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SUMMARY

I. Title
o Feasibility study on Double Stack Train(DST) technology developments

II. Objectives
0 Purpose
- Establishment of execution strategies and detailed research fields for the
development of DST technologies needed for transportation capacity
increase by means of efficient use of existing lines in Korea.
- Accomplishment of wvalidity investigation through detailed feasibility
studies and verifications of practical and commercial use of DST in

advance.

0 Necessity

- Need of DST operation in order to Increase railroad transportation
capacity dramatically by means of minimum improvement and efficient
use of existing railroad infrastructures

- DST 1is considered as the most efficient way of railroad transportation
capacity improvement since it can transport freight up to 70% more
compared with an ordinary flat car.

- In order to operate DSTs on existing lines in Korea commercially, a DST
system in accordance with Korean railroad infra-structures has to be
developed through comprehensive performance verification tests.
Therefore, DST related studies should be performed on a large scale in
order to determine detailed vehicle specifications along with careful
review of light weight vehicle structures, running stability and vehicle

interface with railroad infra-structures.

_Vi_



M. Scope

o0 Analysis and investigation of DST technology trends at home and abroad

o

Review of technical and economical validities

o

Establishment of the final target and scope of the R&D project

O

Proposition of sub—projects, research execution strategy and scheme

o

Drawing up of RFP for DST related R&D project

IV. Result
o Analysis of patent & technology trend in regard to DST
— Analysis of DST operation examples in USA, China and India

- Investigation and analysis of DST patents

o Review of technical and economical validity

- Target DST performance and specifications
+ Operation speed, light weight, maintenance
- Maximum speed: 120km/h, Height: 5.5m or less, axle load limit:

LS-22
- Vehicle type: normal bogie(1L:19.1m, tare load:18.6ton)
three-axle articulated bogie
(3 cars 1 unit, L:53.8m, tare load 50.7ton)

- Review of vehicle type, axle load, safety, traction, braking distance,
vehicle/infra-structure interface, DST operation efficiency and amendment
of railroad regulations

- Review of transportation capacity increase

- Economical effectiveness

o R&D scheme
- Safety verification/solutions for safe DST operation in Korea
- first stage, two years, 7.5 billion KRW(G; 6.5 billion KRW, P: 1 billion
KRW)

- Development of Korean DST

- vii -



(second stage, three years, 12 billion KRW(G: 10.7 billion KRW, P: 1.3
billion KRW)

V. Plan for practical use of research results
o Pursuit of DST R&D project
o making the best use of the research result in Railroad strategy

0 Increase in railroad transportation capacity

- viii -
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Fig. 2-1-2 Swing motion bogie

i

o
4o

7Rk F ok

2~
=

sko] 7]

ik 2R Q)

SEIED

)1\1_

o7

SARRY

R Il

L2 s)ury o]

59

(b)-- 70 =k
Fig. 2-1-3 = A& 32}

(a) 70 =}

=
[€)

YAk
Fgol S7F

S

=1
=

U, thE el st=dat Az ddos al shak AlE]iAl el A

2ol 47

o

ol
o

o

)

94

Al 2~ SE7| <3}
ZAL7L ol kA A D Aol o

o

L weba) o] AT

—

it
&

o
) #H_

o

%

o
Lol

A

|
o

ato] A7

A, A=

e

Aol A

A2

71& 3t

B

ol



Table 2-1-1 =7l 3}AF A+ ALe
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71 ¢ o] 1 7174 % v 562 562
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T7HX]— =] J’]— X]— _%_ X]j 548 548
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= 3 A A} £ A 65 65
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A 4,936 1,264 3,672
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L = 7F 2 2
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- [e] Z} H]— H_‘I 1 1
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A4 ——=2
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A S vl 104 104
AAA Y £ A 561 561
W57 H o] Y £ 3 70 70
A 3,240 2,266 974
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= Al 13,077 7910 5,167
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Regulatory Reform< A4 ste] AE4Edo] tist A& tha &3tgilorn, 1980 %
o= AAX AmtA|gstolel & 4 = Staggers Rail Act7} HxH & F
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HAstel F&she BAdUAF o TR

AP olgA A= & dApol 207] 7hFe] Unite] BAEHT EA3
Wit 400 TEUS AA 39 538 5 v A= 4 15-20 Unite=2 745
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Table 2-2-1

Fig. 2-2-3 #4213 2

%o AARS AdEH Tl B2 ojuA At F
A AAse] A F 3BAL FFHF EA

Well FHE(Wel) A 7Fs 2= oY

Tooe | Css | #9940 || FF | Ga o s

Adey 29 32 zg 7
S110 FC 40ft 1 IBC
S150 FCA 40ft 5 IBC 100
S151 FCA 40ft 5 IBC 1002 | 2x20ft, 40ft 40ft 45ft, 48ft
S152 FCA 40ft 5 IBC 100= 2x20ft, 40ft 45ft, 48ft
S162 FCA 40ft 5 IBC 125% 2x20ft, 40ft 40ft, 45ft, 48ft
S170 FCA 40ft 5 Bulkhead | 100&
S171 FCA 40ft 5 Bulkhead | 1002 | 2x20ft, 40ft 40ft 40ft, 48f
S172 FCA 40ft 5 Bulkhead | 100& | 2x20ft, 40ft 40ft 40ft, 48f
S173 FCA 40ft 5 Bulkhead | 1002 | 2x20ft, 40ft 40ft 40ft, 45ft
S174 FCA 40ft 5 Bulkhead | 100& 2x20ft, 40ft 40ft, 48ft
S175 FCA 40ft 5 Bulkhead | 100& 2x20ft, 40ft 45ft, 48ft
S177 FCA 40ft 5 Bulkhead | 100& 40ft 2x20ft, 40ft 45ft, 48ft
S178 FCA 40ft 5 Bulkhead | 100& 40ft 2x20ft, 40ft 45ft, 48ft
S312 FC 48ft 1 IBC 2x20ft, 40ft, 45ft, 48ft 40ft, 45ft, 48ft, 53ft
S313 FC 48ft 1 IBC 2x20ft, 40ft, 45ft, 48ft 40ft, 45ft, 48ft, 53ft
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S332 | FCA 481t 3 IBC 2x20ft, 40ft, 45ft, 48ft 40ft, 45ft, 48ft, 53ft
$333 | FCA 481t 3 IBC 2x20ft, 40ft, 45ft, 48ft 40ft, 45ft, 48ft, 53ft
S342 | FCA 481t 4 IBC 2x20ft, 40ft, 45ft, 48ft 40ft, 45ft, 48ft, 53ft
S343 | FCA 481t 4 IBC 2x20ft, 40ft, 45ft, 48ft 40ft, 48ft, 53ft
S350 | FCA 48ft 5 IBC | 100%
S354 | FCA 48ft 5 IBC | 100% 40ft, 45ft, 481t 40ft, 45ft, 48ft, 53ft
S364 | FCA 48ft 5 IBC |125% 40ft, 45ft, 481t 40ft, 45ft, 48ft, 53ft
S367 | FCA 481t 5 IBC | 125% |2x20ft, 2x24ft, 40ft, 45ft, 48ft|  40ft, 45ft, 48ft, 53ft
S368 | FCA 48ft 5 IBC | 125% [2x20ft, 2x24ft, 40ft, 45ft, 48ft| 4Oft, 45ft, 48ft, 53ft
2k 40ft ]
=
$450 | FCA | Do | 5 IBC | 100%
zg ]
SB56 | FCA | £ A0ILE g IBC | 100% | 2x20ft, 40ft 4Oft, 45ft, 48ft| 40ft, 45ft, 48ft | 53ft
=7 48ft
_ . 2 40ft | . (
S560 | FCA | 2o 4er | 5 IBC |125%
_ 2 40ft | . ]
8566 | FCA | Zoy ser | O IBC | 125% | 2x20ft, 40ft 40ft, 45ft, 48ft| 40ft, 45ft, 48ft = 53ft
$610 FC 53ft 1 IBC
S615 FC 53ft, 1 IBC 2x20ft, 40ft, 45ft, 48ft, 53ft |  4Oft, 45ft, 48ft, 53ft
S630 | FCA 53ft 3 IBC
$635 | FCA 53ft 3 IBC 2x20ft, 40ft, 45ft, 48ft, 53ft |  4Oft, 45ft, 48ft, 53ft
S662 | FCA 53ft 5 IBC | 125% | 2x20ft, 40ft, 45ft, 48ft, 53ft | 4Oft, 45ft, 48ft, 53ft
) NEEH @ OZEEDMYL FAdSEATFF(The central coordinating and research
agency of the American railway industry), 2+ 7|55 37|€e EEFAM ™ ZEoto

st & EXME X2l sk
2) IBC(Interbox Connector Version)

3) FC= TOFC/COFC Mtu|A 2| slE 50| 758 Aoz Zelistxt, e o, ChAL
EgdHE &5 = JUEE Z=tE SIXE LERY. O2/3 FCAE FCeF 22 o
EN2A SHs| AdZE 2o Z2EEE 2 7|s0| FIH=E SIAIE LIERAY

Fig. 2-2-4%= daojxg 2 oA Ak Ui 4 252 FreightCar AmericaAl

o] ol AQAA AF¥S YERALE Fig. 2-2-5 ~ Fig. 2-2-8& GreenbrierAl 2] o]

A DA A e
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Specifications and Dimensions

Well Car Container Car

Length
Truck Centers for Each Unit 50" 2"
Over Strikers 59" 8-
7/g"
Cver Pulling Face of Free Couplers 62' 4-3/8"
Width
Extreme Width a'g-1/4"
Height
Coupler Height (Maximum}) 2'11"
Rail to Top of Container Support (Nominal) 12-7/116"
Rail to Top of Container Guides (Nominal) 5 7-3M4"

Rail to Top of Container (Nominal) 9' 6" Container 20" 1-5/8"

Capacity/Weights
Railcar Lightweight (pounds) 43,800 Lbs.
Maximum Gross Rail Load (pounds) 220,000 Lbs.
176,200 Lbs.
Load Limit (est.}
Curve Negotiability
Coupled to Like Car (Minimum) 250 Foot Radius

Fig. 2-2-4 FreightCar Americar}t®] o] &4 A=} Al

_17_



£ B 34" LENGTH OVER COURLERS

Dimension

Length, over couplers(m) 23.387| Height, extreme(loadeds*)(m) 6.147
Length, between truck centers(m) 19.075| Width, extreme(m) 3.250
Height, top of rall to top of side 1 ooa) ywen gize(m) 16.15 x 2.6
sill(m)
Height, rail to support xLoaded with two 9’6" stacked
3.699 .
surface(empty)(m) containers
Weight/Capacity (Estimated) Curve Negotiability Radius

Light Weight (ton) 24.5| Uncoupled(m) 54.9
Gross rail load(ton) 99.8] Coupled to like car(m) 924
Load limit(ton) 753 Covpled to 1219 meter(40’) 91.1

base car(m)

Fig. 2-2-5 GreenbrierAt2] o] @& 2 & 2} A} (APH3)
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8 B34 LEWGTH OV COUPLERS

Dimension
Length, over couplers(m) 23.387| Height, extreme(loaded*)(m) 6.147
Length, between truck centers(m) 19.075| Width, extreme(m) 3.251
Height, top of rail to top of side ) ooa) e Gize(m) 16.15 x 2.6
sill(m)
Height, rail to support 3,659 xLoaded with two 9’6" stacked
surface(empty)(m) ' containers
Weight/Capacity (Estimated) Curve Negotiability Radius

Light Weight (ton) 24,50| Uncoupled(m) 54.9
Gross rail load(ton) 99,8| Coupled to like car(m) 92.7
Load limit(ton) 753 Coupled to 12.19 meter(40") 914

base car(m)

Fig. 2-2-6 GreenbrierA}t2] o] k2 2] <& 2} AL (HSH33)
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265" 1 127 LENGTH OVER COUPLERS

Dimensions per 5-unit car

Length, over couplers(m) 80.810| Height, extreme (loaded*)(m) 6.147
Length, between truck centers, 15291 Width, over side sills(m) 2781
end unit(m)
Length, between truck centers, 15323 Width, between side sills(m)  2.377
intermediate(m)
Height, top of rail to top of side  \orl \wiqh  extreme(m) 3251
sill(m)
Height, — raill —tosupport 400l \wo size(m) 12.19 x 244
surface(empty)(m)
*Loaded with two 9'6’" stacked
containers
Weight/Capacity (Estimated) Curve Negotiability Radius
Light Weight(ton) 80.4| Uncoupled(m) 549
Gross rail load(ton) 363.1| Coupled to like car(m) 75.6
Capacity, net(ton) 282.8 Coupled to 1219 meter(40") 74.7
base car(m)
Average capacity per well(ton) 56.6

Fig. 2-2-7 GreenbrierA}2] o] @& 21 &=} Ak (Maxi-Stack 1)
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57

53

20 T

53

3 113147 LENGTH OVER COURLERS

Dimensions per 3-unit car

Length, over couplers(m) 62.173| Height, extreme (loadeds*)(m) 6.147

Length, between truck centers, 19.228| Width, over side sills(m) 3.012

end unit(m)

Length, between truck centers, 19.380] Width, extreme(m) 3951

intermediate(m)

Height, top of rail to top of side ool Wy gize end unit 16.15 x 2.60

sill(m)

Height, rail to support Well size,

surface(empty)(m) 3659 intermediate unit 16.15 x 2.60
*Loaded with two 9’6"’ stacked
containers

Weight/Capacity (Estimated) Curve Negotiability Radius

Light Weight(ton) 61.6| Uncoupled(m) 54.9

Gross rail load(ton) 220.5| Coupled to like car(m) 381.0

Capacity, net(ton) 158.9|Coupled to like car 93.3

Average capacity per well(ton) 53.0 Coupled to 1219  meter(40") 92.1

base car

Fig. 2-2-8 GreenbrierAt2] o] &2 A &2} AL (Maxi-Stack 1V)
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PRINCIPAL CHARACTERISTICS AND DIMEMNSIONS

Main Characteristics:

Loading capacity a0t
Tare weaight =2
Axde load: 26t
Min. radius of curvature negotiated 100m
Max. operating speed 100kmfh
Clearance diagram: as per AAR Flate H,
Dimensional Features
Length over coupling pulling faces (pair cars): 19440mm
Max. Width of car 2902 mm
Distance aver centers of bogie pivot A5E00mMm
Height from loading surface of container to top of rail {empty) =200mm
Lowest point of car body to top of rail {loaded) =148mm
Helght from coupler canter line to top of rail BESmm
Fixed whealbasea 17 30mm
Wheel diameter BAQmim
Principal characteristics and dimensions
Track gage 1435mmim
Axla load 25t
Height from top of center plate to top of rail under emply car SE0mm
Wheel diameter 240mm
Fixed wheel base 1730mm
Distance over journal centers 1883 1Tmm
Distance over centers of side bearer 1270mm
Brake leverage 4589
Clearance &5 per AAR 5-2040 attached Fig H

Fig.2-2-13 CNR9| o|g@t& 4|3} A}

0%
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AARES] AF2 oF 186tones HRZE HAASIA . o] A5 AALGY HF &
St °F 69ton =Y.
Table 3-2-2 AR A 2] ojFHAQE A} AAIQF do], A5 HE
YU RFE A O] THE Y B Xt
A-Car
F—vr g L
D . C N
F « ) B :
[ A
S U BhOH RHE Al o BHCH R & Al
(FreightCar America) (EHeH
XIS AI2EH2I(B, m) 15.29 15.32
Container 2/01(C, m) 12.192 12.192
HXDE=SHD, m) 1.676 1.728
XEEA(m) 0.84 0.86
CHXH/2ZAHI0IH |2HE, m) 0.291 0.27
HAZ I/ RS2 201(F, m) 0.597 0.597
CHXFZ 0l (m) 2.516 2.588
XEHIZ 01 (m) 18.09 18.192
DST 20l(m) 19.0 19.1

_69_




8'6“ HHOIH OI=THAl XtAHI=0l(m) 5.53 5.5
X+ (ton)® 19.9 18.6
sl E M Tot= (ton/ &) 80 69.4
% (1) 0= FreightCar AmericaAt ZEBHHXIE Al OIHETHE X AIY HE
(2) Aot thXt &4l Swing motion bogie Jt&
(3) et XA 10% s |SH
- FreightCar AmericaAt DST XM H(HZI| EL&) = 11.14 ton

- Aot : 8.56ton(CHXFRAH) + 11.14tonx0.9(XtA

L) = 18.6 ton

U 35 AEUAG Y oleddAdA dAt
3ZHAYAYF A oA ANEA MdE+ Fig. 3-2-29F 25 /MdAA 4

o)

24 Table 3-2-33 #o] v GreenbrierAle] Zo] 5% 1Uint 2= A 23 4
oG AL A AMFS FxR=E sl 3H5HAEAYAF A oldHAEA HAJME HES)
A=

AE A¥ 35dddAE A oA DA 3% 1Unit AASHe] Hol= A7
x5t of 53.8m=E AAVE 7teE HAoegE AR, T AAFA 10% AL
F2 ste] AT 35HARADA oldHAEA 37 1Unit AAIGS] A2
50.7tono. & ol FE v o] A5 AAte FT sEH AT oF S0ton F =

.

i

2

5% 1Unite] 3=ddoiatgd 2ol Zol= 8me|H A2 83tonl =z & 5w
1Unit 253 A Q21324 oA A Fafoll Hlste] FH4 F7kod wE o] AFo] th

s 57k

a-

Fig. 3-2-2 3@ A2 2] oA A=t /Mde
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Table 3-2-3 35 A )24 4]

B-Car

A

B-Car

I exE A" CE R =[P
(Greenbrier) (&2 ¢e)

HA 52 1Unit 32 1Unit 421 Unit 521 Unit
CHXIS & 2t H21(B,m) 15.291 16.194 16.194 16.194
CHXIES A 2EH2I(BY,m) 15.323 17.108 17.108 17.108
Container 2 0[(C,m) 12.192 12.192 12.192 12.192
2 DE={(D,m) 1.676 1.728 1.728 1.728
2EUXI2E=H(D,m) 1.676 3.456 3.456 3.456
AEXA(mM) 0.840 0.860 0.860 0.860
CHX/2EI0lH 22HE,m) 0.276 0.250 0.250 0.250
iXt/2H 0l = 2HE",m) 0.308 0.300 0.300 0.300
HAZI|/CHRE S22 201(F,m) 0.872 0.872 0.872 0.872

CHE X2 01(m) 2.516 2.588 2.588 2.588
ZHE X201 (m) 2.516 4.316 4.316 4.316
DST Z0l(m) 80.8 53.8 70.9 88.0

‘R CI A~
?tr?q;o?(lr?)u OISHE THAI 553 55
X+ 3 (ton)® 80.4 50.7 66.8 83.0
SI8A oS (ton/ &) 76.9 50
% (1) OI= GreenbrierAt 252 E UGS A OIHETHE X MY HE

(2) &t ThXt &4 Swing motion bogie Jt&

(3) He A 10% HBEsh SH

— GreenbrierAb DST XHHISH(HZI| Z&)
[ 80.4ton(5Z1Unit X+=) — 4.365tonx6(CHXF2HI) 1/5 = 10.84 ton

- 2ot

4.28tonx2(2= XS ) + 4.28tonx 1.5+2(3Z U X2

(RS2 H) = 50.7 ton

— 71 —

Al) + 10.84tonx0.9x3
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A= RS Sl A=
o 1 Hd 1 O % }‘\_]_ %
A A kgf/mm?2 kgf/mm?2 %) H] I
(N/mm?2) (N/mm?2) °
37 o]’ 50 - 62
SMA490B 15 o] KS D 3529
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AR =1

Table 3-2-5 117

A 71AH 44

sl = %] Sl A=
-1 H 1 O % }1\_]_ %
A A kgf/mm?2 kgf/mm?2 o H] I
(N/mm?2) (N/mm?2) ?
DOMEX 71 o] 76 - 97
12 o]
700MC (700 ©17%) (750 - 950 )
900
Tensile strength, R,
800 !
700 Yeﬁ .
. 600 "*{m;\ '7
g 500 :
= T —
9 400 (w—f‘/ P
b

300

200

100

il E=210.000 MPa

{| p=7800 kg/m3
[

15%
Strain

0% 5% 10%

Fig. 3-2-3

Flange 130x16 [mm)]
. &

| e—————

Web: 400x6 [mm]

| e——]

835540
0=1
m=1

nt e A EFsAA

20% 25% 30%

o] ;g- A

130x8 [mm]
—

400x5 [mm]

Vo

Domex 700MC
6=1.71 (+71%)
37% lighter

Same strength!

Al 7R vl




0 n&FAYTel FEshe AvAAsFel AFe FEe] U e e,
2o Tat A2 Fu Adolustd wF Al AT SMB(swing

motion bogie)& A& 7135t HES =

Table 3-2-6 7] SMB thx} A}oF

o & AL &
Ausw 120 km/h
Azl % T 8y @i FE )
A =4 1,728 mm
27 74 A% 860 mm, v}FE 780 mm
== E=, KRS SFA60
AR KRS SSW1
T 4.28 ton
A7HEA B 22 AP RE AR L AdaEE
AE FHolE Fdy
Abo] = Hljof 2 B 25+ vRg
A5 & A A AlE
A} = ul|o] g AAR "E"s, Hel¥ =] wold

7129l SMB Wizt 19 A AjstsS aeste] AA/A e tizto]l g ojdt 3
AA S7tE = St A AFETA ol FUtd wE HEUbe oJFHE HES)
ojof &lal, HAAA W= AAE are] Zdolo] HEgEEE diate] AV|E 1y

shofof 3.

o AAFF Fbl HE HE
AA) 3o F7he /1E SMB BN AARFL AAsHE @b HE &
#g Z7hE nesolor R J1E SMB WA W @Y FNA 44 o
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2H AZE AN ES vhE A= 27, A2y Az 177 sjdEHo] e AEY.

1676,

ANgAe ~zdgy F4E 1€ SMB dA7 A8d sae AdeE
S0tonel Hlste] ol gk Akl AAEFe] Frhwel AAH AbFA BrE
rmele] AgojRs weiad Hrow AwdgAel ogq4Aa Hod s

o
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el Attt Aoy 3H5A A A FA BF A2xYTd 557 Ha 14
AL W/eZer FAY BaE 2§z %S Fig. 3-2-63 o] Hx
A EZE A EH ook 7Hs3tS & & AU+

Egh BEAE Axy A e A FE A A SRl s w3
T A A FYMAGI N FEA FFe VA F doerw FY FE5EA I
MARFE S HAH AANST dHo] 8749
Table 3-2-7 o] GA Y &4x}-§ AL 2xq] Gk} ALk
P 12 A28 ol A A 2} F-&
_ 7]& SMBH A} Mg SMBH A}
a2t @4 A Rk 2¢ o ko &} 3% HA g2t
A A et 50ton 70ton 50ton
AAets EEFET 4 4 3
=9 st St - Ston 4.2ton
22y 35 S - 14 1.34
9= 24.2 mm 31.9 mm 31.9 mm
A7 (d) .
B = 159 mm 22.26 mm 22.26 mm
- o5 o 1155 mm 110.9 mm 110.9 mm
li 22D | gy 69.8 mm 68.4 mm 68.4 mm
;; o 9= 54 4.32 4.32
9] ArEm | gz 85 6.3 6.8
zgaxy s 4 A E 6 AE 6 AE

Ol ALY S SME T3t

Fig. 3-2-6 o|HA QL3 Baeaxe W
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Table 3-2-8 FATH H%E 7]+
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% W A4
X% 2ol W B FAe Ael FA
Y% Z g A 25
7% A W d g
& T ALt
el 7t Awd A-&3she sk Fig. 3-2-8, Fig. 3-2-99] 9|3
R1 RZ R3 R4
X
| B S |
I A = R N R
#1L ‘ L#Z | J #BJ ‘ J#ﬂ
L1 L2 L3 L4
- L -
Fig. 3-2-8 2% &5 W3 9 A&
AX
A BOGIE CENTER ’ BOGIE CENTER
FRONT I REAR
- 0] +
L/2 I L/2
Ra N Rb
Fig. 3-2-9 i A A &5 3
©Ras A O AA8F 0 Ras 22
- Rb: =% gz AAx351= : Rb:W(L/Z"'AX)
L
oAZIM, W: A & 5%
L @ dixsAzt A




AX: & W A

1
X
ofN
>,

g,q_

b

Ral,Ra2=Ra/2 : 145 yate] %% (axle Load) 1, 2
RbL,Rb2=Rb/2 : &% w)x}9] %% (axle Load) 1, 2
- AE9 A&ste o
1= L2 = Rax1800/2-y)
2x1800
Rl= R2 = Ra x 1890/2+Yy)
2x1800
L3 L4 = Rbx 1800/2+Y)
2x1800
R3= R4 = Rb x 1890/2-Y)

2x1800

1 (LL+RD)
2
oy (L2+R2)
2
3 (L3+R3)
2
m4=(L4;R4)

= 3 22ton9] skFol A3k

BxE A A A F A A F 9 Aol s s|Ae] 7}



oy FAFA 947 Arold FAe AAan Jvkn AHEn AN

T A"y stFzAstlAe] FAFAILE 1,323mmY. ole H|sto] H o)

AAE 2AS AR
2,186mm= & ZAHolY &

2 Ade] dHE

o 7Aelol

grHE 93 AAR SPEC SEC C-PART I

-6.1.9.19] AL 98"(2,489mm) el ol Eojof & qEEH o]E F=H3)

= O~ [e)
I o & 4 S

Table 3-2-9 AR o TF

A “F(kg) A% A (mm)
2} A 8,200 800
AA7 900 880
71% 800 1150
o =F 8,500 480
®7] B = 100 900
£4 100 852
2} % Total 18,600 673
T oY shE2EAA) 8,200 2,796
¥} Total 26,800 1,323
G oY stz 2HAA) 69,400 2,592
%4z} Total 88,000 2,186
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2
b= | L +2pCbCMUOOA—£ (1)
mg G
aela b7F AZEe] wES Hlojux] grofof AE bAAdo] drRETa 3 5 9l

)

on g S g 2

S = (2)

§|Q

JRH A DR} A el TR FaA A A Fdel P A

HE=E sl etds. Table 3-2-102 af4fo] A&3 SAHAAE vy, A 52

sZHIY oldHA £33 FAE Y oA A

<
BN
A
o
ut
ol
&
o
g

400m, 500m, 600m<] Fd o= 7143t .

AL AR A o] AF 186tond & HHolY T 84ton(2.2tonx2
+3.8ton), AW AA 7Is T%2 694tons 1LE HA 26.8tonolA] Ho SStonl =
7t e, B3 FF Sx sAdE augrde] gloernw uSHdEEAge] 4
SEATE Y FAAS 20m/sE =& 1 ¢ FEATY =&

o A AA A AgsE BEHA £AE Ak

R

aHe}n) g NE A A 8gk
Az =m WA (m?) A 12.192 x 2.895 x 2
WE Fol(m) c 0.16

Rk kS Ca 0.83
=xg c, 0.91

A ZHm) G 1.435
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FE7 % =(m/s%) g 981

: FAelY 1.323

I AT A =l (m) H %ﬁg}}o}:} 2.186
F7dH o) 26.8 ton

= zk ° g

A%} % F(ton) m g7AH ol 88 ton

30 W% (m) R 400, 500, 600

A &% (km/h) v 90, 100, 110

PF H2(m/s) U 20

77 W% (kg/m®) p 1.204

Table 3-2-11& ARAAE AN d7e dehdch 3 Adold 3522 ol
Aol AEAEE FAWA W 56 ~ 572 o, Aol A4 Aol @ o]

o= 52 ~ 54= siMH. weA d FAAR S22 FF 20m/s7t

of

Ciacy AR A (m) | FE(km/h) |3t AEHm)| A& S
400 90 0.128 5.6
& ZAH oY 500 100 0.125 5.7
600 110 0.127 5.7
400 90 0.137 5.2
o 7dH oYy 500 100 0.133 54
600 110 0.136 5.3
- & ey sF x4 A% 18.6ton, 7 EH ©Y 3% 82ton 7T
- 9 Aoy ssx7 A 186ton, ZH Y 3% 69.4ton 7]+
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t}. Kinematic Envelop 3 &
AWt 2} & A 7 35 HA AP 2] o] A A EAFe] kinematic envelop d4]& ¢
o FYPXAE 7HES AWM E A S AT T A9 VELAR HAT

4 250RTZEeM o] AR, F8 AlE 7Rkl R e A A3 9k

AT ASAs HeddqrE A2d 13x 287 sk en, 443t
A= HEAAF A2 18x 3&d o)Aste] #d 3] s 2

AN % 1 AREAE A el B AHAL FekA e

A gagel 9B MAE AREL AR, AR, 4%, 34 75

- A== E9d(Lateral error) : + 7 mm
- 43 E%(Cross level error) : + 3.5 mm

- A 59 : 10 mm

2R TR upR R sk AE5/4Y S7F 175 mm

232 Y PW9l 35 mm

- B FA 0 MRoA 375 mm E9]

3 Al (Cant % 100mm% &) -> 0929 deg,
A2} Al (Cant 160mm %-&) -> 0.989 deg
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- A 7)setA AE
A= @250R) T A9k A AlE 7HA Sk A EeEe ok
Aol A =rdow Q13 A W7 F(overthrow) A 3. =54+
T Al FUMEER 18] A 2aRSolA HYl o] THE Wol
A sk, 2pF QA A= A SRR ] A" FEFLlolA T
ol 7Hg wol A
A m el ApFALol o] AAE ool YEA e, FA R gt
F A A1) ~ (2)F 5. Table 3-2-12% A& A7 &
&

SAADR ARk shetvleist B4 AnE vhebd,

J[Nr

il

(

off

]_

2

_yy‘;{_‘_"‘_kﬁ/‘_\‘"":""“‘ ‘i““"“""‘.'"": '——IEO- “““ Car axis
Wy 4 \ Uil

Track axis

Selq el A W% (B)

_]’T‘?__
B, = U+ (R —ai— L4+ W) —R— W (1)

A FdRelAel AF BNF (B)

B =R-W— U+ (JR—a— L*/a— W) (2)
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CONSTRUCTION GAUGE

Fig. 3-2-14 %/1(250R) F3A] - 35 Wiz} 2 &A]

CONSTRUCTION GAUGE

Fig. 3-2-15 =/1(250R) Z2tA] - dubehat 4 &4
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Tractive Force & Speed
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Rs =8 — 1.5Vx 0.093 V*(kg/ton)

g | Starting Resistance ,Running Resistance
—_ &
=
5 ]
> 71
£ 4
8 e
s ]
B8
o ]
g 4
=] )
g 3
= ]
24
1
0 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Speed (km/h)

Fig. 3-2-18 €x}¢] &vrA

- #9499
Ak AN JuAe FYAGS Awd GuHe AI2507m) e
& o e 2e

29 0.0244 1*
RTL =13+ W'ﬁ‘ 0.03V+ T (kg/ton)

Lok BeEe ALgEE SR A% FYATE vet 2

Rr=1+0.0121+0.0004 V* (kg/ton)

T A G dake] T Az el HlEsts Aow dzaue A
=& ()2 HEbH L ufe] 225 i @ o thaat 2ol yERd.
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rg= Wsinf = Wtanf = 1000W X

Rg = i (kg/ton)

i .
m—w « i (kg)

% A A 30/1000 9] -, Rg = 30 (kg/ton)

TAAGS FANA L A e g IS AL

Ao Q) FHe the A3 2ol UEhd 5 gom vgsHAe &

= A TS Fig. 3-2-19~3-2-209% #Z5. 435tons 1Fo=2 34k

Stk eF= Table 3-2-14 ~ 3-2-15%} 2.

01 2 (W) Ti— W Rr, + Rg+ Rc) Te (ton)
Al = = on
° Rrp+ Rg+ Re Rro+ Rg+ Re

_ Te
WM =
sl T-n
° (Rr,+ Rg+ Re) » 43.5
25 _ Tractive Weight of DL 3000HP .
A= ! \J — = — Straight & Flat Line
35k 4+ el 3 ~ -~ Gradient, 30/1000
! o Fii - -2+ - Curved Line, 400 m
|
3.0k+— i
3 ' 5 &
é 25k 4— S
£ EO
2 20k ', . 4
= \ %
L sk \
] 5
)
= 1.0k
500.0
0.0 ! ey - I
0 20 40 60 80 100 120 140 160

Fig. 3-2-19 yA A 7] 7] #=H(3,000v}5) 2] &£ A1

Speed (km/h)
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10k

Tractive Weight of EL 9000HP

8k

1
1
¥

1
1
*
1

6k

1
1

—a— Straight & Flat Line
— == Gradient, 30/1000
- -4--Curved Line, 400 R | |

4k

Tractive Weight (ton)

2K —

20 40

60

Speed (km/h)
Fig. 3-2-20 Co-Co A3 7] 7] #=H9,00002) ] HEd AN S
Table 3-2-14 TJAA7]7]¢ate] e Al e
T Aol A A -4} (30/1000) =24 (400R)
& Tdlkg) | A5 | #abzl [ AAFF | sabl [ Ad5 e | k)
(km/h) (ton) | %%, n | (ton) | ¥5, n | (ton) | #F n
70 9835 | 2423 55.7 155 35 1617 37.1
80 8606 1747 40.1 114 2.6 1222 28.1
90 7650 1287 295 81 1.8 936 215
100 6335 965 22.2 56 1.2 724 16.6
110 6259 734 16.8 34.9 0.8 564 129
120 5737 564 12.9 17 0.4 442 10.1
130 5296 437 10.0 2.8 0.06 347 79
140 4917 339 7.8 -95 -0.2 272 6.2
150 4590 264 6.0 -20 -04 213 49
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Table 3-2-15 Co-Co A1 A7]7]#Ate] £ AJAF5H(F4)
T Aql e A -4 (30/1000) =24 (400R)

&5 Tdkg) | A1z | kAl | Adse | @Al | AAF | &aA9

(km/h) (ton) 2T, n (ton) 2T, n (ton) 2T, n
70 35587 | 9200 | 2115 917 21.0 6257 | 1438
80 31139 | 6732 | 1547 766 17.6 4816 | 1107
90 27679 | 5052 | 116.1 648 149 3769 86.6
100 24911 | 3873 89.0 553 12.7 2991 63.7
110 22646 | 3023 69.5 475 109 2403 55.2
120 20759 | 2396 55.0 410 9.4 1951 44.8
130 19162 | 1924 442 355 8.1 1599 36.7
140 17793 | 1563 35.9 308 7.0 1321 30.3
150 16607 | 1282 29.4 267 6.1 1100 25.2

ot

o=

7Hgete] 120 km/mhz @R, OAA7 ) RAdE T 30 A4

5 A 5 da HAAdl = dAA 6 AEE AAY F Ade Aow

kA kb @Al gAd T 7| Rk FEEAde]l = E A

o= e ol Hald] Co-Co AR/ RAE FAA A 12892
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47 ARARE BE AFo] AFe AARAS ATE AT Aoln
2 47 eANdE @4 FFeAT 52 wese] ol 2ANG ARFES &9

. AeAY AE
oA datel et AeAd HES skl A7 dA 1% ZAJA iAo

FA, FUA A @A mE A E A=

=)

O
=)
zd
1>
2
offl
Y
Ach

N,
Hm

- oz R (FA) ¢ 5
- Als #r 28 109

- 7IAA 8@ 71AE 28) 1 90%

- 2~3x8 ol#E 1 34.28kg
- vk gue] : 354/602 = 0.59
-2~ a0 20.16ke/Al 55
- By o]z r(shoe)
O/ 80

- qr mREASE 0222

(2) F71A454

- 32FA]l ¢ FE = 989.3 x (1.6-0.4) = 1,187.16kg
- 9] ¢ FE = 989.3 x (3.8-0.4) = 3,363.62kg
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o

4]

FC = (BCH-AE% whe)xehuld - 23 ke - 7477] whg
= JAE 9YFE) - £~z wkE - 7] why
- 1,187.16 - 2016 - 13333 = 1,03367kg/A 55

- A

FC = (BCY-AEE wra)xgtwlz] - ~x8) ug - 7b7k7] ukd

= 9 ~E 9 (FE) - 239 dg - 7z7] ug
= 3,363.62 - 20.16 - 133.33 = 3210.13kg/A =%
- BHela 17 AFHFS)
FA
P = (FE xAlsdWH] x g7]AE && - =28 vy -
771 e x 2 x g AE e < HHEs
= [(1,187.16 x 1.08 x 0.9)-20.16x0.67-133.33] x 2 x 5 x 0.9
= 9,063.74kg/ %
Byola 79 AEY : 1,132.97kg/ 7N

- g A

(

o

a9

P = (FE xAlsdHH] x g7AE && - »~x28 vy -
77 ) x 2 x g A wE] x HHEs
= [(3,363.62 x 1.08 x 0.9)-20.16x0.67-133.33] x 2 x 5 x 0.9
= 28,103.41kg/ %
BHola 79 AlsH ¢ 3512.93kg/ N
- Als&
FA]
Asg& = Beela 7 AEH(ES) / 2T Fx 100

(9,063.74 / 18,600) x 100 = 48.72%

(

. aL
[¢)

Beola 4 AlEH(FS) / AZFSHFE < 100

(28,103.41 / 88,000) x 100 = 31.94%

N

off

i
Il

() AsA AL
- £&(V) = 120km/h
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/AHERr Fat vPEASF) 0 0.222

Als& 1 70.18%
A @A 11.66m
skAF 30

T2 0 18.6TON
Fxz = © 88.0TON
TaF A& 0 48.72%

&
K = {(71&a As& x TF) + & Ass x a5 EF x ad))

A AT =)

\
N
i
2
o
o
+

= {(70.18 x 132) + (4872 x 186 x 30)} / (132 + 186 x 30)
= 52.83%
- QA B AlsE

= {(70.18 x 132) + (31.94 x 88 x 30)} / (132 + 88 x 30)

= 33.76%
8] #] sk
- 71 A FA A 7.24kg/Ton
- SpAf Sy AR
F2FA] ¢ 8.02kg/Ton
G A 1 8.34kg/Ton

SO = V/3.6 x FFA7HZ) = (120/3.6) x 3 = 100m
- A Als AL
Sa = 417x& =] AFH/(Q0x57/2E3 vbZ2ASF x HAA & +

A Y)
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FAA Sa = (4.17x120%)/(10x0.222x53.26+8.02)

= 479.2m
AAFAlT Sa = (4.17x120%)/(10x0.222x33.83+8.34)
= 721.0m
- AEAE
T2 = 579.2m
3 AAl = 821.0m

- oz R (FA) -4
- Als #r 28 109

- 7144 2&(E7IAE 28) 1 90%

- 2~3x8 ol#E : 34.28kg
- vk gue] : 354/602 = 0.59
-2~ ke o 20.16ke/Al 55
- Bgol= r(shoe)
FON/=) 1670

Z,:
- g mEERAS L 0.222
(2) 371459

- &2FA]l ¢ FE = 989.3 x (1.6-0.4) = 1,187.16kg
- 9] ¢ FE = 989.3 x (3.8-0.4) = 3,363.62kg

- AlsE T8 AlsE(EC)
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o

4]

FC = (BCH-AE% whe)xehuld - 23 ke - 7477] whg
= JAE 9YFE) - £~z wkE - 7] why
- 1,187.16 - 2016 - 13333 = 1,03367kg/A 55

- A

FC = (BCY-AEE wra)xgtwlz] - ~x8) ug - 7b7k7] ukd

= 9 ~E 9 (FE) - 239 dg - 7z7] ug

= 3,363.62 - 20.16 - 133.33 = 3210.13kg/A =%

- BHela 17 AFHFS)

FA

P = (FE xAlsd WA x F7Al5 && - ~xyg [y -

77w E) x 2 x oA e x dHEs

= [(1,187.16 x 1.62 x 0.9)-20.16x0.67-133.33] x 2 x 4 x 0.9
= 11,405.1kg/ %

Beola 3 AFH : 712.82kg/7)

- g A

(

o

a9

P = (FE xAlsdHH] x g7AE && - =28 vy -
77 W E) x 2 x g A e x HHEs
= [(3,363.62 x 1.62 x 0.9)-20.16x0.67-133.33] x 2 x 4 x 0.9
= 34,252.7kg/ %
BHola 79 AlEH ¢ 2,140.8kg/ N
- Als&
FA]
Asg& = Beola 7 ATH(FS) / 2AFFHF x 100

(11,405,1 / 18,600) x 100 = 61.32%

(

. aL
[¢)

Beola 4 AlEH(FS) / AZFSHFE < 100

(34,252.7 / 88,000) x 100 = 38.92%

N

off

i
Il

() AsA AL
- £&(V) = 120km/h
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/2t Fet vE A (F) ¢ 0.222

K = {133 Aleg x T3F) + & Alss x A& x sads)}

K = (70.18 x 132) + (39.01 x 87.8 x 25) / (132 + 87.8 x 25)
= 40.41%
T A7t
- 713k FA A 0 7.24kg/Ton
- SpAb FH AR
&2FA] 1 8.02kg/Ton
G A 8.34kg/Ton

- Als A
T A
SO = V/3.6 x FFAI7HZx) = (120/3.6) x 3 = 100m
- AE
Sa = 417x& %29 Aw/(10x77/2Ha&3k npEAF x A A& +

THAD)
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N

D Sa = (4.17x1202)/(10x0.222x63.01+8.02)

= 406.0m
FAA] 1 Sa = (4.17x1202)/(10%0.222x40.78+8.34)
= 612.4m
T A5
T Al = 507.0m
GAFAl = 712.4m
7ok Zol HQbA Y gt ATl wE ATAYAL = ol ‘et

= oo, ABAEE 5 sehE gES F
A AT A SR8 4 gl

A
A P34
stz
&2t 579.2m 507.0m
QA 821.0m 712.4m
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7. AF/ANA/ARA QA= AE
hooldA AL} £9e A% AMAI A FE
AL £l We okl FuE ekl A B, ARY, 1P 53

o AFY AF L FAE HAE Aok F ket e A Fe] g

o,

G18 %% 2F « 99 455 9

[o;

3ZHAdA P24 _ g9
- A% AT 168 F4 = 508 /¥
o uk o) Ak 8 A (318 =5 22¥ x FF A=5F 4) - case I: 2H@a
A o 1 - _ .
- 2 AT 198 F4 = 69% /F | - case 220 €8

¥ 40° AH oY A& 304% (UIC 7<)
20" PHlely HdiFF: 248 (UIC 71%)
Aoy Hd F=F
- case 1) 40° 271 A A Al : 3038 x 2 = 61&
- case 2) 40° 174, 20" 270 AA Al © 304 x 1 + 24 x 2 = 784 &

o Az 7=
2009. 9. 172 /IA4E HEAA3E A 37xdd wt=2W dxHd e =o]7F 5000~
5400mm el dojof 7

Mool Ao AL 9

o

o FAska o, AAl FA =eolkx Hu 5200mm
colEAAEA FdE S = A 5800mm oL

2 4% 2ol BAUE Aoz veon, ol oluHAdRE 95/ A4
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Ae HFA oz 600mme AxpA o] Z71et #dddE B 9 A uxpa| Aol )
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: 306mm (59 DST & & HxA])

02591 mm x 2(o]¥) = 5182 mm

: 5500 mm (305 + 5182 = 5487 mm -+

: 300 mm
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= 0]
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DST Ofdl &2 1 (&)
)

DST &= (&

N /
:_*} ’.i"\

DST & & (at)

DST Ot &= 1 (Bh)

AN EOI7} 12 =
MEzo| XOIE(&27)
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WHol OISR S
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R AL} LA A B, AL Le] TR Eo|E Table 3-1-18%
25 ARt A= dYHelA HA 6,760mm7t SR Eojosw HE, A uA}

NA e 2 6350mme Eolst st wo]ok ¥

ot

Table 3-2-18 oA A2t &8 A A|HEZE 8K 5o

@9 mm
3|
2| gugel | T agay (@ E?fii T et
A4
A7k 6,760 305 5,195 300 960
ZR=Rets 6,350 305 5,195 300 250 300
YA WA A 6,350 305 519 300 250 300

Table 3-2-19 oS4 A Ea &8 A Ad=" FHxo] FAHE

w2

Mo

9 mm
T A $AWA DST &84 o] 3
Aejoy RL~ A& 1,065 305
A | EH o] U(8'6") 2,591 5182 [2591x2 = 5,182
Aol A 3656 5500  |DSTel: IBC 7 £
AxAEzel | EFE 5200 5800  |zhEkE A=A oA 300
Ak 7t 7hat EF 960 EF 960
A 6,160 6,760  |DST 600 &1 Za
A= 14850 ~ 5200 5800  |EF 5200, 2 4,850
. bt 250 ~ 710 250 EF 710, A& 250
SRR EF 300 ®F 300 |TEREA Ao AA
A 5400 ~ 6,210 6350  |DST 140~950 Sxd g
AxpAEo] 4850 ~ 5200 5,800
o) 2 1 2 7hat 250 ~ 960 250 EF 960, A& 250
Al Hdo|4 E3 300 EF 300 | TFRE7A Aol A Az
A 5400 ~ 6,460 6350  |DST Hdl 950mm w3 e
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o (H9) HY Bug Eels, F7] - gAM - AL JAe HasHrs

9 A8

- BAHYUNA, Tmolshe oA £385ta, B HE A
% U A BAEE (14704, TmolAh)e A A E glo] BAe-d 7t

- GAREHIU3IN)S 1] Ad F ANFEA A F
o (AAA) & A2 =0](4,850~5200)F 5800mm=E =4

& HdAAd Eol(mm)

%A n%AE FgIE SR
~H4 : 4,850~5,000 o0 ~Ed : 5000 -3} 1 4250
-HlEld @ 5200 ’ ~H1Ed : 5200 -2 1 5000

o (YA WAAA) Fduw 5 F 149704 5 DST &#4=0](6,810mm) BTt 7=

gk 587/ A TN

- oo wk A=W 71(3570), =717, A E67) &

90km/h)
o olFAANEA LAEE ¢ H 120kn/h, H 7 100~ 110km/h
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Table 3-2-20 *}=F

A A4 A

%4

HE

¥

SRS

& 2 A AN ZF
2% e A § 30ton/
3Z=aA g 82 50ton/ =
olube 2} & A 69ton/ %

Ao uwhel 2 F
= Hd HAF =L Table 3-2-20

HA g M2 HHEFLS 2tone = W 36.3ton, Nt 25tone] H]EH
A 7] wdel] dwrthAbA o] AskS AbEskeE A Hu FE 69tono] Ths
g oold A dxate] 7+ Aol FHuol 4719 HHOIWUE AAT F doy HHeolY

2ko] sto] FH o 69ton ©] sl oF S}

o 7oy

H yx =2
LD‘L_E

2008 =<
A2 20t HHelHe] A §

H
~
=z
o
n

o SFEHECIY AT +3hE)

90%7} 19ton ©]3lol™, 40ft AdH oW H-$ 70%7}F

2y Fig. 3-2-249}
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35%
=20ft
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30%

25%

20%

15%

10%

5%

0%
0 5 10 15 20 25 30 35 40

Fig. 3-2-24 A& AH Y TF 3 (2008)
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20ton o]st¥d. ZAEolyY dhube] HtrF 2 20ft ZEl o]y 7l 10.1ton, 40ft 71 H o]
7} 14.2ton¥). Ston "] ¥ko] oF 30~40%%E AFAst™ 20ft 71 H o]+ 10~ 15ton, 40ft
Adold= 15~20ton?]l 2-5-7F 7H oS & F A

sha 199 AdeolyE HAsts WS 40ft AE oY 270, 40ft ZAH Y 17
¢} 20ft Aulely 274, Leja 20ft AEloly 470¢] 374 B97F SAgH. Zh2e]
A #Fd ANA AT IS dAE e 2o

e 40ft el 274

10t AdIUE 24 M. 3FWAY A} dachge] 49 HE 2HE
o REF £ e e 2EwARe A% of 3299 9w AA)
5

e 40ft ZH ol + 20ft ZH ol 27

- AWEf A2 (H o A A 5 = 69ton/ )
40ft FElold 25ton ©]aket 20ft ZEH oY 22ton °ldt®E ZJs 7Y
°F 96%°] ZFol HAAAATE otz H. o] FANE FAETHH Anh
A= 2 AV §ls Ao® Kl

- 3% A (H A AT F 50ton/F)
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71 AAAY 7ee]l FrE ook st AZoA FAo] WA Eojof

- 7o) : AR A 192m olul. 3% AU FH 4 (3% 1Unit) 53.8m o] v
- o] ¢ AFo]Y 2844 A 55m o3}
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JHAADA A AAH B ARl G /E ATE T A 4G
FAE olg. s oA A wgel wE A4 TS AF FAATE
A 20060 el Al E “HEREERF FEE A Aol g 2009 9
AdE AR 55 FUE A% AN A7 B AN olgH g
A me) A AR A4 BAANE JEe] A7ARE FHow AWnix
3.

AEER £48 2L 7Y AAH 2NAH

o A¥ AHolY BEY F4

iy

F AT PGS FEFelA wgsE Fd Aol BEFS 5@

oA ARAE AARANAL oluAAAL Aol BEFS 55 S

r
o>
otk
=
o
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o
Ot
ol
rlr
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2
o
)
o,
o
°
it
off
o
o
\1
=
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)
19
|o
fr
o
(il
offt
oft
i
o
e

TR A=
Riret HE 7H ol AYE =5
(¢l @ TEU)
. A A HE
2007 | 2011 | 2015 | 2020 | 2007 | 2011 | 2015 2020
3HA) |7,443,753|7,860,659|8,901,000(9,660,000| 801,236 |1,254,826|1,789,763| 2,506,115
=9 [1,302,380| 1,420,281 |1,706,453| 1,974,697 | 437,024 | 652,544 | 914,389 | 1,240,551
7 7] | 972,379 |1,062,950|1,301,721|1,520,518| 437,024 | 652,544 | 914,389 | 1,240,551
5| 524,403 | 545977 | 641,926 | 797,814 | 165,365 | 255,754 | 355,769 | 520,705
W1 | 528,007 | 513985 | 549,438 | 543,905 0 0 0 0
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