Table 5 Result of PDA work/ safety observation under NC cutting process
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Table 6 Definition of risk level for the potential hazard index
Level | Ratio of work (Pyo) | Ratio of unsafe status (Pypsafe) Damage (Dyw)
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Fig. 8 Calculation result of potential hazard index for element work
under the process of NC plasma and raser cutting

the relationship between unsafe conditions and work situation
factors. In order to be evident and visualized, and to promote
the issues in improvement of safety, even if the observed safety
level is unavoidable situation, when the unsafe condition is
found at present, it was encouraged not to enter the “good” and
to enter the unsafe conditions. Thus, rather than to determine the
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magnitude of the absolute value of the unsafe conditions such
as 49.2% of all observations, an attention was paid to the items
with relatively large value in comparison to others.

According to this table from unsafe status aspect, the ratio of
unsafe status of fall down on slat conveyer is 10.4% of all unsafe
condition by PDA observations, ratio of struck by machine is

Takeshi Shinoda, Kyushu University



Table 7 Preparation of countermeasure planning by methodology
of hazard-countermeasure deployment

(a) Items for five factors of hazard and tree perspective measures

Hazard
Risk Avoidance/ Protection Risk Source
Human : :
Hardware Management Machine Environment
Physical Conditions | Protection Organization Equipment | Facilities,
Health Conditions | Equipment Management Machine Equipment,
Skills Protection facilities Regula.tlons Tools Walking path environment
Knowledge Edupgxtlon Function Floor condition
Communication Training method, | Placement | Working hours
Process_mg manual | Strength Occupation Hours
Checklist Quality Processing
Signs
Countermeasure
Education Engineering Enforcement
Knowledge Improving Safety Standardization,
Acknowledgement | Improving working environment | Establishing the procedure
Practical Signs/Warnings Caution
Risk experience Multiplexing Posting accident examples
Changing specification Posting good examples
Change/Omit process
Fail safe

(b) Applied example for hazard-countermeasure deployment

Hazard
Risk Avoidance/ Protection Risk Source
Human
Hardware Management Machine Environment
-Operating crane -The space of slots
on the slot conveyer 150mm is fit to
W -Problems in walking the cutting material,
ork :
A manner on t'he slot conv. but causing trap
-Risk of falling by and falls
trapped sole on the slot
Countermeasure conv.
-Confirm walking manner
: -Recomend workers for
Education periodical replacement
of safety shoes
-Study of the proper -Study of the shape |-Periodical
Bhaee space on the slots of the slots replacement
g g according to (ex.) alter the shape | of slots
the ergonomics to rail shape
-Alert each other -Acknowledge -Establish
Enforcement the results from the standard
ergonomic studies for the slot
replacement

24.0%. The item concerning the work safety regulation is found
that the ratio of no use of walking support plate is 20.3% and the
ratio of pointing and calling is 10.9%. These suggest that the
results show the difficulty to keep the implementation for safety
regulation. On the other side, from the work element aspect, the
grinder has a 61.1% detection ratio of unsafe conditions, the cut-
ting remains with burner has 59.7% and the moving on conveyor
has 37.5%. In this way, it is possible to quantify the unsafe con-
dition by PDA work/safety observations.

For the sake of convenience in assessing the risk under work-
ing, we attempt to set the potential hazard index of occupational
safety for element work U gw as an index for risk analysis by
using the results of PDA work/safety observations and con-
structed database on the occupational safety. Two major factors
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such as a degree of unsafe work P yw and a degree of damage
by unsafe work Dy w are considered. The equation is defined as
follows:
Uew=PuwXDuw (1)

Puw is divided by two factors such as a factor of frequency
of element work P work and a factor of its unsafe observation
PUnsare determined by PDA work/ safety observation. In this
study, these all three factors are transferred to 5 grading level for
risk assessment as in Table 6, because the numerical observed
data has some ambiguity.

Here, L Py.n., which is the level of Pwork, is classified by
ABC analysis that is based on accumulated frequency.

Takeshi Shinoda, Kyushu University
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Traveling angle: 0°,30°, 45°, 60°, 90°
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Dimensions Plasma Laser
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Thickness 9 mm 6 mm
Height 150 mm 100 mm
Length 3,800 mm |4,560 mm
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{erigfli (Same as length)

(a) Experimental setup

Experimental zone
Experimental zone length

Y
conductive lead

(b) Insole type foot pressure sensor

I'o PC on line
Analog-to-digita
conversion upit

(c) Fitted measuring equipment on an examinee’s leg

Fig. 9 Outline of experiment for evaluation for walking environment

on slat type surface plate

L Pyysare, Which is the level of P unsare, is classified by 5 grades
of separat ion of every 10%. And Dyw is defined by basis of
lost-worktime injuries from constructed database, and the level
L p is classified by 5 grades of severity damage. Thus, U gw is
redefined as follows;

UEW = LPyuswe X LPyorn XL D )

Fig. 8 shows the calculation result of potential hazard index for
element work. Each levels are determined Table 6 by referring
the observation results on Table 5. In this calculation, P unsafe
is considered for the result of unsafe observation except no use
of working support plate and pointing and calling because these
aren’t firmly established in workers in surveying site. The high-
er potential of occupational accident are found in the element
work item of preparation for tools, cutting remains with burner
and crane assistance. Therefore, the risk control can be taken
with this potential hazard index in consideration.

According to the calculation of impact of item of unsafe condi-
tion based on Table 5, the item of fall down on slat conveyer
is observed 20 cases of the unsafe condition and this impact is
around 5% down when all of observation results of this shift are
to be safe condition. So, in the following chapter, we investi-
gated the measurement to improve the item of fall down on the
slats where can be difficult to keep the body balance of workers.

3.3 Study on safety improvement based on PDA work/safety
observation
3.3.1 Methodology of hazard-countermeasure deployment

In the commonly exercised safety measure, “to mentor and
educate worker’s unsafe manner” and “to ensure” the safety
rule which relies on the worker’s consciousness at the shipyard,
and the effectiveness in safety measure may be concerned. In
addition, the conception of the security varies to each worker
and manager and it makes difficult to build an effective measure
through discussion at the safety measurement meetings.

In this study, we developed an effective methodology that we
call a hazard-countermeasure deployment to create an effective
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measure for a apprehensions about worker’s safety. This meth-
odology is based on the 4M4E model and SHEL model which
have been conventionally used as accident analysis, and five fac-
tors for potential hazard are defined as factor of the man/worker,
management systems, equipment, protective equipment, work
environment [6]. The current situation of each hazard factor was
described. And, the matrix of the tree perspectives of measures
such as educational countermeasure, engineering countermea-
sure, successful enforcement were created to expand the issues
to test.

3.3.2 Implementation of hazard-countermeasure deployment
Table 7 considers an example that is working on a conveyor
moving elements of NC cutting process with a risk of falling and
stumbling. First, the measure was designed. The views were
exchanged on the current situation for walking on the slat con-
veyor at the debriefing session of a risk assessment meeting. For
example, the present hazards were pointed out as follows:
1) A stumbling by caught in between the slats attached to the top
of the foot instep protectors and safety shoes
2) The worn-out sole of safety shoes being trapped in Slat Bali
that is irregular form of spikes generated by the plasma torch
3) The space of slats are designed to avoid hitting the torch of
the NC cutting machine and narrow slat space bring about in-
crease the power of conveyor
4) Replacement of slats scheme are no documented criteria.
Above factors in work status were deployed in the top of row
of the matrix. The concrete measures are deployed in the verti-
cal column of the matrix. For example, the column of human/
workers, the need for periodic replacement of safety shoes is
set as an educational measurement and alert each other is set as
an ensuring implementation measurement for enforcement. In
addition, the management of work environment as a source of
hazard, the periodical replacement of slats with severe burr engi-
neering as an engineering measurement, a proper consideration
of the width as the ergonomic point of view are raised. One way
to ensure the implementation, the developing the standard of slat
replacement, educating workers with the ergonomic knowledge

Takeshi Shinoda, Kyushu University
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Fig. 10 Methodology of fluctuation analysis for walking on slat type surface plate

is discussed some of the measurements.

During this process to fill the squares of the matrix by testing
the validity and effect of the developed measures, it was found
that this methodology is convenient to make safety measure-
ment.

4. Walking experiment to assess the safety of walking envi-
ronments

The difference of slat space of conveyer in the process of NC
cutting is due to the difference of safety of walking environment.
We attempt experimentally to verify the safety influence of the
difference of slat space. It is the feet that support the body dur-

We need to analyze this pressure profile and challenge to devel-
op the analysis methodology for the relation with sole pressure
and body balance by focussing the motion of the center of sole
pressure profile.

pxi,vj,t), which is shown as screen shot in Fig.10(a), is
pressure profile at a certain moment ¢ and a point (xz, ¥;) on
sole, where, each x-axis and y-axis is along the horizontal and
traveling direction with walking direction, and z-axis for the di-
rection of pressure is set as three-dimensional coordinate system.
The center of sole pressure profile during walking is defined as
follows:

Cxi(t):inZﬁ(xi,yj,t)AS/ZZP(xi,yj,t)AS
X1 ¥i

ing walking on the floor and keep the human body balance. We Xi Y 3)
expect that the difference of sole pressure appears during walk-  cy,(¢) = >1y; >1p(xs, v5, t)AS/Zzp(xi, vi, t)AS @
Y Xi Yi Xi

ing on the slat conveyer.

4.1 Out line of experiment for human walking

Fig. 9 shows an outline of experiment for evaluation for walk-
ing environment on a slat conveyor at shipyard.

Fig. 9(a) shows experimental setup and the coordinates for hu-
man walking on a slat conveyor. In order to obtain time-series
of pressure distribution on the surface of sole during walking
motion, insole type sensors are installed the protective shoes that
worker at shipyard commonly wears, and worker as a examinee
walks on the slat conveyor at shipyard, where square shaped ex-
perimental zone are indicated.

We used FScan as the measurement instrument that is produced
by Tekscan, Inc. in US and use the personal computer to collect
data by the online connection. The insole type sensor is 0.1 mm
of paper-thin and this consists of two thin layers that are made of
flexible polyester sheets as shown in Fig. 9(b). In this figure, a
grid pattern on the surface of sheet can be seen, and around 800
to 900 conductive electrodes with 4.2 cells per cm2 of sensor’s
cell density are mounted on the surface of sheet. Fig. 9(c) shows
that a walker wear the sensor unit with device units. Sheet sen-
sor connects to analog-to-digital conversion unit, and through
the interface board unit on the personal computer, sole pressure
data can be collected. The examinees always fix laces up on
their work shoes, and the insole sensor sheets don’t slip inside
the work shoes.

4.2 Development of analytical method for sole pressure

As an example of the measurements which is obtained from a
walking experiment, a screen shot of sole pressure profile on the
insole type sensor appeared as shown in Fig. 10(a).
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Where, AS is the area of conductive electrode and the sole re-
gion of insole type sensor which examinee wears is represented
as follows:

Ximin < X < Ximax )
Yimin < ¥j < yimax (6)

The trajectory of the center of sole pressure profile (cx;, cy,)
during walking on the slat conveyor under scan interval 1/100
sec. are shown in Fig. 10(b) and the component of ¢y, is shown
in Fig. 10(c).

According to these figure, the trajectory has the different cyclic
motion with the slat conveyer type and traveling angle, and espe-
cially cy, can features the profile of the difference of walking
by examinee. The peaks of trajectories cy, which appear when
toe kicks on the flat floor constantly keeps the same position.
Whereas, in case of walking on the slat conveyor, the peaks of
trajectories cy, fluctuate and can’t keep the original position.
When this feature appears during walking, this almost of the ex-
aminee had the hard impression to walk.

By comparing the differences in the fluctuation of the peaks
in different walkway environments, we introduce the following
standard deviation SD 7y to analyze the safety evaluation for
walkway environment.

n e
SDry =,/ L SU(TYr—TY)?
nE=1 (7

Here, 7Y . is peaks ofcy, on step number k.

Takeshi Shinoda, Kyushu University



18 1 (mm)

16 | Left foot

12 1 Max. line

Standard deviation
oo

Right foot

Min. line

Standard deviation

6 3

4}

2 3

0
Traveling angle Odeg. 30deg. 45deg. 60deg. 90deg. Flat Odeg. 30deg. 45deg. 60deg. 90deg. Flat
Gait pattern P P (o) 0 (o) (o) P P (@) (0] O (6]

Remark: Gait pattern code O: Ordinary, P: Parallel, V: Figure shape "V"

(a) Slat space 150mm on worker A

(b) Slat space 100mm on worker A

Fig. 11 Standard deviation of the peak point of pressure on toe of walking
on the actual slat type surface plate

4.3 The result of experiment

We investigated the influences of walkway environments such
as the slat space and the travel angle upon the body balance dur-
ing walking.

In Fig. 11, the results on the experimental cases of two types of
slat conveyer are shown with the comparison during walking on
ordinal flat floor.

According to this figure, the standard deviations on the slat
conveyer are higher than that on the flat floor, especially the ex-
perimental case of 150 mm of slat space is remarkable.

And the standard deviations on the experimental case of 100 mm
of slat space are mostly lower than the deviations on the 150 mm
of slat space. The standard deviation at travel angles 45 degree
and 60 degree may be mostly minimized with by comparison
with the angles 0 degree, 30 degree and 90 degree, because ex-
aminee had to take an unordinary gait walking pattern, such as
“Crab like walk”, “Parallel walk”, “Figure shape “V” walk”.
The walking experiment has been carried out to total six exam-
inees, the impressions of examinees to keep balance on walking
action through walking experiment are concord with the differ-
ence of standard deviation.

To sum up these findings, on the 150 mm of slat space, the
fluctuation is higher. In contrast, on the 100 mm of slat space,
fluctuations mostly decrease. In perspective of keeping body
balance on walking, the slat space and travel angle are important
factors for evaluation of walkway environment.

5. Conclusion

This paper proposes the methodology for risk assessment for
occupational safety through the basis of developing process.
And we introduce the application example to the process of NC
cutting at an actual shipyard in Japan that has potential hazard
for occupational safety at the working place. The effectiveness
of the proposed methodology is confirmed through its applica-
tion and continuing to apply to some processes of ship construc-
tion.
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Appendix 1 Principle of instantaneous observation
Instantaneous observation method is based on the binomial
distribution. This distribution means whether some work is dis-
covered or undiscovered and this type of distribution is expected
to converges the normal distribution with increasing number of
observations. From this character, confidence intervals are set
number of samples are determined depending on the confidence.

o o Tt
SP=a N (Al

Where P is the probability of occurrence of the observed item
including element work, S is the precision, N is the number of
observation. Also, o coefficient is decided by reliability and
when confidence level is 95% , 2.0 is taken.

Number of observation, for example, when calculating the S +
10% accuracy in the observed item that occurs 35% of the work
requires 745 observations, obtained at + 10% to 5% accuracy of
the work element requires 7,600 times.
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Fig.l1 Experimental setup in actual shipyard
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Table 1 Experimental conditions
on the actual slat conveyor in shipyard

Nominal designation Experimental condition

Flat Horizontal condition

SY-Slat space - Travel angle | Slat space (mm) | Travel angle (deg.)

(ex. SY-150mm-90deg.) 150, 100 90, 60, 45, 30,0

Toe Toe
_
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5 E
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= 2
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Transverse component (cm) Transverse component (cn)

(a) Experimental condition:  (b) Experimental condition:

Flat SY-100mm-90deg.
Fig. 2 Profiles of load center point by inner sole type sensors
(Worker A)
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Fig. 2 Storage of body heat during imaginary operation
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Slat
Thickness:9mm
Height:75mm
Length:2400mm

Fig.1 Experimental setup for human walking

on the slat conveyor

Table 1 Experimental conditions of the mock-up

of slat-conveyor

Nominal designation

Experimental condition

Flat

Horizontal condition

Slat space - Travel angle | Slat space (mm) | Travel angle (deg.)

(ex. 150mm-90deg.) 150, 120,90, 60 | 90, 60, 45, 30,0
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y—direction (mm)

(a) Experimental condition:
Flat
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y—direction (mm)

(b) Experimental condition:
150mm-60deg.

Fig. 2 Trajectory of center of sole pressure profile

(Examinee A)
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