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A Study on Preconstruction Process in Support of Lean Project Delivery System
- Case Study of Children,s Hospital at Bellevue, Wa, U.S.A.-

48 4 s

Kim, Yong-Woo Kim, Kwang-Ho

Abstract

Preconstruction process in a lean project delivery system was studied in one large healthcare project working for a general
contractor. Researchers joined a new lean delivery project for approximately six weeks and participated in preconstruction process
including design coordination, management coordination, and target costing while concurrently interviewing other project
participants and employees, recording activity in meetings , and otherwise observing the process. The preconstruction process
in lean project delivery system , called integrated project design, showed many benefits such as brining expertise of downstream
players (i.e., mechanical and electrical contractors) into the design phase. However, lack of leadership and lack of

design-integrator blocked the successful application of a new concept of design process.

9= @ AdAY A A, B8 TRAE [ Bx)l JF A AA, ANEE A HAF AdAxE
Keywords : Lean project delivery system, lean design, integrated project delivery, target value design, reliable planning, the Last

Planner System

1. M 2
B el ofslel BlleRN A% slAshgel A
1.1 3 ufd ¥ =5 x“;(—;a;),,g‘ 37]?01J;4‘j—5—]_.‘r_ 7:\*],2._ Aolata 7} 9
M AFe AFH 949 giol 1 99 g ol Ao B e A8 Sl Sl dAs
BN PR gAEe Bor pAAe Auzg 0N WA B Al g Bele e 7
DA QA T el g Agad mr o T G aeel A e
- - . - A == = o o= LIS SERSuE
© gashan ARl ARl frde e @A o Agshs AL 1990 Zukel "W Aol
e AEe we A% Y AEe] 275 Qo) 7 ool a1
oJgoR AZHAL ‘Wolgks Ade oA A
el A wd el s AT £F LR 1T g 40 @Az SgEn A @ 956 A
b it e e ws e A % A9 o) ojmA gemEAe) BE fue A7 0T
A= el Bd A5e geg AAL AF A oyyw A wANAE Ad w=eHA it
2E ATFEASTT FEIVN A Ha A= AH 2 @ e gE AGAH wmele AEd Tl 2
oA el2a gl dAeIt A% F Qo g @ sido] A Ao A
BoERe od Hde Ad wo wdAeln BF  use] 4en=Ae ga ATn Ads wWe Ao,
2l MeFe] A oz el e HAdE2 Y2 weld, 2e AZAe B AELe @Y AAS ow
TESlel #@ Alld ol AdEY REAA A% A FgeAE v Ax o], A AAe dee] o
A de e 19908 FwelF mFe FHoE @ TS 2A Bk Aoldh sxw A2 wwe
Adde ez 1 sfdel g Holth E =& Sutter Health (www.sutterhealth.com)& H|53% 2
o] ATYPAL v JAEFE NPE ol Aok ©A 2o iy wWele] BTl d ALdE A &5tk

= =
* A 389, University of Washington (W]5) 714 sta xu s 2 ouZo e WATAA BANS HLE= &
wr 39l Qletistul A% Faug o

i B TR R B e aE 140 45 20084 1171 47



s}
oo
—o
"
o
fol

o] o HALZ HH &Y TRAES %
AAE X33 FAF A GA (preconstruction)ol A A
ZRALE AE&tEe 2F0d FaAbEo|v dE
ARAE ATt d vk 22d FH4E o] F7]
A3k o] Ao AR EAS ogd Aok
1) AA A A= FFA=H 2 A F(related contracts),
%7 7% 7FA A Al(target value design) = A4
ALS 238 B3 Z2AE AA AAe ¢y A
AL 7)),

2) A AA HAFH HEHA YAl E=(design

build) 2o ZRAEe] Ao]HS W ee] ot

3) " AA AAFe] e FoaihE Gl

2 AFE A7 JAYHE T ATET AlE 22
= 2 &}

& 9 (participant-observer model)& o] &3} o] Fo]

ZH(Trochim, 20063).

1.2 gige| g ol He

o] =i FAAE v W ooiste] CM(A#e)
oAl g Aol FrbAEd], o] AkdAe A
9 (tenure track)e] L7 A AEL7MER 48ty &
do] EAAI da A4 AFE BIEE 5 UA =
o ot WFE olE FI AFd w=Ed ¥ olyg}
CMe] Aol do] =pAale] A2& AFA &+ Aok
= S A A olds Zer =S U|dA 4
= ol aldlel mZAxo UlE ngrl #FIT
e vk Holth o] ArgldlA VA =i
F AR A A" AT A AAHE BYX, w
gA] ao Al A Ad AR AES FEeE FA
A4 WPy Z2AE P E HFE 5 A &

Ao St FA A of FAdz B
AT F ARE AW HAAZA, W AN A
5 WAAINE A TF

oA "Hy 4
st %A (coordination) 3]¢j9} ZF7}
Al (target value design)ell &3+ 3] 9

FHG el B PHe AW BB, AR

= =

BA el E3HETh A WA AxE WA of
geb AR 2 sEdAs QuR & 4 Ak
gt mg A % A7l smdshel  MEP

(Mechanical, Electrical, and Plumbing) %3 3]¢|, &
g 3o, Hxvt V& kA AA 3o T ol gF
Te dEg. o] dgdA Haud AMES 65 F<F
ARSI AL A A #EA Aq ZEA

Lo

IS

8 BN G 149 435 20084 11/

EQ W ool Axte] A ZrAE A xdo] #3 o]
A Ade AAAGR T F Ak sEE o] o
7b vlee] ZRAES 93 W ZRAE g 0
(delivery)S 188t 2oz Yo7l FAF A oA
of g & Y AIANE ATT Aol Werh

2.1 2l A M 3z2[(Lean Project Delivery System)
e} 2l MAH(Lean Design)oll Cif st vf &

Y Ade d4 Z2AE Bl dAHE Addsta
724 kel A= A #El = ‘Y A2Hlean
]

production)”& 4 -&3tH & d4
d AT B8 HofFt(Ballard 20004). A E
Aol Z2AES ¥ Z2AE FFUAY] F23% 2
old F9 st WA A (relationship between
phases)2t zF ©AlAl A= Fogxt & 7] A O
3 Zlolt}.(Ballard9} Kim 2007). —1& 1o & &
B HAAE AARNA 2dFd dAE HolErh
T A WA AAYe ZRAE Aol 1A

FdHolz 7}A|(stakeholder  value), A<k
(constraints) @ A4 7/Id 5& AL =4 (align)
sk dolth Egk Al 7 84 v A2 s 7
2716l vheFdt =<9 2o A (stakeholder) 7Holl W 3ke} %
o] g sir}.

AeHor, TRAE Hox= ASF5F9 dxow
st 57 =E dA Yol g3 st @ =
AE Ao A= AlAde] Zb 1 F7](life-cycle)ol U

¥AbEe] xstE I AdA9F Aol
3 ek 7HA, i 2 715 (criteria)
of 4L W AA dARe HEE FHEsh=d, o

1T =2

.

i)

e

d = 7137 d=A Fod

A7t A7 AR e T deke FofrAL WA

L =3
= nh RS WS F genm oyd AL AT
S Q37E s EEE o7l £ = gtk “set



A e gA e wAE A AA Aol g A

SIS VE= g A3 A

i
o

Al Al (Lean Project Delivery System)

based” A& ¢
AE7Ee] dx 1

9 el vz A

Z2A 2 A
A - (detail), Al 2
(fabrication), &3 (delivery)S HAd38HA =W Al st
AAYolg GAR doj7HAl €t Hojwm A
7ol ZRAET JPE = FF vk
o, wetA] I B¥e FH(supply) T Al

2] Al ZH(fabrication) ¥} Z Y (logistics)S

=

2

3 vh(bar)Z EA|

Frol AAA

7Hpost occupancy evaluations)& ¥§go=zxn A4

e

22 N1} ZzHE9 HY

(Background on Organization and Project)

o] ZR2AES HAZFFQ ofdo] WYY A gxn
AEE v A& AYdi T34 Z2AHAE g
(integrated project delivery)W2 o2 & z1Ado] 7]x%

5 T OdE ARE AAdAd A&s ATt ool
B ZRAEE Y 4HS ZZAE A A A3t
©, ZRAE] HE¥ES HHststa A bo BAY
= x4 (align)st”] A8 T3 Z=AE ok d4
S ol &gttt Uy EFAQ SHAMAE | dF 2 A
FE5 Aldstar TAA ] Sla AAE A8 A
SAEAA A A& =2 2008-2009d {2 (Bellevue) ol
A ool A el HAlek HAAHS & Al7]eldeh S
AdANE ojdoly ez ol BAES Pol gtow A
AR A= HAAGZA7F obd 7HAW olyg} FAE
g, 71E 55 H/tete F¥A Best Valueld2 o=
AAEAT 2 ToAAAE Y dAVE F S Ad
g 5 e vE8Ss T Yo" AAVIES S
AMAE dEQAIE AT dd = &S st
o] FelAE F A # An AAGANA A o
g A&y A4xEe FHA A%s T H T
A, ZR71E7HAEA, Set-Based 33 9z Tl
diste] 7=kt

4

B
E
5
IS
=
i
=il
&
Tl
R
Qi
&
o
(=13
—_
=
i
=~
fols
Do
S
S
o)
=
—
=
m
W=
©



H1. WROZOIHY e 9o
FH2: 91,685 SF(8,518 m2)
FAAZ: 119,000 SF (11,055
m2)
RS

M (Total Shell &  Core):
210,685 SF(19,573 m2)

o & S Atd| $ 52 Million

27 2 WRolzlolwe EI|A o
3D} 2 kol of 13

2.3 A EH A=
(Integrated Project Delivery Team through
Relational Contracting)

3|- E=|- EX-IIEEI

BB Ak FA A parties)E o] A
AL Akl WHEstste A vizids & 7
(transaction)z} i & 4 t}h @A o g Aoke] A9

=
ole 3 ojele] £AE oefd FAlEe] t% WA

H
sk g w7 A FRAolw 2HH wre

o0 ik

i
=
3&“
ﬁ

=

=
=
b H\U

AHES FAlA A

d J
(entities)Zte]l @& S Fedry dwtdow d=Hat
s} ezl FEs oty oEE Aol ¢
Aol dAdA AdFelrh dEAl dd Z=AE
AojA 2t FAES e AdE HAHst A7]7]
A deiel oles A= A9 WHE] 54
"k S5A AkAEe 1 dol o AbgelA Y
e ds oA vt AR, Az oo
HAdist AF + de ARSIk weA dAe ¥
ARAF A e A FFefRbEe] HAl FANY the ol

HolA 3
_J_‘%‘O

€3 ZEAE "H(IPD)e 1#g AHAd AtS
ol g3t BdE "otk AEFF, AAR, FA BT
Aw T4 AL AAHow A ZrAES] Y
Q29 o] & (profit) S = T3k A Holdt) o] F
2o FAFAE FEI BF RES mzAe § 0
o AAAA BRE FFIAchE Helth  oE FA
ol doju= AAFAQA AR olFS U] A
718 ol " ARE ARAA EAHS A
watr] 9l %%5*‘5 Aol oyt &, B 71“‘31“1}%

WwoolueEl gsa

43}1 gome /«17& Gzt 4
ARE FTHsHA W EE HYdEe] I ZZAES
shuhe]l dARA BA Wi,
HAg el A k. AFA 989 # o
s ZH Ao Alein ved, BE 72 249
7 o zeEle 3lejs T8 ¥l o
ofdo] We ZRAEAN AZ7t= NAZAAL]
o] ZEAEE TR ZA R ol HF ALY
o] Zod 2} (stakeholder) 241 Fodity, SHAA A= o
= A (general contractor)e]t}. 71 AED St=d A}
UALRA i AAe] GAlo A7 wrofalighal, 1 A
23 AAs AA dAll AAAAYT SHAHEAE U

Ho
il
T
—r
rir
=,
A

RN J‘J

s

AP 7F A A - 2 (design-assit)o] EL93S HAFU
uj ol Ael gt} A5-F(upstream)oll A 2] 2 AFA A o
sH-Z (downstream)& X gAIZIth= Zo] # 1F 9
Hiolgt= Mol frojsiof gk 7Aook St
A= NARI ) AA g GACARE Al e P
s stewas 27 8L A 7}—£fﬂ s B

D ode] W zZaAss Z9 Fade 24E AH ARA
1S wresd g@os Aok kAW ol dA FAF
o HZ A o] =il AasfEkA Eaks

99 2 ol

9l LA Eoln



a3l

team
[s}

I8

A+

=

=

27

A (delivery
e

=)
sk,

o)
& 2 (Integrated Form of

9} B AHrewards)S =¥
7F 71E 7HA

°ol-&

g

R

=

=

;
it

8
L

I

3

T
h=i

&

9
ZAENM QF3te Haoxd @ AA

p

L

A

9

S
det

+71

[
Agreement)<; ol A

agreement) 2}

3}
o

&
A
=

=
=

St =l

b A
[}

‘IT

| #et
=]

A7k s 7

A

3|
S

¥
ofel
3 ol

=

=

bl 7}

=]

I3

it
o, e 9

=

=

ofo]

AT
1

}od

™

o= ]

pzs

]_

S

[<)

o]
)

71AIeE 7]

)

e

=<

=

L

el M
o

1=}

T

A9 A5 57 34

A =}

Atk Aol

ol

=
T

i

kel
pid

# =,

9
AA A o] 2

[e]

Al
42
S|
=
Absh @t

H

Asho] vhAs W, CM/GCS 7 3

7H

A

e
T

BAAATE 10%8 =

L
L

378 3]AL

a1 s

2= (advising contractors)e] 7R %

[e]

2 9

Fulsh

i

o
il

il

s}
=

T

B #9E5o] ol

EEE

7§ AbRto] A

%

%
R

|
i

el

1

[s}
o] d®n]g X 2 (preliminary

TA B ARG

cost model)&

o)
il

A7ke] AekA 2 23 29
t}. 1 g (agreement)> v}

X

N

[e]

L.

.

1 s

°

oo

=

b F A S

°

CER

finl

2

= " g

1

REs

’

=

g(LPS)

2A2= AA

- AHH g A

3L

G

ojp
ese
a3
G

2

Eal

2 A

A

7FA A

7y 7=

- 53

e

3] ¢}
o
27}

S

A

A=A,

3

AAle ded

i3

L

7Fs

FeFAbsel slefd A5
A

=

ZAEo] B A ZFE al(drive)

©

) 3ol

171
Stoll
7} 7]

Ry
st

°

Feln

[

A oS

9

oAzt
aEerg 5

3]
o)

<)

7 o]

L

___]_1__

S

=

=

% AR AAE
of @l A

hya
ar

)
Rl

o

(Target Value Design)

24 28Il 7| XA A
vl

A8 Aol =

A%

oy

3

%

o] F= ot

e AAZE o]Fo

p

.

A A ol A

Nl

&

fi%e)
oR
P

il
—_

)A
Mo

e

]

ojmel ojglo

g =

o

ZA2=E g

k<]
pad

b

of of

27

x

=

1

k]
i

AEA A o] 2]

S|
=

L

ZAEQl Tostrud Fieldhouse

7 71 7HA

3z

-
It

1 7

A

ol W=t el A
A AAGA

olete =
st

A
>
;_l:

1

N
N

1

g

i
17%
ey

—_—

0
"
0

Mo
o

BN
wj

of A o

247 sydlelE =

=

LIS

TR, 22 =
H]g-of 1071 € o]}

.

L

B

S

Aol Alofxd v =@

b)) BEe] 2/30 &

2d

3 AF okt 7141, A7
of oA AATGA-

A

- [e)
— T

3)A & A}
3] 9]

k=

Ry
st

P g Puz, =

<
Wl

=

N

2]

;OHD
o

-—

149 43 2008 111 51

=

= VY

B )%1 2

fitl: i

]

=}
HH

Ti

)
=

Pz

A

7}



=M
ol
Ho
"
o
fol

HEY 2kl #E 3lo] Product®} Process AA2E
FAlol zlY A7),

SATAL sEsAstel §e sl WAwAye T

Zoto] 3o A ztel | 3re] AAATe] tiEte] FA
Cost ImpactZ AlAFeE 4= A 3t}
3L o] ojge] WYl RAES Hxvt 7|FE vt
A2A Bel Al Ugd ARbE dFE HoFa 3l
th 39 Al Z47te] FoRES AMES Hoth £o]
i AXgEAet Fojste] Avke] GFAA AL
WE A7 oby™ AT FollA Fhojste] xg o

a7 3. =

7F 21&E JEA A 3|2 Al M etE2

ne
4

EH

2.5 Set-Based Engineering

Set-based
ToyotaA}2]
Aer
t}.(Ward et al, 1995, Sobek et al, 1999). ©]
e AIZE dlel] shue] AR ik “‘—01345—’
LZH«] oty ZRAE 8 Fg

)

AC)

B
Boor

engineeringo] &t EHEE 0«
Ak R Lz AEdA HEPA

o
=

HAZF(a least commitment strategy) <

FIF
mN
q ﬂllﬂ
I~
<!
L
o X fF fo (%

s

ot

)
=2
o o
s
‘L>|i—|—’
2§

=5
M\
a2
it
)
i1
ox —d
do I

e
=3
>
ﬁ;
Ol
=
T,
N
o &
[
o lo
=
o
o
%0,
o

2) A%E AAES A HsE Product A thulHE Hdow
AL 29 A1 & 2HskE /|, Product AAI7Y
What to buildell @3t tigte] gl Process A= How to build
o tig tigolth

AlsA,

52 Bl Rk ik 148 45 20084 117

=
sfol k. -*%xgw ke os_

SARAZ ol n A el ok
% Aol thatel b AN R sjeta A
o wg dulzh Aol ek WA o
2

i~ lo to Ju al of
BN
ofN
2
o
fru
Sv
l
= oo £
o
o
\r
>,
ol
tlo
o
Jeb
ol
X

i

Wz o]y

=)
L)
o
_O‘L
R
£
rO

M2 N dr e Mot o
o
=
X
=
>
ol
)
N

f
)
o
i
o
E=

o
e
LU iy

morE o off o

)

>,
o

o W & iu o
oo B
ko

A

w oy Moo

X
]
>
o
o
fz
v}
)
2
2

o
o

2
o
=
o

e

i
2 e
N
~
Lo
E ok
o
=
fru
)
[m
-3
o Loxof

HYFAN A= Aol 37 (life-cycle) H] &S
(e}

w2 & #HEEH} A4S (sustainablity) <Al

26 7|& w3 gkAl JjgIte| v
obgfl 2o M = | A g dEH ARel-
E(design build) H2lolAe] AAIHATe Ho]H

BojFan gl



ojtf. 1 A=A

-
=

17 9%

i<

A A

[e)

=

Detroit, ML
3. Matthews, O., and Howell, G. A. (2005).

THWH® T RT WEBGPTS T R IR R T Sl Sy ~ 8 .
oo ode WK O B e R = B o o X o ™o T R 5 ; g £
ez ® = T S@dh TR LT =Ty S £ wig €
X 5 ~ XY N o#u OT_ = ™o E On_ @ T =1 Ea T 1 AT ‘Lﬁ ~ N % A= ..m S]
T DT EW T on O Joool e e R e gy e T B L D s 3 < £ 5 &
bz P o®s pMETRRT g d PR caABT R g B o £
ﬂ]ﬂ B — ~ AR T X o o ! X o m,L =1 ) = <
}mﬂg%mj%mr;murﬂﬂ%AT%7%%w@moﬂL%@Lﬂwmo@ SC 2 2 E2¢9
W&%D7%4%%”&@&&%)&%%7ﬂma{%ﬂﬂ%mﬂﬂi E3E F£4E
= " PR o B o ® oI R OW oo Oy B i T = B o s g = PR
B R _ T rdreT N 2 W T oy X FT =% EF BE s>
—_ —
TR LT RN p R IRy T gy BT T AT ¢S 2 83
5l T WT T T o = 2w J7 ®oomg @y o (3 § = & 7 3
= X T B ) o 10 T = I o =s Mo do oH SowoA ~ 5 9
= T W = = = BN N ] = o o) oR = =
T m“&l_l me & 3 K ,.,Mud A_I Ht = o < . Eﬂ E :ﬂ ‘,._Imm 3 o ‘;lorﬂ k) . = - m m m my m &
*ELIERE et e T T PR e BT RAL] w T2 S84 3
8 T R P oo = X N Y ! £ =2 B
A oo oo i I~ A B ol g5 £ 5 o 9w w8
mm /mw ,Mo T %0 = L o J..M ® il o T ARG M S = Mu s el Mo b N4 m % 8 g .m kS
N R M_ S im sl el I M RRT gy X LR Y o . 5 § =2 8 g
T W RS g T H e ATRR 238 5.8 8
W2 o x T o — < X W T Me s @5 T 2N £ 20 =
G Leog+tmWism _ o< @2 T g TE-X 8 F 6,
T = H oW AN =7 o =~ oY 0 § g ™ O F Q
H MR = o N K oo GG . - = g 9 S g 2
A %o ~ TR T W T o 1+ ol = (- 3 B o~ ~ o) 5 o % oml w T ORT = O - W % =
T i~ T o % T bow m o <) PR T T W Ay =Mm 3%
T IR T RTHE P wmTH B o TR TN T T — i
T o PTE TERNT % 3 I - 4
el < Mo of = N == K I
~ = T = =N 3 — K o T
_ 3 ) | o T OO 74_o|_.5 ﬂluﬂ.lzi k3 1Z_l T ‘U| B Lt ,UF X
) X o o ! = N 5= = —
=] ™
z W — oy T oy e o o R oF T o= 5 IR
R ™ o) | ol X | o N BT ~ T o N X ~ R
| =" O ) o OB o~ =~ T 7|,.uu < T X I = - w H
MR R R =K 5= ) & = Y X W = ® o = Boomo T M X H o
oo | Wy LR LT T Y L A Il
WE | AT w o W ok o = Mo dp o TN T ooy W oW H T
TR ARW e B THoE AT e MR B ) o - o — T
_ =W Rexxas | Do X | ©DETS N DU A N U
Sy 7 e 1 = v 0
) T <0 X_® 8 HoPT B < X o 2w
W wH o | FTT SN ook TR oy | T o hr - B =
= R0 BTH | wROIR — T g W o R - N
o Gl F W gy U R o | oo o i A I
w5 =~ F TMT - R S~ R I e
el = o 7 L | paodum” I R O Ty g X K
D = ,ol H = ‘_WO]PA ,DrLLllr],l um —_— e — oyl E_ = LIdl,.ml OL n_.Al‘._ =
%.n_mo = = o o 00T BE W A X Rl 'K 20 T N X R8N g o m o
= % 5 THT | TRTITRTH| aFCWN | vFHYT [ - e ™ X
W S g P Balks  FLe
- il & o S g poooE R 8w By
X X — " Z g 0 T oo o= 2o N
Mo = Ho &S i o %o M. = g s N = ool
T < 3 R i Ho & 0 Mo & o o
- A= s AR MY =T M ol
iiolec o 7 = W RS s [\l N S
R | R % ™ % R g &) . M 3B _BXREY
o o) T 0P 9 RN =

149 43 20084 1171 53

5] oy =
R ik

il i 3% !

Il

=}
HH

Ti

"Integrated project delivery - an example of

ol mhaa

Z

AA Aol A 3ad B sl



[
R

195

relational contracting.” Lean Construction Journal,
2(1), 46-61.
4. Trochim, William M.K., "Research Methods

Knowledge Base”, 2006,

http://www.socialresearchmethods.net/kb last
revised 10/20/2006, accessed 7/10/2008

5. Ward, Allen, Jeffrey K. Liker, John ]J. Cristiano,
and Durward K. Sobek II (1995). "The Second

Toyota Paradox: How Delaying Decisions Can

Make Better Cars Faster”. Sloan Management

Review, Spring 1995, pp. 43-61.

6. Sobek, Durward K. II, Ward, Allen C., and Liker,
Jeffrey K. (1999). "Toyota’s Principles of

Set-Based Concurrent Engineering.” Sloan

Management Review, Winter 1999.

o4

m
o
H

it B P i 2 S e R

>~
>
oo o

B

oxl ©x
e

12008 9¥ 26¢
12008 10¥ 17
120089 11€¥ 13

390 ol A4k 2

1491 45 20084F 11/





