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Analysis of Loss Costs and Risk Reserve due to Risk Events
for Aircraft Runway Construction

Kang, Hyun Wook"

'Assistant Professor, Department of Architectural Engineering, Gwangju University

Abstract : The purpose of this study is to derive risk events that occurred during aircraft runway construction and analyze
loss costs for project participants. For this purpose, design change data, contracted statement and completed statement were
investigated. The results of this study are as follows: There were 12 risk events in the process of construction, 5 design errors
and 7 construction errors. The increased construction costs due to such risk events were calculated as KRW 726 million. Of
the KRW 726 million that was increased due to risk events, about 52.57% was spent by the ordering agency, and about 47.43%
contractors. The increased construction costs due to such risk events are about 4.86% of the direct construction costs of KRW
14.9 billion. Based on the results derived from these case studies, a method for estimating reserve costs and construction costs
considering risk events is presented.
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Fig. 1. Procedure of Research
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Table 1. Case Outline

Item Explanation Remark
Name Aircraft Runway Construction Project

Period 2012.04. ~ 2013.11.

Price 16,500,427,000 KRW

« Runway : 1 place
Scope -« Width : 120ft(36.5m)
« Length : 9,200ft(2,804.2m)
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Table 2. Contracted Price [Unit: KRW]
Cost tem Price Rate
Total cost 16,500,427,000 | 100%
‘ Prime cost 14,959,588,000 91% | 100%
‘ Civil work cost 9,848,001,000 66% | 100%
Material cost 3,476,344,000 35%
Labor cost 4,264,184,000 43%
Machine cost 1,530,380,000 16%
Expenses 577,093,000 6%
Building work cost 5,111,587,000 34% | 100%
Material cost 1,975,280,000 39%
Labor cost 2,118,817,000 41%
Machine cost 688,276,000 13%
Expenses 329,214,000 6%
Overhead 867,657,000 5%
Profit 673,182,000 4%
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Table 3. Risk Events

ltem Risk Events Name (S?acr(t::;\rlle:rfteh)
RE-01 Lack of improved for soft ground 8M
RE-02 Error in route survey of drainageway 3M
RE-03 Extension of length for drainageway 8M
RE-04 Increase capacity of drain pump 8M
RE-05 Hangar geolocation error aM
RE-06 Expansion of the control tower 5M
RE-07 Lack of size for aggregate in concrete aM
RE-08 Cracks in concrete T1M, 15M, 17M
RE-09 Batch plant failure 10M, 17M
RE-10 Subsidence of soft ground ™
RE-11 Extension of width for taxiway 3M
RE-12 Expansion of office building 3M
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Table 4. Classification of Risk Events Table 6. Variation Costs for Risk Events [Unit : KRW]
ltem Classification Works Cause ltem Risk Events Name Variation Costs
RE-01 Civil Work Construction Error RE-01 Lack of improved for soft ground 63,813,000
RE-02 Civil Work Construction Error RE-02 Error in route survey of drainageway 28,164,000
RE-03 Civil Work Design Error RE-03 Extension of length for drainageway 62,667,000
RE-04 Civil Work Design Error RE-04 Increase capacity of drain pump 37,796,000
RE-05 Building Work Construction Error RE-05 Hangar geolocation error 11,016,000
RE-06 Building Work Design Error RE-06 Expansion of the control tower 69,881,000
RE-07 Cvil Work Construction Error RE-07 Lack of size for aggregate in concrete 48,984,000
RE-08 Civil Work Construction Error RE-08 Cracks in concrete 64,325,000
RE-09 Building Work Construction Error
9 RE-09 Batch plant failure 56,524,000
RE-10 Civil Work Construction Error -
RE-10 Subsidence of soft ground 71,933,000
RE-11 Civil Work Design Error - - -
RE-11 Extension of width for taxiway 142,834,000
RE-12 Building Work Design Error
RE-12 Expansion of office building 68,894,000
Total 726,831,000

Table 5. Classification of Responsible Organization

Item Risk Events Name Organization
RE-01 Lack of improved for soft ground Contractor
RE-02 Error in route survey of drainageway Contractor
RE-03 Extension of length for drainageway Owner
RE-04 Increase capacity of drain pump Owner
RE-05 Hangar geolocation error Contractor
RE-06 Expansion of the control tower Owner
RE-07 Lack of size for aggregate in concrete Contractor
RE-08 Cracks in concrete Contractor
RE-09 Batch plant failure Contractor
RE-10 Subsidence of soft ground Contractor
RE-11 Extension of width for taxiway Owner
RE-12 Expansion of office building Owner
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Table 7. Classification of Variation Costs [Unit : KRW]
Item Organization Owner Contractor
RE-01 Contractor - 63,813,000
RE-02 Contractor - 28,164,000
RE-03 Owner 62,667,000 -
RE-04 Owner 37,796,000 -
RE-05 Contractor - 11,016,000
RE-06 Owner 69,881,000 -
RE-07 Contractor - 48,984,000
RE-08 Contractor - 64,325,000
RE-09 Contractor - 56,524,000
RE-10 Contractor - 71,933,000
RE-11 Owner 142,834,000 -
RE-12 Owner 68,894,000 -
Total 382,072,000 344,759,000
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Table 8. Contracted Price [Unit : KRW]
Cost ltem Contracted Variation | Change Completed
Price Costs Order Price
Total cost 16,500 727 382 16,500
Prime cost 14,960 727 382 15,304
Civil work cost 9,848 521 243 10,125
Material cost 3,476 184 76 3,584
Labor cost 4,264 225 98 4,391
Machine cost 1,530 81 62 1,550
Expenses 577 31 8 600
Building work cost 5112 206 139 5179
Material cost 1,975 80 49 2,006
Labor cost 2,119 86 67 2,137
Machine cost 688 28 17 699
Expenses 329 13 5 337
Overhead 868 - - 868
Profit 673 - - 328

* Completed Price : (Contracted Price + Variation Costs) - Change Order
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Method of Reserve Costs Estimation

Step 1. Evaluation for Risk Impact Index
) @ Average Risk Costs |
@ Occurrence Frequency Average Direct Costs

@ Occurrence Probability @ Costs Impact Index —

| ® Risk Impact Index |

Step 2. ‘ Determination of Reflection on Risk Events ‘

| Reflected or NotReflected |

Step 3. ‘ Estimation of Reserve Costs ‘

| ® Reserve Costs(Direct Costs * Costs Impact Index) |‘—

Fig. 3. Reserve Costs Estimation Method

QIFHIE, ARZAMIE Qlojo] Zo Ags, TR
2 Jusi tieT 2t

xke) /\h_/\}oﬂ/d A M1:
Yol

=

FlaliA =712 X]a }Zcﬁoﬂ ﬂ@ Hl8geKl (e

=% OiH SH4E %/\FLO”O] 7NE AHE
BE 2] EQ} HELEA+E Hrdsto] %@ 2
IR+ LEcke SAOIL

o) ‘%ﬁEE ZFAHOccurrence Frequency)
BRI Zh7bo] ZEaE] A TALO)A uwgon:q ]

SARAO] EF0F AEARA0] HHHE S+ FAkoh=
C}. olof met 2 AFtiArS Sol0] =EE (Table 3>9] 'r]
SAFAE 71E0F S E QIS

Table 9. Occurrence Frequency for Risk Events

ltem Case-1 Case-2 | Case-3 | Case-4 | Case5 | Number
RE-01 [ ] [ J [ [ ] [ ] 5
RE-02 [ ] [ - [ J 3
RE-03 [ ] [ - - 2
RE-04 [ ] [ J - 2
RE-05 [ ] - [ J 2
RE-06 [ ] - 1
RE-07 [ ] [ J - [ ] 3
RE-08 [ [ ] [ ] [ ] [ ] 5
RE-09 [} [ ] [ ] [ ] 4
RE-10 [ [ ] [ ] [ ] [ ] 5
RE-11 [} [ ] - [ ] 3
RE-12 [ - 1

% Case-1 is the subject of this study
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Fig. 4. Risk Costs by Risk Events

@ EA8HE AFS (Occurrence Probability)

dYStES H A9 thate xg5t0] 7Pgs 5219 A
HE 71520 QEAAERE ST virof T2 gk
g LPak= 200, A1k (Fig 5@+ 2Tt

120%

100% ®RE-1 ®RE-8 @RE-10

80% ®RE-9

60% @RE-2 O RE-7 ORE-11

40% ® © ORES

RE-3 RE-4
20% @ RE-6 @ RE-12
0%
0 2 4 6 8 10 12 14
Fig. 5. Occurrence Probability of Risk Events
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Table 10. Average Risk Costs and Average Direct Costs [Unit : KRW]

ltem AveéagsetsRisk Average Direct Costs

RE-01 63,346,090 Civil Work Direct Costs

RE-02 | 27,025200 | Case-1 | 10,125218,000
RE-03 | 61,100325 | Case2 | 13,669,044,300 Average
RE-04 | 36851100 | Case3 | 9517704920 | DrectCoss
RE-05 | 11,842,200 | Case-4 | 14,681,566,100 | 12,109,760,728
RE-06 | 69,881,000 | Case:5 | 12,555270,320
RE-07 50,616,800 Building Work Direct Costs
RE-08 | 65822250 | Case-1 | 5,179,125000
RE-09 | 55110900 | Case2 | 5075542,500 Average
RE-10 | 70,897,690 | Case3 | 4868377500 | DrectCoss
RE-11 | 138,072,867 | Case-d | 6422115000 | 5448,439,500
RE-12 | 68894000 | Case:5 | 5697,037,500

Total | 719,660,422

HE9 FHE A+ LFdske= 2ol oo whzt Aled
= BIE PIEARIE A5 fleiM F712 RIEE ¢Id

H&g Fx AT ZFHSAHIE L0l A5E 4Fdeh=
20 FRIFQI AL (Table 110141 HSHTH
Table 11. Cost Impact Index [Unit : KRW]

ltem Cost ltem Average Risk Costs Cosl:‘:;negact

RE-01 Civil work cost 63,346,090” 0.523

RE-02 Civil work cost 27,225,200 0.225

RE-03 Civil work cost 61,100,325 0.505

RE-04 Civil work cost 36,851,100 0.304

RE-05 Building work cost 11,842,200? 0217

RE-06 Building work cost 69,881,000 1.283

RE-07 Civil work cost 50,616,800 0418

RE-08 Civil work cost 65,822,250 0.544

RE-09 Building work cost 55,110,900 1.011

RE-10 Civil work cost 70,897,690 0.585

RE-11 Civil work cost 138,072,867 1.140

RE-12 Building work cost 68,894,000 1.264

Total - 719,660,422

1) Re-01 Average Risk Costs / Average Direct Costs of Civil Work x 100
2) Re-05 Average Risk Costs / Average Direct Costs of Building Work x 100
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SHR4E Hid st JSFA LS on|sit). &, IeARAEE dF Table 13. Classification of Risk Events
/&H?jfl\—é LEX]F_]' H]%Q] \jj%oﬂ U]i]% %ﬂfé}o] 1%}% 7cﬂ> 09} ltem Risk Impact Index Rank Determination
HAARE WA HIE9] s mX]= GE0] =2 89 RE-01 52310 5 Reflected
7t long wHSET HISEFNSE Folo] BRE o) R | 1 10 Not Reflecte
FATNFCIRLPAS: = USE x MBYIRPE B | o@ ° NotFefected
A= Aot RE-04 12172 1 Not Reflected
RE-05 8694 12 Not Reflected
RE-06 25652 6 Reflected
Table 12. Risk Impact Index REO7 25079 3 Reflected
Item CF)’:SE:E;I}:; Cos;:;z;aact Risk Impact Index Rank RE-08 2435 4 Reflected
RE-09 80.920 1 Reflected
RE-01 100% 0.523 52310 5 RE10 58546 3 Reflected
RE-02 60% 0.225 13.489 10 RE-11 68411 5 Reflected
RE-03 40% 0.505 20182 9 RE-12 25289 7 Reflected
RE-04 40% 0.304 12172 11
RE-05 40% 0.217 8,694 12 ® ofHH] 4V (Reserve Costs)
RE-06 20% 1283 25652 6 IFARIE 118510] oHHIE AP (F8)ot= d e o
RE-07 60% 0418 25079 8 St 4T}
RE-08 100% 0.544 54.355 4 WA, A7] Step-201A4] AAE QJSIAAE HILYSHK] 4
RE-09 80% 1.011 80.920 1 % —@:_?_ oH Ogﬂxqol 7_]/\-1J_/\]_o] :IY_ZE]:]:] 7];<:Lou (Q@%ﬁ}
RE-10 100% 0.585 58.546 3 1)) S0 Laol(EE A SIEERs OJBAAY] HILY
e o T rm | Ty DNFE ESBAC 3 S0l S, 4530

719 2o] QIEARIEE APEE QISGEA+E Hlul
St Th= (Fig. 6)7F 2Tk
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Fig. 6. Comparison of Risk Impact Index
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Table 14. Base Cost of New Project [Unit : KRW]
Cost ltem Base Cost Rate
Total cost 20,842,619,000 100%
‘ Prime cost 19,754,380,000 100% 95%
‘ Civil work cost 13,105,479,000 | 100% 66%
Material cost 5,376,083,000 1%
Labor cost 5,269,735,000 40%
Machine cost 1,859,656,000 14%
Expenses 600,005,000 5%
Building work cost 6,648,901,000 |100% | 34%
Material cost 2,407,719,000 36%
Labor cost 3,205,463,000 48%
Machine cost 698,588,000 1%
Expenses 337,131,000 5%
Overhead 694,126,000 3%
Profit 394,113,000 2%
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]O’/\P*‘jﬂi APEE HI8YSK|4E A7) (Table 14)9] Table 17. Contracted Price [Unit : KRW]
EEJ—A}Q} /\}O] 75,@—5—%]-1:]] %t' ] ] ‘1 BHE}E]E ?15 Cost ltem New Project Cost Rate
AL Qﬁé—/\}ﬂ] Aol F3to] oot 2ol AFEsitt Total cost 21,499,944,939 100%
\ Prime cost 20,411,705,939 100% | 95%
Table 15. Estimation of Reserve Costs [Unit : KRW] \ Civil work cost 13,526,199,915 | 100% | 66%
— Costs Impact Reserve Material cost 5,548,669,638" 41%
ftem Cost ftem Determination| —= "\ Costs Labor cost 5438,907,583 | 40%
RE-01 Civil work cost Reflected 0.523 68,554,687" Machine cost 1919355930 | 14%
RE-06 | Building work cost | Reflected 1283 85,277,968” Expenses 619,266,765 5%
RE-07 |  Civil work cost Reflected 0418 54,778,738 Building work cost 6,885,506,023 | 100% | 34%
RE-08 |  Civil work cost Reflected 0.544 71,234,448 Material cost | 2,493,399,086” | 36%
RE-09 | Buildingwork cost | Reflected 1.011 67,253,554 Labor cost 3319,531,272 | 48%
RE-10 |  Civil work cost Reflected 0.585 76,727,213 Machine cost 723447662 | 1%
RE-11 Civil work cost Reflected 1.140 149,425,831 Expenses 349,128,003 5%
RE-12 | Building work cost | Reflected 1.264 84,073,501 Overhead 694,126,000 3%
Sum of Civil Work Reserve Costs 420,720,915 Profit 394,113,000 2%
Sum of Building Work Reserve Costs 236,605,023 1) 5,548,669,638 = 5,376,083,000 + 172,586,638
Total 657.325.939 2) 2,493,399,086 = 2,407,719,000 + 85,680,086
2) Re06 Cosompact o ) 2EvBuiing Work Coss o emproect - 415K} Y 7IZAIRE MAsHs 7It0] BHEEIH, I

6,648,901,000

AEARAEZ
(Table 14)9] E&
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SAHIE Tk Mg,
& wolo] HiEstal 71==Hat

SHatet Auki= (Table 16) B (Table 17)2t ZT}.
Table 16. Distribution of Reserve Costs [Unit : KRW]
Cost ltem New Project Cost Rate Reserve Costs
Total cost 20,842,619,000 657,325,939
‘ Prime cost 19,754,380,000 657,325,939
‘ Civil work cost 13,105,479,000 | 100% 420,720,915
Material cost 5,376,083,000 41% || 172,586,638"
Labor cost 5,269,735,000 40% 169,172,583
Machine cost 1,859,656,000 14% 59,699,930
Expenses 600,005,000 5% 19,261,765
Building work cost 6,648,901,000 | 100% 236,605,023
Material cost 2,407,719,000 36% 85,680,086
Labor cost 3,205,463,000 48% 114,068,272
Machine cost 698,588,000 1% 24,859,662
Expenses 337,131,000 5% 11,997,003
Overhead 694,126,000
Profit 394,113,000
1) 172,586,638 = 420,720,915 x 41%
2) 85,680,086 = 236,605,023 x 36%
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