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ABSTRACT

Coordination of Mechanical, Electrical and Plumbing (MEP) systems is a huge
challenge for many technical projects such as Metro projects and complex buildings. Due
to a mass of equipment and numerous pipelines, any errors and collision cannot be found
or resolved before construction stage will lead a series of problems. Most studies have
suggested that the use of Building Information Modeling (BIM) promises to address the
challenges of the MEP coordination process. The use of BIM in the design and
construction phase not only greatly reduce the design errors, the integration time among
multidiscipline, cost and the expected number of change orders, also to improve the

quality and efficiency of the project.

The most of the previous literature have concentrated on analysis of BIM benefit,
3D modeling technology application or how to resolve interferences between civil works
and MEP systems during the construction stage, rarely derived from all phases of a project
life cycle. In this paper, a five-year program of fixed-price engineering, procurement &
construction Metro project use BIM technology for whole life cycle, which covers
concept design, engineering design & coordination, scheduling, estimating and budgeting,
procurement phase, construction phase and operations and maintenances, the BIM design
work will be executed in multiple locations in globally distributed offices. In order to
solve the interface problem and improving the defects of design and integration process,
this study proposed a process for BIM-based MEP design and integration during the
project life cycle. And moreover by comparing and analysis the effectiveness between
this project and previous cases in design and construction stage to validate this practical

BIM process.

The results indicated the project team in addition to focusing on BIM technology
and MEP expertise, it is recommended from preliminary phase to use BIM tools for
architectural design decision and construction considerations, MEP models have been
appropriate integrated and control measures in place before packages are released as each
phase. It is found in the case study that the use of BIM may increase the design time.
However, it can reduce the time of MEP coordination, the number of change orders, as

well as to save overall cost by more lessons the team learned.

[KEYWRODS] BIM, MEP System, Design-Bid-Build, Design-Build, EPC, IPD
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Bovapehena (550 B > R ¢ 3 RUKIPI AREEE £ 47 0 $0 BIM e 7
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3D MEP Detailed Design Model

3D MEP Preliminary Design Model

<—L> 2D CAD Drawings | '

MEP Prefabricati4 Model

cs/11e

cs/1-18
o517 T

B 2-2 MEP 3|2 % B indg
(Wang et al., 2016)

BIM iieh * SpE S e L & R 2 TlE § 0 LI MEP 3 £ 0n
ﬁ%ﬁ&ﬁﬁvﬂ%eﬁﬁ 7 3DBIM #7538 » 2 G 40 H »iiy 1 &R o R
1B 3 0 > BIMSUEE - AT E AN o dole b A LI Y
¥3 F%F 92D CAD %3+ 7 2 4i& » 3D BIM $iteip § B E 3 it LLER
PR LARL P & 2A2R Y BIM 2 AP M TR 54 Bl 2 BIMRES
o AEAR F EEIE o

MEP chff &= X > g A0 F A4 DAL R RRELA @ A
L R R RN F %G % ehELu] (Lee and Kim, 2014) » ¢ = & < &
5 —‘ﬁ (Korman and Tatum, 1999) # ! SCOP & & % & /i 42 > 305 MEP & & 1

12

doi:10.6342/NTU201702218



VR ST R e IR BB AN - BAKS & X EBN S HVAC ks
=h

FHRFP i Bs 4 LR 4 55 MPE B & (3 fzde & 241 997

% 2-1

MEP % & chifs % 0 A

(Korman and Tatum, 1999)

System (in priority order)

Priority/Special Notes

Mechanical (HVAC Dry)

usually first due to large size of components

Mechanical (HVAC Wet)

follows HVAC Dry due to interdependency of these systems

Plumbing (gravity driven systems)

design criteria for slope essential for system performance

Plumbing (pressure driven systems)

lower priority because less difficult to re-route

Process piping takes first priority if critical to manufacturing process

Fire Protection flexible routing within safety and architectural requirements
Electrical most flexible routing, especially small diameter conduit
Control systems flexible routing but must limit bend radius for pneumatic tubes
Telephone/Datacom flexible routing but must limit bend radius for fiber optic cables

¥ - 73 %b]? > Staub-French and Khanzode 25 &% 3D /4D 1 & k3 7

MEP erf & 4 B8 it > F 22347 k3 1482 MEP & £ k& Rz % i

- BAPENFREFFEEE BPFL RNEROMEPELER ZAE S
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9.
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A ¥ 7 ek fie

H 75 i
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BT ST EREY
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SURRESE

11. -] & < et %LUJ\*F‘{ PER: %%‘H_r:ﬁ%? .
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Coordination Time (8 hour days)

100 /
50 ——
8.0% 10.0% 12.0%

MEP Density
Bl 2-3 MEPQ?’F%&E’ MEP /f‘ 5bﬁrb%ﬁ&ﬁqmgﬁg}
(Lee et al., 2014)

22 W1V R

1AREEER LN Y > BB IR IET AFHIETF 2% A5
B4 o 1995 £ Wy 227 7 Fx (Construction Industry Institute, CII ) 35 1 7 {744
SR WL A P RG] R AR F 2 R T RS R G
Be* o MR REEFOD A RS LD IEE LT FEAT DL AR A
BhAA R RE2 EAY MG emiTR G AR L T Y g LS
TEHRZ FEERALE > ndE a2k x PR E 25 5 (Journal: Structural
R eEw T2 AR

A (Pavittand Gibb,2003) e s 1 P& Z ¥ B R G Z FrR ~ BB Z F R ~ F /2%
REFHE TR &5 TEF iR %ﬁ@#ﬁ;&s@@ﬁﬁs@ K B
LiFw 1 EFF oS 1 ";L:‘L—ﬂ"—’t‘FKZ;{:""JJ_ Flptak 2 1 e d A IR

Survey, 2006) » + § { f§ H iz o e ¥ TSR £ 3

f
PR A RS PRASLSLTERRZFDELE P ART BRI
EERRT T R A s E o FREFFEFLF 2T LTS R
THL B R AEFHEEZRE LS 2 AN F  RPPF L TR S &
(designdelivery)z_ s 1 4 - wEiE4 ¢ 2% 1 & %> g* 3DBIM1 E B

FiEES ey S VR MA RS A He1 ¥ (Trigunarsyah, 2004a, b
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Pocock et al, 2006) ~ #& & 1 25 (Trigunarsyah, 2004c ; Pocock et al., 2006) ~ 3% 8
4 A & (Pohand Chen, 1998 ;Low, 2001)~# % % >+ (Low and Abeyegoonasekera,
2001 ; Trigunarsyah, 2004a, ) ~ /& > & ¥ % { & £ & (Pocock et al., 2006) o i yx %
REEF @ yes W %17 AP F7 R 8T-43.5% &4 =
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Khanzode, 2007 ) > £ W ¢ 245+~ 5 (CIFE)$¥f 32 € * 1 238 p A A % %~ BT
1. /ﬂ“f 40% TR E 2 BT 2. 1R i B REAL 3 3%3. & | P R
Bt 80% M o4 pEKRAEFCENE TS 10% S IR P ZFFEF

7% ($+ &2 % 2014 CIFE, 2007) - 4% MEP &&= 6 { £.5 %1 2

B
o RS A TR S k0 M3 RS BT 43D WA A
ROUELTER Rl D RE KPR LA BTG R iR e
BP sl S L E R A0 1AL R TR 1 AT

BV AR ¢ s R 20 ST SEL P S A o S0t MEP i

Q.

ﬁﬁ@ﬁﬂ%ﬁﬁﬂlF%%@ﬁﬁ?ﬁ@lﬁw@@%ﬁlﬂ?ﬁuﬁwﬁ%{

AR B Kt Eﬁ»ﬁ‘ ) N h'tt’Elﬁii%iifwﬁﬁﬂ’,ﬁﬂr#ﬁ%*@l']{ti
e d o HorE AR T RS fRAF AR PR T EIAGIEY kg

e A~ 21 %5k

AT AR R BN X P E s 1 B2 LR hEE o 4p

Bl 55kh? &~ s £ L FEpR 5 (Pocock et al, 2006) - & 5L 2D ¢h
WHE LA LR FRALY AF L% CREF 14 | A
PHEFFATEMA -Ra FALENBA AR L XBE EHRY RS
BRI 25 R F I IS RERE 2R R LA A &
X HApE % o $r IDBIM PSRt B A BGF Rk k3> % 583D R
M R R A R F LS K R AR AR B S B4R

17

doi:10.6342/NTU201702218



WH LR 'R o MHP"E M 424 2F 5 A o Hartmann and Fischer (2007) » #& & > J&
v BIM BT RPRR B R R @R BT g BT T

FUREZF G e Fhe ot BIM 7 £ 3D a2 i 21 sacdlac 0 a
ARFRZ W THEATA > KPP F 52 %1 1ok B iRy
Fowhp2l &kl k2 > %1 MY E L MEP AT §REINELER

LB A F]P de e 1 2 MEP R A PR E - R £ 8L (F o

23 H%RKL£2G (IPD)
ﬁﬁiwéﬁw%gﬁwﬁ(Amgmn,MMﬁwwxmggﬁﬂﬁ%,%

A ERYmE 2L 2 (Integrated Project Delivery, IPD) 32 4 - H 324 €

1\

400 BIM AR ot % 2k 0L - A B R S L E A i AR
FRFEA A2 PR -IPDApend — B1ARE Ri- 4o ¥ BR-BE %1 B
REKFEEL SAPME 85 - BER & (B k¥ - T 142 BINE
FAPMBERFR T F S 1 PRI RE CURFTREE QEDTEIR o
IPD &pLE LA AR oo JOF & Bl AT LIS L AR oo T
SRR AL .

AIA 415 € %2 2006 % = # 91 IPD eh % & IPD £.- 84 % & % 2 i e 50
BLAIRUFAR S AAERTIEBIAEL AP B EFRF 1R
HeBBESRRF$2 8k A3 HE2 5% HEREFRET B 1T &

L e e e 44 o460

1L B4 B BRI RGE1 SR E S E3 PP A § %
BIAIE A AP ehA A L RS R

3. Bl 1 MR AL R TR R PP R F RO R AR

BIM Handbook % = %<+ # J1Jk* IPD cha# % &) bldcde M EE LEFE
Camino ¥ % f BIAT& g fo> T IPD &% 51 » & & F A28 0500 4o 1 3
B 1 ad o "“’?’ﬁ’flﬁ% PP T FgRY IPD A AR e L (8 10 % Y

18

doi:10.6342/NTU201702218



W4 HMBMEF T A FR AR Y o BRESR § T Ad IPD
Bl 23> 2 B EAIFE S 1P A {R/RBFIBAAFE TP ZT DT
- REBRERPETEORTMEER - AT RAGF AR GI A
i hp e ”ﬁ#ﬁf’Pm\%’mb’Eﬂ%:«“ﬂéﬁéﬁwMJE&%M75 = foen

Bafefld PiR- Ko jrad g 127 % 1% Mh's% ~ % /& (Eastman
BIM Handbook, 2011 ; St -4¢ & - 2014) © @ &4+ § 2% [PD ™ @ ¥ g cnifs

IPD i £ BB A P q F & #d > - A8 = 2 foshand 34 o

o
|
{
&
e
fpa
P!
e
i
=
[\
N
E:
S|
pE
-k
\_
4
—
(i
i

SR g e B Bl R R
Wi (DBB) " S5 cha e e o b2 - PRI - BHASLET - B

B R B4 P (DB) LARPEFHL L KE 28 Ke Fony

FEfte » 1 BV EEMIW A IPD 3 P RS TR RRREFRAS
a1 o
Project Timeline
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Contracting Contracting Opertion
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(clash) ;% 7% & MEP 4 5% B2 £ 6]4c MEP 4 %23 K2 423 3 B3
3t b dpend MEP g % K Z X
PEIFEETIN D PR FEABERF N o A FLFTEZRA
PlEZ2BERENZ BT Ko 5 #30 > Korman # MEP i dienfe R fasg A 5
Actual interference - Extended interference - Functional interference ~ Temporal
interference ~ Furture interference % 7 * #§ o 3¥dr# 4-4 -
% 4-4 MEP rR fa 57
(Korman et al. 2003)

—

Interference type Description

Actual Actual (physical) interference occurs when two
or more components physically interfere
Extended Extended interference occurs when component
interferes with extended space (such as access path
for maintenance) that is associated with
another component
Functional Functional interference occurs when engineers
position two or more components such that
their location in relation to each other
jeopardizes intended function of component,
such as a pipe blocking light from a fixture
Temporal Time-related interference occurs when engineers
position components in a manner that prevents
efficient construction sequencing and scheduling
Future Future interference occurs when engineers position
components in locations that do not allow space for
routine operations and maintenance tasks or space for
future expansion

N

H ¢ Actual interference B3 FEf 5 wenffFR > 4o B ERENE- TR

Extended interference {- Functional interference %% fF + ¥ & F "2 iFR - b4odr 2 e
FrRF2BEIRFAAB IR PR SRR R R BB TR

Temporal interference ~ Future interference 43" FF % 27 1 (55 2 enifr R > Bdo R
%%iﬁﬁiﬁli»m%lﬂva%ﬁ%ﬁﬁ*%ﬁmﬁﬁiioa@%ﬁ%@

R XX W REERBMELS LA (D7 FEAR O RIFI MRV E S 3L
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SR B ()7 P EAR £ RRAEE L Rl ek (3)E D AA 0 F R
S RS R o % 1~ 2 A 3 e R (hard clash) ¥ i iE BIM £ %t
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Building & Infrastructure Service MEP

iBUSI)

WVentilaton, Sar Conditiomng
(B

1.Functional Plants &
stations

2. Depot word<shop

3 Admin stration/OCC
4 Nentilation in
Tunnelz

HyoienefNaste water
OisposallPurmpoinog (BE]

1 Along the line, at grade, in
Tunnel and on the Yiaduct
2 Functional Plants and
stations

3 Depot'orkshop,
YWashing Plat,other cleaning
facilities using water

4 DepotWarkshaop

5 Administrationd OCC

Lifts Elewvators, Escalators
(BC)

1.Depot Workshop
2 Administrati on/OCC
3. Stations

Fire Alarm fightng
Systern (BD)

1.Along the line, at
grade, in Tunnel
and on the Yiaduct
2 Functional Flants
and stations

2. Depot Warkshop
4 Administrations OCC

Access Control (BT)

Locks for doors

Lo Woltage Supply
(B4

ALL LY supplies
& installations
after secondary
winding from LRSS

®] 5-2

Compressor Air Supply
Depot (Bi5)

Compressor
Adr Piping

FPump Imigation (EE)

1 Along the line water
supply and pumping

Sionaoe (BS

1.Alang the line, at
grade, in Tunnel and
on the “iaduct

2 Functional Flants
and stations

3. Depot YWorkshop

4 Administrations OCC

Lighting (MHormal £
emergency) (BETHC)

1 . Along the line, at
grade, in Tunnel and
on the “iaduct

2 Functional Plants
and stations

3. Depot Workshop
4 Administrationd OCC

Street Lighting (BTHRG)

TR B LW
Distribution MNebwiork
2 Feeder Pillars

3. Colurmnitast with
Lighting Features

Earthing/Lightning Frotection

1.5uface Mourted earthing
Ropes

2 Earthing Bushars

3. Cannection between
Earthing Bushars

4. External Ligthrning Dow
Conductors

5. Test of earthing provisions

Building Service Maintenance
Eauinment (BM1

M aintenance Tools &
Equipment,Special Tools
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1 BIMgm; BIMKSE BIM ez a4 > 352 fef 104£ 21 10t
Lo PREFIFEHVE BIMERA M ER - § 5T K% ~BIM
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% 5-1

BIM 5 1 iF gk

Modeling Design Package Engineering Design Scope Party Location

Topographical Survay Engineering HUB = Riyadh

Yes  Track Alignment Alignment Design Bechtel CCEE Dubai, UAE

Yes  Depots & Control Centres MEPF & Structural Bechtel PECL Taiwan

Yes  At-Grad Works Architectural ~ Structural ~ MEPF Bechtel CCEE Taiwan

Yes  Park & Rkde Facilities Structural & MEPF Bechtel NDEU Dubai, UAE

Yes Shallow Stations Architectural ~ Structural ~ MEPF Bechtel PECL New Delhi,India

Yes  At-Grad Stations Architectural ~ Structural ~ MEPF Bechtel PECL Taiwan

Yes  Deep Underground Stations Architectural ~ Structural ~ MEPF ~ AECOM New York, USA

Yes  Deep Underground Stations Architectural ~ Structural ~ MEPF  Aroup Landon, UK
MEP, drainage, ventilation, walkways

Yes Bored Tunnel and 1st stage concrete for Tunnels and AECOM APAC,Brisbhane
intermediate Shafts

Yes  Mined Tunnel (NATM) Adits & Intermediate Shats Gall Zeidier Croydon

Yes Cut & Cover Sturctures and Structural & MEPF Bechtel NDEU New Delhi, India

Tunnel Portals

Yes Viaducts Structural AECOM Madrid, Spain

Yes  Elevated Stations Architectural ~ Structural ~ MEPF~ AECOM Madrid, Spain

Yes  Enabling Works Utility Diversions AECOM Ritadh, KSA

Yes  Olaya Street Street Lighting AECOM Ritadh, KSA

Yes KAFD Iconic Stations Architecture Zaha Hadid Architects London

Yes  KAFD Iconic Stations MEPF & Structural Buro Happold London, UK

Yes  Olaya Iconic Station Architecture Gerber Architekten  Berlin

Yes  Olaya Iconic Station MEPF & Structural Buro Happold Bath, UK

AE k2 BIM#fL 73313 #1242 &3 BIMBEA SRR & A

£ 4 K 3P & (Red Diamond Preliminary design) ~ 60% 3k 3+ F# < (Developed
Design) ~ 90% 3% - F¢ £ (Developed Design) ~ #f % 3% 3+ F# £ (final design) ~ B {4 #%

3 %5 1 K 3Bl (Issued for construction design)  BIM & 3+ PFF A7 3540 & 5-2 #77F o

4 5-2  BIM & [} K4

Design Stage Design Stage Description

Preliminary design and options selected to form design baseline prior to
Red Diamond commencement of detailed design
60% Developed Design |Developed Design
90% Developed Design
100% Final Design
IFC Issued For Construction (including required permits and approvals)

=

% 4% 4 3% 3+ (Red Diamond Preliminary Design) g #_¢ %< B$3 7 » 60% ‘o
TURFIPE IR A G 2R B PR R R AR
22 R PR R L B £ % e 3DBIM A P E 2 R 3 W v 1 W5 Al
AR RN FWLERESEIAT LD o VAR ARG Ew123 0
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G AR 0 A A~ IR Ap B AR 2 3K 3 Bl (Advance Issued for

Construction Design) & Ffe & EF > (7% 1 (7% -

BE- end > HP f2rie g B xk (At Grade Stations)fr:¥ & @ k. (Shallow
Stations) & & & R FE3 SN T 2 42 Al fpaud A e S MEP
GrLEsRE B RE S T F BB RipE HOHRF L 28 MEP S SR
B g J1 %  2c ¥ o (Staub-French and Khanzode, 2007) 12 2 (Khanzode et al., 2008)
Pk gk A 3 MEP G hilE o d AR B KR TR p b E R ¢
SR N R B R LR LR PERF LS R ERE B
GHREBAE-F AT REREFEE TR Aok MRVIECGKRE SR B
HEF BT IEFELAS e EFEHERLB T 0 BT BIM HiFas 1 2
P T S E A A RERER RRE R R Rl E 8 o ik
i 03D BIM $ji8 * 302 H ~ B8 MEP 2 P ek PH 2 & > TREET -
Lhemi v R IARFF e FETHOMEP B 2 XFVREHE S 9BIM A 2
BEABEXY AZ0 AR B RFBIM & R EA%E o

53 T L7

iE2 ’%')I%"v A /EE;}F-I o EEFa BRI IE IR 2R BIM HFk
17 MEP e & 4 532 ¢ % (Wanget al. 2016; Yung et al., 2014; Liu and Zhang
2014) - @ AER B E AR YRR LE’.%‘« SR NEEL AR SRR
AR o R R R Tre o 4 P ED R R PR H BIM T 2R R DR
7 - > i §_BIM e S RehmE R Fo 4 #0 LT 2R BIMfiekie
MEP % £ chd % o 10 #4l4t & % G| Tk 255 £ A AR GGE - 5 E 2t o

531 2HaAEFLELIT

BRIDERFEENIALNE FF EP- P BRle > HE X REZ 2
%%ﬁiﬁﬁ&?%iﬁﬂ*ﬁﬁﬂﬁ—@? EARM TG 2 G 3o~ PR
BEFwi e §HRGHAC BB A NEEAM OB FE RSB AR
H- B ERPLIBEALEN AL AN FHIM L F4pg 4 ik - £ 5
%41% BIM i b (£ 4N > #05 & B 4 3D BIM TR ¥ T pF ~ B

53 _
d0i:10.6342/NTU201702218



PHFRRI IRV EAFFAHEFLE RV ZIFORE N IR AT QTR
Tdeik fRA-R AT 0 K Mg iE 1 f2oki o 3DBIM Hoe A Wi B LG Kkt L
A AR BRI A FI i 0 TR S4 5 B%2D L2 N 3DBIM
P T 0 MEP B & &

5$Eu-q%¥$

SHE AR ZRBIFHN 2T B

&t

W
M5

B 54 MEPZHB XH LT &> - @i vs3DBIM
KB |2 B L AeAE it IPD SN XA AR 0 A a1 And Sk Pis
7 BIMB#AR FRARD L £1 38 B 0 - 1BMFEL L P AL
%ﬂﬁ?ﬂ@%ﬁ%%?’iﬁﬁwMMﬁﬁaigﬁgﬁlﬁﬁﬁ%%ﬁ%’
IAHFERFETI SO W T RS LAY G ER B E R
S RFREC RERLERY S IPRRY IS BT EHE R 12

Bt 4R PR ENRARPEFL RTINS A

BPEERF ik  HFRE W IREAL L1 VAP ELL PR
d 7 0 i 3D BIM §-4 974 4 s - B 2 4 &P BIM 2 % o &
Pric M ARG ori * 22 BIM 1 & 4o 5-5 #777 » FEmip 4o o

1. B xh=hi s iz 0 2 28 %3 #% * Revit (Version 2014, Architectural
Structural & MEP)

2. 2 AAHIAEZ FE 2RKFFHET Civil3D

3. ® -ﬁfjﬁ;;{;%}a&* Civil 3D % Revit

4. Bored *3g %X 34 * Civil3D ¢ AECOsim
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5. Pk EE X Civil3D & AECOsim & Revit
6. NATM " 3k -4 * AECOsIim
7. PUE TARE T Bentley Railtrack (BRT) 12 %2 Microstation

8. AutoCad % H @ $rx 7 Fick

®55 BIMi1:
(FH &R § 21 42)

1 BCA] 2 B S % 518 ProjectWise & {71 e (¥ ¥ > e PF 5 iz Navisworks
KB TR 2 A R o bR PEBCREE * BPS) B {8 3R 3 FF L e Revit Model s
Civil 3D -~ Tekla ~ BRT # AutoCad T3t 23%% » C3ID FHE KR F¥ 1 REXK
R F IR L Tt o d NAZEIBREENREFE N ZE TR
Bped o dodb RO M A g 0 TP PR TR LR R R BT
Mo BHEARRILRIMR T BTG LA EE L 2N R LR R ER

EFSEBIM B e * g 2 2 (R e 53
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% 5-3 BIM p e * i
(F# Rk % #142)

Engineering Project Procurement Construction
Controls
(Including Sub-Contractor Quality Control
or Supplier Shop Drawing
Production)

Design Authoring
Engineering Analysis
Drawing & schedule

Generation

Interference
Management
Engineering Progress Tracking
Interactive Design Interactive Design
Reviews Reviews

Structural Detailing

Visualisation Visualisation

Construction Sequencing & Methods
Quantity Take-Offs

Vendor Equipment Vendor Equipment Submittals
Submittals
Field Progress Field Progress
Tracking Tracking

Augmented Reality
Digital Fabrication
Digital Setout /

Surveying
Record Modelling / As- Record Modelling /
Builts As-Builts
Operations & Maintenance Information and

Handover
| Reality Capture

FERATEL Y CRMAMPRARP A BIFE 2 BIM s stk 77 0
TREAIS R FER UL S F MR AAH o REEBFENF K a P
(At Grade Stations){ri¥ & # =t (Shallow Stations)d (m$%3K 3+ B[54 _60% K3 Ff &
B 4es B 3D 2 H01 1% R FlE P e MR & & 404k £ 55 e it @ &% 1 BIM
PR GFH R E RERP S 258 SR A2 2 EB  2FF LB &
1Az MEP St ivs SmdnR PR @00 BT 8 i s AR b
60% wREFFFEEFED 3D BIM #r2 § dud AR HHEA] - BRI BT
S (MEP)R 0] > h 7 ki 2 ;L:gi—‘ﬁ%ﬁgq‘&%ﬂ BRI B
Fer PRA S M F a2 ?@aiﬂ PR B E YRR
LG o REFEDeINR PR ERKE Y AR TS
BFF7HR8 ¢ 31 o
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BT k44 MEP i
Revit MEP #-/0 3 & 8 3% =4

MEP i& £ #7148 -
i
S

XA % kL

=h
ﬂd”“

F_k

FE e

= ,iJ-;LL WB Jfg,_

WL
R A T

e

~ MEP %

”‘7'"5])\

£ LOD % E 2R k&7 k&3 2 g alip bl

ﬂ\i%. HES

#) % BIM 3] ¢ e i2 3 B

BIM # {7

ESR
o

B RHEA 2

W R R

TH2FHn3DEf L
i w‘;im,, B~z 3 ,,4 é‘b\d‘j%]\/j ,b\,}j 73 ﬁ w'lilkil_i
2o i Rp Ry
R4 e B K %o MEP B} i
SR P 3D Al e R F R e A W kG ELF R

B Hw kg g Rz BIM# g

St k] P dein 2 RS 1A 4T A Bl 7 Revit

s ¥

N
m

A
L
v

&4

2NN
S

rl«

IR

i ¥% American Institute of Architects (AIA) &2 7

#2 & (Level of Development) > % 5-4 5 MEP

45-‘

WA 4 AP E 2 403D BIM #3 LOD £ R4 o

% 5-4 MEP#F|2 4~ 2 LOD § &4
Type of models 3D MEP 3D MEP 3D MEP 3D MEP 3D MEP
Element Breakdown  [H#)RRGTEE HBBRFER | BIRHER BIRNEY RTESER
Archiecture 200 200 300 400 500
Structure 200 200 300 400 500
Cable Tray 200 300 400 500
Conduit 200 400 500
Device 300 400 500
Lighting Fixture 300 400 500
Pipe 200 200 300 400 500
Valve 200 400 500
Plumbing fixture 200 200 200 400 500
Sprinkler 300 400 500
Duct 200 200 300 400 500
Air terminal 200 200 300 400 500
Mechanical equipment 200 300 400 500

S ¥

'{-’a‘t

BB % ] 4 )

Brred ~ ¢

58’3:;%11

_:j.

P -w».an '!if'%] 5 9

wl
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C‘Lff:ﬁ-‘l‘@&rg] 5-6 757 > B — ?\:i‘é“b’%ﬁfﬂi 3D T_;:

WL Rk

,; Wb

SN WU

s B &S = LOD 300 3] F o A E s T
A e B 5-7
53] 4o B 5-10 1
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oo B PRI R A A A LA INA - H - SRS RELF

1T F gl A# s k3R

SH2 Ap MR 2K B (Advance Issued for Construction Design) » i i F 1 42

BRI BBERGF ) EABWRIF EFEZ %Y J BIM Leader 12 %2 %

% %2 BIM ¥ £ 4 (BIM coordinator)i&

S e o

B 56 ZHTwm
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BEE Py B He R 2

;gg FEd &% > & % pid Bk PEHT DT OUE
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‘T“‘—'-ﬁ i e
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%2, sz
F]E S

e

iR 5-8
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B 5-9 TR Lk ALE

B 5-10 B laok ki
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EHE

KL BB 2 AR £ oA # g (Survey Point) 4 % A % ( Shared
Coordination) 7= ;% » & * Revit £ Navisworks #it# 1 & k233 BE & #73 & ¥ %
Puenfitd] o BIM Leader #-#73 8Tk S0k Bl Sl 4 3 %ﬁﬁﬂu%T—

P B g He ) 0 B 5-11 5 15 i Navisworks & 71 1) 2 & %48

=

~;

PR FMME A
jkiz MEP (S E R  #9 5 5 %ﬁwé#x—;amﬁg,w
FELSRFRE S PR IRR IR FIFELIPESO T AR R
Ak kS S AR 2Rk A G 10 B BIM 0T SNt A8 R R R

B 5-11 MEP i s & & B

AEGIZ KPR EITARS FHA KA PR DWINE I IR

Fefceh 3D BIM HCAZ B 00 2 A P Ean i W & 3 o d SRR e a1 e
Vo MENRFE G IFEIDEFTAD IR T c KPP REAHEA S B
VR ST AR F AR LR A E AR E N R R S R
2 Sy oA kR E R BRI BIM ~ 2 kdp il iz s v XrE i
¥ it %12  HRE S IREEFTID A A7 MG ?E‘" ENE
4 o0 MEP J L5 bl 58K ¢ 2 h - T - FREFLIEEFUE LD
TR T R RHEBIMHE I ES L i REE2 2R ke
A EEE AL SHEH = 2P 3D HAD R 7 60% iR 90% mPnik 3t
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AR 100% w13t (IFC) PP HE ERE 2§ 2 ¥l e e

EHA o L HARFE B 40T

/3\ z 3 /ﬁ sihc) e /}J 7, % SRHCA| o 2% »J.Eg;v B kAt 2 p'%?“l‘

CELFRCERKF CEPFRRLIEN AT THER AR RER
o R A F AR R R RO R R R g

AR S R A RS L AR -

>
oot

H
x F
=
IO
-3‘1%,
R
ey
.

2. THmWEA F FBRPET  LE AR Y L T T AR
BMHA T AR S R PP B AR SR F A R R
PRAEAYT ~Hi A Ag 3 R RKE pRR T EaEE s AR F

1B R L R Y

3. FAUWRHCD ¢ TR R F PRGSO RFETERLF R RRRT
@ﬁﬁé%&ﬂ?ﬂwﬁﬁﬁa%ﬁ»a%g'ﬁﬁ N AN
A F LR PSR RS R

higsEyxY CHEHBAFRHEERI AT LR 2

,.
\
Y
P
i
s
M-
AN
NG
)
&
L
i

H o doid i R R S SR R R R - -
ﬁ?%iﬁﬁiﬁﬁéﬁiiﬁli.,ﬁngmqﬁw&,‘@gﬁﬁiﬁ?
R LR AR R R AR

£
PR B e 2R F AR ARa F o E iR o

e LD RERF BB S 1B B %EF A 2% mfpp 30
FRAARRSEKFERN 2R -FLF R ENRTRBPERF LT R E LEF D
% M (Building Requirements) 2. # it 1+ (Functionality) 3.>5 1 {4+ (Constructability)

4. A k& (Maintainability) 5.2 & s %v /i 6 7 & (Interface Requirement) 6.
fi&-F 2 % (Resolve Clash Check) » ¥ w4 % &4 % L % h*k 35 =237 3D BIM

BA A SEIRTRITEN2 P T - FR -
AEGI R AP PAR TR BIM B A2 2 2l %
FORERNE A FRIE GR IR IEA f RS- PR E 0 MEP %

&

N

iE @
PEEERC VAR IO R BR R FRFLERT  PEET Y
P &

#
FRRFEFWINRPE S R R R LI T A S RER DR
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FEEINE S EERFEE RS FREFBERNFAA EIEV R RD N
PEARL A o gt s MW LR R e BB R g R Ae PR e 2w )
ARG E Z 51 PR EE P wINRF GRS BRE &SRR {
B KRB FE o o 2 W AIA #3R 0IPD B0 0 i AR R AR LR B
BIM e IPD jiAZ 8 45 > 1N B F P HRE R 2 A& r T - BIgEK > Tik
BB IR R L (R A PR RO PR LR B R D %
B A o T B 5-12 5 MacLeamy Curve '* fic & 2L i% ¥ ;042 27 3 ~ [PD/BIM ¥ % /¢

Fe2 X ke o

e BB 4o BIM BERIS BR3P 5 BIM -1 33 R B e A2 AR R

She

FrRACLTEHRGL R B S RRAIAEN PR HBEL P @
BRI %o BLR AR MK PR & H 4 2.5% (Building and

Construction Authority, 2013) > 3 B F| 2 7 TR M HiE 2 287 & FF R

B

-

FENE EE R R KPR AR IR A A I AR RGBT R R AT

BRI AR PR ERGETY XA FERF AR

|
|
|
©

| Ability to i
@ ility to impact cost
E | and performance
5 | |
ey : : Cost of design
v
o] changes
o I | ¢
= | | . .
9 I I Drafting-centric
E | ! workflow
|

BIM Workflow

Graphic originated by
Patrick Macleamy,
| | AlA/ HOK

—

Preliminary Detailed Construction

Design Design Documentation Construction Operation

B 5-12 @iiT ¥ =K ~ IPD/BIM i %2 = A2z % B
B & %k : Patrick MacLeamy AIA/HOK
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532 R BIA 5

7A@ MEP B %8 %8 =3 B MEP # i 3t > F 1 ey e
BARBERFT A EFRAREBEDH L LT LB E VAP L3 R
SR FERIPITLE KPR A AR EEE DT o %6 MEP kAT
%*6%6m%a?r&’%Jﬂuﬁ£?”ik%%%&éﬁ%mﬁﬁﬁlﬁﬁ
IR RPN Bk E
BB R AR RS ﬁﬁﬁ&ﬁ»Zﬁuj%?%§$? FEREE
o AROIBT AR RARY L L 2R AR A BT 2B R
WL ESCRRAEREERPT M RLE iR B gmT Y R S R
RS T E AR R A A TH/ TR AL p BT kA B kA f
PR RApe g kg o d e 2a R BIM1E >30 %% MEP k52 %4

EERFTFPEF UM IEY > ARFEEE M0 FEFEK T Re B
;}g@j—’:g’ﬁ,})bﬁk} o

BIM K3 8 & B g ik 95 & k4~ 4o T4] TR /42 (clash check workflow)
HFP AP EEINP L RS FE R REhoB 55130 AR B AL p A
¥ 4283715 > BIM leader #- 238 MEP s S| & 2 ale - 2 AR HBTH

' 4% 4 Autodesk Navisworks $it 88 &k 4L MEP & Stk #f g B i} > T:8(7 & &
AR I iR T ier 22 4F 4 i MEP & & £ ecitdy oo FL 740
1. #FE%1VF(FHER
2. rifg¥eiplclashchecking p 2 ¥ & » &3P L ¥ & % B 37 H7]

3. EtMEGERA - BHECMEPHAI Y @2 T E R L (ProjectWise)

4. BIM leader 1+ Navisworks B fx#75 crficd] ¥ :8 {7 < 3 fide ¥ 8] (54 HVAC
#3412 Cable Tray #-3] MEPﬁ@ﬁﬂ%ﬁﬁﬂ“<@ﬁ@ﬁi%%D

5. &k ALRIRALR HRIAR A 2 30T
6. S¥iFRrEIFL RB EA B CMEP R AR 2 BERA R
7. W BTE R R KR A

8. ¢ EERET > RSy PR E
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NAVISWORKS
Review Report

Lapant 33 WWC

BIM MODELS
Laprt 2o NWC "
S
>
Nwr
NwF

|

———e
Capont 2e NWC 'S %
> Clash Check
RV

STORE WA (OORDINA "ON

LK FOR MEVEWS

=AM MOOILY
; ~ ‘ ACONEX

AT0RE MC Fnts
o MOOEL DX RALTION

&
-+

B] 5-13  Navisworks Design Review and Clash Checking Workflow

I GEHRIE AFTHLTES O MEP KA W BN R Ak Senss g
BB X TR AL B AR At blh S 0 RFET Ok sehk
B AR RAREEER S > A FRTERPAzFF RE < 3r g T2
MEP i itens it B g P M2 B EF R 4§ z‘é\zﬁ%%[ﬁ e Uz R RET
FRE TR EG L7 PR w B R2D ‘F‘*?ﬁb” 3 A e pE
FROA L 1 AT BB R 24 RELM E AR A EE S ERES
FE B RH A 3 KB AT B AR A F iz;?_%éf’;'ﬁ/ FiT 4 5w AT
%@Ea‘{]?%ﬁést CERFRA-XGELF RS BELRRR S T IEFED
R 87y n B 02 SiEn R o KRB AR L A2 2 T A fd e Rl A
4B S-14 87 0 R F A NaIFREE P B A
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Name Status | New | Active
2E2 Mechanical vs MEPF .Done 10 0 10
2E2 Electrical vs MEPF Done @( = 227
2E2 Plumbing vs MEPF Done = 2 AOO 2
2E2 Fire Protection vs MEPF Done 206 0 206
2E2 Lighting vs MEPF Done 15 0 15
A\ IF? Marhaniral ve (R Ol 213 n 712

B 5-14 27 pRi&plEks £
5321 HBFrR#&Fl- M THRW 5 &)

E3DRFHEAY AERZRF ARRAEEZNXDEEART R ZTHEN
ZE o H.,ffw lﬁiﬁﬂ;*q%\#ﬁﬁig/z" > #’-;Lﬁ;%;ﬁ%ﬁ‘ %—- i o f -mrﬁ, F 4 ‘ﬁa?_,;ﬁﬁ%ﬁ”q"

012 TR E R T XSS E R A 1 5 E B g S BT
IR P S B AR 4T

3

REe

g rECEENG 7 F2A s MEP 2 T 5, % wXk H 4% Cable
Containment & ~ 7 FF & EL S enF R o & § 1 42f7 2 BIM designer ixJ3 & /i & &
g KA B AR E 3D EHC B L Revit faZw iy kg h AL HCRIAR R kL
ot 2R 2 HA MR TR AR A TEEL LR AL FRANSAER B
FRPT AZBI AR R RS FEEFEERI R E R 1Tl
1R AN a1 (TE
A Lte A BRI

o Tl A & 3D R F #-3] Revit 217 T AR

1 7 A BT A 03] 2 Interference Check # i

4=, .4 dBRRAN B B |

Mody WOrkse SymivongeRead Rengsh Show Restore Ed0ng | Copy/ | Coerdnatin Cooranation Reconcle Inererence
G Gray Inactive Worksets wihCentrd " Latest AIMre Hstory Backup Requests | Moty Revew  Settngs  Hostng \ Cheek
Select v Worksets Syncvonze v Coordnate I

B] 5-15 Cable Tray Model-1
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@ﬂm:m ) =
Categories from ‘Cafpgores from
| Current Project | | Current Project -
™ Cable Tray Fittings | * Cable Tray Fittings
M Cable Trays ¥ cable Trays
™ Conduit Fittings ¥ Conduit Fittings
™ Conduits ¥ Conduits
* Duct Fittings ¥ Duct Fittings
™ Ducts ¥ Ducts
™ Electrical Equipment ™ Electrical Equipment
™ Electrical Fixtures ™ Electrical Fixtures
™ Fire Alarm Devices ™ Fire Alarm Devices
* Generic Models * Generic Models
|
|
|| twert |
|| cencal |

B] 5-16 Cable Tray Model-2
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oeR )

Categories from

Current Propeet

* Cable Tray Fittings
Cable Trays
¥ Conduit Fittings
¥ Conduits
¥ Duxt Fittings
“ Ducts
" Electrical Equipment
Electrical Futures
¥ Fire Alarm Devices
‘ Generic Models

[E

M-BDE- 2£2SS0-CADD-BIM-00000 1 .1t
M-806- 2E2550-CFOO-EPM-000001 .t
M-8D6-2E2550-CM00-8M-000001 .nt
M-8D4-2E2550-CP00-8M-000001.nvt
z!mznsso-a’xc-moooooz.m

2E2550-C800-8M-C0000 1 .t

|

Ficors

Furniture

Genenc Models
Plumbing Foaures
Railings

| Specialty Equepment
| Stairs
1 Structural Columns

Structural Foundations
Structural Framing
Walls

- Windows

] 5-17 Cable Tray Model-3
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# A& 4 R 4R £ name.html -

AR T R4 22 ID

Interference Report
Inteference ReportProjct File: C: Useschol Documenss D821 i $211_chol
Created: 2016101208 L2 09:55.07
Last Update;
A | B |

Cable Tray ; Ducts ; Rectangular Duct ; Feeder-Siemens-Seatron-Aluminum-
13200A « Mark 98 ; 1d 3844665

BD6-2E2550-CMO0-BIM-000001 vt : Refngesant Pipe - Pipes : Pipe Types - Copper (Type ACR) Soldered
- Mask 1982 - 1d 6289950

Cable Tray ; Ducts : Rectangular Duct ; Feeder-Siemens- Sentron-Aluminum.
3200A - Mark 98 id 3844665

|BD6-262550-CMOO-BIM000001 vt : Refngerant Prpe - ipe Fittngs - RM_Elbow - Welded - Genenc
- Copper (Type ACR) Soldered - Mark 5216 :id 6289954

Cable Tray : Ducts : Rectangular Duct : Feeder-Siemens- Sentron-Alumunum-
3200A « Mask 98 : 1d 3844665

| BD6-JE250-CHO0-BIM000001 vt Refgerant Pipe - Prpe Insulations - Ppe Insulaion - Inteior
Elastomec - Mark 3190 - d 7693965

lttMlm Fite Alarm Devices : RM_FM-200 Warnaing Light : FM-200
«Mark 634 :1d 4112724
: Electrical Fixtures : RM_Ear 1000x50x6 : RM_Ear 1000x50x6 - Mark
1214 4416852

-BD6-2E2550-CMO0-BIM-000001 sv1 : Ductwork-Ventilation : Duct Aceessonies : RM_Fire Damper -
+ Curtan Type : Fure 1.5 Hours Fire Rating - Mark 1392 - 1d 6755144
-BD6-2E2580-CMO0-BIM-000001.rv1 : Ductwork-FRTU : Duct Insulations : Duct Insulation : Muneral-
tber Board w/ Aluminum Jacket_50mm - Mark 2775 : 1d 8361772

ls E&L Electrical Fuxrures : RM_Ear 1000x50x6 : RM _Ear 1000x50x6 - Mark

-BD6-2E2550-CMO0-BIM-000001 syt : Ductwork-FRTU : Duct Insulations : Duct Insulation : Mineral-
iber Board w! Aluminium Jacker 50mem - Mark 2469 : 1d 9649647

2:id 4416852
7

Mark 853 : 1d 4306513

e Alarm © Fire Alam Devices | RM_Addressable Module : Control Module

-BDG-2E2550-CMO0-BIM-000001 vt Ductwork-Air Conditoning - Doct Accessonies - RM_Fise Damper -
. Curtain Type  Fre Damper. 5 Hours Fire Rating - Mk 920 14 9260482

e Alarm - Fire Alarm Devices : RM_Duct Smoke Detector : Standard-0 -

b Ik 1019 14 4566231

NCBDS-2E2550-CMO0-BIM-000001 vt : Ductwork-Ventilation ; Ducts : Rectangular Duct : Radsus Elbows
Tees Galvanized Steel - Mk 3934 i 7178463

ver Panel : Electncal Equipment : RM_Disconnect Switches WP : 220V
ency Supply 25 A - Mark §37 : 1d 4643682

M BDG-2E850.CM00-BIM.000001 vt : Ductwork-Aur Conditioning : Mechanical Equipment ; RM_Aur
Cooled Condensing Unit for FCU-RXYMQ36PVIU : RXYMQ3SPVIU - Mark 461 : id 7856217

n

ency Supply 25 A - Mark 838 ; 1d 4643895

ver Panel - Electrical Equipment : RM_Disconnect Switches WP 220V

M-BD6-2E2550-CM00-BIM-000001 01 : Ductwork-Asr Conditioning : Mechanical Equipment : RM_Awr-
Cooled Condensing Unit for FCURXYMQI6PVIU : RXYMQ3IGPVIU - Mark 462 - id 7856408

e Panel - Electcal Equipment : RM_Disconnect Swutches_WP 220V
ency Supply 25 A - Mark 839 14 4646151

i

: g-BDG-ZEZSSO-CMOO-BN-WI nt; Ductwork-Au Conditioning : Mechanical Equipment : RM_Au-

Condensing Unat for FCURXYMQI6PVIU : RXYMQI6PVIU - Mark 464 - ud 7836416

P uhzl Electrical Equipment : RM_Disconnect Switches WP 380V .
on-Fusible 63 A - 845 31

1

fark 8139 14378461

able Tray : Cable Tray Fiungs : M, Ladder Vermcal Insade Bend: Standard -

[MBD6-2E2550-CMO0-BIM-000001. v Ductiwork: A Conditonng  Mechamcal Equpment : RM_Au-
ol Colanag Ut o FCURXYQUPYLK, RNVQUEPVLK -k 794 015

mazswc\msmmox 1 DucworA Mechnial
oled Condensing Ut for FCURXYQUIPYLK - RXYQMPYLK - Mark 6364 072638
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Propertes X

DWF - Elctrical - Loads | OWF - dentity Data. DWF - Mechanical | o1 [ ]

Propery | Velue |
Al Temperature DB _ Outside_Summer %°C
Air Temperature DB _ Outside_Winter 5C
Al Temperature 08 _ Return_Summer 4C
Air Temperature DB _ Return_Winter 2'c

Filter Quantity_1 _ Fine! Filter 1

Filter Quantity_1 _ PreFilter 1

Filter Type _ Final Filter MERVI4
Filte Type _ PreFilter MERV3
Number of Fans _ Retum 1
Number of Fans _ Supply 1
Revolutions per Minute _ Fan_FRPM_Retum 889

Revolutions per Minute _ Fan_FREM_Supply ms
Revolutions per Minute _ Motor MRPM_Supply 0

System Classiication Return AuSu
System Name RAAHU-018

W 5-29 MEP % 5 ‘@i 74 & W
(F4 %k a;IREi:L #2,2017)
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2. BFFAPEEIPEFETRE L a MEP § Al R A S BER 2R
Rl B a €4 ,,*F: H—>HVAC =+ Ak ?ﬁéﬁﬁ%ﬁﬁzﬂ [7 ?ﬁ@#klx'g %
PR EMRA L ifERF A o
3. IpWrRiGRIAF A > BIME & F S48 T 1 AREFRESD K AT F TR B A il
B2 Br 2 g R F 2R AR R o AR LF R R S
CERE I A
3D HCAIfe £ RFPAZT BT RS B L 0 LA TR R R 55
7o
% 55 A PERIAREBRSS
DataDate  1/13/2017  Previous  1/6/2017
AS Station §S Station
Clash w/ MEPF y
261 2F1 204 202 282 2E1 202 201 2B1 203 ‘
Current Progress R-90% R-90% R-90% R-90% R-90% R-90% R-90% R-90% R-90% R-90%
Previous Week Active+New 231 151 187 200 90 335 60 82 292 650
This Week Active+New

resolution % 2% 100% fIat 24% 19% 100%

Previous Week ~ Active+New

This Week Active+New
flat 100% fIat flat 23% 100%
Plumbing
Previous Week ~ Active+New
This Week Active+New
32% flat flat 18% 20% 100%
Fireprotection
Previous Week ~ Active+New
This Week Actlve+New

2% flat flat 100% fIat 13% 2% 100%

Lighting
Previous Week ~ Active+New
Active+New

This Week
13% 16% 100% flat flat flat 100%

Previous Week ~ Active+New
Active+New 294 336 320 0 74 330 120 262 313
% + 3% + 100% flat 26% + + 17% 100%

o

This Week
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£5:6 Rk RIBE A 45 8 Ay dp 2

Date |~ i Station|-¥ Disc. |-¥ Code |~ New |~ Active| ~ |Ongoing |~
19/Dec/2016”  2E2 MEPF  2E2MEPF42723 T 40 41
30/Dec/2016”  2E2 MEPF  2E2MEPF42734 75 0 75
6/Jan/2017  2E2 MEPF  2E2MEPF42741 0 74 74
13/7an/2017” 2E2 MEPF  2E2MEPF42748 0 74 74
20/Jan/2017” 2E2 MEPF  2E2MEPF42755 0 04 94
26/Jan/2017” 2E2 MEPF  2E2MEPF42761 4 37 41
10/Feb/20177 2E2 MEPF  2E2MEPF42776 20 ‘ 6
, SERARR LA
17/Feb/20177  2E2 MEPF  2E2MEPF42783 CH 20
: B
24/Feb2017° 2E2 MEPF  2E2MEPF42790 95 195
3Mar/2017  2E2 MEPF  2E2MEPF42797 29 193 22
10Mar/2017” 2E2 MEPF  2E2MEPF42804 8 12 20
17/Mar/2017” 2E2 MEPF  2E2MEPF42811 | 55 56
24/Mar/2017°  2E2 MEPF  2E2MEPF42818 [ o 0 0|

N g |

Name Status Clashes I New | Active | Reviewed l Approved Resolved
2E2 Electrical vs MEPF Done 6 0 [ 0 0 0
2E2 Fire Protection vs MEPF  Done 0 0 0 0 0 0
2E2 Lighting vs MEPF Done 3 0 3 0 0 0
2E2 Mechanical vs MEPF Done 8 2 6 0 0 0

I S O S O O

MEPF vs MEPF Done 6
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