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T 3~5xYd 37T Ao o At =2, A% 5 SOC Ao £
2, o]& Qg A {1 A, 309 ol wE FAEFE 9T FX
el wEoke] Fab g Fol o td

o AR (FTIAAJMATE)E 1WII7E dHe A wgd HeE B E 9
BIM st

Hge 87 946 BIM/W AuE fARE 7E 29 9
] A=

FFRT. A7 20139 wF@4757H) R H (2,246
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M3t =H(52370), 3 (1,1907) 2 A4S % SOC AA NA(E
5YF 6450712 e A A A S L.

T EHo| A= 2010 ‘A5EoF BIM =
8 A4FAA BIM 4§ I Fdska o, A% 5 ALFA
A7kE g 1600 BAWH 40 AYs
g FAAZBYARAZBA A

t, o]2g BIMAAR: A% 42

Avelol® ey AAE FESI, I/ A, FAH 5o f4 vl
Faey) 9% 4% due BIMARE A28 918 wdo] A
ERfops] fARYE F2 WP FRES Yo £95n Jov, @
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BAG 52 AN Be@ BHOR U@ [T/we AS 2L fAwe
AzEg S8s glon, Yol FAH UL
e, AHE K, A, GFERR, ADGT 5 A AZA
9 Ba A5E F45%1 oo BE feAAS FHAL gon, w
o AZgusl E49sh 4w 2 vy 5& 98 dre 4499
NzEe ggeta gom, o5 BIM/M AxddA F48 & 97
ow oY

s 22 yeEt 22|

a9 5 An operation process of bridge maintenance system and
functional modules (284 2| 201, 2012)

il

AN

Aok FARIBYA 2 #AF AFELS FE E2U FAHY ASAA
A, FREA Dol ASAR B L ARAA FEo FHE F
. H FHIFAE 2 7)o AR A g wel 2 RFID(Radio
Frequency Identification) 7]¥F 18 2 2|32, USN(Ubiquitous Sensor
Networking) 7|¥F Al 53 ZUEEY, 238 E 84 ZYHY, +x2& 3

_
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19 6 A BIM-based Bridge Facility Management in Korea (242 2

201, 2011)
BIM 7]ube] Arugs Sste] fAdd @A dFAd kA =diEl
dlolg &4 Ha3 so2 JHIHA JJﬂ]ﬁ}e 7ItHskaL S+

Value of Improvements

z
b To-Be
> * Minimized data Joss_\
= * Maximized information value
2 L 4
=] L ]
"I:T.‘I' »
£
|
@]
—
£
— . —— Design
Planning As-s o
Time + Continuous data loss
* (Malye-of informationreduced .-

a9 7 Information Exchange Effects with Current BIM Approach
(John M. Prezybyla, BIM to Facilities Managmenet — The Next Big
Thing for Sustainability)
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2. BIM f+7l= &%

O IFC(Industry Foundation Classes)

[FC= WY 2Fdol A AHAZE 3
7] 9138} buildingSMART®l &3] 7
IFCE= Htop AZESJo]9] AFEE
xdE H3 Aoz gAYt
STEP EXPRESSe| 7]%+3}aL %Q
20139 39 IFC47} 4 4 o=

2 EE AHEY ga 3 éﬂﬂ}% 5
© 2 OpenINFRAZ %’:‘:] o7 EX ?}_%% st
Ay ~7nt e AYsta gle-

Az gagRe] Agow

&8 A (interoperability)S 7}5374 st
vty dlolg] 2ele)
ZO

JH WSS Qe U Ao A3y
sk ]

::‘

AxFore FCE 27lo] Awstr] st Awr3e FAsL e
]

=
201611 744 S 4R HEE St o] & wYsls ZEgo] W

O A4 & A B u3HCOBie, Construction Information Building Information Exchange)
* COBie:= %ﬂ’—%‘ﬂ Ag, A, AE, 9 sl A&t AIEAHRS
F % AFY®BIll East)olw, &2 WA AJddg &= EER A9

(Facility Management Handover (FM) Model View Definition (MVD))2}

HHA, COBieoll 38 AR s =W AfEF 245

7k
dx]stefol & COBie el v ARE ZZAES] & Ao A A
A B A A5 dAY Ade ZRE AEshA wrdstolof g oA

Akl Tlsd 549 &A% #Aflel  EE COBieType,
COBie.Component 7] Z%&ol t)3at COBie.Attributes’} 57} AA =W Zn],
A A4 EAI A Eojok & (COBie Guideline, http://www.nibs.org

Ni

COBie ©lolH+= A, A&, 2ts 5 dAdA AR, AAA= b,
S, A WA e E A EkaL, AR A el tig Alx, BE A
FHE 55 AT AATE AlEets HolH Y R AlxAel A A
A AAEH, COBiedl %3HE 4 I

COBie X+ IFC ¥ A EAE XS ¥3slo] st ¥yiow 1
AlE o] B2 FoAEitel o] Fojx e ZRAE Y HA B <A

Yol® wlolg el mwite] Golajd 5 g
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Design Phase (Designer)

Facility Identification of the Facility
Floor Description of the Vertical Levels
Space Spaces Referenced in a Project
System Systems Referenced in a Project
Register Material, Equipment, etc. Catalog (Submittal Register)
Component Individually Named Materials and Equipment
Build Phase (Builder)
Installation Location and Seral Number of Installed Components
Manual Instruction Manuals for Components
Warranty Warranty Information
Spare Spare/Parts reordering Information for Components
Instructions Installaton/QOperating Instructions
Test Systems/Components Test Results
Certification Installation Certifications

Commissioning
{Commissioning Agents)

Preventative Maintenance Oullines PM Tasks and Frequencies

Safety Identifies Required Safety Tasks and Frequency
Trouble Maintenance Trouble Shaoting Procedures
Start Up Start Up Procedures

Shut Down Shut Down Procedures

Emergency Emergency Operating Procedures

Material Special Materials Needed for a Job Plan Tagk
Tools Special Tools Neede for a Job Plan Task
Training Special Training Needed for Job Plan Task

a3 9 COBie Information by Type of Data and Project
Phase

AA AZE o]l COBie A¥9S 93] Revit=15 93 COBie

Toolkit 2.4¢] 233,

Cpmpenet, System, Atrribute and Coordinate worksheets&

2 v 7]¥E9 COBie Microsoft Excel(.xls) spread sheet® #7542
2 Export7} 7Fsdh. o7]9]= Omniclass4t Uniclass®t 28 EFA 2ES
¥3
Owner's Criteria (Programming / Pre-Design Stage) Building Owner ! uf'; ' EE! & g > L
Design Submissions (Design Stage) Design Team g E & 18%. 2 . 8 £ g
Electronic Submittals |(Contractor Mobilisation - Shop drawings and produc ’;3 - %2 £ o g =T
. s ac £ 98 B E 2 &
t sign-off) Main Contractor and Sub-Contractors a3 32 E g o] T
Equipment Installation  |(Construction) Main Contractor and Sub-Contractors a8 ° 13
Equipment Start-up Commissioning Agent / Main Contractor / Sub-Contr
_ actors . ( COBie | )
Commissioning Commissioning Agent / Main Contractor / Sub-Contr .
actors = ) 3 (Asbuit -
Occupancy (Practical Completion & Defects) Commissioning Ag [De"? logdls (As‘bu'" ?'f reqw?'d) )
ent/ Main Contractor / Sub-Contractors : | | T ‘
Building Handover Project close out. The transfer of ownership of the pr Y Field BIM Data Base )
oject from contractor to building owner (Effects: OH& ; ; | i
S, reliability, standards of operation, maintenance an [ | DMS - Document Management System )
d operational costs) j ‘ i ;

Contact, Facility, Floor, Space,

2% 10 The COBie Process of The Information Gathering Stages and
Simplified COBie Relation to Design
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* COBie Work Booki COBie Contract Shecification V1.1 (2009.12)el 4] £+
°ol¥l™,  COBie.Contacts = Worksheet, COBie.Facility = Worksheet,
COBie.Floor = Worksheet, COBie.Spaces  Workssheet, = COBie.Zone
Worksheet, COBie.Type Worksheet, COBie.Component Worksheet,
COBie.System Worksheet, COBie.Document Worksheet, COBie.Attribute
Worksheet % COBie.Coordinate Worksheet®] ¢lo™ =1 9 Assembly,

Connection, Impact & Issue worksheet”7} 12

PENDING UEGS-01 78 XX (¥er 1.1, Dec 2009)<

Drafting Activity:i: USACE-ERDC—CERL«

PROPOSED UNIFIED FACILITIES GUIDE SPECIFICATION+

SECTION TABLE OF CONTENTS

DIVISION 0L — L REQUI TS+

PROPOSED SECTION 01 78 XX«
CONSTRUCTION OPERATIONS BUILDING INFORMATION EXCHANGE (COBIE)«
-
12 /2009«

-
PART 1 GENERAL«
REFERENCES«

SUBMISSION OF BUILDING INFORMATION
-1 Package Qualitws
-2 Package Content+
.2.3 Changes to Submittals+
.2.4 Review and Approvals
.5 Retainages
o

+ 2

WHWUWWWWE NNNNN

ORMATION TYPES REQUIRED+
ARCHITECTURAL PROGRAMMING PHASE.
ARCHITECURAL DESIGN PHASE+
COORDINATED DEISGN BPHASE:
CONSTRUCTION DOCUMENTS DPHASE.
CONSTRUCTION MOBLIZATION PHASE.
CONSTRUCTION &0% COMPLETE PHASE
BENEFIAL OCCUPANCY PHASE.
FISCATL COMPLETION

HHRMHERRE R HERER R

DI b WNE

13 11 COBie Contract Shecification V1.1 (2009.12)

3 4 COBie worksheet shample (Partial)

Worksheet Template

A W © : i G 0 W | I " | w N > ¥ 5 0

— COBie.Contacts Worksheet | . 1| | il ! i I 1 { .' ] %3

2 il rear {117,177 S{AuD P 7 T [T
R T CESTE (TETUT (P TR e [seqmal s
3 Ao, G R 1013 110158 18 TEEEE T T N TN T
1 Gryboio bt 161 E IR ' T S Y S 7 nfa
i I I§ [smo-a553] ey [Tuteliteinfs  njs _lome wailnds__[waikar amaal
= dlor lnfe s Iwia IFG Der 1AM aldaR TaLalia

7 oo et miina 1013 111 3L LI FIB R-00H 800340 s =

— COBie.Facility Worksheet alalil . i : 1 i i

vt et | 111170 I e T e e e T

[F—

A B (= ] E F G H | i
& | & " i £ |2
— COBie.Floor Worksheet F E z § § i i g :
L & =) a & S & i 2
2 TOF Footifrich.mitre 2012-11-1{Flocr  [Autedesk|autadeskifa2s7Lag-{TOF Footi -1.00|na
3 First Floodnch,mitrel 2012-11-14Floor  [Autodask|AUtadeskifa2s7128-(First Flood 0,00 2.40
4 Second Fl{rich.mitre 201 2-11-1{Floor autodesk |2 8257128 (Second F| 4,57 2,50
5 |Roof - Ma|richumitre 2012-11-1{Rosf |Autodesk|autadesk]fa2s 7128 Rroof - Ma 5.25[n/a
6 ISt rich.mitrel 2012-12-1[site i ! ] a n.00]n/a
B B & b £ ] 4 H | [ k L W
~ COBie.Spaces Workssh AT IR AR ENR AR
ie.Spaces Workssheet Py £ 1 i H
¢ ta-:-:)uF.mr%m'm:! |altndesk|sutodesk{SdaeTios]'s a5 1997900
G 12-05 11 1|First Flog CORAR DO Sutodesk) /i 00
73 11- u-l'nl:r-.mr-q\: L n'n .00,
€ (1aca 1595 11 4| First Floog © e ik {icaa 30| ~'o 20|
1205 13-u5u:|’-:mrgr ik Sdderaidna | .09
Lam T e chanch < 'a 1 280l
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(3]
A7 EFES 19909 258 v FE(DoD)

aL ol ISOel A= A Aol e FFS v Aosta s

DoD EFE : MIL-PRF-67268A, MIL-PRF-87269A, MIL-0-87270, MIL-HDBK-511

ISO EF : IS0 8879, ISO/IEC 10744, ISO 7942, ISO 10303

=M St EF : ANSI, AECMA SPEC 1000D/2000M, ATA2100, J2008

e
= :
A Ex N8
=
XML «<— SGML 8y aM s
_ " | G5 g i E NEIPIN 5
= ot STEP E 9 ﬂI NENS s
oD MID S | a8 s
schema . HYTIME N [ [ s s
( Styleshest i » of | § mME|CAZHO| 5
PG EM PG IF ! o e
WAV, MP3 = = 1% W YHRY WA
HTML «— - =03 5

————

ad 12 8= E 2HE S&

5,
=R
e
i
™
2
i~

245 CLASS 0%E CLASS 5&HA 74A] FE& i
. CLASS 0, 1, 2 9Al= HFEe Fa 2ol gle deg HAAbv
(ETM)S A &ta CLASS 3, 4, 5 ©@Al= AFE S A&t A5
| dem= Aosdssy dAmwdIETM)Z &+

oo 12 Ho L
—

Dodr 3o
(0]

=8 eg:
A
WES AR
IETM
2HE 2Ry
IETM

o MIL-M-87268

438 S5 2M MIL-D-87269

SlHA 5 oA MIL-M-87268 | MIL-Q-87270

o| O)A| MIL-D-87269

elgn oA g2
Ho|® o0

CLASS O | ClAsS1 | cuass2 | ciassdl| cuassal| cuassEl

a9 13 A= ZEEAH

79 RFOoRE FAHOR VEHQ TFoR 1 uige] il 9 MIL
xE, TAAHEE A% 1SOxRE, 74 TUHEFZ(ANSL, AECMA, ATA)S
o] o] EAEA, IY FForRE MILEFS g oz 4o gt
A 7 - Beksto] AAE KSETo] A+
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¥ 5 dAEYE ISO E&
ISO & X F7 & 9=
ISO 8879 SGML 1986
ISO/IEC 10744 HyTime 1992

ISO/ICE DIS 10179

DSSSL (Document Style Semantics and Specification

Language)
ISO/IEC 10180 SPDL (Standard Page Description Language) 1995
ISO 8613-1 ODA (Open(Office) Document Architecture) 1989
ISO/IEC DIS 10743 SMDL (Standard Music Description Language)
ISO 9069 SDIF (SGML Document Interchange Format) 1988
ISO 7942, ISO 9593 IGES (Initial Graphic Exchange Standard)

STEP (Standard for the Exchange of Product

ISO 10303, ISO 9506 1994

model data)

DoD(7] =4 %%) @ 1] 5 (DoD)ol Al AlA e S AA A=
A=t AAelrde] dwkAQl W8, &9 Style, Format 3 W& 1t
Jo AA EA L dlE] 7+ MIL-PRF-87263A, AAtvlwd W4 2 4
He AFAd 749 dely H o] 2~ (Database, DB)A <]
A LS 9gk 8] MIL-PRF-87269A, AAvlwd H#S 918 #8 HEx®
¢ MIL-Q-87270°] A= 53] 939 A5 84 % AAEA 29 £+
3= ¢ MIL-HDBK-511(JIA; Joint IETM Architecture) | 3 0. & &
TA HIZFEFO R Al Aok sdRe] A% 2wy g
I =85S 95k v i 31 A4S mEXA] @531, AECMA  Specification
1000D (International Specification for Technical Publications Utilizing Common
Source Database, Change)fr# 5 & A3 3l 7iesEl AECMA
1000D %3 AECMA 2000MS &-83slx 3, IETP(nteractive Electronic
Technical Publishing) 7H'd< ©]&3 7l AR AAE 4 R /Pdstal s
w3k ATA Specification 2100 (Digital Data Standards for Aircraft Support,
Revision 0, 1/94) 2 J2008 (SAE Draft Technical Report, Recommended
Organization of Vehicle Service Information, March 1, 1995)%°] 1<
Tl AR 3 0 19909 SRR S AR R e A flEE dske
2 7 Y] MIL 358 AR 199739 KSY A 25 A1 =9
KSo] bl AHdEES vl 585 F590 MIL-M-87268, MIL-D-87269,
MIL-Q-87270& A= &3 Al 1 & dApurde] dAiAE T8k
A 71EEER IS0 #FS 2R E Wl KS BES AAd

% 6 dN=E KSEE

EFHS A = AAIAE
KS X 6021 38 HAAulw A (ETM) 7lsd o] H 1997
KS X 6022 th3s Aol 7L (IETM) © o] g uo] 2 19974
KS X 6023 38 AA]FA(ETM) =2 HZ 19974
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O Autodesk BIM Cloud (http://www.autodesk.com)
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3= BIM ServerZld 9] Cloud Computing”7]&9°] =% = A4

- Autodeskoll A= BIM7]4%Fe] A A (Conceptualization and Design), A] &
o] A (Simulation), *Zt&}(Visualization) % &<l (Collaboration)E ]l
Autodesk BIM 3600]2}= Al #FaS 7.

- Skanska USA Building ©]21%t BIM 360 485 &3 $96,0009] =%
H A8 39S 714 93, Balfour Beatty Constructions ¥ A E o] 2
¥ 300%9 ROI(Return on Investment) &35 ZZE392™, Dow
AgtoSciencest A FHS FHIAS

With you know .
you are always using the most up-to-date data anyone, anytime, anywhere

R P S e

B ek, ' DO

1 ’,”:? 99’5\ = il algl!
L P L. E;‘ o .

The Results ’ The Results

; A 4 0/

"We saw $96,000 in We b fe 300%
direct cost savings.” return on investment
“from the software.”

Skanska USA Building Balfour Beatty Construction

I\ AUTODESK &\ AUTODESK

19 18 Autodesk BIM 360 based on Cloud Computing
<http://www.autodesk.com>
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Heat Source

Air Flow

Cooling Capacity

Heating Capacity
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Air Supply Motor Voltage

Ventilation Motor Voltage

Air Supply Motor Revolution

Ventilation Motor Revolution
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Product
Installation

Operative Date

Expiration Date
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Size, Measurement

Operation start date

Acquisition date
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Manufacture country

Model Number

Production Year

Production Month
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Asset Code
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Monitoring

Measuring point

name

property

Measuring point property unit

current status value

Target Value

upper control limit

lowest control limit

Monitoring cycle

Monitoring start date
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Version 1 & A A8t A&

G5A's s Need: i Fadility Lifecyde Data

Construction

MNew Construction Tools that interact with
Major RELA Facility Data

s‘.-r_'a.ﬂ .P!.'OJECES_ Central Repository of Facility Data

Re'm?ursables ” Real-Time Sensor Data

Sustainable Maintenance 3D Object-Based Parametric Data
Facility Management Data
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19 24 Vision for BIM for Facility Management Integration (& 1:
GSA, BIM Guidel Series Facility Management, 2011)
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Condition Description

86-100

71-85

56-T0

41-55

26-40

11-25

0-10

Excellent

Very Good

Good

g

]

Very Poor

Failed

WVery few defects. Track function is not impaired. No
immediate work action is required, but routine or preventive
maintenance could be scheduled for plish

Minor deteri i Track fi ion is not impaired. No
immediate work action is required, but mulme or pre'venhve
maintenance could be for

Modmle delenm‘aunn Track function may be somewhat
d. R ©Of minor repair may be required.

P

Significant detertoration. Track function is impaired, but not
seriously. Routine maintenance or minor repair is required.

Severe deterioration over a small percentage of the track. Less
severe deterioration may be present in other portions of the track.
Track function is seriously impaired. Major repair is required.

Critical deterioration has occurred over a large percentage or
portion of the track. Less severe deterioration may be present in
other portions of the track. Track is barely functional. Major
repair or less than total reconstruction is required.

Extreme deterioration has occurred throughout nearly all or the
entire track. Track is no longer functional. Major repsnr‘
c it or total uction is req!

8 42 Performance Index & = & XX A&

CP Conditio|
Score

Failure Mode Risk Factors

Failure Modes

Failure Probablllty

Capacity Structural O&M Corrosion RUL High

Score
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mmmmmm-

PUb|IC Service

[ 041 [ 004 | 004 [ 026 |

HHMMHMMM
Operation

Cost of Repair

Regulatory
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[Siuctura vty condtoninges | s | |||
[osm vty conditontnden | [ | ||

a9 43 RAEF R4d=

| =2 <8t Risk Factor

0

_58_



|rﬂ_5:.;u =

Forecast (yrs) : ¥
10000000
8000000—
3 6000000 — 1
=
(]
4000000 — i
003 11
00 213
Years-->
‘Proposed 2009-2014 Capital Tmprovement Plan
Transit Capital Plan Detail
Capital Spending Projection

Prajs  ProjectDescy status Prior 152008200 2008 200 2011 7 FE Toml09-14 ‘Broject Total
New MVTA Flaet Mamntetince Software - NTD Funre = - E 260,000 = - - 200000 200,000
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Metro Tramsit
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65505 Fail Gperations Backup Generator Anthorized 5 - - - - - - 000 45000
65505 Passenger Info TCIP Stds Autharized 15006 MB6s - - - & - - 393,750
sss11 Ragional Transit Secursty Gran Amtnorized 715891 20608 - - - - - 1639300
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ases1 Hiswatha LRT- Siznals for Smgle Track Reverse Difection.  Authorized sam 15673 1,038,000 - S - 2,500,000
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e Eey Lock Sysiem Auharized = = - - = = . 50,000
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