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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 é.vailable 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
eiccavated, the higher the accident rate indicated. (Table 2, 3)

* Civil Engineering and Construction Research Division
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(3) 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 workplaceéiin 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)



Y RAVBRTEC KT BHEREOTH(3) — 3 —

1. FLAE

HHOED + v AABTEME BEELVWEREYR
PR, ThfuEEREOmCRTD, B
DEERRTEBEXBERTCHRDL L, BEROESLEHRD
nTWBo LvLietih, fEFRCIL TRERRE
NEWEIRTWABRIEORTS, PV XAVIHE
TR EEWERER, BERZRIERLTW%,

ZHIE P Y RABERTHEY, HE BREEREHE
ck XY ET, BN FERELERLH
BRb 5, FEHCOWTh, BEFEHENOKET
¥, HEEOBEACERFREENFEL, Shbp
S S ER LR b D L LT B A EBbh b,

—F o ORBICTHBLT, b v RVEERGE
DEE (EARFEE), FEKEEMBSOMER (HA T
vERAERBEY) RERMTRbh, FPYRVERL
EpE, Bt BICHILOLZBEMCREWT I%
DREXERTHERR, REE ZEEWHHE
%b‘ooﬁéo

FAFZINET, Zhd bV RVERTEOERER
EETL, IUBHRBR I v R TECRWTE
ELEBERHI, BE - S EEDTE TR DI,
BT TRBWT, BELLEKEOI FIEREFRN
FEHBEECHL TR I EOE TR, Ll

25, REREOBRKC L HREBLPLREROLEE)

B AREER, THER L KELOBEIRDWID
PHEENY, SEWMREED L L TEANLREETLH
D, EEREORLIE - EBYETTH ELCLIEE
CEEAMETL ALY, RERINCRME
LLThBo LT, o Tk EREERERKS
FOREREROLSE), TEHEERELKELOBE
DREER PO, SERET, BRI TFEEH
WS R R AT, UTRENDDEREEEY L
BTHRET %0
 MOTORBELE VR, ROV KER
B, THEEEEHNIHRYLA UL, WEEFRR Y
TED> BEE, WRBRTEFRSh T v RLKE
T5L0TH B, FEAVERC—BEEXNZ
PR E BB E LT, 86FvEA, T5TK,
L 157.9km, ¥EH 1,981 (5 BIET55H) %
BV, ILIBHSE THTEFO I v ALV BRTED
BES, WEIREBR IR,

2.  KEHIHAH

2.1 IRFHETOMEMAE

AR NERATEELESTH, BLERME 4

T, BITHRE TECBELLSHOER
Zrvil (SEHOBEIRITIREEMELL) &
LIHELTED,;, FhIEheRELCRKERDLE
TRZ LA ERELDOERRL TS, b by
INTHECBEHELCER L KELOHERERYMS %
¢, RIEERMOEEBRREMLET, T TRER
£¥, RUORITEERCETHIEANLETNILEL
Fe T Be CoClE, P YILTECEELLESR
LLTHENCBLh S ORI BT, £TKX (75
IR) oF—x—Xb, KERER ROEhbLOFE
HiER OMEBGRE R RD, +0fERY Table 1 kiR
Lio 22°C, EHhOFHEGE LI, BHEHE0ES
BEoREL, BRSO TIENEL »EN, BT
TEBE LIS OT, TROFHNERELZRTIO
ThbHo BIEECIAMBERCHEL LIEBRALH
W, ECBEEREE, LEoOBSECRWT, th
FhoBesids 1m ¥ b oIEILERRMARD bR
TWBDTY, HEBOEY & ERBE OFMEL
TRdTco TBRITEARCRWT, vy 7 F4 MII0
AEZLTIOHE7—F 1A BREL, BEAEL
3, 7 -FXELOBAKE, ThZhoW7 —
FHEEOBMTh b, FIREIL, &2V IV —1E
TE L FOTBEOREME L TRD, BIRMCILE
KBRBER W) 2V,

FAEXY, tvERABOZhLOEROHABEIEN
ﬂbhéﬁ{§*®$%%ﬁ®&ﬁﬁ©%f%béh
THEY, OB TRENMBR 2 & 2 HERD
<, HBEBRBIIB CEDOERXRLTED, »oFhE
S OEHEOEBEI IV BWEEZRL TV, -
2 DOEAOEA I, WY EFREER 10 @
BDT, LWT 45 WHBHN, ZOSBOMELT,
HTES-BTE, ROKTES-REREBOBRY
Ao rhzh Fig 1, Fig. 2 Tho, (BFoD
O + @HI DI 3-2 Tik<5%) Figl kv, TF
B TR & B CGRAVERBERT D, B
BEHEM D D TENMZIE~ETHBZ ENRGhD, i
Fig.2 X v, SEREKLETIEEL ORI, HE



— 4 = EERLDIENBIEHE  RIS-RR-27-1
Table {1 Correlation coefficient matrix of tunnel construction characteristics
TRETHBE< Y v 7 A :
TR [RTE [E07 | g [BHP | wmn [ b ERLE mn ] S28E
number| con- |constru- cgosnsg_ exca- E%a de of steel | of steel Vé;gg:tz of
ofi acci- |structed| . ction ruction | Vation | =" ik arches | arch lined elec'gr;cal
ents | length | period time erected | erected facility
HeEFed % | 1.000 | 0.712| 0.534| 0.708 | 0.708 | 0.386 |- 0.742 | 0.720 | 0.718 0.742
T BE M| 0.712 | 1.000| 0.717 | 0.937 | 0.983 | 0.522| 0.950 | 0.864 | 0.989 | 0.741
W T B % | 0.58¢| 0.717 | 1.000| 0.699 | 0.714| 0.309 | 0.722 | 0.686 | 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
IBYENIRERY | 0.708 | 0.983| 0.714 | 0.940 | 1.000 | 0.386 | 0.959 | 0.902 | 0.992 | 0.747
S| 0.38 | 0.522| 0.309| 0.426| 0.386 | 1.000| 0.414 | 0.267 | 0.439 | 0.368
THRITAS | 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
WITHE| 0718] 0.989| 0.731| 0.947| 0.992] 0.439 | 0.968 | 0.911 | 1.000 0.747
EHEE| 0.742] 0.741| 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 #w | mmEg | ME2E O FEE g
. unbiase variance SIRAN
i _ variance d.o.f. variance ratio 1% ‘point
T % 8l & ® ?
inter-method variance 8.8l 2 1.905 6.29 4.91
2 2 T B
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

FHREBE, SETER(%), KERLBREE OHEBERR

Tihen B om | ko | om o | g s | MR
%Eng%% (m) method bottom drift upper half side drift average (é(:)rel;ieilcaﬁg?
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
OB R K —
correlation coefficient 0.34 —0.21 —0.92 —0.38

: Average days lost

Legend : A(B) A
C B : Standard deviation of average days lost
~———— C : 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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