient reached
0.5955 while the correlation coefficient amounted to
0.7716. The accident seriousness index is very well de-
scribed by the linear function. The function in 93 % ex-
plains the variation of this index. The accident
seriousness index is very well described by a 1st degree
polynomial. The determination coefficient reached
0.9347 while the correlation coefficient reached 0.9667.

The variation of the total work accident rate index
per 1000 persons employed in the construction industry
in the years 1992-2005 is illustrated in Fig 3.

Value [-]
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15,0 -

14,0

13,0

12,0 -

11,0

10,0 \f(t) = -0,0158t™ 0,3851t%

2,49221 + 9,8696

9.0 R= 08026, R=0,8958

8,0 ‘ =
N < 0 (e0] o ™
2 2 3 8 8 8 88Yer
- — ~— -~ ™~ ™ NN
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= trend line described by 3rd degree polynomial

Fig 3. Total accident rate index 1992-2005

In the analysed time interval the variation of this in-
dex shows an upward-downward-upward trend. The in-
dex reached its peak in 1995 and its minimum in 2003. In
the last two years of the period the value of this index
increases. The variation in the index of the rate of fatal
accidents per each 1000 persons employed in construc-
tion is illustrated in Fig 4.

In the analyzed period the variation of this index
shows an upward-downward-upward trend. The fact that
this index significantly increases in the last two years of
the analyzed period is highly alarming.
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f(t) = 4E-08t*+4E-06t> 0,0001t*
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Fig 4. Index of rate of fatal accidents per 1000 persons
employed in construction in 1992-2005

Accident rate relative to construction production
value of 1 M PLN

Table 3 shows trend functions and determination and
correlation coefficients for the accident rate indices rela-
tive to the construction production value of 1 M PLN.

The trend function described by a 2nd degree poly-
nomial very well describes the trend of the total accident
rate index. The trend function described by a 3rd degree
polynomial very well describes the minor, serious and
fatal accident rate indices. In each of the investigated
phenomena the determination coefficient and the correla-
tion coefficient reached a value close to a unity.

Table 3. Trend functions and determination and correlation
coefficients for construction work accident rates per
construction production value of 1 M PLN in 1992—

2005
Determina-
No Investigated phe- Trend function tion aqd
nomenon correlation
coefficients
1 Total accident rate ) =0.005¢7 — sz =
index per construc- 0.1162¢ + 0.7771 0.9905
tion production =
value of IM R = 09952
2 Minor accident rate f(f) = 9E-05¢ + sz =
index per construc- | 0.00277 — 0.0958¢ + 0.9900
tion production 0.7159 R _ 0.9949
value of IM
3 Serious accident fin= —3E-0¢ + sz =
rate index per con- 0.0007 — 0.9933
struction production 0.0103z + 0.04 R _ 0.9966
k .
value of 1M
4 Fatal accident rate fin= —4}52—0t3 + sz =0.9818
index per construc- 7E-0r" — _
tion production 0.00141 + 0.0084 | = 0-9908
value of IM
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The variation in the serious accident rate index rela-
tive to the construction production value of 1 M PLN is
illustrated in Fig 5. From the beginning of the analysed
period to 2001 the index shows a very favourable down-
ward trend, whereas in the next years it shows a slightly
upward trend.

Value [-]
0,035
f(t) = -3E-05t>+ 0,0009t>
0,030 1 /10,0108t +0,04
/ Ri=09933, R=0,9966
0,025
0,020
0,015
0,010
0,005
0 : e

] < (o] cQ Qo ™

€ 2 8§ § g g ggemr

— — - - o o o N

—e— value

trend line described by 3rd degree polynomial

Fig 5. Serious accident rate index per construction pro-
duction value of 1 M PLN in 1992-2005

Fig 6 illustrates the variation in the fatal accident
rate index relative to the construction production value of
1 M PLN. This index also shows a downward upward
trend. It reached its minimum in 2001, then it shows a
distinctly upward trend.

Value [-]
0,008
0,007 f(t) = -4E-07t'+ 7TE-05t-
/10,0014t + 0,0084
0,006 | / R’= 0,9818
/ R = 0,9908
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0,001
0 ‘ < w0
N < [{e] 0 o o~
& 8 8 8§ 8 8 &g
e b - -~ N (9] ol N

—e— value

= trend line described by 3rd degree polynomial

Fig 6. Fatal accident rate index per construction produc-
tion value of 1 M in 1992-2005
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5.2. Assessment of accident rate as dynamic
phenomenon

¢ Chain indices of accident rate dynamics

The values which the chain indices of accident rate
dynamics reached in the preceding year were used as the
reference for calculating the indices. If a chain index of
accident rate dynamics/>1, this means that an unfa-
vourable increase of the analysed phenomenon occurred
in the investigated period relative to the value reached in
the preceding period. If a chain index of accident rate
dynamics I; <1, this means that a favourable decrease of

the analysed phenomenon occurred in the investigated
period relative to its level in the preceding period or that
the phenomenon remains at the same level.

Table 4 shows trend functions and determination co-
efficients for accident rate dynamics chain indices de-
scribed by a 6th degree polynomial. The total accident rate
dynamics index is satisfactorily described by the 6th de-
gree polynomial. In the case of the total and minor work
accident rate dynamics, the 6th order polynomial satisfac-
torily describes the variability of the investigated variables.

Table 4. Trend functions and determination and correlation
coefficients for construction work accident rate dy-
namics indices in 1992-2005

Investigated . Determinati.on
No phenomenon Trend function and correlation
coefficients
1 | Total work i = 2E-06£6 - R? =0.4834
accident rate 8E-0r +0.00117" —
dynamics per | 0.007 —0.00177 + Ri=07234
1000 employed | 0.0843¢ + 0.9183
persons
2 | Minor work f(zs) = 6E-06tj - | R?=0.7177
accident rate 0.00037 +0.007¢" —
dynamics per | 0.07097 +0.33987% — Ri= 08471
1000 employed | 0.68017 + 1.3962
persons
3 | Serious work f(tg = 213—0626 - sz =0.2974
accident rate 0.00017 + 0.002¢™ —
dynamics per | 0.02727 +0.15387 — Ri=0.5453
1000 employed | 0.4066¢ + 1.2777
persons
Fatal work f(t)5= —3E-06tz + R? =0.2441
4 | accident rate 0.00017 — 0.0021¢" +
dynamics per | 0.01387 —0.0356/ + Ri=04940
1000 employed | 0.036¢ + 0.9867
persons

Figs 7-8 illustrate the variation in the chain indices
of the total and fatal accident rate dynamics per each
1000 persons employed in the construction industry.

The trends of the phenomena are described by a lin-

ear function and a 6th degree polynomial. None of the
functions describes the trend of the phenomena with suf-
ficient accuracy. The course of the trend line described by
the linear function indicates a general upward or down-
ward trend in 1992-2005. The course of the trend line
described by the 6th degree polynomial indicates chang-
ing dynamics of the phenomena in the given time inter-
vals. It is advantageous when the trend line slopes
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downwards since this indicates that the accident rates in
the successive years of the analysed period are lower than
the ones in the preceding years. It is disadvantageous
when the trend line slopes upwards since this indicates
that the accident rate increases.

Value [-]
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1,20
1,15 f(t) = -0,0015t + 1,0179
i 2_
e
k- ]
1,05
(3 Y.
1,00 { ¢ ‘.‘ ¥
095{ |
|
\
0,90 | f(t) = 2E-06t* BE-05t™+ 0,0011t" 0,006t
0,85 0,0017t% 0,0843t + 0,9183
R’ 04834, R;=0,6952
0,80 : ‘ ‘ . —
o <t (=] (v0] o o™
S & & & 8 8 &g
— — — — o N N N

—e— total accident rate dynamics index
= {rend line described by 6th degree polynomial
linear trend

Fig 7. Total construction work accident rate dynamics in
1992-2005
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Fig 8. Dynamics of total fatal accident rate in construction
in 1992-2005

In case of the total accident rate dynamics shown in
Fig 7, the linear function explains very little the variation
of the explained variable, indicating a general downward
trend of the phenomenon. The trend line described by the
6th degree polynomial confirms the unfavourable upward
dynamics of the accident rate up to 1995, followed by its
favourable decline from 1995 to 2002 and then again by a
very unfavourable rise. The 6th degree polynomial only

in 52 % explains the variation of the total accident rate
dynamics in construction.

The graphs in Fig 8 illustrate fatal accident rate
growth dynamics. This phenomenon is characterised by
sharp changes in 1996-2001. In that period the dynamics
of rises and falls in the fatal accident rate were the great-
est. Since 2001 the fatal accident rate dynamics have
been steadily increasing. The 6th degree polynomial only
in 24 % explains the variation in the fatal accident rate.
According to the trend line described by the linear func-
tion the phenomenon shows un upward tendency.

Figs 7-8 show that the chain indices of accident rate dy-
namics are very sensitive to any changes in neighbouring
periods. For example, in 1997 the chain index of fatal accident
rate dynamics reach 1.479. This means that the frequency of
fatal accidents increased by 47.9 % relative to the preceding
year. Whenever so high unfavourable values of dynamics
indices are recorded the causes of the situation should be
identified and preventive measures should be taken.

¢ Construction production value dynamics in
relation to accident rate dynamics

Table 5 shows trend functions and determination and
correlation coefficients for the chain index of construction
production value dynamics and the construction production
value dynamics indices in relation to the rate of accidents
at work in the construction industry in 1992-2005.

The variation in the chain index of construction pro-
duction value dynamics is very well described by the 6th
degree polynomial. The determination coefficient reached
0.9350. The variation in the indices of total, minor, seri-
ous and fatal accident rate dynamics relative to construc-
tion production value dynamics is described with a
sufficient accuracy by the 6th degree polynomial. The
determination coefficient reached respectively 0.6238,
0.6136, 0.6779 and 0.5488. The correlation coefficient
reached respectively 0.8917, 0.7833, 0.8233 and 0.7408.
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Fig 9. Total accident rate dynamics to construction pro-
duction value dynamics in 1992-2005
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Figs 9-11 illustrate the indices of total, serious and
fatal accident rate dynamics in relation to the construction
production value dynamics. The declining trend line
means that the growth rate of the construction production
value is higher than that of the accident rate. This is of
course advantageous. The sloping upwards trend line
means that the rate of growth of the construction produc-
tion value is lower than that of the accident rate, which is
disadvantageous.

Table 5. Trend functions and determination and correlation
coefficients for construction production dynamics in-
dices relative to the rate of accidents at work in con-
struction in 1992-2005

Tnvestigated _ Determinati_on
No phenomenon Trend function and correlation
coefficients
1 Chain index of §0) =5—6E—06t6 -z sz =0.935
construction 0.00027 — 0.0032¢" +
production 0.01937 — 0048672+ | Rk=09669
value dynam- 0.0669¢ + 1.1436
1CS
2 | Index of total f(£) = 4E-061° — R? =0.7952
accident rate 0.0002° +0.0024* ~ | o _ 6917
dynamics to 0.01257 + 0.0124¢> + =
construction 0.0528¢ + 0.7906
production
value dynam-
ics
3 | Index of minor () = —1E-05£° + R? =0.6136
accident rate 0.0006" — 0.0118¢* + | 5 _ () 7¢33
dynamics to 0.1067° —0.4687 + =
construction 0.9167t + 0.6449
production
value dynam-
ics
4 | Index of seri- fly=6E-06¢°— | R>=0.6779
ous accident 0.0003 +0.00447* ~ | 5 _ (o3
rate dynamics | 0.0377£ +0.17177 — =
to construction 0.4078t +1.1192
production
value dynam-
ics
5 | Fatal accident A = —5E-074t6 +| R’=0.5488
rate dynamics 5E-05¢ - 0.00121" + _
to construction | 0.01257 — 0057372+ | %= 07408
production 0.09¢ +0.7922
value dynam-
ics

The trend lines described by the 6th degree polyno-
mial indicate unfavourable upward tendencies in some
time intervals and favourable downward tendencies in the
other time intervals. Despite the variable tendencies of
the accident rate growth index relative to the growth of
construction production, the general trends in the ana-
lysed period are not favourable. The lines in the form of
linear functions show upward trends for all the above
phenomena. This is highly alarming since the average
increments in the rate of accidents per each 1000 persons
employed in construction were larger than the average
increments in the construction production value.
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Fig 10. Index of serious accidents rate dynamics relative
to construction production value dynamics construction
industry in 1992-2005
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Fig 11. Index of fatal accident rate dynamics relative to
construction production value dynamics in construction
industry in 1992-2005

6. Conclusions

1. So far the accident rate in the construction indus-
try has been estimated from such data as: the number of
employed persons, the number of victims of accidents at
work and the accident rate and seriousness indices. The
above indicators have a static character: they inform us
about the level of the investigated phenomenon in succes-
sive periods but do not give any information about the
dynamics of its changes in the successive periods. Also
the intensity of work has a bearing on accidents at work.
In order to gain a fuller picture of the changes in the state
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of safety in the construction industry in an investigated
time interval, one should take into account the production
indices such as the construction production value.

2. For the evaluation of dynamic changes one can
use the growth trend model which takes into account
chain indices of the dynamics of the investigated phe-
nomena. Thanks to the use of such a model one can much
earlier detect both favourable and unfavourable changes
in the accident situation. The analyses made in this paper
indicate that in the case of the chain indices of total acci-
dent rate dynamics the trend lines described by the linear
function show a favourable general downward tendency
whereas in the case of the chain indices of serious and
fatal accident rate dynamics the trend lines described by
the linear function show a very unfavourable general
upward tendency in the investigated period.

3. The obtained values of the index of accident rate
dynamics to construction production value dynamics
indicate whether the trend of the two combined phenom-
ena is downward or upward. If the changes show an up-
ward trend, this signals that measures should be taken to
improve the situation. As it has been demonstrated in this
paper, the index of total, serious and fatal accident rate
dynamics relative to construction production value dy-
namics shows a high variability in the investigated pe-
riod. But the trend lines described by Ist order
polynomials show a marked unfavourable upward ten-
dency. This means that the increments in the frequency of
accidents are larger than the ones in the construction pro-
duction value in the successive years of the investigated
period.

The analyses presented here do not exhaust all the
problems relating to accidents in the construction indus-
try. The author sees a need to continue the investigation
of the above problems, proposing the following directions
for further research:

e an analysis of the accidents causes at work in con-
struction and an estimation of their contribution to
the number of accidents;

e an investigation of the contribution of failures and
disasters which happened during construction work
to the construction industry accident rate.
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NELAIMINGY ATSITIKIMY DAUGEJIMO MODELIS STATYBY PRAMONEJE

B. Hola

Santrauka

Nelaimingy atsitikimy lygis tam tikrame nacionalinés ekonomikos sektoriuje yra jvertinamas naudojantis tokia informacija:
Zmoniy skai¢iumi, jdarbintu analizuojamame sektoriuje, auky skai¢iumi dél nelaimingy atsitikimy darbe ir nelaimingy atsi-
tikimy daZniu bei rimtumu. Si informacija — tai statistinés charakteristikos. Jos informuoja apie nelaimingy atsitikimy lygi
analizuojamu periodu, bet ne apie jo kitima laike. Taip pat nelaimingus atsitikimus darbe lemia darbo tempas. Nelaimingy
atsitikimy lygis ir produktyvumo apimtys keiciasi laikui bégant. Labai svarbu nustatyti $iy dviejy dydZiy kitimo laipsni. Dél
Sios priezasties tiriant §i fenomena buvo iSplétotas dinaminiy pokyciy ivertinimo modelis. Be to, nelaimingy atsitikimy
indeksy modelis rodo indeksus, kurie nustato statyby naSumo ekonomini efektyvuma.

ReikSminiai ZodZiai: nelaimingy atsitikimy lygis, statyba, nelaimingy atsitikimy indeksai, nelaimingy atsitikimy lygio

modelis.
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