Title of Invention: METHOD AND APPARATUS FOR GCENERATI NG

SAFETY | NFORVATI ON USI NG PROGRESS SCHEDULE

TECHNI CAL FI ELD

The present invention is provided to prevent safety
di sasters occurring during construction on construction and
i ndustrial construction sites, and nore specifically, relates
to taking neasures in advance by analyzing risks by a control
unit by using information in schedule bar charts prepared by
a nunber of partner conpanies in activity types of tenporal
installation, civil engineering, construction, electricity,
and equi pnment, in a case where a preceding activity is not
conpleted or a subsequent activity does not follow the
preceding activity, or in a case where dangerous activities

are concurrently performed in the same space.

BACKGROUND

For industrial accidents, the nunber of fatalities per
100,000 people was 3.0 in OECD and 7.0 in Korea, which is
twce that of the OECD (reported on August 28, 2017 in the
dai |y newspaper of Jungang Il bo in Korea).

According to an industrial accident occurrence status in
2016 announced by the Mnistry of Enploynent and Labor in
Korea, the total nunber of industrial accidents was 90, 656
whi ch neans that nore than 10 di saster victinms occur per hour.
Among them the nunber of construction disaster victins is

accounted for 29.3% of those in all industries. The total



nunber of fatal disaster victins is 1,777, with nore than one
fatality occurring every 5 hours, and the nunber of
fatalities in <construction is 31.2% of those in al

i ndustries.

In 2016, the nunber of fatal disaster victinms in all
i ndustries was 969, anong them the nunber of fatal disaster
victins in the construction industry was 499, that is, 51.5%
of all industries (reported on My 25, 2017 in the daily
newspaper of Construction Econony in Korea).

Wth the developnent of construction technology, the
construction of high-rise buildings and high-rise apartnent
buil dings that rise high into the sky has increased, and the
construction of digging deep underground is increasing along
with large shopping malls and |arge-scale factory conplexes
spreadi ng horizontally.

As a result, up to thousands of workers per day are
di stributed vertically and horizontally in many spaces, and
the activities of dozens or hundreds of tenporal installation,
construction, electricity, and equipnent are conplicatedly
processed with each other.

Wi le safety objects of to be managed beconmes vast and
conplex, the traditional nmethod of safety nmanagenent by
manpower i s mai ntai ned.

For exanple, in a <case where the mnager | acks
construction experience and in a case where there is a safety
problemin a specific space but the problemis not recognized,

safety  managenent centered on  nmanpower means  that



m sunder st andi ng occurs, safety facilities are dismantled or
noved w thout perm ssion, communication between activity
types of the preceding activity and the subsequent activity
is not successful, the worker enters a prohibited area
erroneously, the worker does not properly equip wth safety
facilities, and the like.

The followng is a contribution froma safety expert.

As any safety-related expert knows, there is a principle
of cause connection anong the four principles of disasters.
Al'l disasters have a cause. The nost wunfortunate of al
construction accidents is that no matter how nuch the injured
person conplies with the safety activity procedures, the
accident can occur if the wong activity conditions are
prepared in the preceding process. Such exanples occur in
nost cases of construction accidents (reported on My 25,
2017 in the daily newspaper of Construction Economy in Korea).

It is determ ned that the conventional safety managenent
nmet hod as descri bed above has a part that cannot manage vast
and conplex activities or safety facilities, equipnent, and
wor kers based on |imted manpower and experience.

As docunents related to safety managenent, there are a
risk evaluation report, a hazard prevention plan report, a
night activity permt report, an activity report, and the
like. First, in the case of the risk evaluation, the process
is as foll ows.

In the early stage of construction, when preparing the

hazard prevention plan report, a safety nmanagenent plan



report, or a construction plan report, an initial risk
evaluation is carried out, the risk evaluation report is
prepared in consideration of the on-site situation before the
rel evant activity, and the activity from material inport to
construction material export is divided into detailed units,
and a schedul e bar chart is prepared.

If a unit activity is classified, risk factors (human
factors, mechanical factors, electrical factors, materia
factors, activity characteristic factors, activity
environnment factors, and the like) are identified for the
activity. Safety neasures that can be taken on-site for
identified risk factors are established and risks review by a
preparer, a construction manager, and a safety nmnager are
det er mi ned.

A risk evaluation neeting (preparation partner conpany,
construction and safety staffs, and site nmnager attending)
is conducted by collecting the data the week before the start
of the relevant activity type. It determ nes when and who
take and confirm the safety neasures for the selected risk
factors, and conducts delivery training until the day before
the activity is carried out.

On the other hand, the risk evaluation report 1is
i mportant and evaluates a part of the overall activities
focusing on the activity wth a high risk level, and the
evaluation contents are being prepared according to the
i ndi vidual capabilities of the partner conpany.

Therefore, there are sone activities that have not been



eval uated because the risk evaluation does not cover the
entire activities. In particular, since nmany activities are
carried out sinultaneously during the finishing construction
period such as interior, it takes a lot of tinme and effort to
prepare the risk evaluation and an evaluation neeting, so
only a mpjor activity has to be selected and nmanaged. In
addition, the content of the evaluation is highly subjective
depending on the conpetency of a creator of the partner
conpany.

On the other hand, in the schedule bar chart, tinme and
date are indicated on the X-axis and the activity contents
are displayed in the bar chart or Gantt chart of a bar shape.
Accordingly, there is an advantage of being able to visually
easily grasp when an activity starts and when the activity
ends.

However, in the schedule bar chart, the bar display
indicates when the activity is processing, but any
i nformati on about safety does not contain therein. Safety
managenent and the schedule bar <chart are being used

separately for different purposes.

SUMVARY OF | NVENTI ON
Techni cal Probl em

In the present invention, a process plan is established
for all activities on the site and a causal relationship
bet ween sonme activities are conprehensively analyzed in a

time series. Cbj ective and systematic safety standards



verified by a nunber of experts are established and whet her a

process plan exceeds the safety standard is anal yzed.

Solution to Probl em

In order to solve the above-descri bed technical problens,
the present invention evaluates the risk of equipnment, a
tenporary material, or the |like necessary for a partner
conpany to performthe activity.

What other dangerous activities are in the sane
wor kspace i s defined.

By analyzing an influence of the preceding activity and
an influence of the subsequent activity, what state of the
preceding activity and the subsequent activity should be is
conprehensively analyzed in tinme series to ensure that the
current activity is safe.

In order to determ ne whether a specific activity is
dangerous, risk evaluation standards are established through
objective data standards, |aws, regulations, cases, expert
opinions, or the like. The risk evaluation standards include
st andar ds (hei ght, strengt h, si ze, installation tine,
retention period, and dismantling tine) for safety facilities,
standards (work conditions for constructi on, t enpor al
installation, electricity, equipnment such as tenperature,
humdity, wnd, toxic gas, lighting, electric shock, and
pressure) for activity conditions, a schedule difference
(condition that the preceding activity must be conpleted) of

the preceding activity, and a schedule difference (condition



that the subsequent activity nust follow) wi th the subsequent
activity. These data are classified by construction type,
operation type, and activity type, and nade into a DB

A method of collecting activity information utilizes a
master (total) schedule bar chart, a nonthly schedule bar
chart, and a weekly schedule bar chart, which have been
conventionally done wthout additional effort or system
manpower .

The risk evaluation is carried out by conprehensively
determ ning contents analyzed from the schedule bar chart by
the control uni t and how dangerous the environnent
surrounding the activity set in a safety standard setting

st ep.

Advant ageous Effects

According to the present invention, the follow ng
ef fects can be expected.

In the prior art, the risk was evaluated only for a high
risk or mpjor activity, but according to the present
invention, the risk can be evaluated for all or nost
activities.

In addition to the existing safety managenent activities,
it is possible to analyze risks systematically and
i mediately by sinply preparing the schedule bar chart that
has been done in the past wthout inputting additional
manpower, effort, time, policy, and system

In the past, the risk evaluation was strongly subjective



in that the content differed depending on the individua
eval uator's conpetency. However, according to the present
i nvention, since objective and systematic safety standards
such as opinions of expert groups, |aws, regulations, safety
standards, and cases are prepared in advance, the risk
eval uation is refined.

In the past, it was difficult to analyze the preceding
activity or the subsequent activity that nmade the specific
activity dangerous, and even in a case of being analyzed, it
took a lot of tinme and effort by the analyst nmanually
analyzing it, and the content was also very subjective.
According to the present invention, it is possible to
accurately grasp how the preceding activity or the subsequent
activity related to the specific activity will affect the
current activity status. Accordingly, it 1is possible to
systematically analyze not only the problem of the specific
activity itself, but also a relationship with the external
environnment (different activity type, preceding activity,
subsequent activity, upper, lower, left and right activities)
surroundi ng the specific activity.

In the past, the schedule bar chart prepared by each
partner conpany was used to grasp how nuch the activity is
progressing, whether the activity is late or early conpared
to the plan, and the speed of construction. According to the
present invention, it is possible to analyze the safety-

related influence of the activity on the schedul e bar chart.



BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a block diagram illustrating a configuration
of a safety information server 20 provided by generating
safety information by using a schedule bar chart according to
an enbodi nent of the present invention and a term nal 10.

FI G 2 is a configuration diagram of a safety
I nformati on generation apparatus using the schedul e bar chart
according to an enbodi nent of the present invention.

FIG 3 is a conventional schedule bar chart format.

FIG 4 is a flowhart illustrating a safety information
busi ness process between a construction conpany, which
generates and provides safety information using the schedul e
bar chart according to each enbodinent of the present
i nvention, and a partner conpany.

FIG 5 is an exanple of setting safety standards for a
specific activity according to the present invention.

FIG 6 is an exanple illustrating a schedule bar chart
of cooperation to performan insulation activity according to
the present invention.

FIG 7 is an exanple illustrating a schedule bar chart
prepared by a partner conpany performing a fire resistant
coating activity according to the present invention.

FIG 8 is an exanple illustrating a schedule bar chart
prepared by a partner conpany performng a fire extinguishing
pi ping activity according to the present invention.

FIG 9 is an exanple in which the schedule bar charts

prepared in FIGS. 6, 7 and 8 are integrated and di spl ayed.
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FIG 10 is an exanple illustrating a result of risk
evaluation by analyzing the integrated schedule bar chart of

FIG 9.

BEST MODE FOR | NVENTI ON

Her ei nafter, an apparatus and nethod for safety
i nformati on generation using a schedule bar chart according
to the present invention will be described in detail.

FIG 1 is a block diagram illustrating a configuration
of a safety information server 20 that generates and provides
safety information using the schedule bar chart according to
an enbodi nent of the present invention and a term nal 10.

Referring to FIG 1, the safety information server 20
using the schedule bar <chart according to the present
enbodinment is responsible for receiving and determ ning
safety information, and providing the safety information to
the termnal 10. The termnal 10 is responsible for inputting
and inquiring the schedule bar <chart or the safety
i nformati on.

FI G 2 illustrates a configuration of a safety
i nformati on generation apparatus using the schedul e bar chart
according to an enbodi nent of the present invention.

Referring to FIG 2, the functional configuration of the
safety information server 20 according to the present
enbodi ment includes a control wunit 21, a schedule bar chart
dat abase 22, a safety standard database 23, and a safety

i nfornmati on dat abase 24.
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The control unit 21 stores the schedule bar chart in the
schedul e bar chart database 22 and stores a safety-rel ated
standard in the safety standard database 23. In addition,
after reading activity contents from the schedul e bar chart
dat abase 22 and evaluating the risk, result data is stored in
the safety information database 24. In addition, the control
unit 21 is responsible for transmtting the contents of the
dat abase to the term nal 10 according to the user's request.

Additionally, the control uni t 21 may pr epar e
counterneasure information such as a risk-related neasure
net hod, a procedure book, a law, a regulation, and the like.
The counterneasure information nmay be prepared in advance in
the safety standard database 22 to be utilized.

The control unit 21 nmay display a degree of risk for
each step, level, and grade for the activity exceeding the
safety standard. It may display the size and influence of the
di saster expected on the site by being sorted in order of
magni t ude.

The schedul e bar chart database 22 stores the schedul e
bar chart prepared by the partner conpany for each
pr of essi onal activity type in the fields of tenporal
installation, civil engineering, construction, electricity,
equi pment, environnent, and plant. The schedule bar chart is
prepared with Primvera (P6), Ms-Project, or Excel, which is
a schedul e bar chart preparation program

The safety standard database 23 stores safety standards

for a specific activity. For exanple, the activity nanme is
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cleaning a septic tank, and the safety standards and rules
are neasuring the concentration of oxygen and harnful gas,
performng ventilation, and wearing an air respirator or
oxygen mask

When the concentration of hydrogen sulfide reaches 20 to
30 ppm the olfactory nerve cells becone fatigued, and when
it exceeds 700 ppm the oxidative capacity in the blood is
exceeded and neurotoxic action occurs by attacking the nerve
cel |l s.

The safety standard database 23 also stores conditions
of the preceding activity or conditions of the subsequent
activity for the specific activity. For exanple, it 1is
i nportant whether the valve is closed in the preceding
activity in the activity of the equipnment activity type. This
Is because, if the valve is tenporarily opened and is not
closed, an explosion or pipe bursting nay occur when
perform ng the subsequent activity type.

As conditions for the subsequent activity, in a case
where the specific activity is to spray a material with high
fire risk as an insulation material, the fire resistance
material coating activity surrounding the painting material
must be immediately followed. If the subsequent activity is
not wundertaken or followed late, the insulation material
painting is greatly exposed, thereby increasing the fire risk.
A range of a difference between spraying the insulation
material that is the current activity and the fire resistance

material painting that is the subsequent activity, or a
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difference in the progress rate is set. Since such a
difference may vary depending on the nunber of floors, an
area, or the like, it is preferable to set the range in
consi deration of the site characteristics.

The safety standard database 23 is prepared for each
activity type. Each activity type includes civil engineering,
construction, electricity, equipnent, environnent, plant, and
the like, and a nane and code are assigned according to the
activity breakdown structure. The activity name nmay be
witten and saved in the |anguage of each country, such as
Kor ean, English, Japanese, Chinese, Indian, or Spanish.

The safety standards are stored on the server of the
construction conpany's headquarter. The safety standards can
be downl oaded from the safety standard database 23 server of
the construction conpany headquarter to the server of each
site to be used. The manager of the construction conmpany or
each specialized construction conpany can nodify and use the
safety standards according to the characteristics of the site,
and create new standards on the site. New safety standards
can be registered on the conpany headquarter server. As tine
goes by, safety standard data is continuously accumnul ated
according to a systematic classification system As a result,
safety standards in previous construction projects are vast
and nost safety standards can be applied to new construction
proj ects.

The safety standard database 23 my also include

obj ective and of ficial st andar ds such as vari ous
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specifications and laws. The laws and the like are sent to
the control wunit 21, and the control wunit 21 is wused to
determ ne whet her the activity situation exceeds the
standards of the laws and the |ike.

The safety standard database 23 may also include safety
di sasters and accident cases. Past safety disasters are
classified by including information such as the construction
pattern and the activity type so that they can be matched
with on-site activity.

The safety standard database 23 can be shared by being
supplied to national institutions, research institutes, other
construction conpanies, and even other countries after being
stored on the server by a specific construction conpany.

The safety information database 24 stores risk
evaluation information analyzed by the control unit 21. For
exanple, the control wunit 21 determnes from the safety
information database 24 that the activity A is currently
spraying insulation material on the ceiling of the fourth
basenent floor and spraying 75% of +the total area. In
addition, the control unit 21 reads from the safety standard
dat abase 22 whether there is a preceding activity condition
or a subsequent activity condition. As the subsequent
activity condition, the fire resistance naterial painting
activity (activity B) nust be started within 2 days from the
start date of the activity A

Alternatively, if the difference between the progress

rates of the activity A and the activity B exceeds 30% the
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fire risk is determned to be nedium and if it exceeds 60%
the fire risk is determned to be very high. In addition, if
it is determined whether there is electric welding or a gas
wel ding activity on the sane floor or room it is evaluated
that the fire risk is high. The analysis result as described
above is stored in the safety information database 23.

FIG 3 is an exanple of a conventional schedule bar
chart. It is a schedule bar chart prepared with Prinmavera
that is a representative of the schedule bar chart preparing
prograns.

The schedule bar chart is prepared including the
activity nanme (position), the nunmber of activity days, the
start date, the conpletion date, the progress rate, and the
activity precedence rel ationship. The schedul e bar chart is a
chart that contains and displays a lot of information that
can be known not only about a person's information, but also
about the surrounding environnent, such as displaying birth,
deat h, age, father, descendant, and relatives, |ike a person

FIG 4 is a flowhart illustrating a safety information
busi ness process between a construction conpany and a partner
conpany for providing by generating safety information using
the schedul e bar chart according to each enbodi nent of the
present invention.

First, referring to FIG 4 according to an enbodi nent,
the construction conpany and the partner conpany prepare
safety standards for the specific activity (S10).

For exanple, the safety standards and rules for cleaning
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the septic tank include neasuring the concentration of oxygen
and harnful gas, performng ventilation, and wearing an air
respirator or an oxygen mask.

In a case of electrical equipnent, the order of the
activity is established and the condition is set in which the
subsequent activity should not be started if the preceding
activity is not conpleted or the current status is in any
situation. In a case of electrical room construction, the
standard is that no activity <can be perfornmed while
electricity is on. In a case of construction, the condition
is that the activity cannot be started wunless safety
facilities are identified.

Wen the safety standards are prepared, they are
systematically stored in the safety standard database 23
(S20). The safety standards are saved by using an activity
br eakdown system suitabl e for on-site construction
characteristics, and the construction type codes of civil
engi neering, construction, electricity, and equipnent are
used.

Now, when the construction starts, the partner conpany
prepares the schedule bar chart (S30). For exanple, when the
vertical plunmbing of the machine room on the fourth basenent
floor is started in facility construction, the activity
contents are displayed on the schedule bar chart. Personnel
or equi pnent safety-related itenms may al so be included. There
are two types of schedule bar charts, that is, a naster

schedul e bar chart in which the entire construction period is
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witten and a weekly schedule bar chart that is witten on a
weekly basis. Since the weekly schedule bar chart is detailed
and accurate, the weekly schedule bar chart is determned to
be nore effective for the risk evaluation of the activity.

Wen the schedule bar chart i1s prepared, the risk is
evaluated in the next step (S40). The control unit 21 reads
the activity information from the schedule bar chart. 1In
addition, the safety standards related to the specific
activity are read fromthe safety standard database 23. Then,
the activity information and the safety standards are
conpared. As a result of conparison, it is quantitatively
determned that there is a risk if the safety standards are
exceeded. The determination result is systematically stored
in the safety information database 24.

For exanple, if there is the welding activity in a space
where the insulation naterial spraying is perforned, the
control unit determ nes that the insulation material spraying
is not safe because the insulation material spraying can
cause a fire. In addition, by conparing the start date or the
progress rate of the insulation material spraying with the
progress rate of the fire resistance mterial painting
activity, which is a subsequent activity condition, it is
evaluated that there is a risk if it deviates from the
standards. In a case of equipnent, if there is a pipe
barometric pressure test for a specific line today, check is
performed whether water vapor was di scharged the previous day.

If water vapor in the pipe is not discharged, it is
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determ ned that an explosion may occur during the baronetric
pressure test.

In a case of electricity, if there is electricity in the
electrical room a risk of electric shock occurs when the
water-related activity starts, so the electricity must be cut
off. In addition, it is determned whether there is any
water-related activity in the upper floor of the electrica
room and whether water can enter the electrical room on the
| ower floor when water |eak occurs.

In this way, the control unit 21 analyzes the
preparation, facility, and equipnent of the activity itself
for performng the relevant activity with respect to the
specific activity. In addition, it conprehensively determ nes
the risks of the preceding activity and the subsequent
activity conditions, the activity process, and all activities
generated in the upper, lower, left, and right spaces
surrounding the specific activity. In addition, the contro
unit 21 conprehensively evaluates the nutual influence and
risk between all activities for all activities on the site
with reference to the standards set in the safety standard 23.

As a result of the determ nation of the control unit 21
if there is no necessary information in a case where the
activity contents are omtted or difficult to read in the
contents of the schedule bar chart, a query is prepared. \Wen
the manager of +the partner conpany or the construction
conpany confirnms the contents and corrects the schedul e bar

chart 22 or wites an answer to the query, the control wunit
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21 perfornms the risk evaluation (S40) again with reference to
t he answer (S50).

Next, when the risk wevaluation (S40 and S50) s
conpl eted, the control wunit 21 stores the evaluation result
in the safety information database 24 and outputs that the
evaluation is conpleted to the term nal 10 (S60).

For exanple, a prinme construction conpany who oversees
all partner conpanies can view all safety information 24. The
wat er proofing partner conpany inquires about the risk
eval uation of the waterproofing construction through a PC or
smart phone.

Addi tionally, t he contr ol unit 21 may pr epare
counterneasure information such as a risk-related measuring
net hod, a procedure book, law, regulation, and the |ike. The
counterneasure information may be prepared in advance in the
safety standard database 23 to be utilized.

After confirmng the contents in the step of confirmng
the risk (S60), the construction conpany or the worker of the
partner conpany takes necessary safety neasures, and then
inputs the result of the measures into the safety information
dat abase 24.

[ Modes for carrying out the invention]

The following illustrates enbodinents of the specific
activity of a construction site according to the present
invention in FIGS. 5 to 10.

FIG 5 is an exanple of setting safety standards for

specific activity according to the present I nventi on.
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Referring to FIG 5, it 1is a process of constructing
pol yurethane foam on the <ceiling for insulation of the
basenent floors, the floors are from the fourth basenent
floor to the first basenent floor, and the partner conpany is
00 company.

First, the first colum illustrates the safety standard
itens newy proposed in the present invention. In the second
colum, the safety standards are established.

First of all, the activity self-inspection itemthat is
the first item in the first colum is the safety standard
that the 00 company must follows during the construction of
pol yuret hane foam which is an insulation material. It is
necessary to inspect the equi pnent and the tenporary scaffold
for the construction of polyurethane foam

The second is a dangerous activity in the same activity
space, and it establishes that it nmay not be safe by working
with other construction types within the floor and space
where pol yurethane foam is constructed. For exanple, if the
words or neani ngs of plunbing, welding, tenmporary |lighting
hi gh-speed cutter, thinner, or paint are carried out together
in the sanme space by another partner conpany, a fire my
occur. This is because polyurethane foam sprayed on the
ceiling is weak against fire and can burn, and it can cause
serious disasters by spew ng poi sonous gas.

The third item is the preceding activity condition in
which the preceding activity my be indicated for the

construction of the current activity. For exanple, if the
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activity which is currently being perfornmed is masonry for an
exterior wall, an exterior scaffold nust be install ed.

The fourth item is the condition for the subsequent
activity, which establishes what kind of state of the
subsequent activity or relationship with the current activity
should be for the construction of the current activity. As
illustrated, since polyurethane foamis weak against fire, it
IS necessary to prevent a fire by spraying fire resistant
coating on the polyurethane foam as a subsequent process
after the polyurethane foamis constructed on the ceiling.

However , even though the pol yurethane foam is
constructed on the ceiling, if the fire resistant coating,
which is a protective nmaterial, is not sprayed or the
following speed is slow, the risk of fire due to flane
I ncreases. The schedule difference is the standard for how
many days difference between the polyurethane foam and the
fire resistant coating should be.

Si nce the range of the pol yurethane foam spraying i s not
large for 1 to 2 days, danage is limted even in case of fire.
However, if there is a difference of 3 days or nore, or if
two progress rates differ by nore than 40% the area of the
pol yuret hane foam exposed from the fire resistant coating
i ncreases, thereby increasing the risk of fire and damage.

Since the difference in schedule and the difference in
the progress rate described above are newly proposed
according to the present invention, it is preferable that the

st andar ds are determ ned by those involved in the
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construction in consideration of the construction space and
the area to be sprayed.

The fifth item is dangerous activities in the upper,
lower, left, and right spaces and in which for the current
activity, the type of activity that beconmes a dangerous
situati on when being constructed next to the upper floor or
| ower floor is selected and described. For exanple, if water
enters the electrical roomon the Iower floor by carrying out
the activity that can cause falling disasters and water
spilling due to upper and |ower simultaneous activities, an
el ectric shock accident may occur caused by high-voltage
el ectricity.

As described above, the prior art is focused on an
unsafe activity in the sanme space, but the present invention
enphasi zes the inportance of the relationship between the
preceding activity and the subsequent activity. This is
because, in nost cases, the process of conpleting a specific
space and carrying out the finishing activity and the
electrical installation activity is a serial relationship
rather than a single activity, and these activities nutually
i nfl uence each other

The safety standard utilizes the conventional related
laws and guidelines, but it is determined to be largely
effective to introduce the concept of process nmanagenent for
addi ti onal safety accident prevention, analyze the influence
bet ween sonme activities in the tinme series, and limt the

range of the influence to be set as the safety standard.
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Conpr ehensively, the status of all activities on the
site is grasped every day as much as possible at the | owest
| evel through the schedule bar chart, and if the safety
managenment standards are exceeded, the risk of safety
accidents increases. Knowing the problem is of the utnost
i nportance, and solutions can be established and acted upon
wi th current technol ogy.

As a next step, FIGS. 6 to 8 illustrate the weekly
schedul e bar chart.

First, FIG 6 is an exanple illustrating a schedul e bar
chart of a partner conpany performng the insulation activity
according to the present invention. It is simlar to the
conventional schedule bar chart, and it can be prepared on
the web of Excel or PMS, and is prepared using a program
specializing in preparing the schedule bar chart.

In the first colum, the activity list to be constructed
by the partner conpany during the previous week and this week,
the second colum is the nunmber of activity days, the third
colum is the start date of the activity, and the fourth
colum is the conpletion date of the activity. In the right
bar chart bar display area, bars are displayed according to
the start and conpletion dates of the activity, so that the
process progress can be easily understood visually.

When | ooking at the schedule bar chart, it illustrates
that the activity of spraying polyurea foamon the ceiling is
in progress in the machine room on the fourth basenment fl oor

and in Zone A on the first basenent floor, and the activity
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starts in Zone B on the first basenent floor on today.

Since the partner conpany knows where and what kind of
activity the workers of his/her conpany are doing and gives
the activity order, so that the schedule bar chart my be
prepared with such contents.

FIG 7 is an exanple illustrating a schedule bar chart
prepared by a partner conpany performng the fire resistant
coating activity according to the present invention. Wen the
spraying of the polyurea foam of FIG 6 is perforned, the
activity of spraying the fire resistant coating of FIG 7 on
the polyurea foamfollows. FIG 6 is the current activity and
FIG 7 is the subsequent activity. As the distance between
FIGS. 6 and 7 increases, the risk of fire increases.

FIG 8 is an exanple illustrating a schedule bar chart
pr epar ed by a partner conpany performng the fire
extinguishing piping activity according to the present
invention. It describes that the activity is in progress in
the machine roomon the fourth basenent fl oor.

FIGS. 6, 7, and 8 illustrate exanples of the schedule
bar charts related to the machine room on the fourth basenent
fl oor anobng the schedule bar charts prepared by a nunber of
partner conpani es as described above. It is necessary for the
partner conpanies to prepare the schedule bar charts that
their own conpanies are doing as illustrated in FIGS. 6 to 8.

When each partner conpany prepares the schedule bar
chart, the nunber of pages is large, so it is necessary for

the original construction conmpany to collect them in one
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place. In FIG 9, the schedule bar charts prepared in FIGS. 6,
7, and 8 are integrated and displ ayed.

FIG 10 is an exanple illustrating results of risk
evaluation by analyzing the integrated schedule bar chart of
FIG 9. Polyurea foam spraying is started on Septenber 27 and
the activity is being conpleted, but the fire resistant
coating construction for fire prevention is started late on
Cct ober 1, thereby | eaving the pol yurea foam exposed to fire.

The control unit 21 determ nes whether the difference in
schedule and the difference in progress rate exceeds the
subsequent activity condition and displays the risk
evaluation result. According to the evaluation contents, as
of COctober 1, alnost all of the polyurea foam spraying is
performed at 80% on the ceiling of the machine room on the
fourth basenent floor, and on the indoor bottom of the sane
floor, the activity for cutting the pipe with a high-speed
cutter and the activity for cleaning the pipe connecting
parts with a thinner are perforned for the installation
activity of the facility sprinkler fire extinguishing pipe
In addition, the fire resistant coating construction is about
to start now.

If the pipe is cut with the cutter, sparks fly, and the
sparks stick to the thinner, it catches fire, and if the fire
noves to the ceiling, nost of the polyurea foam catches fire.
This 1is because the subsequent process, that 1is, fire
resistant coating spraying follows |ater.

Currently, the machine roomis evaluated to have a very
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high risk of fire as several activities are being performned.

In the past, polyurea foamignited in the basenent and
serious disasters caused by snoke have been reported in the
news several times.

Al t hough the cause of the accident is generally focused
on the managenent of the cutter and the flame of the thinner,
when | ooking at the exanples of the assunption according to
the present invention, if the cause of the accident 1is
anal yzed three-dinensionally in a tinme series not only for
other activities in the space, but also the conditions of
addi ti onal upper and lower activities, and the preceding and
subsequent processes, the fire resistant coating that is the
subsequent process is started late and followed later, and
thereby it is also the cause of the failure to protect the
pol yurea foam from the flanme through the fire resistant
coating. If it was pointed out in advance that the start of
the fire resistant coating would be delayed through the
application of the present invention, the fire would not have
occurred or the damage would not been large through the
neasures.

As described above, one exanple is given in this
enbodi nent, but according to the present invention, it
evaluates quickly and accurately various risks from major
di sasters to mnor disasters exceeding safety standards
systematically set in advance for the activity in all spaces
on construction and industrial sites. Therefore, necessary

neasures can be taken, and as a result, safety accidents do
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not occur.

The schedule bar chart, safety standard, and safety
eval uation databases can be used wthin the schedule bar
chart preparation program itself by adding functions to
Pri mmvera and Ms-Project which are comercial professional
process managenent prograns. |f the conventional schedul e bar
chart preparation program was used only for schedule bar
chart preparation, the safety managenent function is added to
t he program

Since the schedule bar <chart has all construction
information, it is possible to quickly and accurately
eval uate the risks.

Another nethod may be utilized by adding a database
function related to safety to a Project Managenent
Information System (PMS) that is a project nanagenent porta
of a construction conpany, preparing the schedule bar chart
in Primavera, Ms-Project or Excel file, which are specialized
progranms, and reading the file.

The schedul e bar chart is displayed in a bar chart Kant
chart with the activity nanme, start date, and conpletion date.
The schedule bar chart in the present invention includes a
docunent having information about a process or a construction
schedul e that contains information about what activity is and

when the activity starts and when the activity ends.

Industrial Applicability

According to the present invention, it can be applied to
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vari ous activities (civil engi neeri ng, construction,
el ectricity, equipnment, environnent, plant) processing in al

spaces on construction and various i ndustri al sites
(shi pbui | di ng, aut onobi | es, and the Ilike). Construction
conpanies create weekly schedule bar charts using PCs or
smart phones. When the schedule bar chart is prepared, the
control unit can conprehensively identify +the activity
envi r onnment of t he activity pl ace, t he pr ecedence
rel ationship between activities, safety standards, and the
like in real time, analyze the high-risk activity, and
perform notification of the counterneasures. Therefore, it is

possi ble to be used as a nethod of reducing safety accidents.
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CLAI M5

1. A safety information generation apparatus using a
schedul e bar chart in a risk evaluation using a schedul e bar
chart to prevent disaster on an industrial site, the
appar at us conpri si ng:

a schedul e bar chart database that stores contents of a
schedul e bar chart;

a safety standard dat abase that sets and stores a safety
standard for an activity;

a control unit that determnes a risk of the activity by
conparing construction information of the schedule bar chart
with the safety standard; and

a safety information database that stores a risk
evaluation result of the activity determned by the contro

unit.

2. The safety information generation apparatus using a
schedul e bar chart according to claim 1, wherein the schedul e
bar chart includes information on an activity name, an

activity position, a start tinme, or a conpletion tine.

3. The safety information generation apparatus using a
schedul e bar chart according to claim 1, further conprising
at | east one of:

a schedule bar chart prepared by a commercial program
for preparing a network schedul e bar chart;

a schedule bar chart prepared by using a spreadsheet
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Excel ; and

a schedul e bar charts prepared on a PM S

4. The safety information generation apparatus using a
schedul e bar chart according to claim 1, wherein the safety
standard includes one of an installation status of safety
facilities that the activity nmust have, an environnental
status of gas, tenperature, humdity, and water, an activity
order, a procedural status, conditions (start, conpletion,
schedule difference, and progress rate) that the precedent
activity nust have, conditions (start, schedule difference,
and progress rate) that the subsequent activity nust have,
and limting conditions for the activity performed in up,

down, left, and right spaces.

5. The safety information generation apparatus using a
schedul e bar chart according to claim1,

wherein the safety standard sets a relationship between
a parallel activity, a preceding activity, and a subsequent
activity for a specific activity; and

wherein the relationship includes a standard related to
one of the start, the conpletion, the schedule difference,

and the progress rate difference.

6. The safety information generation apparatus using a
schedul e bar chart according to claim 1, wherein the safety

standard further includes at Ileast one of an activity
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classification system an activity list in which activities
are divided by floor, room and system based on the activity
classification system a safety measur e, and a

count er measuri ng net hod.

7. The safety information generation apparatus using a
schedul e bar chart according to claim1,

wherein the control wunit reads the information on the
activity on the schedule bar chart and determ nes whether the
i nformati on exceeds conditions set in the safety standard,
and

determ nes a risk by performng at |east one of

a conparison with a safety condition necessary for
perform ng the relevant activity itself;

a conparison with a condition stipulating an influence
of anot her construction type processed at the sane tineg;

a conparison with a condition stipulating what state the
precedi ng activity should be in; and

a conparison with a condition stipulating what state the

subsequent activity should be in.

8. The safety information generation apparatus using a
schedul e bar chart according to claim 1, wherein the contro
unit evaluates the risk by conparing at |east one of the
start, the <conpletion, the schedule difference, and the
progress rate difference between a parallel activity, a

preceding activity, and a subsequent activity for a specific
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activity.

9. A safety information generation method using a
schedule bar <chart in a risk evaluation nethod using a
schedul e bar chart to prevent disaster at an industrial site,
t he net hod conpri sing:

a step of preparing the schedul e bar chart and storing
the schedul e bar chart in a schedul e bar chart database;

a step of setting a safety standard for the activity and
storing the safety standard in a safety standard database;
and

a step of evaluating a risk by reading contents of the
schedul e bar chart and determning whether the activity

contents exceeds the safety standard by a control unit.

10. The safety information generation nmethod using a
schedul e bar chart according to claim9, further conprising:

a step of preparing the schedule bar chart to include an
activity nane and a position and further include information

on a start time or a conpletion tine.

11. The safety information generation nmethod using a
schedul e bar chart according to claim 9, wherein the safety
standard is described by including at | east one of

an installation status of safety facilities that the
activity nust have;

environnmental statuses of gas, tenperature, humdity,
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and water, an activity order, a procedural status;
conditions (start, conpletion, schedule difference, and
progress rate) that the precedent activity nust have; and
conditions (start, schedule difference, and progress

rate) that the subsequent activity nust have.

12. The safety information generation nmethod using a
schedul e bar chart according to claim9, further conprising:

a step of further describing at |east one of an activity
classification system an activity list in which the activity
is divided by floor, room and system |line based on the
activity classification system a safety neasure, and a

counternmeasuring nethod in the safety standard.

13. The safety information generation nmethod using a
schedul e bar chart according to claim9, further conprising:

a step of determining a risk by reading a schedul e bar
chart of a partner conpany by date and performng by a
control unit at |east one of

a conparison with the conditions of the activity itself
set in the safety standards for the relevant activity;

a conparison with a preceding activity condition;

a conparison with a subsequent activity condition;

a conparison with an activity type that should not be
performed at the sane tine in an activity space; and

a conparison with at |east one of conditions of the

activities perfornmed in upper, lower, left, and right spaces.



34

14. The safety information generation apparatus using a
schedul e bar chart according to claim9, further conprising:

a step of evaluating a risk by determning at |east one
of a start, a conpletion, a schedule difference, and a
progress rate difference between a parallel activity, a
precedi ng activity, and a subsequent activity based on a risk

eval uation target activity by a control unit.

15. A conputer-readable recording nmedium on which the
safety information generation nethod using a schedule bar

chart according to claim9 is recorded.



