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The market size of plant projects in overseas is so large that domestic EPC project contractors are actively seeking the overseas
projects and then trying to meet completion plans since successful fulfillment of these projects can provide great opportunities
for them to expand into new foreign markets. International EPC projects involve all of the uncertainties common to domestic
projects as well as uncertainties specific to foreign projects including marine transportation, customs, regulations, nationality,
culture and so on. When overseas project gets off-schedule, the resulting uncertainty may trigger unexpected exceptions and
then critical effects to the project performance. It usually require much more time and costs to encounter these exceptions in
foreign sites compared to domestic project sites. Therefore, an exception handling approach is required to manage exceptions
effectively for successful project progress in foreign project sites.

In this research, we proposed a methodology for prediction and evaluation of exceptions caused by risks in international EPC
projects based on sensitivity analysis and Bayesian Networks. First, we identified project schedule risks and related exceptions,
which may meet during the fulfillment of foreign EPC projects that is performed in a sequence of engineering, procurement,
preparatory manufacture, foreign shipping, construction, inspection and modification activities, and affect project performance,
using literature review and expert interviews. The impact of exceptions to the schedule delay were also identified. Second, we
proposed a methodology to predict the occurrence of exceptions caused by project risks and evaluate them. Using sensitivity
analysis, we can identify activities that critically affect schedule delay and need to focus by priority. Then, we use Bayesian
Networks to predict and evaluate exceptions. Third, we applied the proposed methodology to an international EPC project example
to validate the proposed approach. Finally, we concluded the research with the further research topics. We expect that the proposed
approach can be extended to apply in exception management in project management.
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<Table 1> Example of Categorized Schedule Risk Factors by Project Phase

Project Phase Schedule Risk Factor Category
Mistakes, discrepancies, delays in design documents Technical
Unclear and inadequate details in drawings Technical
L Misunderstanding of owners requirements Technical
Engineering : ; : . -
Design team experience(design errors and omissions etc.) Quality
Long waiting time for approval of drawings Legal
Design Changes by owner or Stakeholder Contract
Shortage of materials in markets Market
Poor procurement systems of materials Management
Procu(;ement Delays in design information from engineering party Technical
Pre-Fabrication Currency exchange rate fluctuation Economic
Funding shortage Finance
Failure to comply with contractual quality requirements Technical
Traffic Conditions(truck, road, port, facility etc.) Infrastructure
Import/export restrictions, Customs inspection Legal
. Incorrect Documentation(code error, missing etc.) Management
Transportation — -
Weather condition(rain season, typhoon etc.) Weather
Port strike, Holidays, Labor union Labor
Pirate hijacking, Terror Political
Inappropriate type of foundations or slow site hand over Contract
Inclement weather(rain, temperature, wind, humidity etc.) Weather
Defective, improper, shortage of materials and equipment Material
i Labor injury or equipment breakdown Infrastructure
Construction - : - :
. Poor social security at the location(theft, burglar etc.) Social
(Erection) - —
Different culture, customs, religion and Language Culture
War, terror, social and political disorder Political
Laws and local standards, constrains on employment Legal
Inexperienced workforce and staff turnover, injury Labor
Shortage of Testing material/infra(water, electricity etc.) Infrastructure
Test & Pre-Operation Complex planning approval and permit procedures Legal
Long waiting time for approval of Test Tradition
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<Table 2> Example of Risk Factor, Probability, Exception/Consequence and Related Activities

Schedule Risk Factor Probability Exception/Consequence Related Activities
R1 : Inadequate details in drawings 0.2 High(about 30% schedule delay) A, B, C
R2 : Delays in design information 0.1 Medium(about 20% schedule delay) A, B, D
R3 : Incorrect documentation 0.2 Low(about 10% schedule delay) C
R4 : Inexperienced labor and injury 0.3 Medium(about 20% schedule delay) D
RS : Shortage of testing infrastructure 0.3 High(about 30% schedule delay) C,D
<Table 3> Example of Response Plan, Response Strategy/Effect and Related Risk Factors
Response Plan Response Strategy/Effect Related Risk Factors
P1 : Detect drawing errors using checklists M1 : Mitigate, about 99% decrease exception R1
P2 : Acquire high level, training unskilled labor M2 : Mitigate, about 90% decrease exception R2
P3 : Perform document quality review M3 : Mitigate, about 95% decrease exception R3
P4 : Prepare and Acquire materials, infra earlier M4 : Mitigate, about 90% decrease exception R4
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<Table 4> Activities, Predecessors and Activity Durations

ID | Activity Name | Predecessor Activity Duration
1 A Start Triangular(3, 5, 7)
2 B Start Triangular(3, 4, 5)
3 C 1, 2FS Triangular(4, 6, 7)
4 D 2FS Triangular(1, 3, 4)
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<Figure 1> Evaluation Model with Bayesian Network Tool
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<Figure 2> Result of Sensitivity Analysis(Tornado Graph)
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<Table 5> Results of Risk Factor, Exception and Response Strategy Assessment

Risk Factor/Response Strategy Expected Time Confidence Interval(90%) Impact
No Risk Factor, No Response Strategy 11.107 [ 9.988, 12.288 ] -

) NR 15.512 [ 13.253, 17.957 ] 4.405
RI(Risk Factor 1) ’ M1 12.441 [ 11.029, 13.963 ] 3.071
) NR 12.530 [ 10.999, 14.250 ] 1.423
R2(Risk Factor 2) ’ M2 11.550 [ 10.341, 12.849 ] 0.980
) NR 13.861 [ 11.933, 15.941 ] 2.754
R3(Risk Factor 3) ’ M3 11.939 [ 10.618, 13.341 ] 1.922
) NR 11.108 [ 9.993, 12.289 ] 0.001
RA(Risk Factor 4) ’ M4 11.107 [ 9.988, 12.288 ] 0.001
NR 16.330 [ 14.190, 18.667 ] 5.223

RIL R2. R3, R4 ] M, 2, 3, 4 12.765 [ 11359, 14.271 ] 3.565

"NR : No Response Strategy, M1~M4 : Mitigation Strategy.
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<Table 6> Activity, Expected Time, Constraints, Early/Late Time and Total Float

ID Activity Name Exﬁiﬁed Constraints EESarly T'm:F L;ate T'mEF TOt?'TFF)'oat

1 Project Initiation - 0 0 0 0 0

2 Engineering(Design) 21 1 FS 0 21 0 21 0

3 Material Procurement 37 2 SS +8, 2 FF 8 45 8 45 0

4 Pre-Fabrication(Domestic) 39 3 SS +2, 3 FF 10 49 10 49 0

5 Freight(Ocean & Land) 37 4 SS +6, 4 FF 16 53 16 53 0

6 Pre-Construction(Foreign) 9 4 SS +2 12 21 12 21 0

7 Storage Tank Erection 61 5SS +4, 6 FS, 5 FF 20 81 20 81 0

8 Project Management Work 81 1 FS, 9 FF 0 81 0 81 0

9 Project Completion - 7 FS 81 81 81 81 0
(Table 7> Identified Risk Factor, Probability, Exception/Impact and Related Activity

ID Risk Factor Probability Exception/Consequence Related Activity

R1 Slow site hand over 0.6 High : about 50% schedule delay 7

R2 Shortage of equipment 0.5 Medium : about 30% schedule delay 6, 7

R3 Shortage of labors 0.5 Medium : about 30% schedule delay 6, 7

R4 Traffic control and restriction at site 0.3 Medium : about 30% schedule delay 56,7

RS Shortage of manufacturing materials 0.2 Low : about 10% schedule delay 3, 4

R6 Nationality of labors 0.2 Low : about 10% schedule delay 6, 7
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<Figure 3> Schedule Network Diagram for Storage Tank Project
<Table 8> Response Plan, Strategy, Strategy Effect and Related Risk Factor
ID Response Plan Strategy Response Strategy/Effect Related Risk Factor
P1 Continuously monitoring clients project Mitigate MI : about 90% decrease exception R1
P2 Acquire high performance equipment Mitigate M2 : about 95% decrease exception R2
P3 Hire skilled labors and training Mitigate M3 : about 95% decrease exception R3
P4 Site clearance and prepare earlier Mitigate M4 : about 90% decrease exception R4
PS Make more quality materials seller lists Mitigate M5 : about 95% decrease exception RS
P6 Educate culture, customs and nationality Mitigate M6 : about 99% decrease exception R6
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<(Table 9> Results of Assessment for Storage Tank Project

Risk Factor/Response Strategy Expected Time Confidence Interval(90%) Impact
No Risk Factor, No Response Strategy 82.563 [ 77.669, 88.163 ] -
. NR 128.580 [ 111.160, 147.020 ] 46.017
RI(Risk Factor 1)
MI 96.400 [ 88.891, 104.780 ] 32.180
. NR 114.100 [ 97.315, 131.750 ] 31.537
R2(Risk Factor 2)
M2 92.032 [ 84.827, 99.999 ] 22.068
. NR 114.100 [ 97.315, 131.750 ] 31.537
R3(Risk Factor 3)
M3 92.032 [ 84.827, 99.999 ] 22.068
. NR 114.100 [ 97.315, 131.750 ] 31.537
R4(Risk Factor 4)
M4 92.032 [ 84.827, 99.999 ] 22.068
. NR 82.563 [ 77.669, 88.163 ] 0
R5(Risk Factor 5)
M5 82.563 [ 77.669, 88.163 ] 0
. NR 96.479 [ 83.920, 112.020 ] 13.916
R6(Risk Factor 6)
M6 86.655 [ 80.426, 93.876 ] 9.824
NR 134.800 [ 119.340, 152.350 ] 52.237
RI, R2, R3, R4, RS, R6
MI~6 98.223 [ 91.025, 106.420 ] 36.577

*NR : No Response Strategy, M1~M6 : Mitigation Strategy
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