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A Study on the Application Service of 3D BIM-based Disaster
Integrated Information System Management for Effective Disaster
Response
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Multi-Disaster Countermeasures Organization, Korea Institute of Civil engineering and Building Technology
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Abstract Periodic and systemic disaster management has become more important than ever owing to the recent
continuous occurrence of disasters, such as fires, earthquakes, and flooding. This management goes beyond simple
disaster preparedness, which was introduced minimally under the existing legal system. For effective disaster
management, facilities should be managed through regular maintenance on a daily basis, and in the case of an
emergency, intuitive and accurate communication is essential regarding the situation and purpose. BIM manages the
entire building property data using the effective 3D visualization model, so it can be used for various management
purposes from design to facility maintenance. In this study, through an expert survey on the use of services in a
BIM-based integrated disaster information system, the available areas of BIM data were organized in terms of facility
information management, 3D visualization, and disaster control. Later, through the use service and DB definition within
the BIM-based disaster integration information system, the main facilities monitoring and response services based on
BIM and BIM-based spatial management service are proposed. Based on this study, it is hoped that the BIM-based
application service functions within the system will be implemented to enable an effective system response.
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Table 2. Main functions of maintenance and management
/calamity and disaster service by sector

Service Functions
Facilit - A single system formed by the division of
data s functional units such as space management,
management energy management, cost management, etc.
g - Menu configuration in drop-down format
- Different controlling system for 3D model
1D objects
s - Exchange mode between 2D and 3D
visualization . . .
- Various method for presentation of attribute
information such as pop-up and tool tips
- Notification a place of disaster with various
Disaster units
Control - Real-time  monitoring  board for facility
controlling and management
371 AEld BIME 283 Alvtete]= 7189 de
2D =99 ) RUE P} gAE 9o AEE f4]
v, dEA Ad dESlA Holu, AR A~
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Table 3. Survey items for BIM-based disaster integration
information system utilization services

Category Detailed services
(A-1) Real-time disaster detection monitoring
A. (A-2) Main important space monitoring
Monitoring (A-3) Determining malfunctions of disaster
disaster measurement sensor
condition (A-4) Location-based monitoring of the nearby
net of disaster suspect zones
(B-1) History management of disaster- related
facilities
B. (B-2) Space Management based on spatial
Facility characteristics
management| (B-3) Regular self-check of disaster-related
related to facilities
disaster (B-4) Emergency Response Procedure
(EOP)-based fire fighting training and simulation
training
(C-1) Prediction of the risk of real-time sensing
data-based Disaster
(C-2) System-based implement the Emergency
C. Response Procedure (EOP) by Step with Time
Disaster Limit
Response (C-3) Prior information delivery to support
firefighting activities
(C-4) Effective emergency broadcasting according
to occupant
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Survey for Effective Disaster Management Service Analysis
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Fig. 2. Survey result for effective disaster management
service analysis
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Table 4. Detailed definition of space management
function and BIM linkage information
Level 1 Level 2 Level 3 BIM data
Spatial Site info. Site
information Building info. Building
management Floor info. Floor
Organization By department Space
Spatial basic Information By Tcar.n. Space
data Management By individual Space
management Occupant By department Space
management B S
by space y team pace
Facilities By department Object
Standards B Obi
Management y team ject
Area By floor Floor
Inquiry By space Space
Total floor area Space
Total room area Space
Area -
. Common area allocation|Space
calculation -
- Room cost calculation |Space
ArO ot Area analysis Residual area Space
a
© Room List Space
Management -
Room vacancy list Space
Report -
Facilities .
management Object
status report
Room space cost Space
. Facility large category |Object
Facility use o - .
Facility middle category|Object
management .4 .
Facility small category |Object
Room info. Space
Department info. Space
ROOM e -
ROOM . Facilities usage info. Space
Information -
Management Space ratio Space
management .
Usage ratio Space
Use status Space
Building/Floor-b Building/
ased floor plan |Floor plan Floor/
L p p Drawing/
visualization
Space
Building/F
Department-base | Department-based floor lol:)lr/dmg/
Space d floor plan plan .
Visualization | visualization | highlight/graph Drawing/
ghlight/grap Space
Facility e Object/
Facil -
use-based floor |0 ity use-based Floor/
plan floor plan Drawing/
highligh h
visualization ighlightgrap Space
A B ArjdEe JES TS 4 ArEY
AEE #Ejste] 7B FHE FFA R Aese 4
foltk. whEbA WA AAA Adn] ARE deste] v
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Table 5. Detailed definition of facility management Sensor typet Sensor type Object
. . . managemen
function related to disaster and BIM linkage £
. . Sensor name/
information model Sensor name/model Object
management
Level 1 Level 2 Level 3 BIM data Sensor
CCTV type . specification Sensor specification Object
management CCTV Type Object Sensor basic |management
data Installation
CCTV model .
management CCTV Model Object management |date Installation date Object
management
Installation CCTV Installation i
Obiject Effective use . .
date management | Date Jec management Effective use Object
CCTV Sensor
installation CCTV Installation Object installation Sensor installation Object/
CCTV drawing Drawing drawing drawing Drawing
basic management management
data Resolution . . . .
management |control CCTV Resolution Object Inspection Department info. Object
- manager info. Name Object
Installation Obiect/ Sensor )
purpose Installation Purpose Spicc management managemen Contact Object
managct?lcnt ' ‘ Info. Sensor Name Object
Installation ts1te Installation Site gbject/ management |Installation
rsrlhanagemen pace contractor Contact Object
ooting ra?ge Shooting range Object management
mhanaglemel? Location info. by Object/
iaizt;i;r:w Shooting time Object Sensor building Space
installation Lo Object/
Inspection Department info. Object location Location info. by floor Spice
manager info. Name Object management Object/
CCTV management Contact Object Sensor Location info. by sensor Space
info. CCTV Name Object location info. Obiect
. o ec
management | installation management Sensor Status info. by building Bu{l ding
contractor Contact Object installation Status info. by floor Object/
management status i . Floor
Location info. by Object/ management Object/
CCTV building Space Status info. by sensor Space
installation L Object/ :

. Object/
location Location info. by floor Space Sensor operation Sp;ce
management j . -

CCTV € Location info. by CCTV gbj ect/ Daily Sensor status Object/
location info. OI:?CCV monitoring observation Space
management Status info. by building B chdc Sensor Object/
CCtTl\ll i 01;1 l:;g operation history Space
installation . jec Obiect/
status Status info. by floor Floor Sensor Sensor operation Sp;zz
i monitorin;
management Status info. by CCTV gbject/ g Sensor status Object/
pace Disaster observation Space
. Object/ Situati oot/
CCTV. operation Space nion?tgilijng Sensor operation history S}E’;z
Daily CCTV status Object/ Location display for
monitoring observation Space situation g;];zt/
bject/
CCTV operation history gpi:z occurred
Facility t . . . .
rs:;;;mizte Fire-fighting facility type|Object
CCTV . Object/
- CCTV operation Jee .
monitoring Space Fire- Detailed .
fighti facility type Detailed Object
Disaster p ighting fire-fighting type
situation CCTV status Object/ facility basic |management
L observation Space data . . . .
t Facil Fire-fighting facil .
monitoring CCTV operation Object/ management acility name re-fighting facility Object
. management name
history Space
Location display for Object/ Location location info. Object/
situation occurred Space management Space
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info installation Company Object ﬂ ]- ] = ]—O'_ e LH = ]‘“ w Ooﬂ Eq—E]— =
. ol _“e’_ _Q_—‘— o] % Hlo =
management |CONtractor ! Contact Object A 8 CCTVE POIE A-&3lal, 3] 7]dte] Ao E
managemen -
7ro] FP A tlo Lo =FAFA
. . Location info. by Object/ uEl Fig 37} 1 22 tolol sl 2gshairh
Fire-fighting L
facilit building Space
.a01 lllyt Locati o by Object/ = MonoBehaviour «enumerations
. msta‘ ation ocation info. by floor Space : nsor T
Fire- location - - - _texture: Texture
. Location info. by Object/ + bScaned: bool Default =0
fighting management . . bin: Butten Fire
L fire-fighting facility Space + ID:int
fac111ty Obiect/ MenuMgr: MenuManager = null Flooding
. . . T count: int =0
location info. | Fire-fighting Status info. by building Jec v e R Earthaueha
o Building scale. bese: Vectord: CCTV
management facility Object/ e e AirCirtain
installation Status info. by floor Ml o TV Door
Floor - str_name: suing Gas
status - p strSectorName: string -
management Status info. by Object/ = = Humidity
fire-fighting facility Space b e Mask
" " o " + Ondicked(): void Mask_Cnt
Fire-fighting facility Object/ - OnTriggerEnten(Collider): void Moticn
operation Space L pots S Smoke
Daily Fire-fighting facility ~ |Object/ B Sty ?9'*"“&*
monitoring status observation Space W prosemde MZ':D:E"W Type
Fire-fighting facility ~ |Object/ e
Fire- operation history Space CCTVControl
ﬁgl?t.mg Flre-ﬁfghtmg facility Object/ T PR m——
facility operation Space “name: Text
monitoring . Fire-fighting facility Object/ _url: string
Disaster .
tuati status observation Space - Awake(): void
Situation N N e . i
o Fire-fighting facility Object/ + Play() void
monitoring . - + SetName(string): void
operation history Space + SetScsle(float): void
Location display for Object/ + SetURL(string): void
situation occurred Space + UnLoadMedia(): void
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«propertys
+ GetVidoState(): MediaPlayerCirl. MEDIAPLAYER_STATE

Fig. 3. A part of class diagram for sensor/sensor
type/CCTV control
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Fig. 4. Applying POI of sensor/CCTV/fire fighting
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MonoBehaviour
Floorinformation
+ dicFloorSedtions: Dictionary<string, GameObject> = new Dictionary<...
+ floor_name: string =™
+ floor_no:int=0
+ floor_state: int
+ information: Dictionary<string, GameObject> = new Dictionary<...
+ GetSectionData(string): GameObject
+ SetFloorinfe{int, string): void
+ SetFloorSections{). void
- Start() void
MonoBehaviour 1
2aoHon «enumeration»
- Section State
isSelect: bool
material_section: Material -
+ material_select: Material Green =0
+ material_state: Material ([]) Yellow
state: SectionState Red
- Awake(): void MaxState
+ ChediLinkedSensors(): void 1
+ IsSelect(): bool «enumeration»
+ SelectSection{bool): void InfoType
+ SetSedionState{SectionState): void
+ SetVisibleLinkedSensors(bool): void Temper=0
- Start(): void Humi
Update(): void Earth

Fig. 5. A part of class diagram for floor information/
section/section state

olg Fal 23 B7 welel A AR 37b Al
s2te] ofx sjol @ BIM dole] ul 1% T, A,

Ang RS Babd 2 BE 4 A

A E
3o
B

= =

o A8} Gk, B, HIA 27 Ak
pik o} 9% fabate gow Fa
o] a7ARS Hhale] BIM

Q.

A Al e W8e AAH L A = glojof

i

(T o oo md



FEAe71E8 8] =2 A Al9d A0, 2018

st} vpx|ete 2 3319 BIMS| &3
Ei]_,“ 7]3], /\]/\4247 _/J'\_HJ' _‘E’_E]—EFE T ]

& & glth. o]= AR/VR 7|43 §83

il
oo
rlo
>
il

ol
ol
ol
2
2

2
td
jus
z
0.
L
T R oop 2

Fol ot
o
off

D
P, 0 BaE BT L B
7% ER A
o o, @5 B
2= U BIM 7|4 &8
AV F) AR AN A2 thge] FF5Hes

ol
_

=]
fo
i we oo

N o o

det
o

tlo

=

>

>

i)

4

o,

o> B

—I.J
il
=
oft
o
rom
B
T,
offt
oo ¥
ox,

_h
=
>
N
of
o
4
&
B

[e}

ol As Aol
A Fob= 53] A&e ey vekst 4

HE ARA o2 B 3 9le /Mg 750l 875 H, o
= At FHAR A2ESE Fa v)gds ek ol
AF gulell= A #AelE Fa AR G 2 27
Zlgte] 7Hed o= 7lygitt

References

[1] K. H. Lee, “The methodology of BIM implementation
for efficient prevention and response in firefighting and
disaster fields”, Korean Institute of Architectural
Sustainable Environment and Building Systems, special
issues, vol. 11, no. 2, pp. 23-34, Mar. 2017.

[2

—

Society of Fire Protection Engineers, “Building Information
Modeling and Fire Protection Engineering”, Nov. 2011.

[3] B. Wang, H. Li, Y. Rezgui, A. Bradley, and H. N. Ong,
“BIM based Virtual Environment for Fire Emergency
Evacuation”, The Scientific World Journal, vol. 2014,
pp. 1-22, 2014.

DOI: http://dx.doi.org/10.1155/2014/589016

[4] D. Robin, “BIM support for disaster response”, Proc. of
9th annual international conference of the International
Institute for Infrastructure Renewal and Reconstruction,
pp. 391-405, Jul. 2013.

[5] B. C. Kong and S. H. Lee, “Design and Implementation
of A effective Complex Fire Detector Module”, Journal
of academia-industrial technology, vol. 11, no. 3, pp.
1079-1084, Nov. 2010.

DOI http://dx.doi.org/0.5762/KAIS.2010.11.3.1079

[6] X. S. Chen, C. C. Liu and 1. C. Wu, “A BIM-based
Visualization S{}/stem for Fire Disaster Simulation”,
Proc. of The 3 International Conference on Civil and
Building Engineering, Apr. 2017.

[7]1 E. H. Oh, S. K. Lee, E. Y. Shin, T. K. Kang and Y.
S. Lee, “A Framework of Realtime Infrastructure
Disaster Management System based on the Integration
of the Building Information Model and the Sensor
Information Model”, Journal of Korea society of hazard
mitigation, vol. 12, no. 6, pp. 7-14, Dec. 2012.

DOI: http://dx.doi.org/10.9798/ KOSHAM.2012.12.6.007

[8] Archibus. Products. Applications [Internet]. USA, Available
From: https://www.archibus.com, (accessed Feb., 07, 2018)

[9] Honeywell. Solutions. Fire&Life Safety [Internet]. USA,
Available From: https:/buildingsolutions. honeywell.com,
(accessed Feb., 07, 2018)

[10] Anyang-Si. U-ITS Center. [Internet]. Korea, Available From:
http:/its.anyang.go.kr/ITSCenter .do. (accessed Feb, 10, 2018)

[11] Reddot award. Communication Design. LG BECON Energy.
[Internet]. Germany, Available From: https:/red-dot.de/cd/en/
online-exhibition/work/?code=12-01817&y=2015.
(accessed Feb. 09, 2018)

[12] Cross. Robotics%Machine Automation. Blog. Industrial
Energy Management Dashboards Require a Great Toolkit.
[Internet]. USA, Awvailable From: https://cross-automation.cony
blog/industrial-energy-management-dashboards-require-gr
eat-toolkit. (accessed Feb. 09, 2018)

| ]

=

tol

Z! X| €(Ji-Eun Kim) BS]

2010 2¢ :
SHEEAD
02012y 8¢ :
()

744;”31—_,,1 745’~—5161—

o

ZAelstal A58k
e20134 11€ ~ 2016\ 11€ : 3
42718497 ICTHA T4
AT
20161 1€ ~ 2017\ 12€ : 3
EHB’]—J,l A "6’]—_1,]_ H]—/\}."“
S EdTE A g s

oty

2016 129 ~ @A :
Ay A9

<#AilZop
Digital Twin, BIM, GIS, A]2El
BIM-GIS ®lole] &3, A4 ICT §3&

7k EAd i

= %t 5|(Chang-Hee Hong) (A3
¢ 19993 8¢ : lsteiEtw At o
9l AP AR T (T84
*20061d 8¢ : Aozt 34 o
. a9l fA AT} WAER
L * 1999 10¥ ~ 20169 11¥ : ¥
W FAENEATY  ICTEFHATA
. SR
~ g e2016\d 129 ~ @A : =71V
=97 EAGSATd A

14
<FAlEol>
Digital Twin, Al2=® 7|9+ &
T, EEEAGEA2E, A4 ICT §8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


