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Abstract

In this study, DEA (Data Envelopment Analysis) was carried out on the four bridges, which have the same extension
(L=1,615m), in order to select the most superior, economical method of construction using the LCC concept of each bridge
structure in the case of the Ulsan-Pohang double track railway which is scheduled to be constructed. DEA models were analyzed
with the CCR model, which was designed for the evaluation of relative efficiency of each model. The initial construction costs,
maintenance costs, indirect costs (user costs + indirect loss of social costs), and life cycle costs were used as input variables, and
average duration was applied as the output variable. LCC was applied to calculate the input variables, and to get the costs of LCC,
100 years of period and 4.83% of real discount rate were applied, and the costs are classified into initial construction, maintenance,
user, and indirect loss of social cost. The analysis results showed that the Method 2 and 3 were evaluated as the most efficient,
and the other alternatives were evaluated as the following order; Method 1, the default, and Method 4.
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Configuration items

Details

Initial Construction Costs

Managing

principal
costs

« Plan costs (feasibility study costs, the basic plan costs, etc.)

+ Design costs (basic design cost, implementation cost, etc.)

- Construction costs (construction, infrastructure construction, construction safety inspection costs, design
changes cost, defect repair costs, etc.).

- Supervision costs (cost of construction supervision, design supervision costs, etc.)

« After completion of the initial inspection costs

« Introduction of new technology costs (chamber model tests and other laboratory test costs, test construction
cost, consultants and specialists required in the evaluation process cost, employment costs, inspection,
maintenance, and matters of government authorization for additional education costs, etc.)

Maintenance Costs .
+ Maintenance costs

- Inspection and diagnostic costs (periodic inspection, etc.)

+ Demolition costs

Disposal Costs .
+ Recycling costs

+ Time delay costs

User Costs + Vehicle costs

Indirect

costs + Land falling

Socio—Economic Losses

+ Unemployment rate degradation and falling wages
+ Such as loss of productivity induced effects
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Table 2 Compare bridge
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Table 3 Data for calculation of maintenance costs

Cycle (Year) ) ) .
Component Species - - - Rate of | Reinforcement | Turnover | Maintenance | Reinforcement
D! Species Maintenance Refurbish | Reinforce | Re—reinforce Shifi | return (%) rate (%) (%) costs costs
ment ment ment
PSC BEAM 10 8 19 11 - 18.4 21.6 - 124 346
PSC BOX 10 8 20 12 - 18.4 21.6 - 124 346
Template S.T BOX 10 7 20 12 - 19.1 19.8 - 152 321
PREFLEX 9 8 20 13 - 18.4 21.6 - 124 346
PRECOM 9 8 20 13 - 12.88 15.12 - 124 346
PSC BEAM 18 15 25 23 - 21.0 22.3 - 150 249
PSC BOX 17 14 23 20 - 21.0 22.3 - 150 249
Decks ST BOX 18 13 22 21 - 21.0 22.3 - 150 249
PREFLEX 15 12 23 20 - 21.0 22.3 - 150 249
PRECOM 15 12 23 20 - 21.0 22.3 - 150 249
Steel bridge Inside 10 7 - - 15 19.1 - 100 49 152
painting Outside 10 7 - - 13 19.1 - 100 49 152
Pier 12 8 23 20 - 28.6 20.6 - 180 180
Infrastructure -
Pier foot 17 8 23 20 - 24.4 20.6 - 175 175
Bridge Blastomeric 6 6 - - 21 18.3 - 00 |
bearings TON Unit price reference
abutments
Pot Bearing 7 7 - - 23 18.3 - 100
Expansion | o Monocell 5 5 - - 10 20.2 - 100 | New Monocell Joint Unit
joints price reference

Table 4 Port bearing replacement unit price
(Unit: KRW million)

species Sti?sr?)rds 50 | 100 | 200 | 500 | 1000 | 2000 | 3000
Fixed end 1.6 1.7 2.2 3.6 6.9 | 13.5 | 20.7
Unidirectional| Price | 22 | 25 | 81 | 51 | 97 | 183 | 31.2
Bidirectional 17 | 18 | 22 | 35 | 67 | 134 | 203

Table 5 New Monocell Joint unit price (Unit: KRW million)

NEW MONOCELL JOINT NEW MONOSELL JOINT
(Daytime) (Nighttime)

NO.30 | NO.50 | NO.60 | NO.80| NO.30 | NO.50 | NO.60 | NO.80

Standards

Price 0.9 1.0 1.0 1.1 1.3 1.3 1.4 1.5

o] g BE ANE g8t tjgh o &2 AATA LCCEY
oM ALl E7FsstEE FAIEFHE W] AR 3
of whz} Aol P& THIA HER o] FAIE st 7]
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739 Full stress 7I@C% 7|2 PFRELU} 7 2ystEo]
70% 21 0% S5ty we] Ban]g- 71E #A
A BAAE 7ML AlelEe] dAuER Agste] 5
7Fs 31} (De Brito et al., 1998). Table 3, 4, 5, 6= +r
Aug RS sk Agdold glolch

Table 6 Elastomeric bearings replace the unit price
(Unit: KRW million)

I Standards | 45 ] 55 | 65 ] 70 | 75 |100] 135] 175]190] 200
SPEAES ) o) [ 225 280300 | 350 430 | 500| 600 | 700] 800 | 1,000
Fixed | . [20|21]23]23]24]25]20]34]34] 36
end 39| 44|48 |51]62|69]76|85]|102] 125
Unidrec| . |20|22]23 23|25 26] 2034 ]34] 87
tional 39| 45|49 |51]62]69|76]86]102] 125
Bdrec | . |18]19]20]20]21|23]26]30]31] 33
tional 36| 41| 44|47 |58 6471|8697 119
@ 3IAl - H7 ]

A - A7 o] I8l tehs A-9-ol U
she ARG} L0 G0 thy 2 (49} 2ol F2g)
g < Sk

PVD= Cpspt Crrc 4)

A7NA, Cpsp = BAVE 5 Crpe = AZE1E

SR ESFTRX pE| 28t =28 M17d M45(013.7) 107



o nudk Zow oitun, ¥87]7kEt
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Al AR FQIHER1 IR E-0] e ARAH]E- A}

I EARgew Y ¢ Qtk 53] AREA HlE->

W] LCCEA Al vil¢- %‘35& otk AAl AblEA

159] Oakland Bay %> 1994%d Northridge #71¢] 2]

W& Rl Ha Zﬁi‘ﬁ TEE ETH]%O]L} A

v 8Rct FA ¢ 9hslk AReA] 8-S &3 b 9t

wFe] A/

d

iy

2 Aol AAGA LCCR-A fA1de] dAZEA] 3L
HE= ZoR sglors A - ‘] 18183} #E 7Hdn)
9.5 pEskR] Lot} AR LS A)7HRAH] S (1\_711 ]
sHEo] AlREA] High H]E- 5 Time Delay Cost)s 1.H
sto] Tt A (5)8) ol AdAsksith

CU = CL‘OC (5)

A7IA, C,,. = ARAAH]E

Bl 5L b pie] WA 5, 2 A
#4495 e Lol L FARS A9 27 5L 19
sjo] ZPENI§-S VIS

1) A7 etn) g
AN g2 A A - T AT F wED (o)
N3} A ARG BFARALY Bow B
o 1 A A AR AR Eelsh A4Sl nE &

oln&S Esko] Atk

2) A AT AREARE

& Aol Seskin (1990)2] Algks wA4]<19] Q144
Tof w37 Aoz o] ARt = QS skl
(Table 7).

LCC &A= 9% sl ARt EL}E‘r‘:‘r g WskE U

Table 7 Seskin (1990)’s cost of indirect economic losses

2]
Eelolage] Wals) AFed JudE FE A
& Rl ﬂ%@] LCCH-A]
Al AAEE0] 483% HES] FEolA 9189 AR}
7Feshd 2 Al AR ARgskolch st Wil
= 016302 e T HIAAS Aun] Sl AlFE
& LCCE 7] SlelA wlg- 28k AAlSo]7] i
LCCEAA 11 E3AS arfste] Fowas 28sioich

3.3.2 kWS

B AT ARE Wl g2
2 gty Fgrolst AlES] T2
7b &4 AG J%iﬂ~ti1 7] Al
O ol 1 71%S A ket
t} (Kirby et al., 1975)

0G| A Y 24 dis) fx9e, B
- 57} glo|ZAlo)F (Life Cycle), FrAI@EH] & 2 Bas .
w7|go] 77}t FejF 0w wijEo]of sh=t, o= 7]
el AR A3 ol e F2lo] esht | dlelA
olg gt A717ke] wloJefel] tigt Fxo] ALl Hof A
7] wizell sk gl vlojelo] RE fl8te] =
o] T FaAsE 3};} SF3iet.

UhS Table 804 &
50~2001 102 wEe]
ATk whebA], 2 04%%11 1% F20] nlwute] Antwa
o]|PZ AASHTO LRFD Spec.o W 75d0] Zeair}a
=L LCCH7A] ER1ES Agsto] dAle] 7ix= &
AF8E 734 75 o]0 AN gL & JHX= Wl AE A
ole, AZ AN wake] S Fedste] QlojA M=

rir

O

Table 8 Bridge structures of public life

Division Wen Medium—sized cities Etc.

Regional economic loss cost /

150% 100% 50%
user cost

Category Age Source
General Bridges 75 AASHTO LRFD Spec.
70 Piringer (1993)
RC Bridges
50 Nishikawa (1997)
PC Bridges 70 Piringer (1993)
Steel Bridges 80 Piringer (1993)
High—performance steel bridge rgggey;:ra: Nishikawa (1997)
Steel composite girder bridges 70 Piringer (1993)
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Table 9 The Durability of the reconstructed bridge superstructure type—specific average

Superstructure Type

R.C Slab

PSC

I Bridges

Steel—I Bridges

Rahmen Bridges

Durability (Year)

22.2

24.20

30.0

21.9

Table 10 Bridge life cycle cost calculated value

(Unit: KRW million)

Division Basic of Plan Comparison of Plan 1| Comparison of Plan 2| Comparison of Plan 3 | Comparison of Plan 4
Initial construction costs 541.0 767.0 480.0 569.0 607.0
Maintenance costs 111.1 207.3 99.1 83.1 1134
User costs 35.1 22.5 28.6 28.6 31.3
Indirect costs
Social indirect loss costs 35.1 22.5 28.6 28.6 31.3
LCC Costs 722.3 1,019.3 636.3 709.30 7830

Table 11 Bridge DEA

analysis values

Division Basic of Plan Comparison of Plan 1 Comparison of Plan 2 Comparison of Plan 3 Comparison of Plan 4
Efficiency Score 89% 100% 100% 100% 89.7%
Reference frequencies - 2 3 3 -
o] A4 2] A5 Uﬂol 1004 1*&01 g Zlolg} st AEQom, YA v 19 7182k, i 4%F AR o

341 FIHS A
B Aol wagA 71 RAARk Hlwleks A
A3, o)F BRSO 3geIN ] S Erjz %
QWS APPSR TS Table 10 7w Felus
e vehitt
B QoA FRSE 271708018, fA el g, <

ARG (ARG + ARSI EAN8), BRI 8-

ARSI O, Ak

3.4.2 DEA
DEA %41 93]
CCR 23&

a o=

Oﬂ e

o] 100%7} & DMUE
ﬂg 40] paNeh 100%7]_
7 %2 DMU7} B 2 tiglo] =

Aol = Wl

FRE B WFATL

A4 Ay
Frontier 4.0 >~ 1385
AREEe] A Ak Uhat At (Table 11).
Reference frequencies”} =A|sk=tl] ©]
a-57d0] 100%7F = A 471 flste] &84
zsloF sh=rtell sk Aotk
ZAsePA o] Reference frequencies
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