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Development of BIM based Maintenance Management Prototype
System for Wastewater Treatment Plant

ABSTRACT

Current domestic and overseas BIM practice and research efforts show very few examples that design and construction BIM data could
be successfully used for efficient operation and maintenance (O&M) of infrastructure in particular. This study takes public wastewater
treatment plant requiring an enhancement of operation and maintenance capability into account to develop a prototype BIM-based
maintenance management system. The system is designed and implemented following a typical system development procedure and
validated by the system outputs per four scenarios being considered to be main maintenance activities: The research results are expected
to contribute to the upgrade of current wastewater treatment plant maintenance level, which is more demanded as water-related
regulation and policy direction changes to region-based large scale O&M and asset management adoption, and overseas market
participation.
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Table 1. O&M Difference between Different Application Domains

289 dels Sistels WRke R vt el 1P

ofg] S72] AtdAdn] & kAP A2 e Aels Al
we} R Aehes Aejshs T8 27 ¥ i 7R
S APd=e] AR i 2ol Aelergel Fde] ZeAle}
Al g 4TS EIRICE Table 12 UHAVIE, EX2

&, FFEHIRE O&M Aolds AdReitt Ahddv]= e w

drdo s el Fe)e ggsial 243 7R 55 A5
= ¥3ehl glom, 38 W8 Y IR 15 BE; TRk
e ARl ARG A e 58 EFekL gl

ol A 0&M 4] 54 Hlas Sl sheAfE| Al
& RPN egelolMe] b, FeeE] B AR
o <y kel ope} B velElr} TS EaHela Eite}
, BRI 91 3= duiAleel) whe QAN el 6
& FARBP] Sfatel = APl Zikielt 2184 dart Sl
e} sREAEAA ok Bf 7Nkl wisl 587 29
S Aol it yiese] FEBiglon] 53], AP 4]
Hef] ARgo] vike- AlgA o ST QAL 719] AR
A AL Sltfal e (ARdEeAL QIR 2013 59). B3 sfeld
AP Ferlele H el Hoke] 4§ 71E EPC 915
A1 ool 56 3 7R WShE Eiths vizys Bl
el me SFeHe] akes} (el IT 71 248 &3} Ao
g gsjrh

o2l Hilelr & el HAe Wizbisle] wxist A
WHoR el B 5 gk daks F9EkL JE Y B
AP R1Z) ofERE AL s = 1AV e $E R
719e] gkl ofke =Rt 5 9lom, ks skAEp S
E3RE FERlzet ARde] AAHR] Ak ke 75 5
She AR AIE BIM 7eg ARt Al ZREER] A5
I Alzeh=el Sl

=
e
tlo
i

TN 2] A32013) ol m=w spaeAE A

Subject Architectural Buildings Civil Structures Process Facilities
. . Saft d Durability of Structural | P lity, i t, Space,
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Current Decision Making Scope Project level Network level Project level
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Mechanical and electrical
components, Pipe, Monitoring
instrument Structures, etc.

Civil structures, Safety inspection,
Subsidiary facilities, etc.

1902 Journal of the Korean Society of Civil Engineers



O&M
Integrative
Management
via BIM
Research Method and Scope
T
&
-
v Systern Develop. Lifecycle use of
= using BIM for
;-J\ MS Access Maintenance
2 and DB Link activity
Use of
BIM Model for BIM Coempenent
Design & support Family Develop.
Construction
Advancement of BIM-based Wastewater
Treatment Maintenance System
Fig. 1. Research Method and Scope
(=R =1 =] o p=K=t B
Aol & fFE 2ddY it REE 4R TESaL
) o
gom 1o ukE goje] e thedt gtk

- G« sEAE] ZeAleh wsh ARl d3k A1
2 Ave] Tks, AER 5 S o] He dvE
Risissy

- FARE - shkeAE] ZRAIR o] Azl Al Y

dnlol] thgh 2 o e, TfES 2
Rlsiess

L AR B dvE

E Aede fAE T e IR sl e
Z1ePslier, Fig. 1.2 BIM dlolele] 53t S=0l] w2 sl5=4]2]
APde] O&M A|2wlle] TAIA 7 HARs BofErl 2 G-
WA U9 A HAF A4 UiF Jlgol sigEch A A
G e B 39 RS B4k A skeEal
o fAIEEAIzE] B AT ZEARE TR QERE
B3l 71 AlE 9 Z ARG SIS =ERlTE theo R
FrAgE AR 87 9 ZRAE RE"E AAISlaL MS
Access®} Revit DB Link Add-in S/'WE A}&-3le] BIM7 vk
skrxlgAle fAde] Z2EER] Al2EE APEsisnh A
ZAld BIM 2dlge) FQ 3 7|2 side)= Revitg o831
T3k Ao = 47F] i fARE] AU eE AEkaL
TP AxEle] Aue]e AeAS ASTick

2. 951 HiH

2.1 SRS SXIRE| HIESA
SleEl e B2, mek B S3) 2 AR NkAAnie

Za T E4o] Stk A, skrAleirlde EE-HE7AAY
5 okg xglelaL glow &3] 7|A, wid, AoAE
T APtk s RISl Qick(Park et al., 2011). &5
oickre] S slrxgAlde Yekeode] FEIR HelEaL vk
20125 FFerAE| Al SgdE e E41E ] wEw Al
AL 5005/d ol A F 12dVIE 6719 ol 7FESh
o] = AV B 2G0T ke RIT g R 29
L = AL 375745 ZA1E T (Ministry of Environment
2013). AEAY diVdo 2 o] FA= FeAI9H20~30') A
ALlslre thE S-AdArde] Alkrigke gdulAleke] 3¢
3~54, AuA|eRe 51010 2 wie- F7] wiZol Axf-axle} $1Et
718312 QIS Fgo] A5 HAYSHKBae et al., 2012). AlF
o A 7F Eelel wE A © AR vlofElF deAeIA
He AW ozl &4 FA| I A WA ERA
Ade] ofg Aro &4o] A ik Hke) 22 71 Al
& oA sk Yelo] Har gtk
= skeAfgald A G Al AR AR Tetst
7] $I8ke] o o BFEAEAIE FAIBE A F 33]o AA
QIEIRE Arslgor, vt 28 583 K| #AE =&
3t 5= IQl) A Sl=Ae|AldE 2D CAD E=Wo] 5 o] F1
o Fo] THe] thgh del= FH| el Baks o] Sl etk
Aol 71AME] T2 SRR Al CAD =W BR1E
o] AlgeAlex 2] AR o] 3= Hkd=E]o] QA %A
- 9 ] DAl RS T2 WAL ARl
H73o] CADERd& vhg=]R] elol delA] ddo] ASAE
3= 797} W3] ¥Et) 2D CAD =W 1] A7zt
o]¢je] Aot T, BpgA| Fo] ofsiehk=t] oeleo]
o] JApAEo] YA YTk

I TR EAIEE 9] e R QUAIEAY A1
AFAL WS 2 QIG-QA Al APde] AT gk R}
A|z5lIs) Fo] 92| @dar FhkE o] glo] fAdE] BRE dUo]
ArFsledor gtk FAT] ARAR] w2 5] A5=2A}
AR o] FR|A] kot 15U S AMHAE S A vl gk
AR X7, AL, AZAL o]FAR 5 dglele
Ao o2& A4S i 57300 we} tEAA] T gk
3] v ol ¢Fe] AgAds AsAITE dllolet & &
Ak QIEHE XS SR RSl Sl ARdaolME B
A FAEE Y3l Al 7FA] AlghE ARSSEaL ol
ARG EsgaEAzsl, AN E, AR =R ZE
o A|ZBlIREe] $io] ER] et Al Gl Qe A= thE
A|ZEEE ARE FAfof ks MARRS A=k

)
§ s

AC)

T

Vol.34 No.6 December 2014 1903



BIM 7|4 slXel A frpte] ZeiEete] AlLg A

2.2 =2 BIM J[dt |XjHz| S §ig
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(c) Settling Basin Basement 1

(d) Settling Basin Basement 2

Fig. 2. Settling Basin Side View (a) and Related BIM Models (c-d)
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BIM -based M&R System
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(a) Use Case Diagram (b) Activity Diagram

Fig. 3. Use Case and Activity Diagrams

Table 2. Literature Review of relevant Research Articles

Author Research Summary Research Subject Applied Facility
Analysis of current maintenance status and problems of existing public . .
s . . I Method of appl BIM Architectural
Cho et al. (2008) facility, followed by illustration on BIM application throughout the etoc ot ap p ving e l e(? ura
. - data for maintenance Building
life-cycle of facility
Analysis of domestic BIM-based facility management, followed by Problems identified in Architectural
Ahn et al. (2012) . . . . . g
classification of problems in transferring BIM model to operation phase handover phase Building
Kim etal. (2012) Suggestion on preparation issues.requirefi for BIM introduction in . Requir.eme.nts.folr BIM . Civil structures
operating and managing of civil structures introduction in civil domain
Moon and Park (2010) Domestic and overseas BIM-relat.e.d resea.lrch review followed by Facility. BIM-based Civil structures
conceptual BIM-based facility maintenance system operation concept
. Lo - . COBie application
. COB lication feasibil tested t tewater treatment T .
Choi and Um (2014) ie application feasibility was tested against wastewater treatmen feasibility in wastewater Industrial Plant

plant, followed by three improvement research areas

treatment plant

Na et al. (2013)

Facility 3D spatial information and active decision making model
suggestion. followed by suggestion of integrative framework

BIM-based Facility
maintenance model

Civil structures

suggestion
Suggestion of BIM-based historical maintenance information, followed|  BIM-based historical Architectural
Akcamete et al. (2010) i . g
by system development and validation maintenance process Building
. Bi-directional BIM information transfer between CMMS and BIM S/W Bi-directional BIM Architectural
Liu and Issa (2012) .. . . . . g
in industrial project information transfer Building
Motawa and Almarshad Web-based BIM solution for knowledge-based building maintenance KnO\.Nledge-based BIM Archl.tecl:tural
(2013) maintenance system Building
Becerik-Gerber et al . - .. e BIM applicati i
CCeITErDEr €8l potential BIM-based facility management application ares identification ap plication areas i General
(2012) facility management
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=EPAhFig. 3(2). o2 877152 0 04 ST Abst A7 B AeEAe] RS frAdR AR dEshr] $lsiA
&7 slrAlEa g T st & 3kl e R A4 =3 7hgd tiEAQ] dlele] e COBieot). IFC 39S 53
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Table 3. Comparison between COBie and Revit DB Link

Subject BIM-based Maintenance Management System Development
DB Build-up Method COBie Revit DB Link
Data Extraction Output Format Excel Worksheet Data Table
Data Mapping between commercial Facility SQL Server Management, MS Access Database
Extracted BIM Data Use .
Management S/W and COBie Excel file Management System
IFC Consideration Yes No
Addition of Model Properties No Yes
BIM Model Update One direction Bi-direction
Extracted Data System Families’ Properties not extracted All families’ Properties extracted
Choice for the study No Yes
dbo_DuctAccessories dbc_PipeAccesscries dbe_DuctFittings
Vi <[ Vi A H[ v =
PhaseCreated =| PhaseCreated = PhaseCreated =|
PhaseDemolished PhaseDemclished PhaseDemclished
DesignOption DesignOption DesignOption
SystemClassificatic SystemClassificatic SystemClassification
SystemName InsulaticnThickness SystemName
Size % g InsulationType i~ Size ¥ | oo
dbo_Floors dbo_stairs dbo_Ducts
¥1d [ Tid NS ] Repair TER
Typeld 3 Typeld = PhaseCreated = ¥ D P T K
PhaseCreated PhaseCreated PhaseDemolished Name Document Number
PhaseDemolished PhaseDemolished DesignOpticn Work Name = Drafter =
DesignOpticn DesignOption SystemType Repair Start Date Date
EstimatedReinforce. Comments SystemClassificatio Repair End Date Division Name
alume ¥ ActualNumberofRis ¥ SystemName Work Description Outbreak Location
Cost be Title &
dbo_walls dbe_MechanicalEquipment dbo_PipeFittings
T <[ ¥ <[ ¥ - Classfication Code dbo_Rooms
Name = PhaseCreated =| PhaseCreated = T Part Name T "
Typeld PhaseDemalished PhaseDemolished Classification Code DesignOption
PhaseCreated DesignOption DesignCption Typeld Phacdld =
PhaseDemolished SystemClassificatior SystemClassificatic Location Space S0 Comments
DesignOption SystemName InsulationThickness Part Classification 1 Volume
EstimatedReinforcer ™ Comments o InsulationType ¥ |oo Part Classification 2 Perimeter
Part Classification 3 o Level
dbo_StructuralColumns dbo_StructuralFraming dbe_Pipes
Vi NISIIRE: - Vi =
Typeld = Typeld 3 PhaseCreated =
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Fig. 4. ERD Model of the Extracted BIM Data

M= BIM RERRE SRS F53817] 913t DB
Link Add-in S/'WE AHg519901 BIM 2w} glo]efu]o]27t
FLEF AR wdlo] 7Fsh itk DB LinkE 53 553
tlolel= Hiold FH= EAfs 2 dyiiie TaEt A
H] 53} Bdd Hlo|E ke BEel ZREER] AELS TPEERs]
t}. COBie W3} Revit DB Link HPHo] w& x}o]-2 Table
304 ZFAs] ARt
BIM REl2}E FZ35 Hold Hlo[elE Al2go R 7ids)]
SEirlE Hiolg 71 4 WAVGS IAAATE Zlo] Haslth
Fig. 4= BIM Yl 2XE FZ31 Ho]lE-S T)(key)S FAICR
A5 IAE ol o ERD (Entity-Relationship Diagram)
+ Fig. 49} 2t}
dbo_MechanicalEquipment E|o]E-2 442+ Ho| B} 7}

;g-;d o]

AFel IDE F7|2 duid JAsa BRIE HolEde
EquipmentName — PartName© 2 Tt <92-& 33t} the-o
2 479 dlolE2 TER Hlo[&4 IDE &3 At} 945
3L B FA= HolE-& dbo Rooms H|o]E} Location Space
- Name ©2 titfdd I4-S- 39t} dbo MechanicalEquipment,
dbo_Rooms Elo]E-2 BIM Eel23E] ¢l HlojEoln 42412}
3, TER glojEe 5} TER)2] &2z
A AL Y o) w2 A SAske] fAIdE] Sk
& SHRRL APt E F YRS k= ARERelEaL & = 3low
A7 k] frAlgElE sl & oA TR =
HolE2 st Ags AA 489 wlojEo|th rirEte R
Access?] E3} vjT 2 71%5S
& e,

Vol.34 No.6 December 2014 1907



BIM 7|4 slXel A frpte] ZeiEete] AlLg A

© 4= 24 o HE= ol ke Ale] AAAEE
ARG AR IRIS] §Afete) Apslo] ool & S FFsolck

4.3 QX ALRIR HS

oF o) Al sA|BE] TEEER] AlXEY] 71%5S A53P)
o] X ZARRE AR} QTARREA 8712] K718 HiEke.
2 A dRE 9 a2k dE F o) AdReE
ofgfie} o] 7REaL 2] A A5k o71A AluElL
1~32 B2bg] A gheA] o]fzjof k= ol Aajele]

AR B AR B AR 248 F8l =S A

=

A L ] B S
ARG ol 23] 9 ok 5
TEE 23 U g 59}
fABE AR A4 L 99

e}

® 0 6

Table 4. Scenario Validation with Maintenance Management Prototype System’s Outputs

Maintenance Activity Scenario

Prototype System Output

Equipment list of vacreator room

Space Name  [vacre Search
Space List S
Scenario#1.
Name id Area Floor D Name Classfication Code|Manufacturer |Serial Number [Size | Connected Element Name ~
530612 |Vacreator M563-40161605 | AA Engineering 136ADS31R
uery for equipment list in a Concentrator room 551077 | 80.95000000000 &1 gineering )
Q Ty quip Concentrated sludge reservoir 1551105 | 12.09999000099 B2 530615 |Round Elbow | M560-40141999 900 mma |Vacreator
particular space Concentrated sludge reservoir 2 551108 |13 B2 S3006 Round Elbov S e lVaceetor
Row sludge rescrvoir 1 551111 2315955599955 B2 530619 | Chemical Tank BB Engineering | 96543TWNH661
Row sludge reservoir 2 551114 234 B2 530624 | Chemical Tank ~ M535-24111805 BB Engineering 460Q13T4325k2
Sludge screen room 551084 80.91999999999 B1 530625 |Vacreator Fan M563-40101604 | CC Industry 370YIwW213
. . . Chemical injection room 551091 80.95 53066 |Round Duct  M560-40141900 900 mme Vacreator fan
eg) List equlpments located in Connected treatment water resei 551135 | 33.81000000000 B2 530628 |Vacreator Fan | MS63-40101604 |CC Industry | 6974KDG64
surplus sludge reservoir 1 551124 33.96 B2 SZDBfg Round Duct M560-40141900 900 mme  Vacreator fan
: 1' b . ’ Surplus sludge reservoir 2 551127 38.96 B2 530621 Round Elbow M560-40141999 900 mme  Vacreator fan
vacreator room 1n settling basin! P 9 50632 |Round Elbow | MS60-40141999 500 mmo  Vacreator fan
Sedimentator room 551138 17611 82 530633 | Controling Dampe M560-40101504 900 mmo Vacreator fan
Dehydrator room 551069 |82.13000000000 51 530634 | Contrling Dampe|MS60-40101504 200 e Vecredtor fon
v 1 B1 530635 Round Duct M560-40141900 900 mme  Vacreator fan
530647 | Centrifugal blower M563-40101601 | DD Engineering QZCBHJ468G
520642 | Contrifuaal blower MS63-40101601 | DD Fnaineerina OHCHHA61 v
Information query form in each space
Se = Search

Repair Information

st of e

. 0 7 e
Scenario#2. o ovet f— b e assicaon Code [Manufacursr [Duabily boiatd Lacaion-Space Name
Historical repair informationand || ™ e sk Comany [t S0 [CremielTank Mo adiii0s |88 tngneeng 2007 Vadesot oo
I . art Date 12012-08-20 530628 | Vacreatorfan  MS563-40101604 CC Industry 2017 Vacreator room
budget planning — C> S timne PO R e
ctenen o 4 Soees Chevabe | Me0sou1e0 o Vacestor foom
e.g.) List historical repair
information and list equipments
whose durability life is over in
2017!
Historical repair information Equlpments whose life end in 2017
Specification
N s ) 200073 Reuit File HEHEE I S &
Scenario#3. e s i Wit

Identify size and location of
structural elements

e.g.) Display detailed information
and location of a specified bearing

Part Classfication 1 _Part lasification 2| Length Volume
2 2

22l

2418earing Wall

wall! ‘ :
W sl
Vo vl )
Information of structural elements Classification & location of a bearing wall
EElr nffetireiion Trouble & Error Report
530612 nation [periodical Repair [ESFIFE] Drafter [Dongyong Um Sat 2013-12-12
Scenario#4. : N epcemars e o[ echane
Knowledge extraction . . me
¢.2.) Display historical nozzle R ey —————— S —
repair information and associated on Reaues for replacement of presaure 9uage after conault Wi mechanic M team

TER!

Repair information and TER Icon

Fut inspect a guage for a week after replacement.

TER components
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