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4. Ergonomics Study on High-Rise Working Conditions in Construction Sites.*

by Yoshiyuki EGAWA** Shin-nosuke USUI*** Takuro SHOJI**,
and Takahiro NAKAMURA**

Abstractl] The number of deaths in industrial construction accidents was 644 in 2001. The largest cause was
falls, killing 262 workers and constituting 40.7% of all deaths. Fall accidents have constituted around 40% over
the last 10 years, and the number is not declining.

Based on these conditions, ergonomics study on the safety of high-rise working conditions to prevent the falls
of workers was conducted. This study consists of two parts. The first part is fatal accidents analysis in the
past years and the second is the result of experiments on work load at high-rise working conditions.
<Fatal fall accidents analysis>

The investigation was performed on fatal fall accident reports. At this situation, 200 case reports for building
construction and wooden construction of those workers aged over 50 and those aged under 40 were selected
as the objects of this study. Compared to building construction, the workers with longer experience fell to
their death more in wooden constructions. Especially, for the workers under 40, the workers had an average
of 4 years experience in building construction, and the other hand, for workers of 50 or over, the workers had
an average of 30 years experience in wooden constructions. In building construction, the falls occurred during
movement on the scaffoldings, on the other hand, the accidents occurred often during working in the wooden
constructions.
<Experiment>

The experiment on work load at high-rise working conditions was conducted with 16 subjects. These
subjects those were 7 elderly workers and 9 younger workers were walking and carrying the boards on
scaffolding. Walking speed, step distance and foot stroke time were recorded by video camera. Heart rates on
physiological working load and mental capacity on psychological working load were measured. At the result
of this experiment, it was cleared that the high-rise condition of working with the difficult behaviors for elderly
workers had increased physiological and psychological working load.

Keywords[] Ergonomics study, High-rise working condition, Construction site, Building construction,
Wooden construction
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Table 2 Occupations and ages for building
construction(Younger group)
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Table 4 Primary factors for falling accidents
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Table 5 Result of factor analysis for falling accidents
Oo00D000oooDoo0gon

K71 K- 2 K73 K74 K75 K76 ESEE
FAR FIEENE I gt K =E STiEf oS

VEED LR e R L 0.536 0.013 -0.015 -0.022 -0.002 0.037 0.176
TEESAT - ESHICRED Y 0.503 -0.044 0.142 -0.240 -0.128 0.220 -0.047
e T 0.470 -0.112 -0.340 -0.220 -0.213 0.402 0.054
(= o TR N = 0.413 -0.183 0.059 -0.110 0.061 0.322 0.149
B - AExIE 0.399 -0.132 -0.268 -0.436 0.067 0.038 -0.177
ITETTHE) « BE (- SR -0.166 0.512 -0.037 -0.039 -0.029 0.057 0.060
CERROREEE (R 0.006 0.440 -0.015 0.055 0.030 -0.027 -0.016
FIEDOEME -0.047 0.442 0.074 0.077 0.080 -0.003 0.111
KRBT 0.159 0.395 0.093 0.243 -0.240 -0.138 0.237
Bk R A N moa 0.051 -0.040 0.553 0.237 0.102 0.177 0.134
HHEICRED Y 0.138 -0.028 0.449 -0.020 -0.111 -0.019 0.024
VEFEM DG A 2 -0.024 0.016 0.382 0.042 -0.078 0.161 -0.049
KYK CRIBESR ORI L -0.050 0.060 0.368 0.056 0.010 -0.201 0.004
fEl 7 RREAAED 0.183 0.161 0.140 0.495 -0.020 0.007 -0.137
THHLEREEE (Al -0.043 0.060 0.048 0.491 -0.007 0.017 -0.042
LERROREEE (R MAZY) 0.024 0.068 0.159 0.425 -0.110 -0.012 0.188
Y JEL - g CHERAE 0.001 0.155 -0.025 -0.180 0.653 -0.030 -0.023
FKEDRE5- -0.006 0.073 -0.075 -0.134 0.637 -0.054 -0.035
PRI O R 0.011 -0.070 0.004 0.124 0.328 0.004 -0.077
B D02 - 7 E i 0.135 0.062 0.065 0.081 0.320 0.417 -0.212
VEFER M~ (B E3ED) 0.052 0.033 -0.023 0.089 0.120 0.304 0.159
LA « RRE 0.098 0.056 0.008 0.039 -0.100 0.029 0.767
VEZ M - AHE R 0.189 0.086 0.053 0.019 0.003 -0.039 0.656
R 8.6% 6.2% 4.6% 4.2% 3.8% 3.5% 3.4%
PHETFGR 8.6% 14.8% 19.4% 23.6% 27.4% 30.9% 34.3%

0 370




O00000000000D O NIIS-SRR-NO.280 20030

Table 6 Factor average scoring about age and construction
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Table 7 Mean and standard deviation of Japanese
foot width
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Fig.16 Walking step style on the board
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Fig.17 Variation of heart rates by experimental
conditions(elder group)
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Fig.19 Variation of physical working load
(elder group)
O000D0o0ooooooooooog

000000000000O0O0O0O0O0O0O0OO0O0O0OO0
000000000000 @1D)=2.76,p<.05)0 000
00 (t(11)=2.78,p<.050 )0
D00D0O0000O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0
0000000008 0000000o0onooonon
DooOooO0oO0OO0OoOoO

00000000000000000020000
00990

160-

~ r
(=] (=]
.-E

.

DA% (J8%)
s 8
| B

[=2]
=]
L L

-
o

ThE
#h_E 500mm#4T |
#h_E 240mm1T
6/E500mm&4T
6/B240mnA= 1T
500mm;E fifk
#_E 240mm;E i
6 RE500mm;E i
6 /& 240mm3E it

ik

Fig.18 Variation of heart rates by experimental
conditions(younger group)
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Fig.20 Variation of physical working load

(younger group)
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Table 8 Comparison of average heart rates
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#n/57) HATIRE TERVESERE
(Rl 96.3 113.6
P eyt 108.6 128.6

Table 9 Comparison of physical working rate
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(%) I TIRE TERIESERE
AR 63.4% 74.9%
P eyt 58.0% 67.0%
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Table 10 Mean rates of miss and false alarm
according to age group
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W | FASE | 0.12 0.48 0.12 0.12
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Table 11 Mean reaction times (time in milliseconds) for the secondary task
Oddooooooooddnmsd
HAAT 6 J& Hi E
(ms) 240 mm 500 mm 240 mm 500 mm
i | Aarrfg | AR | And | Al | AkA | ANE | aRd ]
e 962 960 964 936 930 931 954 937 959
ES s 861 845 867 846 849 860 837 839 827
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Fig.21 Mean reaction times for the secondary
task according to the footing board width

gboogoobooboobobod

1000
980
960
940-
920
900
880-]
860
8401
820
800

| 6@
[] #r

RGBSR (ms)

UL g L

Fig.22 Mean reaction times for the secondary
task according to the phases of walking
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Table 12 Mean reaction times for the secondary

task according to the phases of walking
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Table 13 Average scores in NASA-TLX
NASA-TLXO O OO

(S e i A o i
FE TR ZE K 42.9 42.3
KRR ER 44.4 41.5
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257 67.2 45.9
it 36.8 34.3
1) 50.9 44.5

0000000000 00000000000
0 Table 120 O (0

00000000000000000000000
000000000000000000000000
0000000 F(L,3690)=3.378, p<0.10)0 0 0 0 O
Ox0O0x0000000000000000000
0 (F(1,3690)=16.13, p<0.001)0]

O000Fg220 000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
3) NASA-TLXO O

Table 130 ONASATLXO OO O0OOOOO0O0O0O
ooooooooo

00000000000000000000000
000000000mMO000000000000
000000000000000000000000
00000000000000000000000
000000000000 0497)=4.21, p<0.001(0 O
000000000000000000000

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000

00000000000000000000000
0000000000000 000nnonoonoo
000000000000000000000000
000000000000000000000000
000

44 0O00O0DOO0O

uobooooboboouobbooobooobboooog
gohobde0monoonoosoobdbz4o0 MO

gbobobobgobobogoosobobobobo
gbboobooobbooobooobbooboobn
gobooooooo
gobooobooobboooooobebbOoOoD
ooooooooos00mmdOz24mmd 0 O0gd00
gobbooboobboooboobboobooobn
20mm0 0000000000000 0000O0O0O
gbbooobooobboobooobboobooobn
gobbooboobboooboobboobooobn
gbboouboooooobn
oboood0240mmO 000 o0ooooooon
gobbooboobboooboobboobooobn
gbbouboobbouoboobboobooobb
goooooooboz2ommUb00onooooon
gbooon
gobboz2omm0 00000000000 0O0O0OO0
gbboooboooboboooooobboobooobn
gbbooboobboooboobbooboobo
gbobgooboooboooon
goboobooboogbO240mmd 0 500mmd O
gbboooboobboooboobbooboobo
gbbgoaoooo
gbbooooooobooooooobooooooo
gbboooboobboooboobbooboobo
gbboaoogoon
gbbooooooobooooooobooooooo
gbboooboobboooboobbooboobo
gooooooobooboooooooooobboon
gbbooobooobbooobooobboobooobn
gbboooboobboooboobbooboobo
gooooooobooboooooooooobboon
gbbooobooobbooobooobboobooobn
gbooon
ggooooobooooooooooooobobon
gbhboouobooooboooooooooo
gbbooobooobooboobobooobooo
goboogobooooboogoboooosgooooon
gbbooobooobbooobooobboobooobn
gboooboooobooo
ggooooobooooooooooooobobon
gbbooobooobbooobooobboobooobn
gobboooboobboooboobboooboobo
gooooooobobooooooooooboboon
gbobooooooo
gbbooobooobooboobobooobooo
gooooooobobooooooooooboboon
gbbooobooobbooobooobboobooobn

0 470



O00000000000D O NIIS-SRR-NO.280 20030

goboogobaoaon
uobooobobooobboobooobbooooo

gobogbooooboooobooobooooogo

goboogoubogbbooboobboooog

goobodgnd

googooooobbboooooooooooon

gobogoboboooboooboobbooboogn

uooogooogo

10 0b0Oo00ooobooooooboboobooooooon
gbobobooboooboobboobooboobn
goboobooobooboooboboobooooon
ggoooobooooooboooooboboooo
oooooon

0 0000obobooboboobobooobon
ggoooobooooooboboooooboooo
gboloobooboooboboobobon
ooon

30 0bo0o0ooooooooobbooooooon
gboboboobooboboboboobobn
gobobooboooooboooboooooon
ooooooooooo

40 ODDOoOO0O0ooobobOooooooboooooooo
gobobooooboooboooboobooobooon
ggoooooooooboooooboooo
gbobobooboooboobobobooboon
ooooooooooboboseonboooooogo

50 JOboOooooobooboboooooobbooooon
gbooboboobooboboooaoobo
goboboooboooboooboboobooobooon
ooogoooooooon

60 D0D0O0o0ooboooooooooooooo
ooboobooooooboooboobooooon
ggooooboooooobooooobbooo
gobobooboooboboboboobooon
oooooon

ggooo

100 0000000000000 00ooooo
Vol.4[1 No.60] p.8111 2003
0000000000 1BOD0DMOooo0oooon
000020010
3000000000000 0 M 0o0o0oon
0000000020020
40000000000 1ROODMOoOoobooOooooao
0000 d 20000
s00000000bD0ooooooooooooon
Oo0o0dooooooooooooooooon
000000000000 000000NIS-RR-
970 pp.17-2600 199801
D0 000D O000oOoobOOoooOOooooooOon
0000000000 o00oOoooi9ssd ndm
d0000oooooooooongooen
Mo0o0o00ooooooooooooooooon
000000o00dodoOobOoDODOdOdNIS-
SRR-NO.220 pp.15-241 20011
sgupO.000D0OO0O0OOKOOODOOOOODOOOOO
00000000000 00oooond 98z
Jdo0oooooooOooooonO 19780
100 Usui S., Egawa Y., Psycho-physiological analysis of
mental workload at a high-elevated work place,
Japanese Psychological Research, Vol.44, No.3,
pp.152-161 (2002)
noooooooooooooooooooooon
O00000O0NASA-TLXO SWATO O OO OO O
O00000D00DO0ODO0d Vol 29, pp.399408 (1993)
»OOJO0OD00000000000000000000
O000o00ooo ool
130 Welford A. T., Reaction Times, Academic press
(1980)

gooimosgligoon

0 480



