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Safety Assessment for Environment of Working Walkway by Chaos Analysis on Instability Motion of Human Body

by Takashi Tanaka, Member Takeshi Shinoda, Member

Summary

The Japanese occupational accidents has been continued to decrease since the Industrial Safety and Health Law was established in
1972. But, in recent years, number of occupational accident at shipyard is shifting from approximately flat to increase, and also the
probability of death accidents is still high as compared with them in other industries. Besides, Industrial Safety and Health Law
was revised in 2005, this law recommends 1rnplementat10n of risk assessments for promotion of occupational safety management to
the broad industrial sectors.

The falling type accident is deal in this paper mainly, because this type of accident is happen 30% of occupational accidents in
shipyard. This feature of falling type accident breaks out during walking on circumstances of ship construction fields, according to
analysis of our constructed occupational accident database.

For understanding the factors of introduction to harmful walking mode, experiment on transferring platform mock-up is attempted.
And the motion of center of gravity of human body under some harmful walking environmental condition is measured by motion
capture technology on video imaging analysis. The relationship with the fluctuation property of traces of center of gravity of
human body and walking environment is found out, through these experiments and fluctuation analysis by method of recurrence plot
on applied chaos theory. This numerical calculating methodology is proposed as evaluation of safety of walking environment on
improvement of occupational health at shipyard.
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Fig.1 Experimental set up for studying human walking and 3D data acquisition by the DLT method

Tablel Experimental conditions of the mock-up of walkway

Variation of the floor inclination Variation of the walkway width Variation of the walking tempo
Nominal Condition Width Condition Tempo Condition
designation
Flat Horizontal condition 10cm Restriction of the 30bpm Walking at 30~130
Leftl Inclination to the left or right side 15¢cm walkway width to 40bpm bpm (beat per minute)
Rightl of the forward direction of subject 20cm 10cm~30cm
(inclination angle 13deg.) 30cm
Left2 Ditto. with a bigger inclination .
Right2 (inclination angle 20deg.) 130bpm
Slippery condition Control of ceiling height
N(.)mmfﬂ Condition Height Condition
designation
Slip1 Plywood board High Ceiling height 166cm
Slip2 Detergent between polyethylene Middle 154cm
vinyl sheets on a board Low 127cm
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Fig.2 Profiles of center of gravity of body on y-z plane
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Fig.3 Orbital plot and its recurrence plot of a sinusoidal wave
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Fig.4 Change in center of gravity of human body and its recurrence plot under the experimental condition of an inclined floor for person A
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Fig.8 Fluctuation analysis under the experimental condition of a walking tempo for person D

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

A AFERT N L DANEFE DT DAATREERBE D L MR 2 B4 2078 243

Fig. 8(AIZEH OHAT T L BRITHEV 110bpm DT % FvE
L L7 b EDREOR -~ BEDOENMETRT ., ZORITED
LR OMATT ARITIEY 90~130bpm THEET 2 v ROEW
HRIE-E D LTEY, INLIZEHEVRERLRVTEDR
BERNES D, TS LT, FEOSTT R K DEL
72% 80bpm LA F TIZBEMHOZADIC UHDENRVIZKE LT
T—BEREM L, HBHTT BB RICEY 30bpm TR
HORRERDCENESDIESER DDA —HEITX
LIZINT 5, 2O L LT, FETOSITIFICRN S E
RANG o RERIEL LB, B DBTRERET Cok
TTREDH AT L ADWREBE ST T 52 L B[RRI D,

4.2 FHITEROME

RGEOIGRIEE I L 2 BITEOWOENVEEE LT, ¥
HEE ETOBITIZRN T, R LI —EOIEIZHIRR U447
BAE BT DHITEREIT, L EMNTETo7, 2k
Fig.9 {274,

Fig Q@I HARBLOEBO Y L 270 v b &RT,
CORICEB L, BATHOE 30ecm TIZEBIRORKFETH
545 EHRMOBOVEHNIZSEZ Y LTWAD, 20em (I E
BHE, BOBSHERICHY, £, BREORZRADIZCHBIR
WDH, & HITHITHIEN 10cm 725 & Z ORFRIER L,
S HIZHEBEOTR OB WE S X B,

Fig. 9O} AATHNE 30em OLITEEREL L b E O
MOFR—HEOEETT, ZORICLD &, BITHROED
WD, @LERITERL, BELOENKE DI L

oL TW5D,

4.3 FKHOBYRBLXHABSICLILR

BATHENCE LT T4 v & — e 2 — 5, 7 )
AEOZENIC LWV RECEREORBEBICL DR
HESOBONEEE LT, FHE ETOSTIZBNT, ST
BOKREDOIEVIREZESHRELEKE»D ORAR
E BB S HIIRBOSITEREITD, @ b ERIT 21T - 72,
Z % Fig.10 257,

Tablel (277 L7 8RIZIE D RO ALz DV T, TFHEICE
DT IR O AR O £ &2 AT LR EE(Slipl) & BER KO
INEIREICE LS/ AT DICER it e =— % x, &
DOHIZHERNZEAN LIV D 23 VIRBE(SLp2) 2 7B D, 180 R
FTUBATEBR BT CHITEBREIT - 7,

F7z, KIS OBz oW\ TiE, FHEARER O |2 TEE
ERFMNEEIL L TEHE D LT 7223 585173 5 REIRTE
(Highy2» 5, &% LI 5T 5 BEDIREMiddle),
B, HATHITT HBREDIKEBLow)~KIFE S 241k s
H, BR5FIESOBITHRRECHITEREYIT > 7,

Fig 0@ B LB O U Lo 27 m v MR, 20K
W RD &, FHRETOBE DT Slipl Tii=45 BHMOR
BT -E D LTWER, RBWD LT VIR Slip2 (2725
L7uy hOBOZEENIC LA, KEOBERHKEND
High, Middle TH 7’2 v MO DA SBMIERT, S HIBA
THITT D Low L7258 & 70 v O ORRIBNERT 5,

10cm 15¢cm

20cm 30cm

(a) Recurrence plot of the change in center of gravity of body

1

LA INL BL  N  B B |

o
I

Degree of discordance

-
o

20 30

Walkway width (cm)

(b) Discordance of pattern of the recurrence plot

Fig.9 Fluctuation analysis under the experimental condition of a walkway width for person D
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