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Risk Assessment and Contingency Prediction considering Work Characteristics
for Modular Plant Construction Projects

Kang, Hyunwook', Kim, Jongwook?, Kim, Yongsu*
"The Chartered Research Institute of Construction Costs
“Corporation of Moo—Young Construction Management

Abstract : The purpose of this study is to assess the risk and predict the contingency for modular plant construction
projects, Considering the work characteristics of the modular plant, The adapted research method is that suggest models
for assessment impact of risk and predict the contingency considering risk, Based on the proposed models, It is selected
one modular plant construction project and assessment impact of risk factors and predicted the contingency. The results
of this study are as follows: Assessment the probability of occurrence of risk factors and intensity of impact, and extract
15 important risk factors. These are classified as Engineering, Procurement, Fabrication, Transportation, Construction
phases to consider the work characteristics of the modular plant. The predicted contingency is that 6.739%(Engineering
2.850%, Procurement 6,225%, Fabrication 6,211%, Transportation 4.165%, Construction 8,168%) to prepare the basic
business expense, The model is used as a way to derive quantitative results in the decision—making process for risk
management in construction projects,
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Fig. 2. Work Procedure of Modular Plant
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3.2.2 Model-2: Prediction of Contingency

1) Step 1. Estimation of Base Project Cost
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Table 1. Case Overview

Category Explain

Project name Petrochemical Plant

Contract method EPC Lump—Sum Turnkey

Site location Saudi Arabia

Project period 2008. 10 ~ 2011. 06

Company Construction company in domestic
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Table 2. Assessment of Risk Impact Index

Impact | Risk Impact

Code Risk Factors Probability

Score Index
R-01 Error in detail design 75.9% 75.9 57.62
R-02 Error in working design 83.2% 87.7 72.97

R-03 Error in Invited to Bid review 52.7% 60.0 31.64

Impact  [Risk Impact

Code Risk Factors Probability . [

R-01 Error in detail design 75.9% 75.9 57.62

R-02 Error in working design 83.2% 87.7 72.97

R-03 Errorin pipi.ng & instrument 78.6% 791 6219
diagram

R—-04 Error in equipment design 53.2% 76.4 40.61

R—05 | Errorin connection(pipe to pipe) | 81.4% 75.0 61.02

Delay in module fabrication

schedule 77.3% | 73.6 | 56.90

R—07 |Lack of ocean transportation route | 46.4% 82.7 38.36

R-08 Error in module fabrication 76.8% 84.5 64.95

R-09 Variation in material quantity 83.2% 90.5 75.24

R—10 |Change in equipment specification| 73.6% 75.0 55.23

R—o4 | Erorin Dizi‘ggrjﬁilﬂstfumem 786% | 791 | 6219 R—11 Lack of skill fabrication 62.7% | 745 | 46.76
R-12 Lack of jetty specification 65.5% 78.6 51.47

R-05 Variation in material cost 33.6% 63.6 21.40 -

R-06 |  Erorin equipment design 53.2% | 76.4 | 40.61 R-13| Lokl °i‘322ﬁ[?2”°”a“°” 74.5% | 80.9 | 60.31

R—07 | Error in connection(pipe to pipe) | 81.4% 75.0 61.02 R-14 Error in module design 78.4% 85.0 66.61

R-08 Lack of material specification 51.4% 64.5 33.15

R—15 | Lack of site transportation route | 60.5% 84.1 50.84

R—-09 Lack of local subcontractor 52.3% 64.5 33.74

Delay in module fabrication

schedule 77.3% | 73.6 56.90

R—11 |Lack of ocean transportation route | 46.4% 82.7 38.36

R-12 Delay in construction payment 40.0% 59.1 23.64

R-13 Accident in procurement 16.4% 58.2 9.52
R—14 Accident in construction 14.1% 59.5 8.39
R—-15 Lack of local manpower 54.5% 53.2 29.01
R-16 Error in module fabrication 76.8% 84.5 64.95

R—-17 Variation in material quantity 83.2% 90.5 75.24

R—18 [Change in equipment specification| 73.6% 75.0 55.23

R—-19 Delay in design payment 40.9% 441 18.04

R—-20 Delay in procurement payment 44.5% 38.6 17.21

R-21 Lack of skill fabrication 62.7% 74.5 46.76

R—22 | Change in construction method 55.0% 51.4 28.25

R-23 Lack of jetty specification 65.5% 78.6 51.47

R-24 Lack of construction machine 38.6% 48.6 18.79

R—-25 Error in tariff estimation 49.5% 67.3 33.33

Lack of ocean transportation 74.5% 80.9 60.31

machine
R-27 Error in HSE application 47.3% 56.4 26.64
R—-28 Error in module design 78.4% 85.0 66.61

R—29 | Lack of site transportation route | 60.5% 84.1 50.84

R-30 Strike by workers 45.5% 59.5 27.07
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Table 4. Estimation of Base Project Cost

(Unit: 1,000 KRW)

0| Y=Y Dl IE W7 L ol olS

Table 6. Estimation of Risk Contingency

(Unit: 1,000 KRW)

Category Base Project Cost Category Base Project Cost ltem Engineering | Procurement | Fabrication | Transportation| Construction
Engineering 28,534,570 Engineering 28,534,570 R-01 115,236+ | 1,261,176 274,576 - 2,665,869
Procurement 325,255,680 Procurement 189,103,652 R-02 124,016 1,585,561 729,794 - 3,653,228

- - Fabrication 93,933,840 R-03 | 129,503 | 1,450,007 | 520,249 | 381,587 | 2,191,937
- - Transportation| 42,218,187 R-04 | 96,579 | 1,653,930 - - | 3,366,804
Construction 256,713,346 Construction 256,713,346 R-05 - - 484,121 - 365,323
Total 610,503,596 Total 610,503,596 R-06 - - 350,445 | 396,201 -
R-07 - - - 123,407 -
2Q 2l olof tgl oujH|S A 4l ofj=5}7] 95} R-08 - 458,213 | 570,829 - -
471 2,278 ofja)u] 24 v ol A ArgE W F vl R-00 | 118,967 | 2,763,823 | 1,112,755 | 444,915 | 5,805,671
A WS 2-8sto] dujy] Hl&E 2ARITH 1E e R-10 | 94,384 | 1483736 | 863,469 - | 1,960,895
2 ouu] Bl&Z 2ARE] Qfste] A7) 4.24 1Al = R-11 - - 165,468 - -
A 7oA AR AT 139 o R ARRARE R-12 - - - 142,892 -
AARITE, ofjud] Bl &S AR AEoA F83t e R-13 - - - 116,912 | 306,081
Qe Fafrt 7t dFAAEE YAE vl8o] s R—14 | 134,551 | 1,105,529 | 762,309 - -
g wof gk AAE it ojet T2 o R AL R-15 - - - 152,635 | 651,657
H g du]y] vl&2 (Table 5yt At Sum | 813,235 |11,770,975| 5,834,014 | 1,758,550 | 20,967,556

Table 5. Survey of Risk Contingency Ratio

Item Engineering | Procurement | Fabrication | Transportation | Construction

R-01 0.404% 0.667% 0.292% - 1.038%

R—-02 0.435% 0.838% 0.777% - 1.423%

R-03 0.454% 0.772% 0.554% 0.904% 0.854%

R—04 0.338% 0.875% - - 1.312%
R—-05 - - 0.515% - 0.142%
R—-06 - - 0.373% 0.938% -
R—-07 - - - 0.292% -
R—-08 - 0.242% 0.608% - -

R—09 0.417% 1.462% 1.185% 1.054% 2.262%

Formula: Project Cost X Contingency Ratio
* 28,534,570(Engineering base project cost) X 0.404%(R—01 risk contingency ratio)
=115,236(R—01 risk contingency)

2 91309l 1572 71F02 38 F dujui of
41,144, 330( 0], AA(E) 2.0%, —TLDH(P) 28.6%, AH|2HF)
14.2%, 24(T) 4.3%, A#(C) 5L0%S ARk}, o]} 7o)
&% oju]u]E Alele] 7] 241 H](Base Project Cost)o]l ¥t
38k % A} (Total Project Cost)= (Table 7y} 7+,

Table 7. Prediction of Total Project Cost
(Unit: 1,000 KRW)

Category Base Project Cost Contingency Total Project Cost

Engineering | 28,534,570 | 4.7% 813,235 2.0% | 29,347,805 | 4.5%

R-10 | 0.331% 0.785% 0.919% - 0.764% Procurement | 189,103,652 | 31.0% | 11,770,975 | 28.6% | 200,874,627 | 30.8%
R-11 - - 0.176% - - Fabrication | 93,933,840 | 15.4% | 5,834,014 | 14.2% | 98,763,485 | 15.3%
R—12 - - - 0.338% - Transportation | 42,218,187 | 6.9% | 1,758,550 | 4.3% | 43,976,737 | 6.7%
R-13 - - - 0.277% 0.119% Construction | 256,713,346 | 42.0% | 20,967,556 | 51.0% | 277,680,902 | 42.6%

R-14 0.472% 0.585% 0.812% - -

Total 610,503,596 | 100% | 41,144,330 | 100% |650,643,557 | 100%

R—-15 - - - 0.362% 0.254%

Sum 2.850% 6.225% 6.211% 4.165% 8.168%
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