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Analyses of Accidents in Tunnel Construction Works
(3rd report)

Ikuo MAE*
Shigeo HANAYASU*
Noriyuki HORII*

It is well known that accidents associated with tunnel construction have a very high accident
frequency rate and also are of extreme severity. The authors have been conducting accident analysis
in this field in these three years in order to provide a better understanding of the nature of recent
accidents at tunnel construction works.

In the present work, study was planned mainly in three parts : first, to determine the basic relation-
ships between work accidents and various tunnel characteristics ; second, to throw light on the vari-
ations in workdays lost through accidents and on the relation between workdays lost and tunnel chara-
cteristics ; and thirdly, -statistical and stochastic analyses of 2kinds of ‘accident rates (number of
injuries per 1,000m and number of injuries per month), assuming that these rates are random vari-
- ables.

The tunnels under investigation at this time and the available data are about the same as in the
prevous report. (i.e. New Sanyo Line railway tunnels constructed in Hiroshima and Yamaguchi prefe-
ctures : 86 in number, total length 158km, total injuries 1931)

‘The main points obtained in this study are as follows :

(1) Relationships between work accidents and tunnel characteristics picked up in this study show
; positivé correlation in all respects and also have a relatively high intercorrelation, except for mean
rock grade. The number of accidents could not be related adequately to one characteristic. (Table 1,
Fig.1, 2)

(2) An analysis of variance on the 2 kinds of accident rates show that there are significant diffe-
rences between excavation methods and excavated length. Hence, the accident rate increases in the
following order : Upper half section advanced method, Bottom drift and upper half section cutting
method, and Side drift and upper half section cutting method. Futhermore, the longer the tunnel
eicavated, the higher the accident rate indicated. (Table 2, 3)

* Civil Engineering and Construction Research Division
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(8) Each of the cumulative accident curves show the convex curves. This reveals that accidents
do not occur, uniformly throughout tunnel length constructed and also that accidents are concentrated
at the workplaces;in which the accident rate is highly. indicated. (Fig.3, 4, 5) - A

(4) Workdays lost through accidents (not including fatal accidents) are influenced neither by
excavation method nor tunnel length. (Fig.6, 7) On the other hand, the proportion of fatal accidents
(fatal-accidents/total accidents) changes greatly in relation to the length excavated. As reported in
reference 7, the inverse relationship between accident rate and the number of days of absence is
also recognized in this study. (Table 4, Fig. 8)

(5) If accidents take place at random, -the frequency of occurrence in fixed intervals of length
excavated or construction period have Poisson distribution. For the convenience of calculation, Normal
distribution can be employed to test significant changes in the accident rate. (Fig.9, 10, 11) Using
regression line, approximate statistical assessment can be conducted without calcﬁlating confidence
intervals. (Fig. 12) The difference of influence of tunnel characteristics on accidents between significant

and non-significant workplades was studied briefly. (Fig.13)
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Table { Correlation coefficient matrix of tunnel construction characteristics
TRETHEE~ Y » 7 A |
= A oA B - E N E.
i e B e | BRY | pee Pl i | e | SRR
number| con- |constru-| " " o} exca- grade of steel |of steel |- . of
of acci-|structed| ction - vation arches arch X electrical
dents | length | period ruction| "o [of Tock| iocted | erected lined facility
=gy | 1.000 | 0.712 | 0.534| 0.708 | 0.708 | 0.386 [ 0.742 | 0.720 | 0.718 0.742
W T BERE| 0.712| 1.000| 0.717 | 0.937 | 0.983 | 0.522| 0.950 | 0.864 | 0.989 | 0.741
B % | 053¢ | 0.717 | 1.000| 0.699 | 0.714| 0.309| 0.722 | 0.68 | 0.731 0.613
B T %% | 0.708| 0.937 | 0.699 | 1.000 | 0.940 | 0.426 | 0.954 | 0.918 | 0.947 0.832
IBIRLIERT | 0.708 | 0.983 | 0.714 | 0.940 | 1.000 | 0.386 | 0.959 | 0.902 | 0.992 | 0.747
| 0.386| 0.522 | 0.309| 0.426 | 0.386| 1.000| 0.414 | 0.267 | 0.439 | 0.368
FHETAS | 0.742 | 0.950| 0.722| 0.954 | 0.959 | 0.414 | 1.000 | 0.969 | 0.968 0.780
BEAE| 0720 0.864| 0.686| 0.918 | 0.902| 0.267 |' 0.969 | 1.000 0.911 0.748
AT E| 0.718] 0.989| 0.731| 0.947 | 0.992| 0.439 | 0.968 | 0.911 | 1.000 | 0.747
EhHAE| 0.742| 0741 0.613| 0.832| 0.747 | 0.368 | 0.780 | 0.748 | 0.747 | 1.000
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Table 2 Analysis of variance on accident rate for excavation method
RERERGHHSNE (TEHFE) : :
5 % | mmg | SEZE 4 H L 1% &
: variance d.o.f. unbiased variance 1 % point
. : varilance ratio s
T ¥ B EH ?
inter-method variance 8.81 2 1.905 6.29 4.91
B %2 E OB
error variance 21.84 72 0-303 X1% BE
4 7 B significant at 1% level
total variance 25.65 74

Table 3 Analysis of variance on accident rate for excavated length

KRERERGHSNE ERNSE)

MM o # ke

5 & EhE : - 1% &
’ | variance d.o.f. 3:?;:5122 va;' ;?ircl)ce 1% ‘point
B O O E B ‘
inter-length variance 9.76 8.253 14.53 4.07
B OE ZF B
error variance 15. 89 0.224 X1% BE v
7 & significant at 1% level
total variance 25.65 o
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Table 4 Average days lost, fatal accident ratio, & correlation coefficient between
accident rate and average days lost

FHRRBR ECER(D), KERLBRERE 0BG

Tl E B wo o | ¢ n | FHEK
»%gng%% (m) metho bottom drift upper half side drift average Cé:)?%ﬁgg?
0~1, 000 20.9 (17.6) | 27.2 ( 9.3) — 27.6 (10.3) —0.06
— 1.27 - 0.86
1, 000~2, 000 30.0 (13.6) | 30.3 (11.2) — 30.8 (12.9) —0.45
— 2.63 — 1.33
2, 000~3, 000 25.5 ( 8.6) — 21.9 24.6 ( 8.1) —0.22
2.61 — 2.78 2.63
3,000~ 29.5 ( 7.3) 23.9 (9.7) 26.0 28.3 (7.1) ~—0.27
3.94 1.57 2.31 3.71 .
3 b2 28.2 (10.4) 28.5 (9.7) 24.3 (4.7) 28.1 (9.8)
average 2.90 2.84 2.48 2.85
HOE R K — -
correlation coefficient 0.34 0.21 —0.92 —0.33
Legend : A(B) A : Average days lost
c B : Standard devidtion of average days lost
it C 1 Fatal accident ratio (%)
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This paper deals with accidents investigation and analyses in order to provide
a better understanding of the nature of recent accidents at tunnel construction
works.

Study was divided mainly into three parts: first, to determine the basic rel-
ationships between work accidents and various tunnel characteristics ; second, to
throw light on the variations in workdays lost through accidents and on the
relation between workdays lost and tunnel characteristics ; and thirdly, statistical
and stochastic analyses of 2 kinds of accident rates, (number of injuries per
1,000m and number of injuries per month) assuming that these rates are random
variables. (13 Figures, 4 Tables, 10 References)
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