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Estimation of the Life-span for Urban Rolling Stock through LCC Analysis
(Focused on Seoul Metro)

34
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Su Young Chung - Won Young Lee

Abstract The lifespan of a rolling stock is limited to 25 years by the urban railway law. But it can be extended to 40
years by conducting the regular safety test. This gives additional 15 years of lifespan. In Seoul Metro, Many of the rolling
stocks were already replaced with new types in 1996 and 2008. New type - VVVF rolling stocks have better safety, main-
tainability, durability than old types. For this reason, it is desirable to extend the lifespan of new type-rolling stocks. In this
paper, we investigated the economical lifespan using LCC (Life Cycle Cost) analysis. This study shows that the economical
lifespan comes out 41 years when extra 10% cost has been considered after 25 years of the train service and 46 years when
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extra 10% cost not considered.

Keywords : LCC(Life Cycle Cost), Economical lifespan
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TR A A= AR o] PAIGE FE7A = ok,
ol AEA] ofY § A gl 2502 sty WA
s} =of gl

AEake] Whdshe 22]2 (Physical life), X452} (Common-
place life), 74 A2 W7+ 3 (Economic life) .2 7 & =,
EYAUTdste WErbsi ) AR Pk Hs
Weh= Z o7 ApAe} thal & 7HASHAAN FAVE He F
LFFEFY o . AR A Y Fd gH(Commonplace life)
7= e R Adso] FEhoAA APAE wekehs ol

gAo7 FEslth= Eo R V&R At WEo)
W ZA s AEol ot AAA A gH(Economic
life)ys= AF2k olF7] Fee] H 7% H41]-E-(Average
Maintenance Cost)¥} 3 AH21]4-(Average Capital Cost)Z}
o] Q1 EH]4-(Average Total Cost [LCC])S] #HAAH
< Udste® Fete MEo R & =32 FAth 18

a2 s AUTdRe] 7R Ao, BAAW
ol FZt, AF-Aadste] 7 FrH2]

AsAe Aol Aol whet Fig. 29 1@l =X 9 f-2 1
FAIR} FEn S FRke] SR fAIRN]T) ek v
W 7P A A oA Gt AA AT
W 3H(Economic life) 3 7F1]-&-(Average Total Cost [LCC])

| #27F " AR ol 3].

¥

[¢]

CAEE HSAR MY AEU T FYMSHER MRIE SH2=)
)

=SS =Y M153 M55(2012F 108) 509

Average Total Cost
i
/
/
v §
/

Average Cost($)

“~Average Maintenance Cost
_Average Capital Cost

Economic Life

Fig. 2 Optimum economic life(3*]: Systems Engineering and
Analysis by Benjamin S)

2.2 LCC(Life Cost Cycle)7/i2

WA o 2 A|HE -1 AYell5718]8-(Life Cycle Cost)
AZ AN FE F7)HE A7EA 2] BE HE 5, A
gl A8 - 48] - g n] - H 7] B X

F R0 8 AR o] FE&FE TR Aol H

Hl8-& otr, 22 Mde® Ak Lece A
H7N A 8717k 2QE = An)e F

AE2k FY47HA -7 78] - A B

FHENA Fog FdH ol et el ot

Aol FAYlF7IHE(LCC)E Haste  Sle

Aoets 2 she F8H4 JAMAA 7S wetth

o

fo ©
ol

/-\E—r‘
LR =T U 8

(

1

p

%

2
>
I
o

to
v
rr

8 @ oo e rlo

=
bl
o

—
Q
@)
M

i

JI
7
| g AN S 2AR v)e)
St AR g5 S SIS Al 7
R SN EE R R
1350 oF .

AR AFAE AN A0S G TGO
A AR A4 40802 Hof g, A

e
ofo L
o
)
-5
2 A

1%
rlo
N

=
)

ofo
o

A A Aol 717E B K8 =
Pl ] B2 9] A of

o2 ©
N

£33

+
N

)

i)
to

o
2 =
ey
— 4

-

L ol
N
N

¢

o

2 {0 1o to

= e N
T
o)

.

r>~
o

2,
o

£ ot KU

offt o -4 v r|r

d3k 7|50 % o] FojAE g, o] 717k AA AT
T HellA #HgAg 717ko] e ok stz Ao A
A 7HE 713 E9(1996 ) FE] sod o2 7 Rk

T RAZ FARFJALL 717k whet Wso] AN, 3
S Wigo] eidEch nuiA s FUdxo] 7
Aol 2011d AAAY 7|Fo 7 dko 50d Ft FY
AYFE FA AT

Al WA= gelgo|t) LCCHA ol v o] whagn] 42

05

L



510 BHRETEE =2 M5 A55(20121 10F)

Table 1 Real interest rates

S, L, (%) f (%) 1. (%)
96 1121 492 6.00
97 11.83 444 7.08
98 15.18 751 713
99 9.4 0.81 8.52
00 8.55 226 6.15
01 7.70 407 349
02 6.70 2.76 3.83
03 6.24 351 2.64
04 5.90 3.59 223
05 5.59 275 2.76
06 5.99 2.20 3.71
07 6.55 250 3.95
08 7.17 47 2.36
09 5.65 2.8 277
10 5.51 2.0 244
11 5.76 40 1.69

B7F 7.8 35 4.1

o] X2 kst S Edeith 29 sEle Al
Zro] Aud 1 7 & WiskshE 545 72 vk what
A A Aol v gk 9] ARA HluE feAE B
Aoz 3] AR E FHatslof sk olwf $HikS &)
7] $13M = )& (Discount rates)©] o]-&-g ) #g= st
2 ey Grldw wd W v 27T E vt
o2 3k Az gkel &(Real discount rates) 4.1%% 3FATH
[4]. ©] 72 2 (D)ol 2&Fe] Table 19 YERE 199613 +-E]
7HA] AAERNES ot Farglolw AAZ AHAL
4 5 717 LCCEA o] AQE = AAERNEE HE 3~5%
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LCCEA el A AE =k 7 Al 2l 7-d gh(Economic life)<
Fig. 2014 ®i= 214 HAE A9 7H (Aquisition Price) ¥}
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T FA RS v ol oJste] 4wt

3.1 271 ¥ XMEIHA

QbA o % LCCEA A 27 A= Q1 ]
A AFH] FOR Lpro] AAR B =R AL A%

1

T-%] 714 (Aquisition Price)o] Z7]5FAMH] )| s}, 4]
ool AEake] 2714 ((Aquisition Price)S 19961 EA]
HAAG ok 69951907 2011d7HA] &) AABIE 4.1%
2 7184 2011d HA 7R 1259 o)),

20119 dA7HA] 714
=6,950,000,000(1+0.041)'%! = 12,500,000,000-L
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gtz 1 zxAke] A E vzt Aoz n 4 5 9l
£ 7HAE "k o5 EVA e EF el 3
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© ug 1953k o)t)
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7147 Ea
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Table 404 HoX]= ZAH 19961 171,0743¢, 1997
W 290,7100 9, 1998 451,707 Q& vyebktt. v]g-o]
U el 5 270 BHB|EOE AR o] 4 oo}
stot, webA 2 (2)3) 2ol A= v 7R (Future Value)[7]
Axbell T2 220)= TS AMESlo] ElE 4.1% & A&
A zF Ad = vHES 2011d BAIFX(EWHAD B &
Ql AA T35 E(Real cash flow) 2. ZE AXFTE Table 49
1996 FE 2011d 2] AT H|-§ 171,074 Q5 922,163

N, ¢
offt -
)

155}

¢
bl

)

EHN

1o,

flo o i
2
o
L



l_
Q
(@)
HI
1z
mjo

=
S

roh

FEAEE MSRIQ| ZHE ARBL S FHMBHER ARIE S42=)
s Ess| =27 M52 A55(201213 109) 511

Table 2 Depreciation| W]

S AHEH
k(jAj)} ‘?‘%‘51% 2.}7]»(’\gj¢tl] x&%;iz} (Aver:g_z C}apitL?Cost)
(E)=(C+D)/A
1 12,500,000,000 247,000,000 12,253,000,000 12,500,000,000
4 247,000,000 11,512,000,000 3,125,000,000
5 247,000,000 11,265,000,000 2,500,000,000
7 247,000,000 10,771,000,000 1,785,714,286
10 247,000,000 10,030,000,000 1,250,000,000
14 247,000,000 9,042,000,000 892,857,143
18 247,000,000 8,054,000,000 694,444,444
22 247,000,000 7,066,000,000 568,181,818
24 247,000,000 6,572,000,000 520,833,333
28 247,000,000 5,584,000,000 446,428,571
30 247,000,000 5,090,000,000 416,666,667
32 247,000,000 4,596,000,000 390,625,000
36 247,000,000 3,608,000,000 347,222,222
40 247,000,000 2,620,000,000 312,500,000
44 247,000,000 1,632,000,000 284,090,909
46 247,000,000 1,138,000,000 271,739,130
50 247,000,000 150,000,000 250,000,000
14000000000 i Fr=C,(1+n)" ' +C,(1+r)" 4. +C,  (1+r)+,, "
12,000,000,000 \ (C=FF3E, r=AATAE, n=1717149 717+ )
10,000,000,000 (n=16........ 1: (1996......2011d)
£,000,000,000 \ =&=year == Average Capital Cost
600,000,000 19969 % H-A B5HE2] 20119 A 7Hx 1] &
400500000 =171,074,000(1+0.041)'%"! = 312,568,794
2,000,000,000 19979 % F-X B89 2011 @A 71 &
. =290,710,000(1+0.041)'%2= 510,235,528

1 3 5 7 9 111315171921 232527293133 3537394143454749

20119 % FAHSH] 29 2011 A7 H] &

Fig. 3 Graph of ital cost
18- 5 Liraph of average capital cos = 922,163,223(1+0.041)!¢16 = 922,163,223 91

Table 3 Maintenance cost item of rolling stock 1996 =AH-E 2011d HA7FA 16 < 1|82 Table

AER 9 FAes &% 4ol Lk A9 W3 B B o] 837921090
Qlin FINNEIIE A ) 2 Jebetal, AEA 29 27195 199693 199739 1,2

y = ] = le) [e] >yl J =0 s

Aean | A | A wrade - swiE A shmslde s el 5l T
=2 - I, T4 73] ZEfekA ol Zbzt 312,568%1 A7
TR ZHEH] EZ—]— . OE]_}\Q]— . %/\01—7‘5]}\}4:]]% 510 2355<,] OJ Oi 2‘])\]—%40] [e) X]E/\7}_ A]E‘i“ﬂ 19981’:] O] =
/3 ARk - 5 - A EaggiAb] g 23T = gl R AT Yl 3 o]

2ot AA Y

° Z5Ae 23 ARG A o] FAEE 19980

Ei bk = 761,581, 1999 2000 Z+Z; 76731234,
834,890 Qo] Ao ¥, 7 F 2001 906,599 Y,

A2 2 el st 42 2011 7R H]E 2.2 1996 200239l 958,5777 €, 929,349 Y © & Table 404 B

< 312,568 9, 199738 510,235 €, 2011d-& 922,163 AAY AFE Agletae YRR STEFAIE Holal gl

A Qog AxrArt th v 2008 % 139 zbelle AEake] 41 dAbs
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Table 4 Rolling stock maintenance cost per year (1000W)

Table 5 Heavy maintenance cost trend of old type rolling stocks [W]

g S g RO g
(1) ‘96 171,074 312,568
@) 97 290.710 510235
3) ‘98 451,707 761,581
) 99 473,765 767312
(5) ‘00 536,625 834,890
(6) ‘01 606,608 906,599
(7) ‘02 667,683 958,577
(8) ‘03 673,865 929,349
(9) 04 710,861 941,759
(10) ‘05 743,137 945,743
(11) <06 774,910 947,338
(12) ‘07 811,442 952,929
(13) 08 774307 873,505
(14) ‘09 868,861 941,568
(15) ‘10 865,147 900,618
(16) ‘11 922,163 922,163

1697 1R BEAABFHE 837,921

717} 2@ AAF2Y)lA 33 AAFGY)E Z2H EH o] SRR
Hl-go] ZAE ATt AAR17F 24 #2008 olli= 873,505
Aoz daHoz tasrt 1 F 3d AAGY)YH 4

34 kil A B 8- =7} S7H

18133 561,501,340 - -

2047} 585,911,146 24409806 | 43%

1| 2292 605,136,367 19,225,221 32%

Az | 1019445463 | 414,309,096 | 68%

3 3t 25%
203} 543,917,285 - -

: 233} 647,728,688 10,381,403 16%
R 554,261,598 - -

2437} 647,429,794 93,168,196 14%

=4 AEHER iR

2he = 201092 2011 el 242 900,618, 922,163 €
o2 yebstth

3.3.2 FXEH|ISEM[17X~50E XH

LCCEAT A Aol 77t Bt AR E2Alo] g
ato] Bl &4 & 3TAE oA AT 19 A A=
I~16% &Rt A RFH| LA A& FA3to] A d =2 H]
€5 2011 A2 EAkeoiar, 29 Al el = 1RkAlolA]
A 1~16d71Y] FA RS AR LS 722 A AL
(Time series analysis)[8] 1 Excel] Forecast 372 (7]
oz v gt AN 5T 5 dE T
ARg8o] 17AAE S0dAHA] A ]85 ol S53H3
t}h. o] A4k 2 Table 67 Table 89 (B)E 1~16114H2]

Table 6 Rolling stocks maintenance cost for 50 year/train-set [W]

e FANFILE A 10% KRG [ rARARSILE AERANTILE
(Maintenance cost) | (10%added from25y) (safety cost) (cumulative M/C) (Average Maintenance Cost)

@ [ - (B) ©) (D) (E-Z(B)HC)+C) (F)=E)(A)

1 ‘96 312,568,794 0 0 312,568,794 312,568,794

2 ‘97 510,235,528 0 0 822,804,322 411,402,161

3 ‘98 761,581,554 0 0 1,584,385,877 528,128,626

4 ‘99 767,312,824 0 0 2,351,698,700 587,924,675

5 ‘00 834,890,656 0 0 3,186,589,356 637,317,871
10 ‘05 945,743,801 0 0 7,868,619,203 786,861,920
14 ‘09 941,568,599 0 0 11,583,960,318 827,425,737
15 ‘10 900,618,904 0 0 12,484,579,222 832,305,281
16 ‘11 922,163,223 0 0 13,406,742,445 837,921,403
20 ‘15 1,029,585,264 0 0 17,570,183,543 878,509,177
25 20 1,065,450,524 106,545,052 250,000,000 23,141,654,670 925,666,187
26 21 1,079,613,473 107,961,347 0 24,329,229,490 935,739,596
30 25 1,133,188,110 113,318,811 100,000,000 29,342,373,513 978,079,117
35 30 1,176,854,633 117,685,463 0 35,695,372,678 1,019,867,791
40 35 1,234,136,646 123,413,665 0 42,366,181,258 1,059,154,531
45 ‘40 1,283,308,024 128,330,802 0 49,314,105,266 1,095,869,006
50 ‘45 1,339,201,322 133,920,132 0 56,561,413,071 1,131,228,261
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1,000,000,000
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Fig. 4 Graph of rolling Stocks maintenance cost for 50 year/trainset

A B 4=1]-8-0] Forecast(x,known_y's,known_x's) 2]ol] 2|3}
Tables 67} Table 82] (B)& 17~5012] <IFu| g0 2 4=
Hohx: vl gISdolH, y's: vl g o8 o] F50, x's: 7]
Zrelole o =),

ShH A BT NE AR 2533l UlTd st
o] AFARE gRlsly] fleto] Fuxido] o] Folx]=t
71l Al sk 25WAF EIRIEN]E 2,59 €1 9H9]
GAF AA oA Al EHE 30 bR GEH] S 19 9S
Abskedh 283 25 AR wid A BFHE 10%E
WA E ol 2 Thgate] Antetlth 1 A WA ol =
Table 5ol Xi= 217 12384 AFA 4w 49 &
A RpH (N 71E)0] 207 o) F 774 Sl T
v s B 7 vk ojyg dE aefste] fAETHE
= 7FEetela, o WAl o] fr 2 HEQHAW Al A A2x

Y

e A, ol TAZ AEHERZS] TP+,
o= A7 AR w5 sl uE 5Hdl o
W9} FoHE2] Aslag shofok stthal A 25
1 o AFAl G A A vl|A AAF7] 2 AAPTH
o] ZrslEt
ole] whgbr AT HeiHE AdAE FAET] 2
B¢ 557, FEud SHS7LE HE9 14 n)8-
o] o). oo o] fE FARS H|E2 WFE
3to] 25 dAE] mid SAHFH]E 10% 7FEShe] Al
sHT Al AR S WS TEste] 10%7HE
] o2l 0%7FE2 ¢k 5% 7o gt 71
R A=

3 Al A = A RS EA Z S R] - K] 2]
7V AE FASI AL FHE W8-S HAHe :
&4} HFFAHFH]E-S Table 6, 87 o] 252
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Table 7 Lifespan of the rolling stocks with discount rate(sensivity

analysis)
e] = ZA A A
0% 324 1,354,242,582
2% 5% 2014 1,363,928,790
10% 27 1,372,645,090
0% 4613 1,318,093,308
4.1% 5% 443 1,346,096,544
10% 41 1,371,571,969
0% 749 1,281,925,019
5.5% 5% 594 1,247,430,228
10% 514 1,270,549,980

H]-& 2915 whely} sy % Qb EH] S 19 9& AN
I AR 25\AF B H = vid A ESFH L] 10%E 7Het
o] FA3kArt. AAAARG TS Fig. 249 B3]
4-(Average Total Cost)©] Aol o]2= A H O Z o] %]
A4S AAA WA SH(Economic life) 2.2 A B3h= Zo] 7
AR oz felatth3]. VVVFAle] dgat FA AR
Sh2 Table 8olA R=ZIAT Bl -4 0] E-(Average
Maintenance Cost)¥} 7 AFH2H]-&(Average Capital Cost)2]
A9 0] (Average Capital Cost LCC)0] #HA el o]
2= 41d 27} H A 9] A4 473 (Optimum Econonic life)
of st 41dX}] A B5H]8-0] 1,066,693,920
o] 3L, FHFAHLH]E0] 304,878,0499), HetEH|40] 1,371,571,969
ol

[€)
RS 7247 37k 202 FEste] 243t A4
A8 2%, 4.1%, 5.5%(A=F-TAA 2] et d A B
FAZDA A9} 25 AFE FAEFEE THEA] 0%,
5%, 10%%5 A -8-5F0] T17H54-4 (sensivity analysis)= 3F3ATE.
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Table 8 Average total cost (LCC) [W]
T S = T N B = eI I BaEe
. (10%added . (Average (Average (Average Total-Cost)
(y) | (Maintenance cost) from25y) (safety cost) | (cumulative M/C) Maintenance Cost)| Capital Cost) [LCC]
@A) B) © ) DyFBHOHC) (Ey=(D)/(A) (F)=125%}/(A) (G=EHE)
1 312,568,794 0 0 312,568,794 312,568,794 12,500,000,000 12,812,568,794
2 510,235,528 0 0 822,804,322 411,402,161 6,250,000,000 6,661,402,161
3 761,581,554 0 0 1,584,385,877 528,128,626 4,166,666,667 4,694,795,292
4 767,312,824 0 0 2,351,698,700 587,924,675 3,125,000,000 3,712,924,675
5 834,890,656 0 0 3,186,589,356 637,317,871 2,500,000,000 3,137,317,871
6 906,599,852 0 0 4,093,189,208 682,198,201 2,083,333,333 2,765,531,535
7 958,577,201 0 0 5,051,766,409 721,680,916 1,785,714,286 2,507,395,201
8 929,349,711 0 0 5,981,116,120 747,639,515 1,562,500,000 2,310,139,515
9 941,759,282 0 0 6,922,875,402 769,208,378 1,388,388,889 2,158,097,267
10 945,743,801 0 0 7,868,619,203 786,861,920 1,250,000,000 2,036,861,920
11 947,338,066 0 0 8,815,957,269 801,450,661 1,136,363,636 1,937,814,297
12 952,929,439 0 0 9,768,886,708 814,073,892 1,041,666,667 1,855,740,559
13 873,505,011 0 0 10,642,391,719 818,645,517 961,538,462 1,780,183,978
14 941,568,599 0 0 11,583,960,318 827,425,737 892,857,143 1,720,282,880
15 900,618,904 0 0 12,484,579,222 832,305,281 833,333,333 1,665,638,615
16 922,163,223 0 0 13,406,742,445 837,921,403 781,250,000 1,619,171,403
17 1,064,900,895 0 0 14,471,643,340 851,273,138 735,294,118 1,586,567,255
18 1,042,842,877 0 0 15,514,486,217 861,915,901 694,444,444 1,556,360,345
19 1,026,112,062 0 0 16,540,598,279 870,557,804 657,394,737 1,528,452,541
20 1,029,585,264 0 0 17,570,183,543 878,509,177 625,000,000 1,503,509,177
21 1,028,173,193 0 0 18,598,356,736 885,636,035 595,238,095 1,480,874,130
22 1,029,987,968 0 0 19,628,344,704 892,197,487 568,181,818 1,460,379,305
23 1,038,180,754 0 0 20,666,525,458 898,544,585 543,478,261 1,442,022,846
24 1,053,133,635 0 0 21,719,659,093 904,985,796 520,833,333 1,425,819,129
25 1,065,450,524 106,545,052 | 250,000,000 23,141,654,670 925,666,187 500,000,000 1,425,666,187
26 1,079,613,473 107,961,347 0 24,329,229,490 935,739,596 480,769,231 1,416,508,827
27 1,094,822,556 109,482,256 0 25,533,534,302 945,686,456 462,962,963 1,408,649,419
28 1,110,726,308 111,072,631 0 26,755,333,241 955,547,616 446,428,571 1,401,976,187
29 1,127,757,592 112,775,759 0 27,995,866,592 965,374,710 431,034,483 1,396,409,193
30 1,133,188,110 113,318,811 | 100,000,000 29,342,373,513 978,079,117 416,666,667 1,394,745,784
31 1,143,829,482 114,382,948 0 30,600,585,943 987,115,676 403,225,306 1,390,341,482
32 1,146,198,254 114,619,825 0 31,861,404,022 995,668,876 390,625,000 1,386,293,876
33 1,146,310,603 114,631,060 0 33,122,345,685 1,003,707,445 378,787,879 1,382,495,324
34 1,162,260,814 116,226,081 0 34,400,832,581 1,011,789,194 367,647,059 1,379,436,252
35 1,176,854,633 117,685,463 0 35,695,372,678 1,019,867,791 357,142,857 1,377,010,648
36 1,189,601,836 118,960,184 0 37,003,934,698 1,027,887,075 347,222,222 1,375,109,297
37 1,202,288,256 120,228,826 0 38,326,451,779 1,035,850,048 337,837,838 1,373,687,886
38 1,213,934,055 121,393,405 0 39,661,779,239 1,043,731,033 328,947,368 1,372,678,401
39 1,224,410,644 122,441,064 0 41,008,630,948 1,051,503,358 320,512,821 1,372,016,178
40 1,234,136,646 123,413,665 0 42,366,181,258 1,059,154,531 312,500,000 1,371,654,531
41 1,243,881,333 124,388,133 0 43,734,450,725 1,066,693,920 304,878,049 1,371,571,969
42 1,253,384,651 125,338,465 0 45,113,173,840 1,074,123,187 297,619,048 1,371,742,234
43 1,262,927,469 126,292,747 0 46,502,394,057 1,081,451,025 290,697,674 1,372,148,699
44 1,272,793,076 127,279,308 0 47,902,466,440 1,088,692,419 284,090,909 1,372,783,328
45 1,283,308,024 128,330,802 0 49,314,105,266 1,095,869,006 277,777,778 1,373,646,784
46 1,294,954,732 129,495,473 0 50,738,555,472 1,103,012,075 271,739,130 1,374,751,206
47 1,306,438,935 130,643,893 0 52,175,638,300 1,110,119,964 265,957,447 1,376,077,411
43 1,318,346,228 131,834,623 0 53,625,819,150 1,117,204,566 260,416,667 1,377,621,232
49 1,329,520,424 132,952,042 0 55,088,291,617 1,124,250,849 255,102,041 1,379,352,890
50 1,339,201,322 133,920,132 0 56,561,413,071 1,131,228,261 250,000,000 1,381,228,261
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Fig. 5 Graph of average total cost(LCC) economic life London Subway 30-50
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Fig. 6 Enlarge LCC curve at the lowest point
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