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Analysis of Accidents in Tunnel Construction Work (4)

by Shigeo HANAYASU*

1, Introduction

Every year many casualties take place in the construction industry. In particular, labour accidents associated
with construction work accout for about one third of all occupational accidents and represent nearly a half
of the number of death in all the industries. Among them, the tunnel construction sector has a higher accident
frequency rate and a higher severity rate than those of other construction sectors.

This paper presents statistical analysis of labour accidents occurred in a large construction project, with
particular'emphasis on tunneling work, in order to clarify the basic labour, accident situation in constrution
site. )

2. Data collection and monitoring

The tunnels under the present investigation are those in a part of the New Sanyo bullet train construction
project ranging from Hiroshima to Yamaguchi prefectures, which numbers 75 construction sites. The accident
data were made available from the reports on industrial accident, which were submitted to the labour standard
inspection offices concerned. In addition, information concerning construction site features was collected from
the project records compiled by Japan National Railway.

So far as the variables on construction site features are concerned, 13 kinds numerical variables (eg. length
of tunnel excavated, construction periods, index of rock grading of site, total hours consumed in excavation,
etc.), including the number of accidents and 3 kinds of categorical data such as method of excavation,
transportation system, and on type of entrances in each construction site, were obtained from the construction
record.

After compiling these data on all construction sites, numerical variables in each site were divided by the
length of tunnel excavated in order to make these variables comparative between each site. In order to find
the outliers in these normalized data 3rd moment (skewness) and 4th moment (kurtosis) of these variables
were used. This detecting resulted in 6 construction sites had some discordant values with respect to the
construction variables. Hence, for the purpose of assuring the homogeneity of data structure, variables within
this 6 construction sites were excluded from the data set, so that the final number of construction sites for
the analysis was to be 69. )

3. Analysis and results

Various multivariate analysis methods were applied for the study of the basic relationship between labour
accidents and tunnel construction features on site. The main conclusions reached in this work are as follows:
1) From the correlation analysis, there is a strong correlation between the total number of accidents and
the total volume of construction materials consumed. However, the accident frequency rate (The number of
accidents per 1km) has no positive relation to the unit volume of the construction variables concerned. In
contrast to the overall accident frequency rate, the fatal accident frequency rate depends on the geological
characteristics of the strata on site and decreases in accordane with the inrease of unit volume of construction

* T ARMEEM7E  Construction Safety Research Division



—88— EXRLZLMAFMERE RIIS-RR-85

variables.
2) According to the principal component analysis, many selected numerical variables can be explained by
such a few factors as of the size of construction work, the geological factors of the tunnel, and labour accident:
factors. Since accidents constitute a rajor component in PCA analysis, statistical evaluation, with reference
to accidents, between construction sites can be conducted by making use of the accident frequency rate. The
poisson distribution also could be employed for the statistical analysis of the number of occurrences of accidents
in a site.
3) A discriminant function was developed to distinguish with high accuracy whether or not work place may
have fatal accidents during its construction periods. From the analysis, fatal accidents are more likely to occur
in a work place where the geological conditions are relatively better, and the execution of the construction
work was accomplished within a short or period of time. Interpretation of the valiables employed in the
proposed discriminant function were explained similar to the ones given in the correlation and the principal
component analyses.
4) Finally, multiple regression equation was proposed to predict the number of occurrences of accident in
a construction site with a relatively high mutiple correlation coefficient. Total volume of steel arches erected,
method of excavation, and index of rock grade have played an important role for establishing the regression
equations. These explanatory valiables could also give the same implications of the accident situation as
revealed in the preceding paragraphs.
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Table 1  List of data items collected
TF—-2HE—E
No. H E] B %
1] = % (N EERERREC
&3
2 |%E T % | (MEE
3 £ | (100m) XM T fEgE
4 | T A | (H)
5|1 # | (EM)
6 | 18 i ¥ i | (1000hour)
AL E?ngﬁw
8| XZX /I E R F #H|(1008)
9 (% /& I B A £ | (10007 cm)
W0)2>27Y)—FTHE| (10000cmm)EEXES
| TR ) — b awE | o 4
12| T#a> 7 ) - HEHL | (BERT 284
13| 8 yi) & E | (km)BARIHEE
I.E?Emtﬂ¥ﬁﬁ
ulm w T |
4. BEFA
1. 24xHFR
BIE B > 2 7 a2, v—rFR
3. BEHR
1. E@sin
OEEECEEE T M
4. HEG




FEREREEESS 2 LN TWBENDT?, EEBOKEILIE
B L AR EERR AR & ORI & LR, IRTEIAKIZ
ERToEAKE L, vy 7RV MIWEZ D - TL00H
FRTIACHREL 2, TETEARL I, #7—FX
BRITOEASE L, TRNENOMERNOENTH S, 2
V7U—bﬂ$§uu,:y7U—Pm%§IEt%m
HHENEME L TRD, TRARERA > —2 2,
Ny 5WE1LEADILHBIRLL, 2ERICNTS
ZAD TRETEHESTH D, BENBRBIERENFER

(kW) Z2 BV, 247 3) %8 LT, BRITE
(B TEL L 4558, T ) RPEMENER:
2F 5 (FAXFRLE 348, BIvmnEX (L
B, B Y 498 0 SENEEEMR . FBRE
DTG, TR EIREH LT CHITTHRIL
72, LRESER L FHRFETREL LY HiT= DI,
BT REIRERELRRY ), THEORE, {FERD
+EDETRY, TELRICI IS UHBESIYS
A ELTH b,

TR D ZNENIC DV T LICBREH 2R/ D
5, TREOHENLEE2ESHICT blzHic, FLED
BTETR) RENEGERZRL (T — 7 2HELL
72, READEDHOERE L THTIERELRALZNE,
MO TEPHWT R, »2\VIZEERMEL LV TED
BEYLTELIHMETHENIHL, BILRIIEED
HWEEENIELZPLTH b,

AL, 2TEBLNT—I B THENE
PORIEN DI, 2EANKELEINERE 1EET
riz, 3 KM (skewness) R U 4 kHEE (kurtosis)
PHWCREERRENF = v 7 2T% » 12, ZDRR,
7k 2 ITHE L Y ANLTHOLIER, IR 500m Kb
D Y ALEHLIE, 2T 6 LRISNE (52

EEZEWMEHFREE RIS-RR-8

EXIIPDEEHRTELLKRER -2, HEidh
Ehok2)T5E LBbhnaErREBINT, £ZT
F— 2 DEE D 2D, b E TR EZSHTONRS
LBV R, RRECOTONS LT 5 TREIZLEH
T6OTIX & 7 -7z, Table 2 2i3##ELE N 12BN
BEBOEFHFTEEZ R L 2o RFTHLARDE— A >
b kurtosis [FEME L Y 3 5ET 1, skewness & [F
¥, ERSANEE 0L D L IBBIELENT S,

3. ZEERTECL 20M

3.1 ZERMOEMBIKRODH

—OIZ P ANTELEE - T, HITER, BAITLE
B, BT T CTECEELLEZRRETIR IR
RoTHBY, FTERCRELHFEAERLIX
TEIKERELDENALND, :nexga:%ﬁ@,
RERERELOWEER BIUEIFEEEMOMHEE
BiEEms 200, LR THOERMEICE H13EET —
S DAEBEE 2 KD R % Table 3R L7z, A&
&0, REEBMOMEBGEIrMLN G, BEDIBT
BETEHE L FHEEILOBTEDLIN TV HMIET
RTHREBEEZTTEELNT, LN 2EEZREE
BEMOMEBREIZTNTE: 2->TE ), EE—HBRIEE
B, ER-TE HBH L LTS DEE LOHICH
WAHBER R A L B,

LIRS 5> TRESEEKIZDLELY,
T%, EEREE XRETEARLZENIBERIHER
BOIRLRTHLY, TRALEAGS(NER L AM
Bichsz LB 2ND, ZNIBETEREIES
ZIUTTEERSENT 2 LB, FHERENMMELS

Table 2 Fundamental statistics of normalized data
BT — 2 EEHE R
AVERAGE MINIMUM MAXIMUM SIGMA CV.(%) SKEWNESS KURTOSIS

KEF | 12.3531 0.0000 30.6350 6.2786 50.8261 0.7259 0.3356
FETE 2.7371 0.0000 11.8760 3.2605 119.1209 0.7991 —0.4542
B TH 16.2752 5.5570 42.5200 7.4226 45.6067 1.2542 1.4181
B 7.9372 6.2000 11.0620 1.0934 13.7759 1.1510 0.9163
IEEREM | 48.2751 40.1910 70.0000 7.5307 15.5996 1.5524 1.5484
SEHPETE 2.7880 1.0000 3.7900 0.7444 26.6951 —0.9280 —0.0890
THRTH | 80.6514 54.5820 110.7540 12.5300 15.5360 0.4213 —0.2151
AR | 43.0991 7.9230 70.3120 12.1063 28.0896 0.1688 —0.1063
BWIE | 59.0296 50.7890 70.9370 5.7320 9.7104 0.5025 —0.9792
THEE | 52.4064 2.8250 200.0000 44 8147 85.5138 1.2092 1.0263
THEE | 40.8505 2.2000 100.0000 31.9538 78.2213 0.6238 —1.0522
Zz N 42.0051 16.9230 104.0890 17.1495 40.8272 1.3583 1.8971
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Table 3 Correlation matrix of actual data
KREEMEE v X

REH FUH E E WIAH K I B WEERN FHaE
KEH | 1.0000 0.5495 0.6744  0.5197  0.7052  0.6703  0.3717
FETH | 0.5495  1.0000 0.6810  0.5074  0.6482  0.6496  0.3957
E K| 0.6744  0.6810 1.0000 0.7356  0.9692  0.9808  0.5292
WIRA% | 0.5197 0.5074  0.7356  1.0000 0.7377  0.7262  0.4015
#WT®| 0.7052 0.6482  0.9692  0.7377  1.0000  0.9712  0.4298
TEMEREM | 0.6703  0.6496  0.9808  0.7262° 0.9712  1.0000  0.3783
E¥pEfE | 0.3717  0.3957  0.5292  0.4015  0.4298  0.3783 1.0000
ZRIH | 0.7146  0.6454 0.9485  0.7392  0.9604  0.9573  0.4068
AR | 0.6777  0.5228  0.8232  0.6746  0.8642  0.8648  0.2235
WATEER | 0.6817  0.6678  0.9868  0.7501  0.9785  0.9906  0.4355
WTHE | 0.313¢  0.0578  0.1702  0.2078  0.3178  0.2919 —0.4193
T [ —0.2781 —0.4037 —0.4926 —0.3589 —0.3683 —0.3688 —0.8571
EhHER| 0.7429  0.4811 0.7399  0.6159  0.8087  0.7442  0.3780
EXRIHK LEAE BAHE KTERE T H X BHF=E
KEH | 0.7146  0.6777  0.6817  0.3134 —0.2781 -0.7429
e8| 0.6454  0.5228  0.6678  0.0578 —0.4037 —0.4811
E K| 09485  0.8232  0.9868  0.1702 —0.4926  0.7399
MTHA% | 0.7392 0.6746  0.7501  0.2078 ~0.3589  0.6159
#wTI®| 0.9604 0.8642  0.978  0.3178 —0.3683  0.8087
JEEREE | 0.9573  0.8648  0.9906  0.2919 —0.3688  0.7442
EHpETE | 0.4068  0.2235 0.4355 —0.4193 —0.8571.  0.3780
SRTH | 1.0000 0.9242 0.9675  0.3487 —0.3311  0.7623
#MEAR | 0.9242  1.0000 0.8764  0.5480 —0.1025  0.6906
BITRE | 0.9675  0.8764 1.0000  0.2902 —0.3868  0.7441
#®TH8E| 0.3487 0.5480  0.2902  1.0000  0.6151  0.3492
FHgEE | —0.3311 —0.1025 —0.3868  0.6151  1.0000 —0.2689
BEHER| 0.7623  0.6906 0.7441  0.3492 —0.2689  1.0000
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Table 4 Correlation matrix of normalized data
(’ HELTF—2HEY MY v I X

KER FETHE H

TH B i IEERR PSR

KEH 1.0000  0.0466
FETE | 0.0466 1.0000 -
B TH 0.0181 —0.4149
B 0.2162 —0.2359
PEERFFE | —0.0703 —0.3940
THpEHE | 0.0553 0.3726 -
XREIH 0.1625 —0.2768
BAR 0.1190 —0.3754
ATE | 0.0051 —0.3347
TH= 0.0199 —0.3873
TFH#EEE | 0.0290 —0.3894
w& N 0.2298 —0.2933

0.0181 0.2162 —0.0703 0.0553
0.4149 —0.2359 —0.3940 0.3726
1.0000  0.1203  0.4250 —0.5174
0.1203 1.0000 0.5235 —0.5240
0.4250  0.5235 1.0000 —0.9445
0.5174 —0.5240 —0.9445 1.0000
0.4186  0.6115  0.6244 —0.6903
0.5008  0.5623 0.6937 —0.7697
0.4784  0.6093  0.7737 —0.8553
0.4280 0.6088  0.7340 —0.8072
0.4982 0.5811 0.7725 —0.8571
0.4489  0.3152  0.3554 —0.3296

YRTH BAE A

IR T8 TH#% & 5

segEEe | 0.1625  0.1190
FETE | 0.2768 —0.3754 —
BOTTHEI| 0.4186  0.5008
B Offi| 0.6115  0.5623
WAERERT | 0.6244  0.6937
SEHERE | 0.6903 —0.7697 —
HETH | 1.0000 0.8944
BiAE | 0.8944  1.0000
BIE | 0.7497  0.8223
THEE | 0.7205  0.8032
THE | 0.7759  0.8638
w H1| 0.3354  0.3274

0.0051 0.0199  0.0290 0.2298
0.3347 —0.3873 —0.3894 —0.2933
0.4784  0.4280  0.4982 0.4489
0.6093  0.6088  0.5811 0.3152 ;
0.7737  0.7340 0.7725 0.3554
0.8553 —0.8072 —0.8571 —0.3296
0.7497  0.7205  0.7759 0.3354
0.8223 0.8032  0.8638 0.3274
1.0000 0.8332 0.9031 0.2717
0.8332 1.0000 0.9326 0.3315
0.9031 0.9326 1.0000 0.3258
0.2717 0.3315  0.3258  1.0000
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Fig. 1 Distribution of accident frequency rate
classified by excavation method
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Fig. 2 Distribution of accident frequency rate
classified by transportation system
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Table 5 Principal component analysis by actual data
EIRE I & 5 ETHDDHT

2 3 \

2.2968  0.5980

| R
0.8252  0.8712 :%54;25

30.63 j
28.72
26.80
. - -
}5 21.06 EE%%] ES % 1
19.14
2 gﬁ? i T— EAE 8.4313
" 13.40
M 11.48 }. :L_—; HFE5F 0.6486
il 9.57
Q“*f 7'?2 — REH 0.7741
gisz 3 SETH 0.7110
0ot b £ E|  0.9719
R A T T MLA#) 07890

T 19,044 11.341

RIT® 0.9762
TR | . 0.9644

12.791  16.251

Fig. 3 Distribution of accident frequency rate FHIEE 0.5072
" classified by type of entrance approach XRTH 0.9707
RORXFIREREESH WA E 0.8800
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RITRRE 0.9763
BTHE 0.2848

T#E [ —0.4369
BhERE 0.8228

0.0818  0.5073
—0.1620 —0.1666
—0.0896 —0.1308 |
—0.0228 —0.1486

0.0658 —0.0658 !

0.0664 —0.1654 |
~0.7503  0.2051

0.1057 —0.0896

0.3389 —0.0558

0.0412 —0.1470

0.8918  0.1190

0.8649 —0.0343

0.1119  0.3897

0.8632
0.5595
0.9697
0.6453
0.9617
0.9619
0.8623
0.9615
0.8924
0.9764
0.8905
0.9401
0.8414

s £ | IHEHE

HE

Fig.4 Factor loading corresponding to the 1st
and 2nd principal component by actual

data
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Fig. 5 Factor loading corresponding to the 1st
and 2nd principal component by normal
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Table 6 Principal component analysis '

by normalized data

BEEAEETBIZL 5 RN
EHS 1 2 3 :
EAME | 6.9006  1.2504  LIAT00 | e
- 0.5750  0.6793  0.7767 :%5-5@
KR 0.0716  0.9006 —0.0927 ' 0.8248
FErE | —0.4763  0.1043 —0.5513 | 0.5417
BT TH 0.5811 —0.0110 0.6122 , 0.7126
B 0.6700  0.2031 —0.3474 1 0.6568
TR 0.8592 —0.1932 —0.0063 ' 0.7757
FHyEME | —0.9148  0.1970  0.0238 | 0.8762
FRTH 0.8480  0.1513 —0.1823 | 0.7753
AR 0.9085  0.0478 —0.0982 ' 0.8372
AIE 0.9166 —0.1105 —0.1534 ' 0.8760
TR 0.9064 —0.0685 —0.1196 , 0.8406
T g 0.9454 —0.0831 —0.0999 | 0.9107
g N 0.4533  0.4662  0.5202 ' 0.6934
W oE| WE-RE KE
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Fig. 6 Scatter diagram of sample scores corre-

sponding to two major principal
components
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Table 7 Description of the characteristics

of variates of construction sites
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Table 8 Discriminant analysis
(stepwise variable selection)
HIBUDHTIC BT HTEER
%= # Dxx 2 Pro. D |JK
X3 1.597 26.37 14 14
Xs ,Xe 1.875 24.68 15 16
X3 , Xs 1.879 24.65 16 17
X3, Xo 1.676 25.87 17 17
X3 , X0 1.990 24.03 13 14
X3 , X11 1.881 24.64 13 16
X3 , Xo , X1o 2.115 23.36 14 15
X3, X5, Xg, Xio 2.317 22.33 15 17
Xs D BAITH] Xs | BEOIEERRE Xe @ FHERE
Xs . BiyEAE Xo: FHETITE Xio: THITHE
Xi1 ! TH#a> 7)) — M EEEE
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Table 9  Factor analysis by direct varimax method
EFotr (s =y o RK)
STRUCTURE VECTOR
1 I I v
REH 0.6189 0.7830 0.0237 0.0469
FETH 0.5780 0.2171 0.2064 0.0434
T &K 0.9567 0.0962 0.2362 —0.0203
MR 0.7031 0.0946 0.1403 —0.1173
BTH 0.9648 0.1383 0.0907 —0.1068
390 2 e T 0.9832 0.0757 0.0845 -—0.0170
EHETE 0.3056 0.2036 0.8382 —0.0907
FRILE 0.9661 0.1435 0.0562 —0.0204
REAR 0.9033 0.1478 —0.1698 0.0221
BITERE 0.9794 0.0893 0.1123 —0.0089
HMTH®E 0.3469 0.1440 —0.8145 —0.1021
TR —0.2699 —0.1113 —0.9326 0.0121
BEhER 0.7129 0.4179 0.0245 —0.5624
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Table 10  Multiple regression analysis by 4 selected variables

EEBAFAHRER (4 BHER)
% % |mEmEm | T | meEemme |7 % s
R ER R

F ¥ OB & 0.4609 2.2802* 0.2741 0.1816 0.4305
T—FEAR 0.0126 2.5216™ 0.3006 0.2763 0.6866
E h & ® 0.1473 3.2729** 0.3787 0.3493 0.6921
TH:: EHS 0.2810 3.270** 0.3784 0.5461
£ | —oes0 | | [T
R | 1.5162
EMEH| 0816 | % 5% FE
F 5 = 0.6587 | *%x1% HFE
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Table 11  Multiple regression analysis by 3 selected variables
EARITIHER (3 EHRR)
= % |mEREE|T | e | n | s
AP e

¥ s TE 0.6745 3.2888** 0.3777 0.2658 0.4305
T—FEAE 0.0231 5.6604** 0.5746 0.5078 0.6866
T EHR% 0.2610 2.841** 0.3324 0.5461
I I S N N R R
H B H 1.2259
EEBRE 0.7756
# 5 = 0.6016 * 1% FE
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