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Integrated Project Delivery in the Pre—construction Phase :
Case Study of IPD for Lean Construction

Jang, Hanbyeol', Lee, Joosung®, Ahn, Yonghan"
"Department of Architectural system Engineering, Hanyang University
“Department of Architectural Engineering, Hanyang University

Abstract : Current construction project processes pose difficulties for construction management as inefficient
communication between project participants seldom accurately reflects the needs of the owner, To solve this problem,
lean construction—based Integrated Project Delivery (IPD), which facilitates cooperation and builds trust through the
formation of horizontal relationships among participants, is becoming increasingly popular, However, although lean
construction—based IPD improves productivity in the construction industry, few studies have focused specifically on
developing effective methods that maximize the benefits gained from lean construction—based IPD, This study therefore
analyzed success factors for lean construction—based IPD projects by analyzing prior studies to identify factors that
support IPD success, Application methods were analyzed and an example of how they are actually used in the field
was examined through an in—depth single case analysis. The findings of this research can be applied to support lean

construction—based IPD projects in Korea, improving their efficiency and boosting owner satisfaction,
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Literature review

STEP 1

» Precedence research analysis

Draw out influencing factors
&
Assume details for each factor

STEP 2

» Analyze precedence research
» Analyze of related reports
» Expert review

Analysis of Element Application

STEP 3 through Single Case Study

* Interview
» Analyze project-related documents

Suggest the way of

application methods for each factor

STEP 4

* Interview
« Comprehensive case analysis

Fig. 1. Research Flow
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Table 1. Literature Review and Influencing Factors
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. o Influencing Factors
Author Main Contents Limitation
F1 |F2 | F3 | F4
. Investigate lean utilization through surveys, document L
Erik ) ) . Research on the application of lean tools not based on
and interviews to suggest various aspects of lean . [ ]
(2010) o the construction process
thinking
Kim et al. Identify problems and .I\m\ta‘uons of contractors Addressing Lean management techniques to solve
management through interviews to suggest a plan for ; BRI [ ]
(2010) problems in public institutions
lean management
Kim et al. | Lean Identify the beneﬂtls anld ob;tagles of the lean quIQH Describe the application of lean tools in the design
process by observing, interviewing, and collecting S ) ( }
(2008) phase, which is part of the construction process
documents
Koo et al. Analyze of the application and operation methods and Not the method of applying lean construction, only the
. . A ([ ]
(2006) performance of lean construction method of introduction.
Kim et al. Conducting a survey and interview to evaluate the Focusing on pre—emptive tasks rather than on analysis °
(2003) implementation of lean construction of application methods of lean construction
Ghassemi Review the state of construction project and conduct ) ) . I
. . ) Research is carried out on expansion of utilization, not
et interviews to propose how to overcome barriers to application methods [} [
el.(2011) expand IPD
Jang et al. Dgnve |nh|p|t9rs of ‘.erdUCtlon through comparison Research is about only directions for introduction of
with the existing delivery method to suggest of IPD [ B
(2012) X IPD
adoption
Shin et al. Research on analyzing the characteristics of IPD and Focus on building activation and introduction measures P
(2012) Comparative analyze the U.S. IPD contract system rather than implementation strategies
Song et al Research on analyzing of the characteristics of Analysis of how IPD is applied to multi—party
(2%11) ’ multilateral contracts through the case of U.S. public agreements rather than how IPD is applied to the [ ]
institutions overall process
Song et al. Analyze definition, appearance background, process A study on the constraints of domestic introduction, ol oo
(2011) D of IPD and conduct a survey to analyze the perception not the method of implementation
Kang et al Research to do U.S. IPD Case Study, and do
(2%1 0) ’ comparison analysis between traditional delivery Discuss only how to introduce into the domestic market | @
method and IPD
Song et al. Research the ,lpD project team composwtlon, roles a”.d Analyze how IPD is applied only in terms of design
the relationship among members in the event of design [ I )
(2013) changes
change
Kim et al. Research analyzing the current state of IPD and the A study on the constraints of domestic introduction, P PY
(2009) delivery method applied to the public construction not the method of implementation
) | i h i in IPD ) ) )
Liu nve;tlgate the compensanor? structure m. and This study is focused on the compensation part of the
(2013) provides a method to determine the contingency PD [ ]
allocation to reduce risk
KPMG The contents is about managing risk and how to make It covers all aspects of the success of IPD, but no P PP
(2013) it work for all parties. analysis has been made through a detailed case study.
Conducting a literature reviews and case study do Focused only on comparing how IPD and LPD projects
Mesa et al. ) ) . .
(2019) comparative analysis between IPD and lean project differ and lack research on detailed implementation [ ] [ I )
delivery methods
Darrington Analyze Design—build(DB) for IPD Contract Based on Only contract parts of Lean construction—based IPD
. ) ; o o
(2011) Lean Construction to suggest DB contracts is useful projects are covered
AIA Lean | Survey five Integrated Project Delivery (IPD) teams to Survey statistics based on case participant were
(2012) & measure individual team members’ perception of how presented, but did not address specific methods of o e o o
IPD | IPD tactics . influencing factors.
Jeon et al. This study for bim of lean construction and IPD through Although Lean construction and IPD were handled
) . : together, only the contents related to the use of BIM [ ]
(2011) technical characteristics of the factors design process. )
were studied.
uoM Study focused on the questions of how and why are Detailed arrangements of the documents of the cases o ol oo
(2016) integrated project delivery (IPD) and Lean effective. have been made, but not the applicable methods.

3 Note: F1 = Team Forming (TF) and Early Collaboration (EC), F2 = Decision Making (DM), F3 = Contract Structure (CS), F4 = Lean and IPD Training (LIT)
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3.1.1 Team Forming (TF) and Early Collaboration (EC)
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CHSong et al,, 2013; Jeon et al., 2011; Kim et al., 2009;
Jang et al., 2012),

3.1.2 Decision Making (DM)

Song et al, (2013)x} Jang et al. (2012)& & &k
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3.1.3 Contract Structure (CS)
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Q8-S AFEFATHLiu, 2013; KPMG, 2013).

3.1.4 Lean and IPD Training (LIT)
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3.2.1 Team Forming (TF) and Early Collaboration (EC)
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Table 2. Detail Factors for Influencing Factors

Lilieneind Detail Factors Contents
Factors
Team selection RFQ and RFP content for team
Team Forming method selection
and Early
Collaboration Co-location Co—location Operating Methods
for Initial Collaboration
Decision making Method for Collaborative Decision
Decision method Making
Making o -
Mediation method Method of mediating opinions
in case of non—agreement
Management Management aspects applied to
the contract
Contract . Compensation and Risk Sharing
R Risk .
Structure eward and Ris Method applied to the contract
Decision making Decision—related content applied
to the contract
Training method | Training method for project progress
LEAN and IPD
Training Applied lean tool Lean tools and methods applied
to the target case
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3.2.2 Decision Making (DM)
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3.2.3 Contract Structure (CS)
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3.2.4 Lean and IPD Training (LIT)
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advantages(o|3} CBA) 5 Al o AES &3 o AL
g A-H(Single case study)= Zlsgstoct, Tl Al A+
%18y ol A= (Table 3)} 2ol tiii Alellol thigh A=
A S8l @A R, oY, QIR 52 o] &gy
%
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Table 3. Research Methodology of Single Case Study

Method Detail

Investigate the Method and Status of Project Progress Using

DSS Lean Construction Tools(Big room, CBA, etc) Utilized in the
Process of IPD Project Based on Lean Construction.
Smart Construction Forum on Lean Construction and IPD is
Holding | held to receive an explanation of the project materials and

Forum to carry out in—depth Q&A about contract through panel
discussions.

Investigate details of the Lean construction—based IPD
project and related documents(Lean execution plan, TVD
log, etc) during the visit to the U.S. and during the visit to
Korea by the project’s participants.

Interview

Investigate processes and contracts that are difficult to
E—mail understand by document of the project through e—mail with
the responsible person in charge of the owner's office.

Table 4. Target Case Overview

Eli Broad College of Business
Project
name
Location East Lansing Campus, East Lansing, Michigan
Type New construction
Size 95,0007t
Contract IPD (ConsensusDocs300)
Owner Michigan State University
Architect FTCH & LMN Architects
Constructor Clark construction company
Start 2017/06
Completion 2019/06
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4.2.1 Team Forming (TF) and Early Collaboration (EC)

7P Team Forming (TF)
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Issue RFQ to
Selected Companies

+

Receive RFQ from a
Selected Company

Selection of final
candidates
(3-4 companies)

Final team selection Interview

mposition of .
Co position o Establishment of Select a company
committee for S
N selection criteria to request RFQ
selection

Fig. 2. Process of Team Selection
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Table 5. Pre-con Tools Applied in Case Study

3 AR ALS ol T B9 BT Ao That o
S QA Foma stel et 8 g wekstig
Soiet. o] HEe AR RFP W7t A| S5 adolth

ik,
) Early Collaboration (EC)

AN %
E7F AE= 57t 7 31l @A dohs s

5
t}. Co—locationS ZRAE o] A sj45H= o A

uE BEA0R Fhslel R W The] A ARk
ol Az 5 Yl W4T FYOEH EZS Er}

(CIDCI, 2018). Co—location& &2 Z7+¢l Big—room
g 7PFEtel A 2dE 4= Sk, =24?] Co—location™
TR, AAA o g sk ZEAA W EEE
o] =2 0 & o] Foj Ao git}, & Abg|of| A= Fof 7|
AA7F Hel HoA Qo] &4 ¥1hE F3 Co—location
0] ojEgont, 7HFE7Hl Oracle Primaveras 53t
Co—location EHFE F53tk0] P2 Zof7| e
AR Ao 7hs T R gt ol 3 A Zls)ay
4 Ao tigt 7S $ish tH 29 28R

Factors Details Application Methods
m Technical competence, experience and performance
= Approving the qualification process for the construction contractor in question
RFQ = Ability to provide feedback on design, schedule, construction capacity and costs

Team Forming

= Willing to abide by the principles of the IPD process
m Proposed costs and other competitive factors
m Analysis and validation through Choosing by advantages (CBA)

and m Experience improved value and reduced waste in projects using Lean and BIM

Early Collaboration
RFP

Points on team and individual expertise in similar projects

Approaches to estimates and scheduling to reduce construction time and cost
Acceptance of change

Experience in this contract and why the company is suitable for this delivery method
Presented with the percentage of work allocated to all expected subcontractors

Co—location

Co—location in virtual space with Oracle Primavera specified by the order and once a month

Decision making method

Choosing by objectivity (CBA) helps determine alternatives and unify opinions

Decision Making

Mediation method from the SET

If a team cannot agree on the contract, the contract stipulates that the team must receive arbitration

Proceed with litigation in accordance with Michigan's law if it is not resolved

Management

Must be reviewed and approved by the SET for anything that changes the scope of the project
State that the orderer has the right to receive all documents through the web—based system

Contract Structure Reward and Risk

Specify the details of waiver of claim

Timing of payment according to payment claim

Final payment timing

Adjustment criteria, approval and execution methods for changes made during a project
Compensation according to feasibility test

Details of approval of VAP and adjustment of member interests

Decision making

Clarification of the method of decision arbitration and the payment of attorney fees

LEAN and IPD Training method

Training and workshops are conducted by 8 different experts for 10 days.

Training

Applied lean tool

TVD, Big room, CBA, SET Change Document, VAPs
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4.2.2 Decision Making (DM)

7 Decision Making (DM)
oA FAZF FA ] A L qdRYoly Ao =&
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W) Decision Making (DM)
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¢} Zo] ZRAEE 5= Core group (CG), Senior
Executive Team (SET), Steering committee (SC) 37112
TSkl Qlot OG= WAk A
Ab, AlEARY] = AR SR GHAE AL, SET= 2472Fe] it
TAAEIT}, S SC= AR st 2 4]
Aol 119 R 9 AANAL, AlFARe] SAEAALE A

i
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A2 gl mRAE e

A3t ole

834

Choosing By Advantages Study of: Emergency Generator Location Options

Emergency
Generator
Location Options

Alternative 1

Alternative 2

Alternative 3

Natural gas emergency

generator located inside
the building in the West
Bar Lower Level, adjacent
to the Mechanical Room.

Natural gas emergency
generator with
weatherproof enclosure
located in new areaway,
approximately 13' by 20"
located east of the East Bar,
north of Column Line L.

Use existing generator in
North Business Complex.
(Approved 5/26/16)
8/24/16 Load bank testing
of existing generator
confirmed engine-
generator has capacity to
carry Graduate Pavilion
projected generator loads.

Factor: Natural
Gas Service
Criteria: New
natural gas
service

New natural gas service to
engine-generator in West

Bar Lower Level Generator
Room.

New natural gas service to
engine-generator in West
Bar Lower Level Areaway.

Existing natural gas service

to the generator to remain.

Advantage

Factor: Noise
Criteria:
Generator would
operate only in
the event of a
power outage

Adjacent to classroom and
under offices; testing times
and buildng use during
power outage to be
verified.

Sound attenuating, Level 2,
engine-generator enclosure
reduces sound level to

approximately 76dBA @ 23

Existing location adjacent
to loading dock, minimal
sound impact.

Advantage

Factor: Cost

Engine-generator sound
attenuating, weatherproof
enclosure not required.
Ductwork to be provided
for air to generator room.
Architectural revisions
required for ductwork and
vertical chases for engine
exhaust.

Engine-generator provided
with a weatherproof Level
2 sound enclosure.
Areaway required

Existing engine-generator
to remain. Existing non-
life safety loads to be
transferred to new standby
power distribution to be
installed in the existing
Business College Building.
New feeders to be
provided from existing
generator room the the
new Graduate Pavilion
Addition.

Factor:
Aesthetics
Criteria:

Engine-generator located
within the building with
louvers added to West Bar
Lower Level at the South
Electrical Room.

Areaway provided, below
grade, adjacent to the East
Bar Lower Level Electrical
Room.

Existing generator room in
existing building interior.

Advantage

Advantage

Advantage

Denotes Selected System

Denotes Weighted Factor for Selection

Denotes Weighted Factor Against Selection

Fig. 3. Example of CBA Applied in Case Study
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Table 6. Teams Participating in the Decision-making Process

Team Position Number of People
Owner 5
Core group Architect 4
Constructor 2
Owner 4
Senior Executive Team Architect 3
Constructor 2
Owner 11
Steering committee Architect 2
Constructor 1
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Table 7. Communication Plan for Decision Making

Participants
Some of Core group’s
Architects and
Constructors
Some of Steering group’s
Owners and Architects

Responsibility Frequency & Time

PM Group Meeting Tues., Tpm, weekly

Tuesday Huddle Tues., 3pm, weekly

Core Group Meeting Core Group Thurs., Tpm, weekly

Steering Committee
Meeting
Design Team
Meeting

Steering Committee Every 4 weeks

Core Group and invitees Mon., 1pm, weekly

4.2.3 Contract Structure (CS)
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Table 8. Contents of Modified Contract

- Type
Classification Contents No
Add | Change
° Reviewing and approving senior @
management
Management Owner’s project document requests
o and license management system @
approach
° Wa\yer of claim for indemnity ®
(waiver)
The way to adjust, approve, and
° ° execute the amount when changes | @
occur during a project
Risk Payment point according to _
and o ; ®
payment bill
Reward
(] Final payment date ®
° Compensation based on validation | @
° VAP's approval and Team reward ®
adjustment )
° Dispute settlement method O]
Demspn o Dispute settlement method ©
Making

7 Management
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4.2 4 Lean and IPD Training (LIT)

7P Lean and IPD Training (LIT) — 25 B
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SD (Schematic Design: A2 A#]), DD (Design
Development: A4 A4)), CD (Construction Documents:
AA| A Al A B5E ARG 9 == TVD (Target
value design), Co—location, CBA, SET ¥7 A%, VAPs
o] qlct,
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2t
Table 9. Applied Lean Tools and Content
Process Tool Responsibility Contents
TVD Architect Utilize TVD change diary
Co—location Architect Update progress plan
CBA Architect TVD course support
SD . .
SET change Consultant Requires design change
document approval
VAP Architect Forms for mrmvahon and
savings
TVD Architect Utilize TVD change diary
Co—location Architect Update progress plan
CBA Architect TVD course support
o0 SET change Consultant Requires design change
document approval
VAP Architect Forms for |nr10vat|on and
savings
Constru.ctabnny Constructor Review for Fgambmty of
review Design
TVD Architect Utilize TVD change diary
Co—location Architect Update progress plan
CBA Architect TVD course support
SET change Consultant Requires design change
document approval
co VAP Architect Forms for |nr10vat|on and
savings
Constru.ctabnny Constructor Review for f§a3|bwl|ty of
review design
BIM Architect Construction drawing
Pull Planning Constructor Scheduling
Pre—fabrication Architect Production action plan

ARl SIS S8t Pre—con ©HA|Q| 21 744 7|8t IPD ZRME M Hiot £F

TVD ¥ Co—location ¢, CBA, VAPs:= A4 glo] 3
HshGlaL, TVDE 7 dAjofl ARS-EH CBA= SJAFE7 0]
o] Ao} 5h= wfjujrt TVD Z2A|AE HEsto] 283t
Co—location A= Rg) 20] AFL Ak 3|92 uj
5= ZgYsit), VAPs(HAREAAMA) = Z2A Eof| tfgt &
Al gl Aokol] AMGEl= EARA oAl Adgict 1A
B 92 SET(L9] F 9% ©) W7 A5l thal] a3k wjut
ot} 501 243Itt 2y Zofl= Pull-planning® BIM$]
T2 Zgolglom AlFAP| Fetel

43 ZZHE ¢1}

CD DA 40% SBA7HA] A dudt o =452 59
meAES A At Hh Blgo] AR §-S 44myt o
¥, A7) mRAE uge 6t el mAE 270
Al 3 ol 72wt o] Blsl 10wk Ee 2
a8 Bojom eagon] dpgE Al o Be 7
A1 F715HT,
S SAPIZE0) 257 el vlsf 370 TRt 2270 W
o 232 lof o 3] ] B7] B 4TS Ak
o ERE WA ZRAE g e AARE LEED ¢15 Al
Eow A Wi 63902 GOLDSFol it ol2
< ARE 32%9] AUAIE Hofd 4= Q= Ao, BxE
AR SILVERGH 9| 2L it 93 352 ot

ﬁEX%i a 7«]/\4 _9_1_ o] IPD* —g—o]—OZ] _1_/\]_ :.oﬂ_,]
T, 3] 95 L BA PY 5 AR A mE

Frjshs 5 A= YA vt RS,

]

it

2 ¢

Table 10. Project Performance

Category | Target Performance Achievement Performance
Cost $72M $62M and add more values
Duration 25months 22months
LEED Silver Gold
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Table 11. Domestic Application Suggestion

Influencing

E— Domestic Application Methods

- Early cooperation is facilitated only when the contract

Team Forming time is advanced compared to the previous delivery
and Early method

Collaboration + Multi—party agreements need to be applied to form a

mutual equal relationship

- Participants must be clearly aware of the objectives
and scope of their work through the contract

Decision + Reasonable procedures and methods should be used
Making for the performance of each task

+ Define the decision authority of representatives who
have influence in decision making

« IPD requires professional knowledge of the owner,
which requires supplementation

Contract - Contract method used in IPD, such as Multi—party
Structure
agreements, needs to supplement the role of the
owner through CM method.
+ Due to the low number of lean construction and IPD
experts in Korea, consulting assistance is required
LEAN and IPD from experienced experts
Training + Pre—training and hands—on training through
workshops before starting IPD projects based on lean
construction is essential
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