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Evaluation of CM Capability based on Business Functions

for International Plant Construction

Ha, Jiwon', Jung, Youngsoo®
'College of Architecture, Myongji University

Abstract : Ever expanding overseas construction is one of the most important issues for Korean construction companies,
Among these issues, strategies for overseas plant construction have widely been discussed, because the plant
construction has features of low competitiveness and high ripple effects when compared with other construction
sectors, In this sense, the purpose of this research is to evaluate the CM capability of Korean construction industry for
overseas plant construction, Fourteen construction business functions and four techniques were defined first, Based
on these functions and techniques, CM capability was quantified for As—Is (2013), To—Be (2018) and Gap analyses.
Findings of this research reveal that 1) capability for construction is quite competent, 2) capabilities for planning, design
management, contracting, and risk management are found to be relatively low, where higher value can be added. In
addition, it is found that R&D needs to be extended to develop systemized management techniques, It is also required to
secure specialists and original technologies at national - industrial level,
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Table 1. Literature Review in CM Capability Studies
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Table 2. Competitiveness of Korean Construction Industry in International Market

As—ls
Classification Researcher Index Raw Score|Normalized | Priority Competitiveness / Note
Construction Industry 67 6% Construction Market Size (10"), Growth Rate (7"),
Infrastructure o Market Stability (17"), Construction Risk (8")
Global Construction Competitiveness (12"), Design
N Han et al.(2013 .39 '
Competitiveness ( ) Construction Company 78.3% Competitiveness (19"),Price Competitiveness (3")
Compreheng_ve National 73.7% International Competitiveness of Overseas Construction (9")
Competitiveness
Feasibility Study 75.0%
KICT (2007) Design Capability 77.0%
Construction Capability 81.0%
Original Technology 72.8% 90.3% 92.3%
" Basic—Design Technology 73.4% 88.4% 91.1%
Competitiveness - -
) ) KEPC (2011) Detail—Design Technology 85.0% Japan | 89.1% EU 91.3% USA = 100%
by Project Life :
Cycle Equipment 81.5% 87.2% 87.1%
Construction 82.6% 88.2% 88.2%
Design Capability 67.0%
Han and Park (2012) | Construction Capability 82.0% Research on Expert's Awareness
(130 Responded) Project Management
o 71.0%
Capability
Project Management 7.50/9.0 83.3% Importance and Performance GAP 1
Importance Problem—solving Capability | 7.28 / 9.0 80.9% Importance and Performance GAP 1
Kang et al. (2012)
by Business Cooperation / Teamwork | 7.19/9.0 80.0%
. (92 Responded) —
Function Communication 7.18/9.0 79.8% Importance and Performance GAP 1
Leadership 7.07/9.0 78.6%
To—Be
Classification Researcher Index Raw Score | Normalized | Priority Competitiveness / Note
Housing 6.1% 6
Petrochemical Plant 34.3% 1
Power Plant 21.2% 2
Railway / Subway 8.1% 4 - Construction Capability within 400" : CEQ Survey
CERIK (2011) Road / Bridge 10.1% 3 (Standard — Evaluation of Construction Capability)
(100 Responded) Port 1.0% 8 - Required Capabilities By Company in Overseas
New Town Development 6.1% 6 Construction Market
Commercial Facility 1.0% 8
Competitiveness Green Facilities 71% 5
by Product Water Industry 51% 7
Desalination Plant 4.05/5.0| 81.0% Competition |, Market Growth Rate 1 : Spread Effects 1
Petrochemical Industry Plant | 3.66 / 5.0 73.2% Maturity Market — Gradually Decadence
Oil Refinery Plant 3.65/5.0 73.0% Maturity Market — Gradually Decadence
Choi et al. (2012) Fossil Power Plant 3.62/5.0 72.4% Maturity Market — Gradually Decadence
(63 Responded) High—rise Building 3.56/5.0 71.2% Competition |, Market Growth Rate 1 : Spread Effects T
Gas Plant 3.55/5.0 71.0% Maturity Market — Gradually Decadence
Nuclear Plant 3.53/5.0 70.6% Competition |, Market Growth Rate 1 : Spread Effects 1
New Town Development | 3.50/ 5.0 70.0% Competition |, Market Growth Rate 1 : Spread Effects 1
Construction Capability 16.3% 2
Project Planning / 35.7% 1
Management
Creative Business Capability | 11.2% 4
Globalization Capability 6.1% 5
- - Construction Capability within 400" : CEO Survey
Design / Procurement o . ) .
Importance CERIK (2011) Capability 5.1% 6 (Standard — Evaluation of Construction Capability)
by Business - - — - Required Capabilities By Company in Overseas
) (100 Responded) Financing Capability 6.1% 5 )
Function - Construction Market
Technical Development 14.3% 3
Human Resource 0% 7
Management
Overseas I‘qurmatmn 0% 7
Acquisition
Cooperation System 1.0% 8

% Normalized scores in this paper based on the raw scores in cited papers.
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: . . PMBOK 3rd
Research | Business Function* | Jung & Gibson (1999) ClI (1990) _Construction (2007) PMBOK 5th (2013) KICT (2003) Han et al. (2010)
Planning Planning Organization Scope Mgmt. Scope Mgmt.
Sales Sales
Design & Engineering Design Mgmt. Design Mgmt. Design Mgmt. Design Mgmt.
Estimating Estimating
Scheduling Scheduling Time Mgmt. Time Mgmt. Scheduling Scheduling
Procurement Material Mgmt. Material Mgmt. Procurement Mgmt. Procurement Mgmt. Procurement Mgmt.
Contracting Contract Mgmt. Contract Contract / Claim
Contract -
) Claim Mgmt.
Business
Functi Cost Mgmt. Const Control Cost Mgmt. Cost Mgmt. Cost Mgmt. Cost Mgmt.
unetion ) Quality Mgmt. Quality Mgmt. Quality Mgmt. Quality Mgmt. Quality Mgmt. Quality Mgmt.
Quality Mgmt.
Start—up
HSE s Safety Mgmt. Safety Mgmt. Safety Mgmt. Safety Mgmt. Safety Mgmt.

Environmental Mgmt.

Environmental Mgmt.

Environmental Mgmt.

Human Resource

Human Resources Mgmt.

Human Resources Mgmt.

Human Resources Mgmt

|Human Resources Mgmt.

Financial Financing Financial Mgmt.
General Mgmt. General Administration
R&D R&D
Construction Construction Construction
Risk Mgmt. Risk Mgmt. Risk Mgmt. Risk Mgmt.
Business ) Communication Communication
) Collaboration
Technique Stakeholder
. Document Mgmt.
Information Mgmt. - - - -
Integration Integration Construction Mgmt. | Construction Mgmt.
Business Functions | Construction industry Management of Project Management | Project Management
Fealure | " ¢¢ plant cM informatization | construction company | _Standard (Constr.) Standard Plant CM LNG Plant CM
* 14 Business Functions by Jung and Gibson (1999) and 4 Techniques by this Study
** HSE ! Health, Safety, Environment
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Classification* Detail Business
Planning Businessl & Project Gelnergl/Perform Plan, Feasibility Study, Environmental Impact Assessment, Procedure/Manual,
Composition of Organization
Sales Pre—Project Planning/Information, Public Relations, Business & Project Development/Analysis, Contract
Design & Engineering FEED+*, Basic Design, Detail Design, Procedure/Manual, Design Document, Design Change, Design Technology
Estimating Approximate Estimate, Tender Estimate, Information To Bid, Estimating Mgmt.
Scheduling Advanced Time Mgmt., Scheduling Plan, Procedure/Manual, Scheduling Mgmt., Progress Mgmt.
Procurement Procurement Plan, Procurement Mgmt., Purchasing Mgmt., Material Mgmt., Equipment Mgmt.
Business Contract Contract Mgmt., Dispute Mgmt., Claim Mgmt.
Function*x Cost Mgmt. Compilation of the Budget, Cost Estimation, Construction Cost Planning, Executive Cost Performance
Quality Mgt Quality.Mng. Plan, Quality Mgmt. Document, Quality Assurance, Quality Test, Quality Mgmt., Maintenance,
Commissioning(Start—up, Performance Test)
HSE Health Mgmt., Safety Mgmt., Environment Mgmt.
Human Resource Assessment Mgmt., Welfare Mgmt., Education, Labor Mgmt., Company Culture
Financial Financial Administration, Fund/Capital Mgmt., Account/Credit Mgmt.
General Mgmt. General Affairs, Document Mgmt., Inspection, Administration Mgmt., Asset Mgmt.
R&D Technical Research, Technical Mgmt., Technical Guidance, Research & Development
Construction Construction Plan, Construction Mgmt., Control, Construction Technique, Completion
Business Risk Mgmt. Risk Mgmt.
Technique Collaboration Communication Mgmt., Stakeholder collaboration
Information Mgmt. Information Mgmt., Management System, Integration Mgmt., CM Implementing Procedures

* Developed by Jung and Gibson (1999) : 14 Business Function for Construction Management.

** FEED : Front End Engineering Design
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Table 5. Survey Respondents

Respondent of Business Field Number*| Ratio
Offshore Plant Ocean, Offshore Power 2 3%
New Renewable Energy| Solar, Wind, Geothermal, Bio, Hydrogen, Fuel Cell 3 5%
Power Plant Thermal, Nuclear, Hydroelectric Combined, Tidal 23 37%
Water Resource Desalination, Sea Water, Process Water 2 3%
Oil & GAS Oil & GAS 8 13%
Refinery Refinery 5 8%
Petroleum - Chemistry | Petrochemistry, Chemical Fertilizer / Fiber 5 8%
Environment Waste, Air Pollution, Water and Sewage 5 8%
X » Cement, Material Handling, Iron, Fiber, Paper
Industrial Facility ) 6 10%
Machinery
Others Equipment, Communication / Information 3 5%
Sum 62 100%

* Duplicate responses of respondents
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u)qk 17%5 ZWE AL Aee 7213 AE71Solc} 2k Q)80 & st Sir(Table 6).
Table 6. Plant CM Capability by Business Functions
Research Institute Construction Company Academia Total
Classification As-Is |To-Be As-Is |To-Be As-Is |To-Be

2013)|(2018)| ®A" | |2013)|(2018)| ®AP | |(2013)|(201g)| GAP || As7ls (2013) |To-Be (2018) | GAP
Planning 89.7] 974 7.6 87.4] 88.1 0.7 81.5| 81.9 0.4 86.9] (2.3)] 89.3] (2.8) 25
Sales 104.1| 100.4| -3.7 99.4) 99.9 0.5 110.3] 102.3] -7.9 102.7| (2.8)] 100.5| (3.2)| -2.2
Design & Engineering 93.3] 97.4 4.1 90.8] 102.8] 12.0 81.5] 90.1 8.6 89.7) (2.4) 98.9] (3.1) 9.3
Estimating 93.3] 100.4 7.1 99.4| 101.4 2.0 105.5| 102.3] -3.1 99.0| (2.7)| 101.3] (3.2) 2.3
Scheduling 111.3| 106.5| -4.8 106.2] 107.2 1.0/| 119.9] 1146| -52|| 110.2| (3.0 1085 (3.4)] -1.7
Procurement 104.1] 106.5 2.4/ | 104.5| 104.3] -0.2/| 110.3] 110.5 0.3] | 105.5| (2.8)] 106.1| (3.3) 0.6
Business Contract 100.5] 100.4| -041 85.7| 89.6 3.9 91.1 94.2 3.1 90.6| (2.4) 93.3] (2.9 2.7
Function Cost Mgmt. 111.3| 106.5| -4.8 104.5| 104.3] -0.2 86.3] 90.1 3.8 102.7] (2.8)] 102.1 (3.2 -0.6
Quality Mgmt. 111.3| 103.5| -7.8|| 121.7] 1146| -71 105.5] 102.3] -3.1 115.8| (3.1)] 109.3| (3.4)| -6.5
HSE 93.3] 100.4 71 111.4| 108.7| -2.7 91.1 98.2 71 102.7) (2.8)] 104.5| (3.3) 1.8
Human Resource 100.5] 100.4| -01 99.4] 92,5/ -6.8/| 115.1] 110.5| -45 102.7] (2.8) 98.1 (3.1)] -4.6
Financial 100.5| 94.3] -6.2 102.8| 98.4] —-4.4 91.1 94.2 3.1 99.9] (2.7) 96.5| (3.0 -3.4
General Mgmt. 107.7) 103.5| —-4.2/| 113.1| 102.8| —10.3| | 119.9| 118.7] -1.1 113.0/ (3.0)| 106.1 (3.3)] -6.9
R&D 79.0] 822 3.2 73.7] 85.2] 115 91.1] 90.1] -1.0 78.5| (2.1)] 85.4| (2.7) 6.9
Construction 128.6| 114.7| —13.9| | 128.8| 118.0 —10.8| | 126.3| 115.8| —10.5| | 128.2| (3.5)| 116.7| (3.9)| —-11.5
Business Risk Mgmt. 71.4] 824 10.9 85.8] 93.5 7.7 84.2| 947/ 105 81.8| (2.3 90.9| (3.0 9.1
Technique Collaboration 96.4| 94.1| -2.3 92.7) 921 -0.6 88.4] 947 6.3 92.7| (2.6) 93.2| (3.1) 0.5
Information Mgmt. 103.6/ 108.8 5.3 92.7| 96.4 3.7 101.1 94.7] —6.3 97.3| (2.7) 99.2| (3.3) 2.0
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Fig. 2. GAP Analysis
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Table 7. Pearson Coefficient of Correlation between As-Is (2013) and To-Be (2018)

. Enginee- - . |Procure- Cost | Quality Human |_. . |General Const- | Risk |Collabo- |Information
Planning | Sales i Estimating | Scheduling - Contract Vit || i HSE S — Financial Mami: R&D et | e || e Mamt.
Panning 1213|886+ 314 068 028|  .310| .449++| 232| 274|.444x+|  084| .197| 292] .310| .088].507%x| .420%+ 075
2018 443xx| 195 028 012| 265 346+ 101| .245| 399+] —.022| .069] .037| .402¢| —.013] 390« .150 082
sales | 2018] 686+ 254 280 190 .335%] .253] .092| .247[.416+x| .239] .289| .400+| .070] .169] .391+] 358« 125
2018 | 443%x 176 275 153 .343«| .183| .235] 244 237 348«| 217] 308] .074] .255] .050] .201 100
Engineering |2013]_-314+| 254] 413%x 076] 500+ | .465xx| .220[.506+%| .307| .367+| .455xx|.458+x| 205| 342+ 271| 387« 305
. 9 2018 195 .176 429+ 219| 464xx| 462+x| 167|569+« 363%|  211| 423++| 396%| 363¢| .309] .224| 320%| .406%+
Estimating | 2013|068 280 413+<[ 189 .305| .081| .324x| .258| .104| .374x| 225 314+| —.020] .181| .254] 211 .065
2018| .028] .275| 429« 451+ 393%|  119] 236|405+ | 246| .349| .316+].423+x| .183] .293| .139| .539xx| .427xx
Seheduling |2013]028] 190[ 076 189 263 .401+| 219].430%«| .143] 366+ .116] .290| .009| .479++| .068| .397x| .544xx
9 [2018] 012| .153] .219] .451+= 268 .344x| 203] 287| 244 185 .320«| 440+x| 104| 440+x| .076] 621%x|  549%x
Procurement |2013 | -310| 335+| 500+~ 305 263 546%+| 422++| 387+| 383«| 078] 271] 210 —.076] .250].470+x| 310 178
2018|  .265| .343«| 464+x| 393« 268 443+x | 305%| 556x+| 418%+|  129| 247|420+« 01| 308 .173] 205 228
Contract | 2013] 449+ 253] 465+ 081 A01+| 646+x| - [4350] 350«] 334x[ 257 379 368«] 214] .388+] 353+ 433« 273
2018| .346+| .183] 462+« 19| 344%| 443+ 250 .324«| 205|  192| .194| .340«| .214| 407++| .094] 205 214
Costmgmt, |2013] 232 0o2|  220] 324 219] 422++] 435e+] 326+ 339| -.021| 378+ 113] —122] .104| 334x| 219] -.010
2018  101] .235] 167 236 293 .325%| 250 329+| 270 -.042| 279 111|-.317+] .188| —.273] —.044 052
Qualty Mgt |213|__274] 247|506+ 258 430<x| 387+ 350«| 326«| . |546+| 448+x| 344«| 667+x| 258| 482+x| 377+| 411sx 379+
[2018] 245 244] 569%%| .405%x 87| 555%%| .324x| 320+ 650%+| 290 .233] .456%«| 155 .419++| 173] 178 313+
e |2013[ 444 at6e] 307 104 143 .383+] 334+[ 339+[.646++] 410%x | 498x+| 472xx| 205 .319%[.412%%| 470%+ 314x
2018| 399« .237| 363« 246 244| 418+x| 295 270|.650%% 194 112|240 375+| 274| .064] 207 242
Human |2013| .084] .239] 367« 374« 366+ .078] .257| —.021].448+«| 410~ 421%%| 663++|  204| 519%+| .059| 463+x| .529%x
Resource [2018] —.022| .348+]  211| 349« 185]  129]  192| —.042] 290 194 311].685++| 127| 326+ .004| .303 326+
Francal 12013 197| .289] 465+ 225 116 271] 379+ 378+| .344<]498~s[ 42| [474««] 37| 273] 290[ 603+ 343
2018 069 .217| 423+x| 316+ 322+] 247 194| 279] 233 12| 311 483++| 105| .244] .001| 331« 274
General |2013]  .292| .400%| .458xx|  314x 290 .210] 358+| 113].667xx|472x+] 663++] A74rx| 379%| 569xx| 359%| 427xx|  400xx
Mgmt.  [2018| .037| .308| .396%| .423x+| 440%x| .420%x| 340%| 111].456%x| .240| .685%x| 483+ 206] 416%x| 242| 511xx| 451xx
mep 2018|310 o70[  295] 029 009] 076 214] —122] 258 205] 204] 137| 379« 217] 226|131 232
2018 402+ .074] 363+ 183 104]  101]  .214]-.317+[ 155 .375¢] 127] .105] .206 212[.513%%| .453%+ 394
Construction |12013]-088] 169 342« 181 479++]  250[ .388«] .104[.482«x[ .319+] 519+«] .273] 569+ .217] 245 447xx|  493x+
2018 —.013] .255|  .309 293|  .440%x|  308| .407xx| .188|.419xx| 274] 326+ 0244| 416+x| 212 051]  .269 304
RiskMamy, | 2018] 607=+[ 391+ 271 254 068| 470<x| 353+« 334«| 377<|412+x| 050| 290 360«| 226] 245] | 473« 044
9 078|390+ .050] 224 139 076]  173] .094| —.273] 173[ .064] .004] .001] .242] 513++] 051 420%x 341%
Collaboration | 2213 | 420+[ .358+] 387+ 211 397+ 310 433++] .219]411«x| 470xx] 463++| 503++[ 427+x] 131] 447+ 473ex] 535
2018 150 .201| .320%| .539xx| 621+ 205| 205 —.044| 78] 207|  303| .331%| 511x+| 453+x| .269].420%+ 635%+
Information |2013] 075 .125] 305 065  544x+|  178]  273| —.010| .379+| .314x| 529xx| 343«|.422+x| 232| 493+x| .044| 535%x :
Momt.  [2018] .082] .100] .406xx| .427x+] 549xx|  208] 214] 052] 313« 242] 326«| .274| 451xx| .394%| 304| .341+| 635%+
= Pearson Coefficient of Correlation a =0.01(Both)
= Pearson Coefficient of Correlation a =0.05(Both)
= = RO = o= 5
425 AZEM Hlw B e A, A, 71895l s E=
‘:" > O']
ATEA AT AJAR] ST =2E Aot mge] =T
3T 1 L /\ZO
SHE A4 SF715E O 2 A AdAT
= H 2= S A Table 8. Comparison with Previous Research
ole] AAns umﬁ_&o}m@able 8). &S 2)(2008) P
91 ﬂ?‘oﬂj‘ﬂf .—;_L.%E/}_%% ;11-1,H7]O4J/]_ A7 7]044 Ot—]UOﬂFJ: Research This Research Jang et al. (2008) Park et al. (2008)
P As-Is | To-Be Korean| Int'l As-Is | To-Be
=] o =] = 1
ivlal 248 B9l 58 dstesko 2= A, HEF Classification | 5,13 | (2018) | ®AP | Firms |Firmst| @47 | 2013)|2018) | @AP
Z Zlslodgko 21 xloly]s] old] 740]:_]’]_ o713k Planning 86.9| 89.3] 25| 59.5| 86.0] 20.6] 46.15| 75.83|29.68
- OQ—"'; = }Hﬂ]:’ O:’ S J)J- E]] 7kt Sales 102.7| 100.5|-2.2] 66.0] 90.0| 24.0| 49.56| 73.7924.23
A7 AoAgko]| = AX LRI 2 2kg]o] Ao 7 Desion &
Bl A Bl dA, s8], AERl A Ees'_gn 80.7| 98.9| 93| 67.4| 88.0| 206| 46.70| 7665|2995
e == o) ()] o A= Akezlo] oA ngineering
R 3 21(2008)9] Aol Adxkele] el Estimating 99.0] 101.3] 23| 70.4] 87.0] 16.6] 54.05] 72.29]18.24
A A-ARG T EASEE QI8 EA(20089)9} vl=h(20189) Scheduling 1102] 1085]-1.7[ 735] a1.0] 17.5] 5732 71.85/14.53
- - Procurement 105.5| 106.1| 0.6 67.4| 86.0| 18.6] 54.59| 69.57| 14.98
O] AJH 7|1 ok S~z o H MG Ay oAk oAl
t"‘"ﬂ o= 710 = ‘—"1‘—]' F'—i]f @XH 10 Foﬂ 1‘— Contract 90.6| 93.3| 27| 65.0| 90.0| 25.0| 53.64| 71.48|17.83
I 31 L = —
ZAPE] oATe], AT, v Q= 013-6@1]/\1 Cost Mgmt. 132; 1?;; 06| 656 90.6] 250 241123 74.20( 19.60
_ Quality Mgmt. J 3|-6.5| «73.0] +80.0/+17.0] 61.67| 74.20]12.53
L U
= AAE, 718, ] A vER e, GAP 24 HSE 102.7] 104.5] 1.8] *785] «80.0| «1.5| 60.72| 72.84] 12.12
7:]31], D]EHoﬂ _9’_;?_1:4\_ oc]a]: 37]—X]_/] X]—O]7]‘—:—7_7ﬂ L]-E]—‘/]’E]— Human Resource| 102.7| 98.1|—-4.6|| =70.0| =78.5| *8.5| 54.59| 68.34| 13.75
=
. Financial 99.9| 96.5/-3.4] *79.0| *86.0| *7.0| 50.92| 71.48|20.56
H A ATe} YA wddEel =439 4% General Momt. | 1130] 106.1] —6.9] «72.0] +78.0] +6.0| 56.36] 68.75]12.39
IE 7o) ula] AMA O & 7]2S0] =0 ojake 7+ R&D 785 85.4| 69| =63.0| +77.0+14.0| 48.19| 74.74| 2655
HT oOﬂ ] H oq% :—['LLH ] H= ] SE °c= Feature Plant / Industry Plant / Company CM / Industry
= & [e]
S qigler, 718, AA, AN ] A WA
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* Numbers are presented in the original paper (Jang et al. 2008). Estimated
based on Figures.
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