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Development of a Conceptual Estimate Methodology for Plant Construction Projects

Kim, Hyun—-Joong', Choi, Jachyun

'School of Architectural Engineering, Korea University of Technology and Education (Koreatech)

Abstract :

In the overseas plant construction market, the domain construction firms'construction capability has been

greatly improved, but the capability of project management is evaluated to be insufficient compared to the technical
aspect, Project management capabilities from the initial planning stage of project execution are regarded as the core
competence of advanced construction companies, Among them, it is urgent to improve the capacity of conceptual
estimate for domestic companies, In this study, the researchers surveyed and analyzed the methodology of estimating
project cost in the planning phase of the plant project and developed an estimation method by conducting a case
study analysis, Based on the logic of the cost index and parametric estimation method among the existing estimation
methodology, the estimation tool was developed by deriving the input and output variables tailored to the plant project.
The validity of the proposed methodology was evaluated by comparing the accuracy between the project estimate
amount of the case project and the actual project amount, In order to increase the utilization of the developed conceptual
estimate methodology, for plant construction project, it is necessary to systematize the data of the historical project data,
Increasing the accuracy of future project cost estimates is directly related to increasing project award and profitability of
the domestic construction company.
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Fig. 1. Contract value for domestic construction market
(Construction Association of Korea, 2015)
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Fig. 2. Scope of research for preliminary estimation
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o g Wit HHﬂr oy, 29, @7, 90 g
A Tl e Hlge Ak A8 AL Ten 3

wol AAmge] A @I

23 09 Instrumentation and control for HVAC
23 09 43 - Pneumatic Control System for HVAC
23 09 43. 10 Pneumatic Control Systems Crew Daily Output Labor-Hours Unit ial Labor Equip Total Total Incl O&P

3500 [Fan coil, heating and cooling valves, 4 pipe control system Q-19 3 8 Ea. | 1,250 | 435 1,685 2,025
3600 [Heat exchanger system controls Q-19 086 27907 Ea. 2675 | 1,500 4175 5,225
4000 ic thermostat,including controllong room radiator valve Q-5 243 6.593 Ea 830 355 1,185 1,450
4060 [Pump control system Q-19 3 8 Ea. 1,275 135 1,710 2,050
4500  [Air supply for pneumatic control system
4600 Tank mounted duplex compressor, starter, alternator
4620 piping, dryer, PRV station and filter
4630 1/2 HP Q-19 068 35139 10,300 | 1,900 12,200 14,200
4660 1-1/2 HP Q-19 058 41739 Ea. | 12,500 | 2,250 14,750 17,200
4690 S5 HP Q-19 0.42 57143 Ea. | 29,800 | 3,100 32,900 37,500

23 13 Facility Fuel-Storage Tank

23 13 13 - Facility Underground Fuel-Qil, Storage Tanks

23 13 13.09 Single-Wall Steel Fuel-Oil Tanks
0010 [SINGLE-WALL STEEL FUEL-OIL TANKS
5000 Tanks, steel ugnd, sti-p3, not incl. hol-down bars
5500 Excavation, pad, pumps and piping not included
5510 Single wall, 500 gallon capacity, 7 ga. Shell Q-5 27 5926 Ea. | 2050 | 320 2,370 2725
5520 1,000 gallon capacity, 7 ga. Shell Q-5 25 64 Ea. 3,825 345 4,170 4725
5530 2,000 gallon capacity, 1/4" thick Shell Q-7 46 6.957 Ea 6,200 395 6,595 7425
5535 2,500 gallon capacity, 7 ga. Shell Q-5 3 5333 Ea 6,850 287 7,137 7,950
5540 5,000 gallon capacity, 1/4" thick Shell Q-7 32 10 Ea. | 11,500 570 12,070 13,600
5580 15,000 gallen capacity, 5/16" thick Shell Q-7 17 18824 Ea. | 19,000 | 1,075 20,075 22,500
5600 20,000 gallon capacity, 5/16" thick Shell Q-7 15 21333 Ea. | 26,700 | 1,225 27,925 31,100
5610 25,000 gallon capacity, 3/8" thick Shell Q-7 13 24615 Ea. | 37,800 | 1,400 39,300 43,800
5620 30,000 gallon capacity, 5/16" thick Shell Q-7 12 29.091 Ea. | 38400 | 1650 40,050 44,700
2630 40,000 gallon capacity, 5/16" thick Shell Q-7 09 35.556 Ea 42,000 | 2,025 44025 49,300
5640 50,000 gallon capacity, 5/16" thick Shell Q-7 0.8 40 Ea. | 46,600 | 2,275 48,875 55,000

23 13 13.23 Glass-Fiber-Reinfcd-Plastic, fuel-Oil, Storage
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g. 5. RS-MEANS cost database applied
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TAE Aule| o] vlgof wet AFgE 4= Qloh

3.2.8 iXI=Y

& 24 (Yard improvements) H]-8-2 fencing, grading,
roads, sidewalks, railload sidings, landscaping, 123l
FARE WBEC) 742 AR, kel FAEGA o

2] AL 1JE Auln]o] 10904 20%2] Bl&2 Al
ATt

3.2.9 MH|A Al

AE|A Al (Service facilities)S A ZEHE| A Z7],
|, A, dF 371, d=E Fash] A AlEE =3
gtk H715 A, S WA, 71eE A S ERE A

H| A A B]8-0f UREA| Q] o] 2gHE T

3.2.10 EX[H|

H](Land purchasing)+= mfj-$- Wgo] 2 ot}
o TR B 048 EHekn dold 27kl 11
B30 slolgjoksta B4, HIEAL AFY] 2]o] ko] @4 7
4 Aol 71 o cepsieh, kel Ao R, Akl 24
E o] thx] H]-8-2 o AuH]|9] 4%~8% Hr=E AFA|jE
o}, thA] H-§2 K5 At whet 7rAskA] o] usol] 7+
W A2 B A 35S AT tie ZgeHA|
oFofof it

3.2.11 HA A AXLOZ MH[A

A AH](Design and engineering service)+= AAAAAH]
of ZRAE AM HACL AA|, A=, i, A, A8 L
AARE, SAE Adsl] Sl 8tEl= v A AH]
A5 PRI, o] v HE PR d1e il A1E
ZgHu] o] theF 30%% A= AU SHES] 2389 8%=
A E T,

3.2.12 A&

Al&H](Construction)= 7Fdn|& o2 x3lE g oz
7hd A4, A, AE = EH A8 @l A 7
H/\]_U/\ 74*4 ol:LtHXP = =
Iz Pyt of vIg PEe S el
H|Up AAM], 4], A8 =
a4 21z Aol 2Ry ek 2o

A

%

rE‘:
mln
NEERY
|t
=2
>

9] A Z4H|= HerA o &2 HiE 28] e] 10%= At
3.213 UK} =2
Alokke] ==& (Contractor’s fee)= ZSHEO] X, =

T, 1Al elal] 27t ARl 4=
oA 8%z A ECE,
3.2.14 0of|H|H]|
H]|(Contingency)+= H]-& AP0 2K E Hejof 5|8
s ZRAE oAb 7tz F7HEeltt S5

2 A1) 2%

S A} EX—UEﬂ_ ol
FAEL WO} =

=]
el 2|5 Fote] A7 7| AL ZREA Eo ‘3& Pl
S APgRTt 2 AtollA] Xg= 4P =2} =] 2] Hlo|
E|E &3l dlolestsleltt. el Hlole= d=147e
AtdolA Algshs AEFAMIA¢E ARgSte] DB}
At o714 AFAR| ATt AL FAN] BYE= AR,
i ] 5o A 59 AHTAIE R T
o] At ATl ARET A, e dE E] 2] A
Qe 7S AR A
HP E%}HH 7}@%1%3 Sk Aol AAdF
AR AATAE B7PHE BAS Q3 71202 AR
SHAL 7120 A4 FAH] AR o] A7EERE $15h 7124k
== 28d 5 Stk Age Fig. 6)3 Zo] 7|EedeE
2010902 AAsIe] AAGLZ0] M3k} A|grof v w =
£ Sdnit} 7|l s E JiHste] AR 7R

ZE 7hAskar Qict,

Costruction Cost index (After revision, based on 2010 version) | 2000/01 | 2000/02 | 2000/03 | 2000/04 | 2000/05

Costruction 57.85 57.79 57.89 57.91 57.92
Building Construction 5042 | 59.36| 5945| 5945| 5945
Housing 60.65 60.60 60.68 60.69 60.71

|Housing 60.65 60.60 60.68 60.69 €0.71
Non-Housing 57.88 57.82 57.92 57.94 57.92

|Non-chsing 57.88 57.82 57.92 57.94 57.92
Building Remodeling 6232 6225| 6233| 6216| 6214

|Remode|ing 62.32 62.25 62.33 62.16 62.14
Civil & Special Construction 55.17| 5510 55.23| 5527 5531
Construction of Traffic Facility 53.09 | 53.23| 53.30| 5337 5350
Road 53.17 53.38 53.46 53.54 53.68
Railroad 5115 50.87 50.92 50.99 51.10
Harbors 57.02 56.98 57.04 57.12 57.08
General Civil Engineeting 5636 | 5633| 5643| 5647| 5647
River 58.39 58.37 58.39 58.51 58.47
Water & Sewage 53.12 55.09 55.40 5541 55.36
Agricultural 55.27 55.22 55.27 55.30 55.23
Urban 56.20 56.15 56.17 56.20 56.26
Industrial Engineering 5640 | 56.08| 56.27| 5630 56.23
: i 59.22 59.13 59.21 59.24 59.26

|Commuhication 5331| 5266 5291| 5289| 5274

|E|edri<ity 55.38 54.97 55.18 55.20 55.12

|Plant 56.73 56.67 56.89 56.97 56.93
Others 59.23 59.13 59.22 59.24 59.26

|0thers 59.23 59.13 59.22 59.24 59.26

Fig. 6. Construction cost index (Korea)

9] %4 Chemical Engineering Plant Cost,
Engineering News Record Construction Cost Index,
Marshall and Swift Equipment Cost Index, Nelson—
Yl 7H4] dle]elE DB}t

Farrar refinery Cost Index &
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Table 1. Case study project overview

Items Contents

Material handling capacity improvement Material

Project name Yard base construction

Construction February 20, 2010 to September 30, 2011 (about
period 20 months)

Material site inside the Zeot Ironworks in
Dongchon—dong, Pohang, North Gyeongsang
Province

Construction
location

Place of order 00 Steel (Master) Material Capacity Enhancement

Team
Chemical En'?e.l;l::;s» Marshall and Swift Nelson-Farrar Contractor A4 Construction (Note)
Engineering . Equipment Cost refinery
Year Plant Cost ng::“ﬁf" Index Cost Index Process " [J[J Plant Business Headquarters
1957-1959 = 100 1967'= 10(;( 1926 = 100 1946 = 100 managemen
1995 3811 Sa71 10275 13921
1996 3818 5620 10392 14189 )
1007 3865 826 10568 14492 Table 2. Result of estimated amount
1998 3895 5920 10619 776
1999 3906 6059 10683 14972 % Range, | , Esiimrias)
200 3941 6221 10893 15427 Type Components (Arbitrary ?justment amount
2001 3943 6343 10939 15797 diustmenty| 7 value W)
20 3956 6538 11042 16422 GRS
2003 2017 6694 56 17104 Purchased
2004 4442 7115 11785 18336 ; 15-40 25 735,942,563
2005 4682 7446 12445 19183 equipment
2006 1996 7751 13023 20081 Purchased
2007 5254 7967 1733 21067 urchase
2008 5754 8310 14493 2514 equipment 6-14 10 294,377,025
2009 5219 8570 14686 2177 installation
2010(midyear) 5553 5837 1613 23376 | : J
nstrumentation an
Fig. 7. Construction cost index (Korea) controls (installed) | 28 5 147,188,513
) Piping (installed) 3-20 11 323,814,728
Al2E] ZE PJAEARA Zolo y1Z0] R|FE LA} Loy Direct
deE FHF A G 7129 FHF FAF STt costs | Electrical (installed)|  2-10 6 176,626,215
= 210 O = 10 g 5
Hluslo] @aRe-2 4RIt @Ak A7F /WA et Building i 0 004 377 095
= ¥gio] = AR Fobo] Habgo) olckn B nctuing sevced o
= 5 Yard improvements 2-5 4 117,750,810
s, 9] ol o AL Fole] 24go] ek :
— _ - _ Service facilities
dea 4 Stk ALgo) Hiet 71ES AuEel 2 A ool | s | e | sreaeres
AleE7] oF7] wiol] AACEOIA AARE 158 A& Land - -
2-g-st3lct Total direct costs 2,502,204,714
Engineering and | o, 12 353,252,430
4 AI‘E“*'IR supervision
. =S
Construction 4-14 9 264,939,323
Indirect expense
ZNE Z2HE 7WAPAA = to] Ao E H5sh| ¢ costs | Contractor's fee 2-6 4 117,750,810
3lo] AE1E &85l o Algel |8 ol (Table 1D+ Contingency 5-15 10 294,377,025
Pt xed—capi
dgw's Totql fixed—capital 3.532.524.302
investment

2 Z2AE Algo| A= WA mollA Q=R &)
= 4" Auulo] oigt 922l Data® 13| Exceld]
tlo]Ef3ket RS MEANS A=E AREslo] AujnE A
3ttt oA APdH ZWE ZRAE FALO] AJuH|=
735,942,563€ 0.2 o]= (Table 2)ol|l4 vehd 7|AEAA
=519] "purchased equipment’ =50l sl 27H|9|
15%~40% AAgteh, AR A8 Al vlg- 9] &t
Zkeol 950z AT}

148 st=zmmalss =25 H20H Hi3 20104 12

.

02 dEsEE S ¥Ry 21 e s 24
o} ‘purchased equipment’ o] H|-&ZH o= AHAF
of il FAE Al ofof whet F FAE
3,532,524,3020]et= /Mba A FHE AMEsHIT H]
2 AL JJAbAZA FHL Silo ZME Q] FAA|7]el 2010
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The (Table 3)2 AXNTA|R| 42 Tato] A 7AFAA
TN o= AT S veRHL)

Table 3. Result of final preliminary estimate

Input variables Value
Past performance data year (2010/02) 95.05
Present performance data year (2015/09) 114.53

Preliminary estimated amount after

applying the construction cost index () 4,256,496,669

5,711,494,816
4,256,496,669

Final construction amount

Preliminary estimate construction amount

Accuracy range(+15%~+50%)

* combined range of AACE, PMI, ClI (25.47)

Estimated accuracy without applying index (38.15)

A= AE Al 2F A Gl 4,256,496,666 0]
o SiloR A FAke] FF FARQ] 5,711,494, 81623t
o] et Ay Ax}, Foi7ke] Zol= 25.47%= (Table 2)
of| A AoJalar 9)= AACES] 7hAbAA # <)ol +15~+50,
PMI9] 7WARAZ] WQI¢l —15~+30, CII2] 7HAbAZ ¥
Ql £25~+300] E3E= Ao & YERT o= AACE,
PMI, CIIolA] olel= 7i4a% o] Fehe 4 +15%~
+50%%%0l| Z3E= eARgS Holug A fa
Jo] Q= A o' YEsit

Table 5. Range of accuracy

Source Quote classification Accuracy (%)
Class 5/ Order of Magnitude 25~100
AACE
Class 4 / Study +15~+50
Reference estimate +50~-30
PMI
Preliminary estimate +30~-15
Order of Magnitude +30~£50
cll
Factored estimate +25~+30
E
5. 4=

3l 2AkskaL, JHAEAR Q] Aolet /9], ThAbAa A W E
sl B3-S Fote] B8t o8 Fa8l HibaE <] ¢
s TE3190 SHE Z2AE JAEER = )
a9t ExcelS ARS8l B 714 A Toolk 224
E9| 7l Q 24 K, FolE Auu] 7Rke) vje-g Bek &

N A FE, A 9 AR wet A Ashe B
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& A 7] Fto 2 Hofglom Silod A FAFARIE A8
3to] AACE, PMI, CIoflA] ook 7Habd 4] ete #9]
Qloll Z3eof glonm faAol Jlnke AukE EE5H3]
o}, ol Ao mEE ANE T 2 A
& TR

37, ZAE ZRAEL 7

Moy
il
1o
L
Ho
e
2
ofl
uo)
~
%

J
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o fAlA 08 AL Ao AAE 4= o] Y
o WA Bl gt Fole BE A 2 4
She e Weher} wo) ol Ao Azkeirh

=A, EHE ZRAE] JibAR o] k= WA=
T2 718 =AY dARE 7244 g5 e AA
A Ft R dAVR R B 4 qler® sjabAE A
e o] oigt Heet Aol Basith vl=re] AACE
(American Association of Cost Engineers), %=+9]
AcostE (Association of Cost Engineers), PMI (Project
Management Institute), CII (Construction Industry
Institution) 5 of2] 74 H3Jollxl= AH ] A=
gt BlES 217 o 7S Aoste] Algstar it ool
uet ZHE ZRAEof tigt A% 9] Fw= el
A|uir}, ARgARt o2 7S A-8sto] ek o[t
o}, olof what T3k T4 AF 7)o AA|EojoF g
Ao g2 ghdEct

AR & A-tol Al MS—Office®] Excels ARgsto] 7l
ZHE 22AE PR Tol= 7APAR o] e g
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