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Abstract

Due to the increasing demand for and complexity of plant construction projects, unpredictable risk factors are on the
consequent increase. For that reason, the quantitative risk analysis is being called for, in order for the development of
a risk assessment model using risk indicators for the plant construction projects. This study used the claim payout
data collected at a global insurance company to reflect the actual financial losses in plant construction projects as
dependent variables in the risk assessment model. In terms of independent variables, the geographic information, 1. e.,
landform, and the construction information including test-run, schedule rate, total cost and duration are adopted. In
addition, this study suggests that the regression model containing such independent variables that are statistically
significant can be applied to as a foundational guideline for the plant construction project risk analysis during the

phase of construction and commissioning.
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Risk Factors Analysis and Quantitative Risk Assessment Model for Plant Construction Project
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Figure 1. Research procedure
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Table 1. Study method and applicable phase of previous studies

Table 2. Causes of plant construction project losses

Applicable Phase
1. Bid/ contract 2. Design

Author R&Zteﬁggh 3. Procurement 4. Construction
5. Commissioning/Maintenance
1 2 3 4 5
Mulholland and Sensitivity
Christian[3] analyses © © ©
Carr Tah[4] Fussy Logic @)
Heravi and Sensitivity analysis
Gholami[6] y y
An et all7] Interview, o
Survey
Kang et al.[8] Interview, Survey ¢} ¢} O
Lee and Choil9] Fussy Logic O O @]
Won et al.[10] Interview, Survey (e}
Kim et al.[11] 4M method O
Monte carlo
Kang et al.[12] Simulation @]
Ji et al[13] AHP analysis O
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Causes of Loss

. Carelessness of Worker

1
2. Failure of Construction
Managemental 3. Failure of machine
Factors 4. Fire & Explosion
5. Electric accident
6. Stolen
7. Typhoon
8. Flooding
Natural disaster 9. Heawy rain
Factors 10. Heawy snow
11. Cold wave
Etc 12. Efc.

Table 3. Total/average claim payouts by loss causes

Total Averages of
Causes of loss claim payout claim payout n (%)

(Mill. KRW)  (Mill. KRW)
1. Carelessness of Worker 5,825 132 44 20.2%
2. Failure of Construction 7,227 154 47 21.6%
3. Failure of machine 21,634 401 54 24.8%
4. Fire & Explosion 3,810 254 15  6.9%
5. Electric accident 3,566 324 11 50%
6. Stolen 82 27 3 1.4%
7. Typhoon 3,106 222 14 6.4%
8. Flooding 1,825 456 4 1.8%
9. Heavy rain 1,775 197 9 41%
10. Heavy snow 504 252 2 0.9%
11. Cold wave 507 254 2 0.9%
12. Etc. 573 44 13 6.0%
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Table 4. Claim payout and frequency by construction phase

Total of Averages of
Plant claim payout claim payout n (%)
(Mill. KRW) (Mill. KRW)
Construction 41,468 2,467 168  77.6%
Test Run 8,968 179 50 22.9%
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Table 5. Claim payout and frequency by schedule rate

No. Scrrw‘;%ule cIaiT_rgtarla%ut cﬁ\alﬁrr]a%ea?/o%ft n (%)
(Mill. KRW) — (Mill. KRW)
1 0-20% 5,764 320 18 8.3%
2 20-40% 2,771 111 25 11.5%
3 40-60% 15,037 239 63 28.9%
4 60-80% 8,042 144 55 252%
5 80-100% 18,821 336 57 26.1%
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Table 6. Claim payout and frequency by landform

Total of Averages of
No. Landform claim payout  claim payout n (%)
(Mill. KRW) (Mill. KRW)
1 A Mountains 68 17 4 1.8%
2 B. Flat land 7,380 132 56 25.7%
3 C. Riverine 16,493 199 83 38.1%
4 D. Coast 26,494 353 75  34.4%
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Table 7. Claim payout and frequency by total cost

Cost Total of Averages of )
Vo kW) S Bt camm gyt (%
1 500-5,000 20,130 174 116 53.2%
2 5,000-10,000 4,196 175 24 11.0%
3 10,000-15,000 1,007 112 9 41%
4 15,000-20,000 5,158 147 35 16.1%
5 20,000 19,944 587 34 15.6%
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Table 8. Claim payout and frequency by total duration

Total of Averages of
No. Years  claim payout  claim payout n (%)
(Mill. KRW) (Mill. KRW)
1 -1 2,656 106 25 11.5%
2 1-2 8,873 234 38 17.4%
3 2-3 4,470 88 51 23.4%
4 3-4 9,537 273 35 16.1%
5 4-5 11,947 260 46 21.1%
6 5-6 12,951 563 23 10.6%
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LR . &4& (Loss ratio)

CO : AlF/Al&F(Construction/Commissioning)
SE . 33E (Schedule Rate)
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LF : XERA (Landform)
;2 FAM] (Total Cost)
;& FRPJZF (Total Duration)
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Table 9. Normality test of transformed dependent value

Shapiro-Wilk

Statistic of Sig.

In(LR) 0.056 218 0.094

Histogram Normal @-Q Plot of LR

Figure 2. Histogram and normal Q-Q plot for dependent
value



Table 10. Normality test of dependent value

Table 11. Categories of independent values

Shapiro-Wilk

Statistic dof sig.

LR 0.414 218 0.000

Histogram Normal 0-Q Plot of In_LR

= T T T T
0  co%0  8oM00 100000 1200000 1400000

7 3
IntR Observed Value

Figure 3. Histogram and normal Q-Q plot for transformed
dependent value
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Factor Unit Description
1 Mountains
2 Flat land
Geography Landform o
3 Riverine
4 Coast
1 0-20%
2 20-40%
Schedule 3 40-60%
rate
4 60-80%
S 80-100%
1 500-5,000 (Mill. KRW)
S 2 5,000-10,000
: Total cost 3 10,000-15,000
Project | 4 15,000-20,000
Info. e 5 20,000-
1 =1(yr)
2 1-2
) 3 2-3
Total duration
4 3-4
5 4-5
6 5-6
Commissioning 1 Commissioning phase
Phase )
Construction 2 Construction phase
Table 12. Descriptive statistics
) ' Std.
Variables Min. Max Mean Deviation
Dependant
In(Loss Ratio) 3.23 14.01 9.19 1.98
Independent
Construction
JCommissioning 1.00 2.00 1.77 042
Schedule rate 1.00 5.00 3.49 1.22
Landform 1.00 4.00 2.88 0.81
Total cost 1.00 5.00 2.30 1.59
Total duration 1.00 6.00 3.60 1.66
AR Vbt B3t ATt )] mel dist P 57

F 0.0500012 LERtom AAlE e B folu] o
Ao ZA ek E]E #4k HAAGVIF) S o7t
1103} 1.319] W95 7Y o5 5’5‘}04 "4%“”“94

BA7F o188 oF 4= ot =A% RAE 120,239 &
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Table 13¥} Table 14+= 3jF=de] & 3]7A2] -2
= A5 veilith =58 SRS B9l E2 Al

3 B9 WAAOR oaid BHS 34 4 glom I

2 o A3) 2t

Table 13. ANOVA and adjusted R square

Sum of Mean

Model of sig.  Ad.R°
squares square
Regression 219.638 5 43908 14656 0.000 0.239
Residual 635.433 212 2097
Table 14. Coefficients
: Std, i
Indicators B t Sig. VIF
Error
(Constant) 5.361 1.085 10397 0.000
Construction/
Commissioning 0.689 0320 157 0.032 1.313
Schedule Rate 0.220 0.108 2042 0.042 1.259
Landform 0.348 0.151 2209 0.022 1.100
Total cost 0.624 0.080 7844 0.000 1.166
Total duration -0.165 0.076 -2.165 0.031 1.159

In(LR) = 6,740 + 0.689-CC +0 .220:SE + 0,348 LF

+0,624°TC — 0165 TD —————————— 3)

o17]4],

LR . £4/& (Loss ratio)

CC AJF/A&F(Construction/Commissioning)

SR Z3& (Schedule Rate)

LF R[ERZA (Landform)

TC Z2AH] (Total Cost)

TD ZEAFI7F (Total Duration)

59 gro] Slshe SeHel AB/ALE %S 1wl
ot A o) FE5HQ1 BB ‘0,689 9] Wl 7HA
2}t &, ARy AP AR @A Bk AR ol
o o % Sk A AR T 9] U} A £UE

= F

Z5HQ19] SAIES] 0,348 9] S 1wy
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