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Performance Analysis of Pre-Construction Phase of CM at Risk Project
in Public Sector
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Abstract : The CM at Risk project, which started with the aim of strengthening the global competitiveness of the domestic
construction industry through innovation of ordering system, is being implemented in the form of pilot projects in the public
sector. However, it seems that it is necessary to enact related laws and regulations to move to the formal ordering system,
and the performance analysis of the project is still insufficient. In this paper, the effectiveness and reliability of the project
were verified through the performance analysis of the Pre-Construction Service of the four pilot projects currently being
implemented. The results of the study were analyzed in five areas including Team Building, Design Book, Construction Period,
VE, and BIM. Through the interview survey, the problems were confirmed and improvement plans were presented. The results
of this study are expected to be used as basic data for the legalization of ordering system to be implemented in the future.
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Table 1. Domestic CM at Risk performance
(unit : million won)

Vear Total Public sector Private sector
Case Price Case Price Case Price
Total 18 11,102,300 4 209,900 14 892,400
2019 2 72,100 1 69,200 1 2,900
2018 5 315,100 3 140,700 2 174,400
2017 3 167,000 3 167,000
2016 1 132,700 - - 1 132,700
2015 3 278,000 3 278,000
2014 4 137,300 4 137,300
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Table 2. CM at Risk order status (architectural field)

(unit : million won)

Year Case Price

Total 38 3,804,800
2020 12 (APT_7, Normal_1, Complex_4) 1,276,100
2019 12 (APT_12) 1,179,800
2018 11 (APT_10, Normal_1) 842,300
2017 3 (APT_3) 506,600
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Table 3. LH CM at Risk process

| Step 1 Bid announcement |

| Step 2 Business operator selection |

| Step3  Business management contract |

| Step 4 Pre-Construction Service |

| Step 5 GMP contract |

| Step 6 Construction contract “NO — Calculate . )
Comprehensive screening

| Step 7 Construction progress |
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Table 4. Literature review

Year Research contents
Domestic introduction plan and system improvement
By 2017 CM at Risk activation method
y Pre-Construction Service benchmarking
Risk factor analysis and evaluation
Scope and level of application of BIM
Risk identification through pilot projects
After 2018 Proposal of evaluation method for business selection
A study on the problems and improvement of related subjects
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Table 5. Business site to be analyzed
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Project Separation Contents
Announcement July 2017
Uijeongbu Price 166,100 million won
00 Pre-Construction Service period 180 days
Construction period 935 days
Announcement July 2018
Kyeryong Price 82,400 million won
00 Pre-Construction Service period 180 days
Construction period 927 days
Announcement July 2018
Boryeong Price 98,300 million won
00 Pre-Construction Service period 180 days
Construction period 866 days
Announcement May 2019
Yangju Price 190,600 million won
00 Pre-Construction Service period 135 days
Construction period 1,010 days
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Table 6. Pre-Construction Service scope

NO Scope

Improvement of design document consistency through BIM-based
1 detailed design document error, interference, and constructability
review

2 Construction BIM using detailed design BIM data

Establishment of work performance plan for BIM work in design and
construction stage

4 Organized collaboration with orderers, designers and other participants

Construction cost calculation and construction cost change
management

6 Discovery of cost reduction factors(VE activities)

Establishment and optimization of process plans through collaboration
with professional partners

8 Establishment of manpower input plan

Subcontractor, materials, equipment selection, order plan
establishment

10 | Support for writing construction specifications

11 Preparation of construction performance plan

Establishment of quality, environment, and safety management plans
in advance

|dentifying expected risks by each stage of project execution and
establishing response plans

14 | Other matters necessary for performing project management services
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Table 7. Performance analysis scope

NO Separation Scope
Arrangement of project managers (construction
1 Team Building | companies, partners), collaboration during
construction
) Consistency of | Improvement of interference, errors, omissions,
design books and inconsistencies
3 Construction Estimation and reduction of proper construction
period review period
4 VE Cost reduction, errors, and improvement of
missing items
5 Utilize BIM 3D,}4D, 5D, Demgn, construction, safety,
environment, sharing
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Table 8. Key tools and techniques

Separation Key tools, techniques
3D Modeling Revit, Navisworks
Schedule Primavera P6, Process Mapping
Cost BuilderHub, EMS, TVD Process
Environment Sanalst(Sunlight), CFD(Flow of air)
Cloud A360
Scanning Drone_Angelswing
Collaboration BIG Room, ZOOM
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Table 9. Team Building

(0:Good A : Insufficient)

&, a7t 7kt Soll 7191t Zlo 2 FAEICH

. Uijeongbu | Kyeryong |Boryeong | Yangju . . . .
Separation 00 00 00 00 Table 10. Conformity review of detailed design
Joint office 21Days | 14Days | 14 Days | 14 Days Project Separation Total A S C L M
o contractor A 0 0 0 Object Interception 71 - 4 - - | 67
Organization Subcontractor A 0 0 0 Uileongbu Preparation error 129 | 42 | 37 | - - | 50
designer o A o o 00 Missing informa.tion 14 2 6 - - 6
Construction | _contradior 0 ° © © Reques;(t)arlRewew 267(11 ?g g 11303
connection | Sybcontractor A A A A Obectintercent = 5 1 5
ject Interception -
- Preparation error 32 21 8 - - 3
42 klj:“EkI 3 %I'g KyeC;yOong Missing information 6 3 2 - - 1
AALAC] AStAS stolghy] Qo iHOZ BIME & Request for Review 42 10 ] 10 | - - |22
= Total 105 34 | 22 1 - 48
O}. HﬁVAIJ—H 7‘]ELH—U-Q _,E_j‘o]-Oﬂ]: 4 H /\}OJX] E—E':— 7_1 Object Interception 87 1 14 | - - | 72
}g/\} BIM %1[-]:01-7;]. 9] ] J_ZS_I:IE %E}X}, @E OJE:]OJX'HQ}O] Preparation error 247 46 | 21 - - | 20
= - Boryeon — -
SolS Eg AAAE QRS Rssigon. AAAA R Qo | Missinginformation | 72 [ 45 |19 - | - [ 8
= = = Request for Review 80 34 | 29 - - 17
A Z o) 30xKI0l A& Issue ReportE =3 HZ, Het a - e Tl s 1T
Agtss ]“iTZj O Up —Date 8]'9%1]:}- Object Interception 57 2 4 - - | 51
) Preparation error 78 30 | 40 - - 8
YangIu T issing informati 52 |1 38| -] -3
NO WORK | ITEM | WORK STANDARD KEY MAP 00 155ing ': ormation
R t for Revi 40 12 8 2 - 18
200319-M003 | Heating Pipe  |Architecture equesT ?rl cview 57 = 901 2 %
otal -
INTERFERENCE TYPE Structure Average 233 73 o4 > ; o
Object Interception Civil
BUILDING LAYER |DRAWING | Landscape ‘ -
: 43 37|HE
MI-058,
401 PIT-1 MF-032 MEP [ ] B _
2210 AMARIof] et SV IAEE 7188 O% BIME &
3D PIT HEATING PIPING LLELILLY
PIPING €5t 3D Algeoldu 8T T2 09, T1eal /\} S|
| TEAET] HOTEQ Process MappingS E3ll & 9]

) Consultation
Review(20. 3. 19) (20.4.17) Result(20. 4. 27)
Interference of heating and Moving heating Drawing change,
firefighting piping piping modelling modification

Fig. 1. BIM Issue report form
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Table 11. Process Mapping

Step 1 Original draft Total draft construction period,
P construction period | Construction date by type, Design drawing
|
Step 2 Performance Scale, Characteristic, Non-Construction Day,
P2 Construction Period | Construction operation rate, Process linkage
|
Construction period | Weather conditions, Social factor,
Step 3 ) ;
delay issues Environmental factor
|
Interim management . .
Step 4 target date Completion of major CP processes
|
Sten 5 Appropriate Reduced construction period,
P construction period | Quality assurance period
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Table 12. Construction period by project site

(unit : days)
Project Con:z::gﬁon cogs':?::ilon Cc:\:llgt?':ﬁgm Dif(t:n:eB;\ce
period (B) Period (A)
Uijeongbu OO | 24F, 15Buildings 935 785 -150
Kyeryong OO | 25F, 10Buildings 927 897 -30
Boryeong OO | 21F, 6Buildings 866 836 -30
Yangju OO | 29F, 12Buildings 1,010 920 -90

4.4 VE

ANZHAY CM ALY AlISOIRTHA 9] ThSH ZejEets
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AT HFAE VEE S8 ¢7rEdo] Hit =2 IS
7HICE VEH S Adohs 7152 ARSIIA] YEOhHA
o 550149 22t W 7|58 EUIsth= [AIZ &t
SHA k0] QLo 7[R EHO] QR RO} et AR e
VE MQHHAOZ BIRALE.
Table 13. VE Application status

(unit : million won)
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Integrated model Drone 3D survey

Fig. 2. BIM Application of Yangju 00

VE
Project | Project price | Savings Error, Total Saving
amount | Missing (%) o
Uieongbu 00| 165400 | 11,500 100 | 11,400 69 Table 14. BIM Application level
Kyeryong 00 82,100 2,100 -400 1,700 2.1 (0:Good A :Insufficient X : Unapplied)
Boryeong 00 97,900 2,000 -200 1,800 18 Separati Uijeongbu | Kyeryong |Boryeong | Yangju
paration 00 00 | 00 | 00
Yangju OO 189,800 6,700 2,600 | 4,100 22 :
Total 535200 | 22,300 | -3300 | 19,000 | (Average)36 Modeling ° ° ° °
3D VR 0 0 o} o}
(Table 13)2] AIEE E4f], VEO] 2 ZAH] dZa0E 3D Scanning 0 0 0 0
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Table 15. FGI Survey Summary

Separation Survey contents
Period November 20th, 2020 to November 27th, 2020
February 18th, 2021 to February 19th, 2021
Interview 16 people(4 people by project)
Work Field manager, Team leader, BIM manager
Research Focus Group Interview

5.1 Team Building 2%}t 23 {=AH|Q| £0f of
oA

AZHAE CME FOIART EYo] i Sk, 4749
AR B ATiE o= HHYA|Q] FHoiet AlZHAE0]
BESIQICE 11 HRI0E HE A9 AeHEQl 7]=Q15
HRE A7k REHQ1 Foj7F Offal, AISTAA] 24
Z REE Qs ZAKEFO ESAGT - g 5
o] FEAQ H=FQl FHOIE Alichs Qlog BAx
RACE.

olofl whh 4=t FH RN FOIE Fiest] Qleh Hot
oz 1) 9 A= FHYAQ FHoIE WRIE 1A, Vs
H| & AMGEE71Rt S5 QA FH19] AlH] T, 2) VE
S Al Autof] thst 4=019] I, 3) AlFGHA ez
A<

0f Al 7Hbd ROl = SOAF S SARO7L 7hssle

5 LS QUIEIE AR E QS 210 % AT

5.2 SN e BAE 9ISt 2

e
>
i)
nx
=
>
10

OHO oo —
HUA| AT FA

ACksh= +EA A
I ZH0] & O]FAR
GX| Za1 A7 17 W ES3A7 RISETHEE 4
Ak Bebd gefolut v S|
g4 QLT A9 KM & Risk Q019 7€ 4= Itk we}
A As Folstol =71 TA 2 =St
o] Al BREEol| EQ3H ek 1]
AALS] G LI0IE B BIMS AAA} Zdlistal, VEE=
AR} RIOtsh=t] vial L) Al AL Rsls)
OF ot= & YRTRORE Qdl, 4709] AR 5 Al
712t 271 AL AAARTS] TAEE ofEEe AU
Ch

WA 1) ARG EA AEEA A= Work-Shope
ol 359 5u4E 9 A4S 7] JRHQIE REot,
2) JAlTA 0 A= Big Room 5 SJAFEHE ProcessE Ea}
o] EIH 2 AY] JAEEE RO AAEAS]
qetde =9 & AT AR AAL B =5dljof
it

=

B

0S8
i

5.3 VE QJAFEXTIE Q| JHM

VE= 249 VEAIARIES] AAE Sdll 28 &80
HE ZE0IT AIGAE R RJol= AR O, FoHE VE &
g ST F 4 19 OJA0] QU= A AR
K2te] HOIX M} 21715 - Al Aol thist o]H0] =8
RAARAH O, o= JAA QI AAEA Jgddo: ¥
SIS HR|= A0 I QI

O1& 7Wda}7] flaliAls, 1) EFA] AV IS e
ol thet olalE EfiZ VERIOHS A/-51al, HERA

H
Alolle A8ARs & BT 71E48 AR E AAIstofor of
a1, IEAE R AV IS EHE SHRIRE RIeke=o]
c} oltiete THISH 7IsHEAIRS} ALBAE 58 EXE
HIOF A =507 HE0RE wHtstolof oitt. |7radat
et s FE 55 O% oh= VEZF 8] AFIYES Al
HA7IE QAR A8Y = 21S FAsksiojor oIt

IR0 H2s 2021338 103

rot
Hl
r
X
e
)

oF
for
I
Ho
oA



L
HT
ox
0
Jo
4

5.4 BIM 28 STHE /st Hojxto| of et

QA (Table 60141 AlSHAE CM A Q] AlSOIFTHA
AFAHE] (Pre-Construction Service)ol tHol QE4eHEH
£ & UHAZE LIRRIE, o] & &Y<=9] 50| BIM1}
AAE O] QUCt SFolAC] E-ELE= (Table 14)014 Q1
E Ht QICh 8L BIM AEEEAE Sdl 8 9FE 7
Slisich HU, AZE o7 74ANS] BIM 3k I 7)
MEIR] ST ot MetdA Falsks, AAAY 2D
2 Aot ullg BIMSIAIZE sSDE REldshs BAE AR
L} Hl, FoiA A #Ee]7)1710] vl BIME S5t AAAE
AZY0] RESIAIE Al = 2hgiT

0|2 7}A5H7] Q5 HIoto gL 1) QAR OR AAALY]
Al BIM S&& Z3sletojor sitt, 3D RalEe FHE A
of Al Mlstrtal sit, olof thet el AAA AR BIM
TEIRES Bl o|FojFopt LAl AZFQI BIM ¢
o] oM 4= QIT}. TIeok WA, Aabao] Hite 28
5| 1A ot SAE 4= QU 5 T2 sHog
2) HEAN= AAAL AEALO] BIM A4 F= AEE ¢
Qo] Zetgtozn FMetdA o mE YFAAS WAlskl
79} BIMO] GIAIEE =4 = QL E GloFsiTt.

ERZAHLH)OIA] Aldatal QU= 4719
AHANY Z2AE aliRlgo} FojRt HETARS Ed Al
SAAY CMO| AIFHAZ AlZOIFTA Az (Pre-
Construction Service)9] Ato] thalf opal, EAIE 9
NAEOS EESIACE

Team Building, A £A] Aghd, 27|14 E, VE, BIM &£
S 5 M9 gHO% Lo JiE BA6E 21}, Team
Buildings @Il ARIAF AP S F|oh 21 oW AdAY A
AAL A}, FE A7 Foloks SEArRA S THAsIR
CL AL HEQiAls 115 & 2ok BYAL 2 A&V}
7t 45 Y HIAFE Soll QFE iR, AISHATA
AAE = JAL= A=lEIACE

AALAC] Feg SHolA= BIME &&510] Issue
ReportE Sl A7 & AlSEOF M 2 @F, AN &
O] AAVIATAO WY, +~EEQOH, MEP 5 Sat6kal
2DEHOZ S0I0] o] EoFJ4~5 BIME S5 AN
A 17} Atk= Z0] 1t

F7IAEAI0= 3D AlEdolAY} 3888 T2 09,

104 s=2ueps =28 M222 M2 202143 32

ST SOJ1FE Q1 Process MappingS £af &0 &2
AZIZYE AFEEHL F71HES AR, S8501 o
Aot oloukE A A7 eE 7IthE = A
T Ak

VE= JAH] 2 @F - F2EO 2 L0 RobsilE
dl, AFRHAE AR =E 9 VE MQH715E9] Afolof| w2t
AHRIEE Tha RHO)7F WHASIRITE, Bt 3.6% (2% - F=F
B QA 4.2%)9] SAH] UGS SHoIgh o= AACE

BIME A 3] (Pre-Construction Service)ol] Tt sl
A2 AR ATE AFGAE H ol xFol= AR
CloudE 7[¥tC= 3D, 4D(FF), 5DEZX TEE)E HIR
o dA/AZEAE, eF8d HEZR 1 Y& ol
Ch

4 A

)

i)

Aol = 16kl BAE 8t SOIE QI
MEo] ot 2414, Team Building Al ZEHA
Joll oA FHYAQ Foi7E njFstA=t], Ol
J1o] ASHEQ] 71&018] HRot AlSTHA A
150f 71018t Zlo &2 BAL o], FHYASLe] =9
O AIZYA A-Al LU 59 AMEIEZE HQot 2o
Z BT

AAEA Fetd SHAA APArRL AAAR] AR
U FYREE0 mE BARE SRIHQILE 01 S5561]
QIelAl = Work-Shopg Edll 5359 HRAAFE I HFHS
£ X85}l Big RoomE &S A7] JAIEE KLz Al
HRIE STistsiof sitt.

VEZ} 27| 9F0] HOX|MI0Z Qlal AAEA FgdH
of Faks HiRl= Ao theliAl= FERALLS] A 7109t
A& 2158 A|etof thet Kot A=A Q1 HEQ} OAFEH
O] ZQct HEO|T]

BIM €& d&sto] FHYA O 9ES BIM 2802
AIZIEQl BIM 912 SHAI9] ErRIEo tisiAl= AAS] A
A BIM #2|2AE S48t AAAL AEA] BIM @S
£ zaletomi AdAret AN JEFdstet e 4
A, BIMZH AL = = QAT

B2 30] thale AlHAIG O 2 Zdlstal Q= 4709] At
AR Z SPEG}L, AlSOIEEA ol =SteiAl 1 A1t 2 24
e LI A [A| AZHAE CM Aol thatod
BAUNES dulsiAlZ|7]ols SHAZE QUL Jefuh & At
E EUE & O B2 AR thist B4 AlZHA 2E
AAE, 898 CM (CM for Fee) 5 T2 HFESE O] H
ul SOl thst A7} O] FOIZITHH, SR AIHEA IO HEH
A= AlISHAY CM AFF9] ARSI O B2 YO0
Sitfjol] 71018k 4= JAE A O 7|thsitt

5
ot rob
u)

o FH

~

Al

.
0

ok 1o m 1o
]I_IE
SLH@ 1%
>z

i

40



References

Byambadorj, T. (2012). “A Study of Factors that Caused
‘CM at Risk’s Inactivity and Proposal for the System
Improvement.” M.S. Dissertation, Department of
Architecture, Soongsil University, pp. 1-44.

Cho, H.K. (2011). “Construction Management Services
during Pre-Construction Stages.” M.S. Dissertation,
Department of Architectural Engineering, Sejong
University, pp. 37-60.

Han, J.H. (2019). “Risk Factors to Implement CM at
Risk Pilot Project.” M.S. Dissertation, Department of
Construction Management, Hanyang University, pp. 19-
47.

Han, J.H., Kim, K.T., and Ahn, Y.H. (2018). “Major Risk
Factors to Implement CM at Risk Pilot Project on
the Public Sector.” Korean Journal of Construction
Engineering and Management, KICEM, 19(3), pp. 61-69.

Han, T.H. (2018). “Innovation of Pre-Construction Service
Based Construction Production Method.” Korean
Journal of Construction Engineering and Management,
KICEM, 19(5), pp. 41-45.

Han, T.H., and Park, J.H. (2017). “A Possibility of Pre-
Construction Service and its Core Technologies in
Domestic Construction Market.” #%, AIK, 61(5), pp.
39-46.

Kim, J.G. (2008). “The Strategy of the General Contractor
Under the Circumstances of CM at Risk.” M.S.
Dissertation, Department of Architectural Engineering,
Dong-A University, pp. 35-50.

Kim, J.H. (2020). “PRECON.” MID, pp. 113-234.

Kim, J.H. (2010). “An Analysis about Factors Affecting
Inactiveness of CM at Risk at Korean Construction
Industry.” M.S. Dissertation, Department of Construction
Management, Hanyang University, pp. 13-39.

Koh, S.H. (2018). “Comparison Analysis of BIM Use and
Levelin the Domestic and Overseas BIM Projects
according to Project Delivery System.” M.S. Dissertation,
Department of Construction Management, Hanyang
University, pp. 5-28.

Koo, S.K. (2017). “Risk Factor Assessment for Guaranteed
Maximum Price Contract in CM at Risk.” M.S.
Dissertation, Department of Construction Management,
University of Seoul, pp. 38-94.

Lee, CJ., Lee, SH., and Ahn, Y.H. (2017). “Benchmarking
of US General Contractor's Pre -construction Services
for a CM at Risk Project to Improve Contractor's
Competitiveness.” Journal of the Korea Institute for
Structural Maintenance and Inspection, JKSMI, 21(5),
pp. 9-18.

Lee, K.D. (2015). “A Study on the Analysis of main Barriers
for the Activation of CM at Risk in the Domestic
Construction Industry.” M.S. Dissertation, Department
of Architectural Engineering, Kyungpook National
University, pp. 47-58.

Park, HK. (2011). “A Study on the Effect of Pre — Detecting
Errors Using BIM in the Pre- Construction Phase.” M.S.
Dissertation, Department of Architectural Engineering,
Yonsei University, pp. 50-75.

Park, KM., and Kim, C.D. (2016). “Improvement through
Analysis of Current Open Book Policy for the
Korean CM at Risk.” Korean Journal of Construction
Engineering and Management, KICEM, 17(2), pp. 3-11.

Park, S.J. (2020). “Improving the Performance of
Construction Projects Introducing CM at Risk.” M.S.
Dissertation, Department of Construction Management,
Hanyang University, pp. 29-40.

Shin, S.H. (2004). “A Plan for Application of CM at Risk
to the Public Construction Sector in Korea.” M.S.
Dissertation, Department of Construction Management,
University of Seoul, pp. 35-107.

Son, K.N. (2018). “Importance Analysis of Obstacle Factors
on the CM at Risk Projects using AHP Method.” M.S.
Dissertation, Department of Construction Management,
Hanyang University, pp. 15-67.

29 IFAE dile S8 AU AEUYY]

SRR oA

JRst Agoltt. olo] 2 =RolA=
Construction Service)oll thet A

T
HE, VE, BIM &8 5 & 57119] Zofoll thafl & }Er*i% T3l
J!

S MAISIICE & A7) Ak % O]F01d

|9E  AIBHAE CM, BSHEE

AIHAR, AFIOIREA AR

223 Z9Y Zo8 BR0R AR AL CM A0l BBREIN Al
X910l BEIR AJSE T Qi) 12iL} 8] BEAER Loph)

: BIR) ARl Q= 47)19] ATEARIC) AIRIOlHER AR
g E3) A19I0] £319} AR HS5IA} S1ELE Team Building, SATA HeHs, 271
oM, Holrk WEEALE Sl ZAES SI9I5h1 10 thet A4
ZE % WAISI Tt 7| 2R BRE 4 912 A0w Atis,

e T WY MF7IR = AlRo] Qs Holm, Ao thet
2] (Pre-

sispeley =2y H22a Hes 20214 38 105



