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Risk based Value Index Evaluation Model for Modular Design Alternatives
in Plant Construction Projects

Kang, Hyun Wook"

“Assistant Professor, Department of Architectural Engineering, Gwangju University

Abstract : The purpose of this study is to suggest a model for evaluation of a risk based value index for modular design
alternatives in plant construction projects. Accordingly, 1) Setting the basic project cost and the scope to apply the module,
2) Evaluating the importance, easiness, and effectiveness index for Engineering, Procurement, Fabrication, transportation, and
construction work, 3) Estimating the total project cost by analyzing the risk reserve Step, 4) Comparing the effectiveness index
and total project cost for each modular design alternative, it was composed of the steps of deriving RVI. To verify such a model,
Plan-A, which applied a module to one process, and Plan-B, which applied a module to three processes, were composed to
evaluate RVL.

Keywords : Modular Plant Construction, Modular Design, Risk Events, Risk Reserve, Risk based Value Index
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Fig. 1. Step-1 of RVI Evaluation Model
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. Analysis of Score and Index for Work
Easiness
Engineering .
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Transportation Survey
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® Work . - 5
. Comparison of Work Efficiency
Effectiveness
Module Plan-A Module Plan-B
frem WIW “wps | wWel | WDs | WE
Eng 15% 8.00 12.00 7.00 10.50
Pro 18% 6.00 10.80 7.00 12.60
_ Fab 25% 7.00 1750 6.00 15.00
Tran 17% 7.00 11.90 6.00 10.20
Con 25% 5.00 12.50 8.00 20.00
Sum 100% 64.70 68.30

Fig. 2. Step-2 of RVI Evaluation Model
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Table 1. Evaluation ltems for Work Easiness

Item Explain
« Module type
: Pipe Rack, Structure, Process Module, Building Module
« Module size
N : Column spacing, Girder spacing, Support beam
Engineerng | " \1.,dule durabiity
: Column size, Girder size, Beam size, Brace size
+ Module connection
: Welding point and gap, Bolting point and gap
« Procurement materials
Procurement : Material type, Spe;, Size, Procurement region
« Procurement location
: Construction site, Fabrication site
« Fabrication location
: Domestic, Overseas
- Fabrication experience
L : Pipe Rack, Pipe Structure, Process Module
Fabrication e )
« Fabrication equipment
: Field size, Crane spec, Worker skill
- Jetty facility
: length, depth, durability, Specification
« Fabrication location
: Domestic, Overseas
. « Transportation route
Transportation : Safety, Distance, Optimal route
« Transportation equipment
: Barge spec, Tugboat specification, Bulk ship spec
« Transportation route
: Safety, Distance, Optimal route
« Installation equipment
Construction : Self-PropeIIed Module Transporter(SPMT), Crane
« Installation quality
: Welding gap of Pipe to Pipe, etc
« Construction Management
: Labors, Safety, Schedule, Workability, etc
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- WEI | Work Eftectiveness Index
- WIW . Work Importance Weight
- WES : Work Fasiness Score
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Bl

Risk .
© F s — Survey of Risk Factors
actors
Completed Project-1
Completed Project-2 | Consider Selection of
Completed Project—-3 -~ the #» Core Risk
Completed Project-4 | Frequency Factors
Completed Project—5 -
[
Risk . .
@ R s { Calculation of Risk Reserve
€Serve
Module Plan-A
Risk Reserve = Base Cost X Risk Reserve Ratio
Modile Plan—B
Risk Reserve = Base Cost X Risk Reserve Ratio
[
® Project . - . .
® Pri ) { Prediction of Project Price
Tice
Modile Plan—A
Project Price = Base Cost + Risk Reserve
Module Plan—B
Project Price = Base Cost + Risk Reserve

Fig. 3. Step-3 of RVI Evaluation Model
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Table 2. Example of Risk Reserve Calculation Method

ltem Explain
Base Cost of Engineering 28,144,216
Risk Factors Eng Pro Fab Tran Con
Error in detail design 0.20% | 027% | 0.29% - 0.14%
Risk Factors Eng* Pro Fab Tran Con
Error in detail design 56,288 | 304,947 | 310,006 329,061

* Eng 1 56,288 =28,144,216 X 0.20%

igofuld]= oAl 2ol 17FR19] iAol A, &
g, A& 25, Alsol nxl= ko] wet MESo] o dEl=
HIEE alg 7IZAIGHI o] #56t0] AFASITE &, RARIE
2 &G oH[H| Hlg< 7IZ=AIYGHIo] HFato] AFEst= Z0]
CLOJ2F 0] B ofHHIE 457 QleiA] HHEE] = ofH]
H| H& Ratio)2 IEE 214+ SHE ALAIF9] 111, E4
50| FAFSt =ZH SHE ALGAIYY] AR St =
JUY FHE Hlulsto] ZSHE FHTE9] HIEE +Fdot
= U E M Egoh, SHE AAAIRIS i, Az, A
AUE, 854 5 118610 oHIH] HIg9] 12 E &3
510 AFESIOJ0F STt
® Project Price= & AATHOMEZ AFFE 71 2AKGH]
of| LIZOIHHIE fH4lato] SAIIHIE F8ok= Z0Ith
Step-4= & 70| HHIOA FEFOR LESE Risk
based Value IndexE B7}sh= HAOIH, Step-20|A] &4
H YR g4 K@} Step-304] FHE SAIGH]
E Hlulslo] I AATHOHEE RVIE &0 KFig. 4).

® R.V.I *{ Evaluation of Risk based Value Index

[Module Plan-A | Module Plan-B

ITtem T
WDS | WEI = WDS & WEI

Eng | 15% | 800 1200 7.00 | 1050
@ Work Pro | 18% | 600 1080 700 | 1260
Effectiveness | | Fab | 25% | 700 1750 600 | 1500
Tran | 17% | 700 | 1190 6.00 | 10.20
Con | 25% | 500 | 12.50 | 800 @ 20.00

Sum | 100% 64.70 68.30
) WEI | 6470 | 6830
® RVI - PPI 15 | 098
RVI | 4310 | 6970

Fig. 4. Step-4 of RVI Evaluation Model
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== (Project Price Index)= Module Plan-AQ] EAFIH|Q}
Module Plan-B2] SAIHIE H]wl5t0] AFEILE.
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71Z=AIGH] = AT (Kang et al, 2018)0lA] ZAKE A}
YHIE &&olLt, BEt] JHe A &gl uet AlZo] £
= AAIG QI H)E Q0] A4t Hs A 5§
= US| QIoto] AA|, o, A&, 25, AlZH]of 28E]
o] APEE ZHEH](Indirect Cost) S H T2 AAPEGIACT

Tt HEd AATHeHS 271RoH, A MRl= Al
TOllA Pipe Rackg HEZE F&sl%7] mjFo] Module
Plan-AZ A5ttt 1)1l 2E9 J& tjak9] xio]
o] TE RVIZ H15H7] 91510 Module Plan-B= Steel
Structure Module, Pipe Rack Module, Process Modulez=
TIotA oM, HE Ol (Table 3)at &Ll

Module Plan-AQ] 7| FANIHI = AsioI oA Z=AFE A}
AulolA ZHIH] Hlg2 2RI Hoto] AjaFdst Ziofm,
Module Plan-Bi= 37HK|9] HEE F&¢lo] tlet Hskl=
|9} ZFIHIE MAFESIILE &, et 3He &8t
= 42 AFAA (Module Shop)ollA] RES AASH S1&
O & T HRFOE siFo] T = A1, o1, &H]
SO0| Aot Ho] AFMEH], AF =], 2887 4
OREICE ofo] whet AFHIAMIE 7IE0R SARTHERE &
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Table 3. Composition of the Module Plan

Module Type Module Plan-A Module Plan-B
Steel Structure Module - ®
Pipe Rack Module [ [
Process Module - [}
Building Module
Pre-assy Equipment Module
Unit : 1,000 KRW
Module Plan-A Module Plan-B
Item Variation
Price Ratio Price Ratio
Direct Cost 518,928,056(85.00% | 518,928,056 | 90.68%
Engineering 28144,216| 542%| 33,730,324 6.50%| 5,586,108

Procurement | 112,943,165|21.76%| 96,520,618| 18.60% |-16,422,547

Fabrication 106,166,575|20.46% | 177,162,038 | 34.14%| 70,995,463

Transportation | 36,630,216 7.06%| 75,244,568| 14.50% | 38,614,352

Construction | 235,043,884(45.29% | 136,270,507 | 26.26% | -98,773,377
Indirect Cost 91,575,539/ 15.00%| 53,345,755 9.32%|-38,229,784
‘ Expenses 91,575,539 53,345,755 38,229,784
Total 610,503,595 100%| 572,273,811 100% |-38,229,784

5], ZESEH], Z1EFEH], erE ], ek, BE
g, £4E B) T8 495 Zolth g 80, IR
Hle A R0 SARTEERE Foid Aulgs H56to]
APEEIEE AL RHlo] siEohs AR (MAIS
O191)0] ZHASHA EH, L FH|7F (AE o] ZllE)= A
il dynl

A 37HK19] HES A E8H= Module Plan-BE H&
2 A&k AFAQ] Ak W17F Module Plan-ARTH
S 31 &0l FE= AR, 01, BH| S0] A4asHA
TEg 0|9} & AoJFo WE HIEEES] F9 HIlE
25| QIsto] ME7} sEoIA 371K RES A Edh=
A A, 1Y, AlEL 25, Al1S HIE850] ARlohs 2
H] HI€1} ZPEH] HIEE RARSIQILE olof what AE7t 59
OZHE FAFE Z7FEH|9] Hi HIES Module Plan-A9]
AIEH]0] 33510] Module Plan-BO] AIEHIE AHAFEEIAC
0, ZPEH= 2= Ao 27 SHOZEE FANE H
T ZFH] Hlgs viaiint

4222 |HR HE|d Y v 2N

HE Ao R AR Heldit egds g7t
5l7] fIalAl 1) SEAIE the] HED A 89 A7, 4, Al
ZL 28, AIZY 5ol ISt ATiEQl 5QEE FUisitt &,
SIANZE ARE sl SERo R REEH0] AlEsh=
JE7 EQ3 BHHo BEH Al RES AAshl 85
Sh= JF7F SQotEE o8 FHsh Ae|Y Rl Heldat

)

i
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Table 4. Results of Analysis for Work Importance Weight

Item Eng Pro Fab Tran Con 3::;1
Eng 1.00 0.50 1.00 1.00 0.50 0.76
Pro 2.00 1.00 0.50 1.00 0.50 0.87
Fab 1.00 2.00 1.00 1.00 2.00 1.32
Tran 1.00 1.00 1.00 1.00 1.00 1.00
Con 2.00 2.00 0.50 1.00 1.00 1.15
Sum 7.00 6.50 4.00 5.00 5.00 5.10
Amax 5.29 CR 6.56% Cl 0.07 OK
Item Weight Rank Graph

Eng 0.149 | 14.87% 5

Pro 0.171 17.08% 4

Fab 0.259 | 25.89% 1

Tran 0.196 | 19.62% 3

Con 0225 | 22.54% 2

Sum 1.000 100%

Table 5. Results of Survey for Work Easiness Score

Ch O]i=, Module ShopollAl Z2HE Aldg F+dote d=
TAREWL Z4E 71A, A7), 34, AdH] s REHRE
2 M&sks ehdeof meh AlZ9] 20| 28X EE 5Q
Tt =A g7V AO = sfAErh

2) A, S, MEL 28, AR Helde Brlske
Z1O = (Table 1) Evaluation Items for Work EasinessOllA]
KALE SHEEE 18~108 HeloA F4E Bojsith o=
HE HeE Hojohs 7E2 g0 FYE= o9 i
O FEHFIALY 1, RO B Hk 58 SERCE 1l
toto] #2|9] o] =5 170 7k F+E B
olatH, Heldgo] Hess 1080 7he d4E Foloke
Z10% @7} 5 O =HE] FAKIACKTable 5.

3) AA, 7, AE, &5, AZYFRY 5% H
glde 245 dutof mel F2lPFo a8d(Work
Effectiveness)& B7ISICE 2 HFLolAl +4E Module
Plan-A®} Module Plan-BQ] AA, Tl =&, &A1&} Al2Y
Bol ggdse S os grist A1}, Hed SHEHE
5= Z50] B2 Module Plan-B2] % HE|Ao] 4] &

. . Module Module /\}E] 9»1\47 ] L[H;‘?_—Oﬂ k=7 X]‘/F% 154'74] E%E] %EKTable 6.
ltem Weight Explain
Plan-A Plan-B
+ Module tyoe 7.80 6.00 Table 6. Results of Evaluation for Work Effectiveness Index
Engineering |14.87% | Module size 6.80 6.00
' + Module durability 7.80 7.00 Module Plan-A Module Plan-B
- Module connection 6.80 6.00 ltem wiw WES WE WES WE
Average Score 7.30 6.25 Engineering 14.87% 7.30 10.85 6.25 9.29
- 17089 Procurement materials 6.80 7.00 Procurement | 17.08% 6.80 11.62 7.00 11.96
rocuremen Y8701 procurement location 6.80 7.00 Fabrication 25.89% 7.05 18.25 6.75 17.48
Average Score 6.80 700 Transportation | 19.62% 7.13 14.00 6.33 12.43
Construction | 22.54% 6.80 15.33 7.25 16.34
- Fabrication location 6.80 7.00 Sum 100% 7.02 70.04 6.72 67.49
Fabrication | 25.89% | ° Fabrication experience 6.80 6.00
©77 1. Fabrication equipment 7.80 7.00 « WIW : Work Importance Weight
+ Jetty facility 6.80 7.00 « WES : Work Easiness Score
« WEI : Work Effectiveness Index
Average Score 7.05 6.75
« Fabrication location 6.80 6.00
Transportation | 19.62% | + Transportation route 6.80 6.00 Dol Ol 59 1A _
- Transportation equipment 7.80 7.00 Module Plan-B9| & &4 X7} Module Plan-AH
pS—— o O W) E2E 2018 AHEY, BES F25s 259
A HO7 LeAZ nES fASLY] Q5107 [0
romone | a0 | 70 CHETHESIZHEESS DES Al Sistol 40 9
Construction |22.54% | ° :nsta::at?on equ:pment ggg ;88 FAR O] thst AlSsg 7HeEe dEshl HE SF
’ « Installation quality | : =
. Construction Management| 6,60 8.00 HZ Z}7] TFE Module ShopolA A&TE RES SiEloZ
P, P R Sa317] 918 B4 W Y LT 7, SEAR 8
THetty) 9] A S AESIOIOF SiTt F=oF, AA Al
Sg88 grisly] QIgholth olgst A, &Y, AlE, 235, AEE Qs BETR|9] #2410 7ol weh ZHS vt
AN ZHH TS EQEE AHPZIHE E85HH, A&7 5 M7 GetRER AlZEEE 112610J0F ol 0]9F
O] olA g Hrsto] AT Table 4). 20| a1t HE Lol 215 aje] FatRof thet 44k
HEY ZHe F&dke 49 Module ShopollAl AA % E SHGI0J0F Sith O]9 22 HEANY 508 HEs &
2ES AMatehs et AlEE EEe 25610 SEoA gaot= a7t BErs st 7k 50t R E ot
ARoH= AIBYRY EQE7 ATNHORE =A EEER = 884 X477t He2 A0z Uk Zojth
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4.2.3 SIEolH]H] 3 AjlH| =
SIRloIHIElE AAANS Falsis FEoIN IFAe)

SHUE AEAH 2E2f 2ACHOIE RVIEIH 2R

Table 8. Results of Analysis for Risk Reserve

M Risk Reserve for Module Plan-A Unit : 1,000 KRW

IO 72 o158t ARA &A1 AR ofdlshr] Qi Q. Itern Eng Pro Fab Tran Con Sum
‘;o_}- ]:] ,.C_J,_O U]-—-].U;] E O:]_‘FLoﬂ/\.P—- 1) /\-]sc].])od:rLl 01]/\.1 _7]:_/\]_%] RF-01 56,288 | 304,947| 310,006 329,061| 1,000,303
RF-02 67,546 271,064| 297,266 940,176 1,576,052
QYAAE 71O E Module Plan-A?F Module Plan-Bojl
RF-03 70,361 282,358| 265,416 73,260 587,610/ 1,279,005
=
Thot RIoHIHIE AFESITHK Table 7), (Table 8). RF-04 | 39,402 | 282358 517,097| 838,856
RF-05 233,566 333,762 567,329
Table 7. Core Risk Events RF-06 396,001 51,282 447,284
RF-07 106,960 106,960
tem Risk Factors RF-08 273322| 222,950 496,272
RF-01 Error in detail design RF-09 61917 | 293,652| 403,433 73,260 658,123| 1,490,386
RF-02 Error in working design RF-10 36,587 327,535| 339,733 1,316,246| 2,020,101
RF-03 Error in piping & instrument diagram RF-11 186,853 186,853
RF-04 Error in equipment design RF12 123810 123,810
- : - - RF-13 101,466| 279,702| 381,168
RF-05 Error in connection(pipe to pipe)
RF-14 48,971 316,241 329,116 694,328
RF-06 Delay in module fabrication schedule RE15 1326011 5970111 729613
RF-07 Lack of ocean transportation route sum | 381,073 | 2,351,477 2,984,342 662,641|5,558,788[11,938,320
RF-08 Error in module fabrication
0.60%
RF-09 Variation in material quantity 0.50%
RF-10 Change in equipment specification Ratio z:x
RF-11 Lack of skill fabrication (?f 020%
b= 1L {1 TIRR! I|
RF-12 Lack of jetty specification Reserve | 0.00%
& '» & &> @ o
RF-13 Lack of ocean transportation machine & & ¢ qu' &« ‘25‘ & & ¥
R R MEng MPro NFab MTran M Con
RF-14 Error in module design
RF-15 Lack of site transportation route

IS HES A Eate thaat Helof wet CiEA
Hidok= 49E 11eooio) alLt, 2 Atolkl= h9) &
0] BES A &5k= Module Plan-AQ} 3719 250 &
£ & &3dh= Module Plan-Bojl thsliA] AlEE IEARAO]
U5 S A EAIE SAg oldslr] fIshAl 2Qst of
HH|9] S9E #12E Hulsh| 98t Z&5 02 HAg-tof
A ZAFE RIgAK S S BHESIRITT

2) 29 fI8AKI 157) g5E 7IECE Module Plan-A
9} Module Plan-B9] &4 @IojHIHIE APHst At
Module Plan-Ax ©F 11,9389HH, Module Plan-Be 9F
20,0630 TH (Plan-A THH] +8,124HHH), +68.06% =)0
Z NEAQ 82 (Table 8) E (Table 9)9F ZT}

3) SAIH]E= Module Plan-A2t Module Plan-B9] &
& 3HE FEak= Welol wet 2442t APgE 71EARH|of
FoHHIE gt Z0F 719 &0 HEY 2HE

1) Kang et al. (2018). “Risk Assessment and Contingency Prediction
considering Work Characteristics for Modular Plant Construction
Projects.” Korean Journal of Construction Engineering and
Management, KICEM, 19(5).

M Risk Reserve for Module Plan-B Unit : 1,000 KRW

ltem Eng Pro Fab Tran Con Sum

RF-01 | 101,191 | 337,822| 620,067 340,676| 1,399,757

RF-02 | 134,921 | 386,082 797,229 817,623 2,135,856

RF-03 | 134,921 | 386,082 620,067 263,356| 681,353| 2,085,779

RF-04 | 118,056 | 482,603 408,812| 1,009,471
RF-05 1,204,702 463,320| 1,668,022
RF-06 1,027,540 150,489 1,178,029
RF-07 300,978 300,978
RF-08 337,822| 708,648 1,046,470

RF-09 | 101,191 | 386,082 974,391| 300,978 817,623| 2,580,266

RF-10 | 70,834 | 386,082 797,229 1,171,926 2,426,072
RF-11 620,067 620,067
RF-12 361,174 361,174
RF-13 285,929 299,795| 585,724
RF-14 | 101,191 | 289,562|1,240,134 1,630,887
RF-15 421,370| 613,217 1,034,587

sum | 762,305 |2,992,139|8,610,075|2,084,275| 5,614,345/ 20,063,139

1.00%

0.80%
Ratio | o.60%
of 0.40%
AR ||||||| |
Reserve | o.00% I I

s&& P EESELS
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stzAMmee] =28 23 Hss 20224 98 105



PAgr|

0.
r
Ho

H85H= Module Plan-BO] 7|ZANH| o] Z3HE 7 H|7}
B A7) TiEoll Module Plan-AQ] ZAMIH]Z} 33,3894
UFA (+5.65%) =A| APEE| QAT

Table 9. Results of Prediction for Risk Reserve

M Project Price for Module Plan-A Unit : 1,000 KRW
Item Base Cost Risk Reserve Project Price

Direct Cost 518,928,056 530,866,376| 85.0%

Engineering 28,144,216 381,073 | 32% | 28525288 54%

Procurement | 112,943,165| 2,351,477 | 19.7% | 115,294,642| 21.7%
Fabrication 106,166,575| 2,984,342 | 25.0% | 109,150,918/ 20.6%
Transportation| 36,630,216 662,641 | 56% | 37,292,856 7.0%
Construction | 235,043,884| 5,558,788 | 46.6% | 240,602,672| 45.3%

Indirect Cost 93,407,050 93,407,050| 15.0%
Expenses 93,407,050 93,407,050
Total 612,335,106| 11,938,320 | 100% | 624,273,426| 100%
M Project Price for Module Plan-B Unit : 1,000 KRW
ltem Base Cost Risk Reserve Project Price
Direct Cost 518,928,056 538,991,195| 91.2%
Engineering 33,730,324 762,305| 38% | 34,492,629| 6.4%
Procurement 96,520,618 2,992,139 | 149% | 99,512,758| 18.5%
Fabrication 177,162,038| 8,610,075 | 42.9% | 185,772,113| 34.5%
Transportation | 75,244,568| 2,084,275 | 104% | 77,328,843| 14.3%
Construction | 136,270,507 5,614,345 | 28.0% | 141,884,852| 26.3%
Indirect Cost 51,892,806 51,892,806| 8.8%
Expenses 51,892,806 51,892,806
Total 570,820,861| 20,063,139 | 100% | 590,884,000 100%

4.2.4 E H|CHOHH RVI It

HE Ao R I|HRY £Q%, Held, g8
T12]a1 QIFoHIHIE 286t0] FEE SAIYGH| o e
RVIE B7}SH} (Table 1002 Module Plan-A%} Module
Plan-Bof| thst RVIZ B}t Z21}0]H, Project Price Index
= AAHORE AMIHIE H] St X|<=0]CKTable 10).

A719} 0] =E% Module Plan-A2} Module Plan-B9]
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Table 10. Results of Evaluation for Risk based Value Index

Unit : 1,000 KRW

Module Plan-A Module Plan-B
Item WIW
WES WEI WES WEI
Engineering 14.87% 7.30 10.85 6.25 9.29
Procurement | 17.08% 6.80 11.62 7.00 11.96
Fabrication 25.89% 7.05 18.25 6.75 17.48
Transportation | 19.62% 7.13 14.00 6.33 12.43
Construction | 22.54% 6.80 15.33 725 16.34
Sum 100% - 70.04 - 67.49
Project Price 624,273,426 590,884,000
Work Effectiveness Index 70.04 67.49
o 1.06" 0.95?
Project Price Index (Compared to Plan-A) | (Compared to Plan-B)
Risk Value Index 66.30 71.31
Eng
20.00
15.00 L
1000
Con - £00 i Pro
Graph f\ y i = = Module Plan-A
\ MT ' Module Plan-8
'
N )
e
==
Tran Fab

1) 1.06 = 624,273,426 -+ 590,884,000
2) 0.95=590,884,000 + 624,273,426

gaole= thatut FHelof] e F& o] AAIoke A™sh] {1t
{7180l BI7HK]4=(Risk based Value Index; RVDE =&
ste HEE AMotsh= Aot &, e AATeHER £
Tl QI A YA 1, SAPIRIS ©F ks
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