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Formal Estimation Method for Optimal Budget Appropriation of
Highway Construction Projects under Long-term Continuation
Contracts

ABSTRACT

In Korea, public infrastructure projects employ “long term continuation (LTC) contracts,” which require budgets to be reevaluated and
re-appropriated annually throughout the multi-year life of the project. However, such contracts also make it susceptible to frequently
changing government policies, in which budgets required for existing projects are allocated to new projects and thus does not provide
a consistent stream of capital to multi-year projects. Each year, the KEC needs to attain government funds for construction of its
multiple highway construction sites. Because it is difficult to know the amount that may be actually appropriated to KEC in a given year,
it is in turn difficult to anticipate and provide sufficient funds necessary for construction to run smoothly and continuously. The lack
of a good logic for appropriation has resulted in projects having a skewed distribution of capital. To get better budget appropriations
from the central government, the KEC first needs a systemized approach that rationalizes the annual construction capital optimally
required for its individual sites. The goal of this research was to devise a way that allows the KEC to determine and calculate the optimal
construction costs that would be required for its individual construction sites on an annual basis. Both the optimal progress rate and the
essential work types were assessed through a workshop with 24 professionals (KEC employees and contractors) who had extensive
experience in KEC projects and also were currently working in these projects.
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Table 1. Road Services Manual (MOLIT, 2011)

Remaining The remaining construction execution standard(%)
year lyear | 2year | 3year | 4year | Syear | 6year
1 years 100 - - - - -
2 years 55 45 - - - -
3 years 27 40 33 - - -
4 years 19 23 31 27 - -
S years 14 16 19 28 23 -
6 years 10 12 14 17 26 21

Table 2. Standard Expenses Rate (MOSF, 2012)

Remaining The execution standard of remaining construction (%)

year 1 year |2 year|3 year |4 year |5 year|6 year|7 year | 8 year

1 years 100 - - - - - -

2 years 55 45 - - - - - -

3 years 27 40 33 - - - - -

4 years 19 23 31 27 - - - -

5 years 14 16 19 28 23 - - -

6 years 10 13 15 18 24 20 - -

7 years 8 10 12 13 16 22

8 years 5 7 9 11 14 16 20 18
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| @ Yearly Type's Planning Construction Cost |
I

l
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Step of Optimal
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® Revised Progress l+——— ® Weight Value through the
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| @ Optimal Construction Cost |

Fig. 1. The Plan of Optimal Construction Cost



Table 3. Planning Step

Sequence Explanation Aggregation method
1) Divide 6 type's in construction process
(DYearly type's planning process rate  |2) Get the yearly type's construction process rate Expert opinions
(Construction period : 4~8years)
@Cost component ratio 1) Check 'cost component ratio in each construction sections Cost classification by type
@ Yearly type's planning construction cost |1) Calculation the construction cost in each year and types DO=x®

411 3ZE 7=

4.1.1.1 3338 AYIAM 9 Ak
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ok sie-o] AAaTANY, ANk, FRES Tl uket
R FYshe sAMY] 7HgHIEe] tEA] W o]& Wid
&2 B Frk

Table 3¢l}xje} o] ©,09] HRE o]&ato] afF T2 &
SAPIRE B2t AAPE S AFTAIE FHE 5 ol Eck
o] HIEEE & 2 olM H332 sh= Al gk Soltk 2= Algad
Al e AxPE-TEE THES A oS sl
APgsh= A et £ TAM] 74 HlES whdshks
Zolth

2

off

g{g

4112 AP 94 9% A o 49

O] AL WAe] HHFAW] 21ES Sl <RI
AL EAE O gt AEA] ofzlo] whE BAlo] %ﬁb‘}ﬁ}.
‘@ FAM] 74 1]8(Cost component ratio)’ S &-7-2] £4J0]
w2} HAA XN @ ARpE-FEE AFTHE(Yearly type's
planning process rate)’-& AP0 2 FAE Zo] {7] wito|thk

o1& I3l THE=ZTAF AU AITAL A 247ES TP R

Ja%e APste] 6714 hEF 2 4~833 TAE o s
7P ARE A FAES AT S, FEEE 6719
£02 o] de B2 AR/ wix|sla 7 1gnc)
dxpaz 71 AR A Ul =0] & AL Fshes
stk
AdZ Table 4= 7} F=o] ¥ 2 A8 44 T &4
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4.1.1.3 AY5AA oA

Ak WS Zgste] AxpE-E AGTAPIE Y S
2k F 3APIRE 49 F AR 10009R1 FAbollA] EFA
(Earthwork)2] 3\ dx}e] AlZgAM|E AHE3T)

Fig. 20529 EgAke] 31dx}e] sfdsh= A€ E(Earth-
work's construction cost ratio)¥} &g 3] TEH FAM)
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Table 4. Planning Process Rate Each 4 years

Types lyear | 2year | 3year | 4year total
Earthwork 5% 35% 57% 3% 100%
Drainage work 8% 25% 38% 29% 100%
Bridge building 20% 30% 40% 10% 100%
Paving work 3% 7% 60% 30% 100%
Subsidiary work 17% 6% 25% 52% 100%
Tunneling work 6% 66% 21% 7% 100%

—IEarthwork’s, lanning process ratio (construction period 4 year)
[ [iyear year [3year |ayear fotal |
[Earthwork \ 5% 35% _ 57% 3% 100%|
/‘I Type’s cost component ratio
[ Type Ratio Cost Earthwork’s 3years construction cost
Earthwork 10%) W10,000,000,000]
Drainage work | 20%| ¥20,000,000,000| 1#10,000,000,000 (construction cost)
Bridge building | 30%  W30,000,000,000| | | X—————= 57% (3years process ratio)
Paving work 20%, W20,000,000,000| = W5,700,000,000
Subsidiary work| 10%| #10,000,000,000) ikt
Tunneling work | 10%) WW10,000,000,000
Total 100%) ‘W100,000,000,000
,/! Years planning construction cost
lyears | 2years | 3years | 4years | total Unit
Earthwork 5 35 57 3 100 | 100Million KRW

Fig. 2. Yearly Type's Construction Cost Planning
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4.1.2.2 BAES} @A A

ARk W2ke Eg3te] AAPE-FFE HHFAME 2 3
£k F 3APRE 49 F FAHE 1000921 FAolA] 33t
HATAHE AHESith

Fig. 35} o] 2] Egoll 2w dxp7iA|e] 721848 (Actual)' 3}
Hz AFsl <224 E(Planned)’S] Fx}(Accumulate progress

deviation)& 71| 71EQ] oAt F4HS?A Table

Table 5. Step of Optimal Construction Cost Through Calibration

59] AUl BAZIL ofojr Eeje] 3\t AlSEHEQS years
planning process ratio)ol] Z-g3le] HAE 3dx} FHES
(Revised 3 years progress ratio) AF=&H}

Fig. 36lXe] HAE &S o83l 3AM|E AkashalFig.
4) T3 el A gatst sk st | g Hx A=
3t} - Ao S| 284171 3idA} ejitel] B wighe

A2 7 % ek

_l 3 years planning process ratio !

[ Earthwork |Drainaqe work\Bridqe buildinq\ Paving work \Subsidiar work\Tunnean work\

57% 38% 40% 60% 25% 21%
,,J A progress (1~2 years)
Actual |Planned | Dev.1| Dev.2 Re‘h‘{ed 3years ratio

Earthwork 40% | 40% | 4% | 2%
Drainage work | 29% | 33% | -4% | -2%
Bridge building | 44% | 50% | -6% | -3%

Paving work | 12% | 10% | 2% | 1%
Subsidiary work| 19% | 23% | -4% | -
Tunnelingwork | 76% | 72% B | 2%

™——\57% (3years planning process ratio )
- 2% Deviation)

__=—55%

—1 Revised 3 years pregress ratio "

Earthwork rainage work }gridge building| Paving work_[Subsidiary work[Tunneling work|
55% | 38% 43% | 63% | 28% | 11% |

Fig. 3. 3 years Earthwork's Revised Progress Ratio Planning

Revised 3 years construction cost and Normalization |
Earthwork | Drainage work |Bridge building| Paving work |Subsidiary work|Tunneling work
(#5,500,000,000/#8,000,000,000|%8,600,000,000%17,700,000,000|#2,700,000,000 |#1,900,000,000
0.12 0.18 0.19 0.40 0.06 0.04
Type’s 3 years pl. otk uction cost
Type \ Cost 3 years Earthwork’s optimal construction cost
Earthwork W§,700,000,000 |, #41,900,000,000 (taotal construction cost)
Drainage work W7,6 0.12 (3years planned construction cost )
|Bridge building W12,000,000,000] —_—
Paving work ‘W12,000,000,000) = W5,190,315,315
Subsidiary work W2,500,000,000]
Tunneling work W2,100,000,00!
[Total ‘W41,900,000,000,

—| 3 years optimal constru:tio&ést ]

|_Earthwork | Draimage work [Bridge building] Paving work | Subsidiary work [Tunneling work
[#5,190,315,315]w7,549,549,550 |#8,115,765,766 |#16,703,378,379| #2,547,972,973 |#1,793,018,018

Fig. 4. Calculation of Optimal Construction Cost

Sequence Explanation

Aggregation method

@Yearly planning
construction cost

1) To extract the required data in Yearly type's planning construction cost

Extract in Q)

(®Revised progress

1) To get the accumulated progress rate between Actual and Planned
2) To calculate correction values using the remaining construction execution rate

(D-{(Actual - Planned)
X
remaining construction execution rate}

1) To calculate total construction cost

ight val
©®Weight value 2) Normalized by trade

(®'each type's cost = B total cost

(@Optimal

. 3) Apply weight to the total annual cost
construction cost ) Apply &

® x total type's construction cost

Table 6. Standard of Deviation Distributing in 4 years Construction

Remain year

1 year

2 year 3 year

Deviation applying ratio

100%

50% 30%
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30%

25%
20% ‘_/I—\§
15%

10% /

5% V//

0%

lyr 2yr 3yr 4yr Syr 6yr 7yr

KEC(Actual)

=—#=—Proposed =fll=MSF

Fig. 5. Budget Comparison
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Table 7.7 years Type's Planning Process Ratio

Construction

type lyr|2yr|3yr|4yr|Syr|6yr| 7yr | Total

Earthwork 2% | 11%(36%(23% | 17% | 10% | 1% | 100%

Drainage work | 1% | 13% | 18% | 21% | 24% | 13% | 10% | 100%

Bridge building | 3% | 10% | 10% | 25% | 30% [ 20% | 2% | 100%

Paving work | 2% | 2% | 3% | 6% |10% |[47% | 30% | 100%

Subsidiary work | 1% | 3% | 4% | 3% | 3% [22%| 50% | 100%

Tunneling work | 3% | 3% |22% |22%|22% |21% | 7% | 100%

Table 8. Type's Cost Component Ratio

Construction type | Component ratio Cost (KRW)
Earthwork 22% 15,337,378,280
Drainage work 14% 9,814,474,540
Bridge building 39% 27,612,108,499
Paving work 6% 4,323,329,752
Subsidiary work 4% 3,051,692,115
Tunneling work 14% 9,775,432,394
Total 100% 69,914,415,580

Table 9. Type's 5 years Optimal Construction Cost

Construction type Cost (KRW)
Earthwork 2,245,634,559
Drainage work 2,624,076,361
Bridge building 7,759,256,995

Paving work 369,579,864

Subsidiary work 166,515,265
Tunneling work 2,755,876,529
Total 15,920,939,612

Table 10. Budget Comparison between MSF and KEC (Actual)

Year lyr|2yr|3yr|4yr|Syr| 6yr | 7yr | MAE

KEC 3% | 7% | 11%| 15% | 22% | 25% | 16%

Proposed 4% | 5% [ 16% | 16% | 18% | 24% | 18%

Proposed-KEC| 1% | 2% | 5% | 1% | -4% | -1% | 2% | 2.28

MSF 10% | 10% | 10% | 15% | 15% | 20% | 20%

MSF-KEC | 7% | 3% | -1% | 0% | -7% | -5% | 4% | 3.85
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