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A Study of BIM-based Construction Management Work Process Development
in Design Phase

Lee, Seoyun' - Ham Namhyuk' - Kim, Juhyung' - Kim, Jaejun"
"Department of Frontier Architectural and Urban Environmental Engineering, Hanyang University

Abstract: A typical construction project involves participation of various parties including clients, contractors, architects, and
engineers for its successful completion, and yet has intrinsic differences of interests among the participants during the project
execution period. A construction management (CM) services’s role is then to resolve these differences of interests among the
participants during the project execution, and lead the projects to its successful completion while representing the clients’
demands and interests. The use of building information modeling (BIM) is increasing recently among construction projects,
and those CM service companies are experiencing difficulties applying BIM. This is because the use of BIM in construction
projects suggests a quite new set of operational paradigm The purpose of this paper is then to review the recent cases of
projects which used BIM; to analyze the these projects’ processes; to reengineer the design phase process based on the lessons
learned from recent BIM application; and to suggest a modified design phase process model that could improve the use of
BIM and related coordination operations.
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(]‘ie et al. 2010). Table 1. Negative Impacts of Construction Work
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Table 2. Trends of Related Research

Classification Author Main Contents
Cases of projects which used BIM were surveyed
A Study of JUnYW. and analyzed, BIM management model which is
BIM-based 010) suitable for the domestic constructions was
CM Work developed by analyzing needs of each execution
Process phases and contractors.
Development Y00,Y.S. | BlM-based CM work process was developed by
(2013) analysing correlation of BIM functions and CM works.
MinY K A execution process, scope and level were decided
(2d1é) and direction of the effective applied of BIM was
studied.
mﬁflm ShimJK Success factors for successful CM was derived,
oM (QOid) " | importances of each factors were analyzed, and then
the applicability of BIM was analyzed.
Lee,CJ. CM high—priority items were derived by applying the
2011) effects of BIM
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b) CATIA model

a) Rhino model

Fig. 1. Difference between Rhino and CATIA Models
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Table 3. Case Study

Division DDPP SOCAR YI_PSP
Time of ‘ ) ‘
Appolication Construction Phase Construction Phase Planning Phase
W?)lr,\lfer Constructor Constructor Architect
—Review and approval | - Review and approval | — Participation of BIM
of drawing and docu of 2D drawings. consultants
oM - ments, ~ Constructability - Review and
Works constructability of review using BIM approval
atypical surfaces, model and  design of design change.
work seguence and change when
schedule. needed.
—Cost overrun and sch | - Difficulty of timely BIM | — Collaboration
—sedule delay due to | model revision due to | difficulty caused by
Problem limited constructablity | 2D drawing based separated work
assessment during design process. processes between
design phase. design team and
BIM_consultants.
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Design Management Works Process in Design Phase

Review & Approval of Design Plan |
: i
| Design Interface Management
i +
Analysis of RFP Requirement and Review of Propriety l

)
Review of Drawings and Documents |

S _— ..
Review of Constructability |

Design Process Management

DesignVE ]

v

Approval of Drawings and Documents |

v

Conducting Design Madification Meeting

Permission Check

.
Design Management Completion

Fig. 5. The Main Process of Design Management
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Table 4. Specific Activity of Design Management

Activity
1. Review & Approval of Design Pan
2. Design Interface Menagement
3. Analysis of RFP
Requirement and Review of

Specific Activity
Review of Design Plan and RFP Revision
Review of Design Interfaces between Participants
Analysis of RFP Requirement

RFP Revision by Correcting Unclear or lllogical

Proprigty Requirement
| Deciding Design Review Methods
Preparing Design Review Plan Report
| Preparing Desion Peview Checkist
4. Review of Design Review of Each Discipline

Drawings and Documents

Checking Design Change Status in accordance with
Design Review

Deciding Constructability Review Schedule

5. Review of Constructability

Checking Design Change Status in accordance with
Constructability Review

Monitoring and Evaluating Review Effectiveness
Kick-off Meeting and VE Team Building

Vﬁ[ﬁ)eﬁciding Design VE Targets

Functional Analysis

6.Desiocn VE | Ideas Stucturing and Development

Executing VE Activities and Upgrading Design Plans
Accordingly
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Activity

Specific Activity

7. Approval of Drawings

and Documents

Evaluating Design Drawings and Documents

Reporting Evaluation Results for Clients

8. Permission Check

Review Related Permission Laws

Support Architects during Permission Process

9. Design Process
Management

Actual Design Process Control against Planned Schedule

10. Conducting Design
Modification Meeting

Agenda Selection for Design Review Meetings

Conducting Design Review Meetings

Checking Application Status of Design Review Result

11. Design Management
Completion

Preparing Completion Report on Design Manage- ment
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Table 5. BIM Functions of Previous Research

Athor

BIM Functions

Yoo,Y.S.(2013)

Converting 2D Drawings to BIM Models, Model Verification,
Data Extraction, Automated Estimation, 4D Simulation,
Draw- ing Generation, Analysis of Interfaces between
Different  Engineering Disciplines

Lee,C.J.(2009)

Automatied Generation of 2D Drawings, Process
Manageme- nt, 4D Simulation, Component Quantity Takeoff
and Estimati- on, Interference Check, Temporary Work
Planning

MOLIT, “BIM Guide in
Architecture Part”(2010)

Areial Size Calculation, Management of Interior Finish
Materials, Space Analysis(Evacuation, Energy Consumption,
and Floor Plans)Extraction of Design Drawings, Quantity
Takeoff, 3D Space Analysis, Schedule, and Cost Information

PPS, “BIM Basic Guide
Ver.1.1"(2012)

Design Review, Assurance of Design Quality, Generation
of Basic Quantity Takeoff Information, Generation of Design
Drawings, Approximate Review of Energy Consumption

GSA, “BIM Guide Series
017(2007)

Spatial Program Validation, 3D - 4D Simulation, Energy
Performance and Operation, Circulation and Security
Design Validation

Rafael Sacks(2010)

Visualization of Form, Rapid Generation of Multiple Design
Alternatives, Use of Model Data for Predictive Analysis of
Building Performance, Maintenance of Information and
Design Model Integrity, Automated Generation of Drawings
and Documents, Collaboration in Design and Construction,
Direct Information Transfer to Support Computer-Controlled
Fabrication.
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Table 6. Improved Functions and Effectiveness of BIM

BIM Functions

BIM Effectiveness

(1) Improved Constraints
Review

~Easier to Meet Legal and Environmental Constraints
~Easier to Determine Building Space Ratio and Total Area

(2 Quantity Takeoff and
Estimetion

—~Quantity Takeoff according to Engineering Discipline, Work
Processes, and Components

(3 Diverse Use of Moddl

-Altemative Plan Review, Integrity between Related Drawings,
Minimization of Design Changes, Interferences, and Errors

() Enhanced Visualization

~Improving Visual Perception by Converting 2D Information
to 3D BIM Model

~Providing Visual Environment that Enhances Collaboration
(BIM Model and Walk-thru Animation)

(5) Drawing Generation

-Reducing Design Works Loads by Automating Drawing
Generation
—Automated Generation of Shop Drawings

(6) Management of Rich
Informetion Available

—Objects within BIM Model Provide Al Aspects of Buildings
and Their Components

(7) Interface Analysis
between Different
Engineering Discipline

-Use of BIM Model Drastically Reduces Interferences betw-
een Different Engineering Disciplines.

@ 4D - 5D
Model(Simulation)

—Enhanced Interference Check

~Improved Schedule Control

—Easier to Control Resource Use

~Improved Cost Control through the Integrated Use of BIM
Model and Schedule
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Table 7. Analysis of Design Management Works and BIM Applicability

BIM

Activity Existing Activity ’ BIM Modified Activity
Applicab . -
(Level 1) (Level 2) iy | Funetion (Level 2)
Al Review and Approval of Design Plan | EA11 Review of Design Plan and RFP Revision X - MA11 Same Work
A2 Design Interface Management | EA21 Review of Design Interfaces between Participants X - MA21 Same Work
1 Analysis of RFP Requi X - 1 k
A3 Analysis of RFP Requirement ,Eé%,h',:%%s,%FB,,;;?["%GDEETTTm,,i,,l,,ﬂ,,,,,,,A,,,,,,,,,M@,,Si”)e,yyq ffffffffffffffffffffffffffff
and Review of Propriety ) evision by ecting Lnciearor flogical X - MA32 Same Work
Requirement
| EA41 Decidng Design Review Methods | X __| - T ___|MAlSame Work
| EA42 Preparing Design Review Plan Report | | X __| - T |MA2SameWork
| EA43 Preparing Design Review Checkist | X __| __- ~ ___| MA43 Same Work
A4 Review of ISRl R = o o [ N MR R I < AR/l MA44 2D Drawings and BIM Models Review of Each
Drawings and Documents | EA45 Preparing Design Review Decision Report and Qualty | O | ©® Discipline, Direct Evaluating into the Object of
| EM6 Preparing Design Review Report for Clients | O | 6.7 L ETEL e By DSEen [ReUely [Repol
EA47 Checking Design Change Status in accordance with o 3 MA45 Checking Design Change Status of Original BIM
Design Review Model in accordance with Design Review
| EAS1 Deciding Constructability Review Schedule | X | __- | MAS! Seme Work
| EAS2 Cathering Related Information .| X __| __- | MAS2Same Work
| EAS3 Preparing Constructabilty Review Checklist || X __| - ~___| MAS3 Same Work and Deciding Review Methods
EA54 Selecting Key Review Items O ©.4.6), MAX4 Selecting Key Review Items Using BIM Model
7777777777777 T P G vias5 Checking BIM Model and Report of Constructa-
. " lity R o]
A5 Review of Constructability Eési ??Tsjriuftﬁﬂni fvf'efvﬁ 7777777777777777777777777777777777777 bility Review from Constructor, Direct Evaluating into
EAS6 Preparing Constructability Review Report o trzee pcc,?ed of BIM Model, and Extracting Evaluation|
'@Wcﬁégkfnabéééﬁ Ehéﬁéé Stetus in accordance with| | 3,4,6), MAS6 Checking Design Change Status of Original BIM
77777 Constructabity Review | | 7@ __ Model in accordance with Constructability Review|
itori Direct Evaluating Revi
EA58 Monitoring and Evaluating Review Effectiveness ) i .Monl Gy gl (DEEl EEUEY RS
Effectiveness
[EABI_Kickcoff Megting and VE Team Buiding |~ O MAB! Same Work
| EAER Gathering VE Pecurerent and Reeted Information |- X___ 62 Sa
EAG3 Deciding Design VE Targets o] MAB3 Deciding Design VE Targets Using BIM Model
|EAB4 Functional Analysis | __O__]®.4.68| MA64 Funclional Anelysis Using BIM Model |
|EAGS ldeas Generaon | O MAB5 ldeas Generation Using BIM Model
V@@Gﬁlﬁdjegg ‘Structuring and Qeyglpplinggtﬁiﬁﬁﬁﬁa7” o 1.B3@6e MAB6 Ideas Structuring, Development, Materialization,
A6 Design VE Detailed Evaluation, Alternative Generation, Prepa-|
EAG7 Detailed Evaluation and Alternative Generation ) ring VE Attemative BIM Model, and Extracting Rel
7777777777777777777777777777777777777777777777777777777777 ated Information (Quantity Takeoff and Estimation)
) MA67 Preparing VE Proposal Report Using VE
(A Propang VEFepot L@ Mematve BM Mol
| EABY Submiting VE Report "1 TX ] (WA SameWok
EABD Executing VE Activities and Upgrading Design Plang| o (2),3),), | MABI Checking Design Change Status of Original BIM
Accordingly 6),7),8) Model in accordance with VE Activities
A7 Approval of EA71 Evaluating Design Drawings and Documents o} 3),5),6) i Dlrgct SV i Orlglngl 20 quel Gire]
Drawings and Documents b omem oo ] Design Changed, and Bxtracting Evaluation Report
9 EA72 Reporting Evaluation Results for Clients X - MA72 Same Work
28 Pormission Check |EABI_Review Reiaed Permission Laws |~ X__| - - [l samewok
EA82 Support Architects during Permission Process X - MA82 Same Work
) EA91 Actual Design Process Control against Planned MA91  Monitoring and  Controling  Actual BIM  Model
A9 Design Pr Management Schedule © 0.6 Process against Planned Schedule
) ) ) ) MA101 Agenda Selecting for Design Review Meetings
EAI01 Ao Sl fr Deoon Povew Wesings | © | @04 | e
A10 Conducting Design . ) . . MA102 Conducting Design Review Meeting Using BIM
Vodcaton Nestrg | 412 O Deson Fevew oo | 0| @ [Ty T
EA103 Checking Application Status of Design Reviel o 3.8 MA103 Checking Application Status of Design Review
Result ’ Result Using BIM Model
A1 Design Management EA111 Preparing Completion Report on Design Manag-| o ® MATT1 Same Work
Completion ement

Note) (1)Review of a Condition, (@Quantity Takeoff and Estimation, (3Diverse Use of Model, (4)Enhanced Visualization, (5)Drawing Generation, (6)Management of Rich Information
Available, (7)Interface Analysis between Different Engineering Discipline, (84D - 5D Model(Simulation)
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o
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A9 AAIYEEE
Iy Foll 2 =24

AR eg vejgc)

A0 AAIEAS)Y] FHE FF= AABAZS] Fol
BIM Authoring Tool®] A|Z}8} 7158 o]83fe] FeiFA]
7t A2 F ofslE wedl E-oE ARSSith

All ”‘471"431‘””1 e BRI 7eoE Rd=
HEH HRE FE3] GFSERIME A4 T 5 stk

TN kel AARTE 5
52 olgstel 4

6.3 BIM7|dt A& YT ZZA|A H|QH

71E AABE 450l BIM 75 284 B8 njgloz
Aol Bagh EﬂOIEié de8la, 2 HloEE =53l
FeZ AAEE] G5 Z2AIRE ARSI g 6).
BIM7 4t *éﬁlﬂﬂ FF= AR <&l 24dE BIM &
S 7 diFEe] FFoF XsiEe), ol Qv A
A, AlF FE BMe| ot WEAAE 7R3, BIM

| Activity arl|C|pam‘ Client | Construction Manager(CMr) ‘ Constructor ‘ Architect ‘
A1 Review and 5 £ecion BRn
Approval of [ MATf Review of Design Plan and RFP Revigion |
Design Plan i
Review of Design Plan and RFP Revigion Repnrl‘ o
Requas.l tor Review of
A2 Design Interface Posion, neiece
Management ™
77777777;}&5@_77 R 2 e
esign Guideline - -
A3 Analysis of RFP \ MA31 Analysis of RFP Requirement |
Requirements
and_ MA32 RFP Revigsion by Correcting Unclear
Review of or liloglcal Requirement
Propriety
Questiony Questionnaire of Design Guidelines
\ MA41 Deciding Design Review Methods |
‘ MA42 Preparing Design Review Plan Report |
\ MA43 Preparing Design Review Checklist |
Design Review Plan Re| ?orl Preraring BIM(3D} Model
. Design Review Checkli
A4 Review of
g;w'r:g:t:"d BIM(3D} Model
u MA44 20 Drawings and BIM Models Review of Each
Discipline, Direct Evaluating into the Object of
BIM Model, and Exracting Deslgn Review Report
Review of Drawings and D: its_Repart | No
95
MA45 Checking Design Change Status of Original BIM
Model in accordance with Design Review
\ MAS1 Deciding Constructability Review Schedule, MAS52 Gathering Related Information |
\ MA53 Preparing Constructability Review Checklist and Deciding Review Methods |
Ab Review of Constructability Review Checklist Preparing BIM{4D) Model
Constructability for Constructability Review
BIM(3D,4D) Model for
Constructablity Review
\ MAS4 Selecting Key Review Items Using BIM Model |

Fig. 6. Reengineering of BIM-based CM Design Management Work Process
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Authoring ToolE 553HA 221 = Qlojokshtt dF=
1] Paper Works= 71E9] 7274]33"74 et 2 ZEA
E 5dst, 1 9 9% BIM A8oR Q5] 71E 9
7} BEEAY sl BoE FAETE WA
kot BIMAT-E T-Esh] #fsl] S9os E3si3]

AACAL BM7[HE CM HF Z2AMA THLof| 25t ST -

| HRE SHeE -

31, 5 Feel] tisk S Yes SFNo' 2 E3IGITh
AAARERE BIM Edlo] Ay o]$RE Ad AAIEA
2 JuE AES} AEAT] tist HaA MY gF= 4
71502 Qviro]l 9 BIMBD) 228 A4 AsHA 7
Edlal, B0 ARYAS YRy 3o RA AlZHo

Client ‘

Construction Manager(CMr)

‘ Constructor ‘ Architect ‘

MA55 Checking BIM(3D,4D} Mﬁdel and Report of
Constructabliity Revlew from Constructor,
Direct Evaluating Into the Object of BIM Model,

A5 Review of

Constructability | and Extracting Evaluation Report

L 1 NcT No ‘

Constructablity Review

Using BIM Model

Reviewd EIM Model,
Interference Checklist, and
Constructability Review Report

e

No

MAS6 Checking Design Chanée Status of Original BIM
Modsl in accordance with Constructability Review, and
Menitaring and Direct Eveluating Revisw Effectiveness

Preparing BIM(5D) Modsl ‘
for Disign VE

BIM{4D) Mcdel for Dedign VE BIM(3D,5D) Modsl for Dadign VE

: i
[ MAB1 Kick—off Meeting and VE Teem Bullding |

|
[ MAB2 Gathering VE Requirement and Related Information |

| MABA Deciding Design VE Targets Using BIM{3D,4D,5D} Model\

[ MAB4 Functional Analysis Using BIM{3D,4D,5D) Model |

| MAB5 |deas Generation Using BIM(3D,4D,5D) Model [E

No

AB Design VE

(Guantity Takeoff and Estimation)

MABE Ideas Structuring, Development, Materialization, Detailed
Evalugtion, Allernative Generation, Preparing VE Alternative
BIM(3D,4D,5D) Model, and Extracting Related Information

MABY Preparing VE Froposal Report
Using VE Alternative BIM(3D,4D,5D) Model

Jjeu

No

VE Proposal Report

Preparlng VE Proposal Revlew Repord

VE Proposal Review, ‘

‘ MAB8 Checking Design Change Status of Original BIM Model‘

in accordance with VE Activities

Deslgn Changed
BIM(3D,4D,5D)Model

£
MA71 Direct Evaluating Into BIM{2D,4D,5D) Model which
Design Chnaged, and Extracting Evaluation Report

A7 Approval of |

MA72 Reporting Evaluation Result for Clients ‘

Drawings and
Documents 5

Assessment, Approval

d BIM{3D,4D 5D} Model,
Evaluation Result Repaort

[ MABI Review Per Laws |
AB Permission
Check
| MAB2 Support Architects during Permission Process \
MAT11 Preparing Completion Report
All Design on Deslgn Management
Management \L
Completion Design Management Completion Report

Note : [ 'ntegrated Works Using BIM

J, Flow of Design Management Works
l Flow of Input or OQutput Data

Changed Works Using BIM
/277 Input Data Using BIM

Qutput Data Using BIM

Existing Works
/7 Existing Input Data

Existing Output Data

Fig. 6. Reengineering of BIM-based CM Design Management Work Process <Continued>
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=

ofoltiol Htstar A, 34 @ 4 ek ol F
29 34 2 W§ 5ol UE 3 R Quio] VEH
ol Tt SRS Bt Feldeln HHAA & 5 9

Tk
A9 ALY A=

BIM=Hlo] AE]7] Alfsied

A vl E delsle] 71402 OV} BIM B
S kAN A 93t NS BT 5 Ak

/\}§7 7]-50} uMg@. ] ol

AAAEH ) ol &

9% 2A W 24 ashs ARl UiE 4714 Fe
W7V AID SAZASIOKe BIM 25 ek A ]
5 ol ZeAs Folx) 7o) RS FeT

| Phas aJ@ﬁ pan Client Construction Manager(CMr)

| Constructor

Architect |

[ MAS1 Deciding Constructability Review Schedule

Plan Phase |

MASZ Gathering Related Information

| MA53 P ing C billty Review Checkilst and Declding Review Method

w
[ Constructability Review cnocius ]

| Freparing !lH(@'.' m |.

BIM(3D,40) Model
r%m‘tﬁmgl Review

MAG4 Selacting Key Review Itams Using BIM{3D, 4D}Model

Execution Phase
Extracting Evaluation Report

MASS Checking BIM(3D,4D) Model and Report of
Canstructability Review from Constructor,
Direct Evaluating into the Object of BIM Model, and

Using BIM(3D,4D) Model

Im BﬂéSD ,4D) Madel, |

Constructability Review |

A BIM(3D) Model 7

Di ing Dasign Change, and Deciding

)
Assessment, Approval

MASE Checking Design Change Status of Original BIM
Model in accordance with Constructability Review, and
Monitoring and Direct Evalusting Review Elfectiveness

Nole : _ Integrated Works Using BIM :| Changed Works Uslng BIM

\L Flow of Design Management Works /=7 Input Data Using BIM
l Flow of Input or Output Data ;‘ Output Dala Using BIM

ITWML“_' I BIM(3D) Model |

[ ] Existing Works

'l / Existing Input Data

— Exlsting Output Data

Preparing BIM4D) Model for Constructability Review

—Constructor prepare 4D simulation using 3D mode! from architects and each engineering discipline.
—Constructor link BIM models of each engineering discipline, and check each process activity against planned master-schedule.

Selecting Key Review Items Using BIM3D, 4D) Model

—Constructor select key review items and restriction items focus on interference and different items against construction plan
using BIM(3D, 4D) model for construction review.

Constructability Review Using BIM(3D, 4D) Model

—Constructor review possibility of planned construction method against field condition during construction period, availability of equipment
and environmental effects against construction application method, standardization of structure units, interference relationship of
construction and temporary facility, availability of field-use for temporary facility, interference check of construction, and generalization
of materials and work methods using BIM(3D, 4D) model.

(00=c (oR=Y € DZIDR Yoo SR RE 0o Mo NOea Vo0l —CMr check BIM(3D, 4D) model and report of constructability review from constructor, enter CMr’s decision directly into objects
VIR0 N0y ((Volo b oM VETo R ORNOEeM  Of the BIM3D, 4D) model, extract related Information, review and evaluate the BIM model, and extract CM's decision report
of BIM Model, and Extracting Evaluation Report from the BIM@3D, 4D) model for submitting to clients.

Modlifying Original BIM(3D) Model ~Architect modify original BIM(3D) model in accordance with oonstructability review.

Checking Design Change Status of Original BIM Model
in accordance with Constructability Review, and Monitoring
and Direct Evaluating Review Effectiveness

—-CMr check design change model status in accordance with constructability review, go through BIM(3D, 4D) model can be
evaluated constructability review process, alternative, and effectiveness of constructability review during construction period.

Fig. 7. Reengineering of BIM-based CM Design Management Work Process about A5 Constructability Review
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4 A4 =2 ZA0E FRIEIT ool A5 AlE/d HESH Ao A
VEoI| thgh At Z2AAS A7-dsiiar, olmfe] Al

Par E'F’?‘| Client

[ phass ™

Construction Manager(CMr) |

VE Team | Architect |

|Preparing BIM(5D) Model for Disign VE|

BIM(3D,4D,5D) Model for Dedign VE

MAB1 Kick—oft Meeting and VE Team Building |

/' User Requlrement Z—L J.,

MAB2 Gathering VE Requirement and Related Information |

Preparation Phase

[ Praparing Quality Modal Report ]

audwno?l[o'l Report
WAGS Decifing Delgh VE wwm\

VE Targels Checklist

| MAS4 Funclional Analysis Using BIM{3D,4D,50) Model |

mwﬁmm |
*’:mm—m

MABE Ideas Structuring, Development, Materialization,
Detailed Evaluation, Allernative Generation,
Preparing VE Alternative BIM({3D,4D,60) Model,
and Extracting Related Information(Quantity

Takeoff and Estimation)

Preparing VE Proposal

[

Using VE Nlorl\nﬂ\fo BNQW:O 50} Modsl |

Mo fes

Analysis Phase
[ WABT Suggesing CW's Dedish
In "' A 'l
\pproval
i h n
Execution phase of Oﬂa'll'?al BIM Wodsl 1 aco0r—
dence with VE Activities

note : [ 'nearated Works Using BIM

Flow of Design Management Works
l Flow of Input or Oulput Data

l:l Changed Works Using BIM Existing Works
/77 Input Data Using BIM / 7 Existing Input Data
Qutput Data Using BIM [ ___| Existing Output Data

Kick-off Meeting and VE Team Building

—-CMr conduct Kick-off for VE activiies using visualization of BIM function for understanding VE analysis goal, shares Information
of project and clients's Requirement, and build VE team.

Gathering VE Requirement and Related Information

~CMr and VE team secure BIM3D,4D,5D) model from constructor and architects, and shares dlient’s requirement and Information
of project, in other words summary, standard of a design, quantity takeoff and estimation data of each engineering discipline
from BIM(3D,4D,5D) model, life cycle cost(LCC) information, and construction plan.

Deciding Design VE Targets Using BIM(3D,4D,5D) Model

-CMr and VE team selects VE targets which have high value improvement possibility, such as high—cost, low-function process
ftems using quantity takeoff and estimation data from BIM(3D,4D,5D) model.

Functional Analysis Using BIM(3D,4D,5D) Model

-VE team enter function(definition, arrangement, evaluation) information of targets which selected in BIM(3D,4D,5D) model,
and extract the result data.

ldeas Generation Using BIM(3D,4D,5D) Modkel
Ideas Structuring, Development, Materialization, Detailed
Evaluation, Altermative Generation, Preparing VE

Alternative BIM(3D,4D,5D) Model, and Extracting Related
Information (Quantity Takeoff and Estimation)
Suggesting CM's Decision

-VE team create ideas which reviewed in function analysis focus on having high-efficiency and cost which can be decreased.

-VE team schematically build, develop, materialize, detailedly evaluate ideas, prepare VE altemative BIM(3D,4D,5D) model,
extract Information(quantity takeoff and estimation), compare and analyze existing data and extracted data, and extract life-cycle
cost (LCC) saving effects and result of value improvements effect using VE alternative BIM(3D,4D,5D) model.

—-CMr suggest expert's decision going through VE alternative BIM(3D,4D,5D) model.

Preparing VE Proposal Report Using VE Alternative
BIM(3D,4D,5D) Model

-VE team refer CM's decision, prepare VE proposal report using VE alternative BIM(3D,4D,5D) model, and submit them to
CMr and architects.

VE Proposal Review, Preparing VE Proposal Review
Report

~-CMr and architects review and evaluate VE alternative BIM(3D,4D,5D) model and VE proposal report, and prepare VE proposal
review report .

Modifying Original BIM(3D) Model

~Architect modify original BIM(3D) model in accordance with VE activities.

Checking Design Change Status of Original BIM Model
in accordance with VE Activities

~CMr check design change original BIM model status in accordance with VE Activities of each disciplines using VE altemative
BIM(3D,4D,5D) model.

Fig. 8. Reengineering of BIM-based CM Design Management Work Process about A6 Design VE
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