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Evaluation for Safety Walking Environment at Shipyard by Human Model Analysis on Transferring Platform mock-up

by Takeshi Shinoda, Member Kohei Ikeda, Member
Takashi Goto, Student member Takashi Tanaka, Member

Summary

Present situation surrounding occupational accident in shipyard is described that number of occupational accident
is shifting from approximately flat to increase, and these are related with increase of ship construction in Japanese
shipyard in recent years. Harmful occupational accidents are not only great loss to workers and companies, but
also social and economic loss. And advancement of occupational health and safety represents an important issue in
progress of ship industry.

The falling type accident is deal in this paper mainly, because this type of accident is happen 30% of all
approximately 130 cases of occupational accident per year and is situated in the top order of all categories
of occupational accidents in shipyard. This feature of fall accident is contained fall from high place such as
scaffolding and many cases of fall from lower place such as ladder only from one or two meters height and this is
also characteristic of all construction industries. So, database about falling type accident has been constructed by
use of published reports of occupational accident by the Shipbuilders' Association of Japan. And an introducing
mode to falling accident is analyzed through risk matrix method by constructed database, and evaluation of walking
environment on harmful introducing mode is considered by experiment on transferring platform mock-up. A trial
calculating methodology for body burden on walking is proposed through the construction of human model on
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walking, the development of instrument of floor reaction force from foot and the motion capture technique.
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Table 1 Risk matrix related damage level and mode of fall related accident in shipyard by constructed

database of reports of occupational accident by the Shipbuilders' Association of Japan

Damage level (Days of leave for injury)

Frequancy
leve
(Number Category A Category B Category C Category D Category E Category F
of cases) | (Bellow 60 days) (61 to 120 days) (121 to 180 days) (181 to 240 days) (Above 241 days) (Loss of life)
Category 1 [Off-balance and slip | Off-balance and slip Off-ballance
1 at various place, and | at rare situation, and at footstool
(1 case) | g on soon
Misstep on Slip on the rail of Falling with folding
Category 2 scaf-fmz board scaffolding, stepladder or footstool,
(2 cases) Off-ballance on the top | Break of rail of
of folding stepladder, | scaffolding,
Off-ballance on support| Slip at inclined ladder,
of block Miss lasing of inclined
ladder
Category 3 Sway of scaffolding | Off-ballance at edge | Off-ballance or Slip
g or scaffold board, of block or on folding | at inclined ladder, sst\:lg?'f);lodfing
(3 to 4 cases) Misstep at opening, stepladder, Off-ballance at or scaffold
Miss grip on the wall | Slip at stairway block support, board

or on the face plate

Miss grip of vertical
ladder

Slip at edge of block

Video camera

Objections on video
monitor #1

of human body

Real objectlons
X, Y,2)

/
/’ Control points defined
/.\ more than 6 points
° (Xi, i, Zi)

‘\‘

(c) Calculation of position of real objects

Objections on video
monitor #2

Category 4 or at ladder, Fall of scaffold
(50 9 cases) Fall of scaffold board || board
Off-balance at edge of |
Category 5 block or at scaffolding, 3@02?;‘3?55]9
Above 10 Lack of cover Lack of cover
(Above or unawareness at t :
cases) opening at opening
) Horizontal/vertical |
Set ﬁf reflection control point The front face | e back face
on surface L] | (i

Head

(BHHD)
Trunk
(FAA)

Upper arm
(=)

Thigh
(CRH)

Crus
(T

Reflection
marker |

(b) Attached position of reflection
markers on human body

Fig. 1 Experimental set up on human walking and 3D data acquisition by DLT method
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Table 2 Experimental condition on mock-up

Variation of inclination of floor Slippery condition Control of height of ceiling Work shoes
glezrimr:zli on Condition dNec;rir;]mal Condition dNec;rinmaI Condition New/ worn-out
g . 9. p— rubber-soled shoes
i it i i eight ceiling
Flat Holizontal condition Slip1 Plywood board High 1660m New/ worn-out
Left 1 d Incline to the left or right side of Slip2 | Polyethylene . protective footwear
ett Ldown |y forward direction of subject P vinyl on board Middle 154cm Nylon socks
Right I down | (i cination angle 13°)
Left 2 down | Do. and more inclination slip3 | Detergent within 197
i cm
Right 2 down | (inclination angle 20°) gg'ggi%'ene viny [ Low
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Fig.2 Floor reaction force on experimental condition of inclination of floor flat
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Fig.3 Floor reaction force on experimental condition of inclination of floor right two down
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Fig.4 Difference of floor reaction force on friction of work shoes
on experimental condition slip3
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Fig.5 Floor reaction force on experimental condition
of control of height of ceiling (middle height)
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Center between left
and right acrominon

e Center of gravity
O Pin joint
r | % @ Universal joint

mi: Mass of linkage
ri: Displacement vector
I Center of gravity of Linkage
Fr: Floor reaction force vector
r.: Position vector
of floor reaction force
Fi: Joint force —
. Hip joint
Ti: Joint torque A
a;. Acceleration vector of Y
center of gravity of Linkage
N;i: Momentum vector of
center of gravity of Linkage
Here, suffix i

i=1; Ankle joint
i=2; Knee joint —
i=3; Hip joint

Vertical direction
z

Horizontal
direction

Y
Traveling direction

Fig.7 Human body model by linkage of rigid body
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Fig.8 Calculated joint and abduction torque
of right leg under flat condition
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Fig.11 Calculated joint torque on experimental
condition slip3
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