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Study on The Modification of The Transition Curve to Increase
Operating Speed of Existing Line

Jae-Bok Kim

Division of Railway Engineering, TESO Engineering
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Abstract The purpose of this study is to improve the running speed on a small-radius curved section
on an existing train line. When the transition curve was extended, and the amount of movement in the
horizontal direction tended to increase as the curve radius increased. The amount of increase in the
transition curve extension was lowest when extending the curve radius, and the amount of horizontal
movement was the lowest when changing the curve radius to a cosinusoidal curve. As a result of
applying the pass rate after improvement to the Kyeongbu line, there was a time-shortening effect of
9.4 to 11.6% and a facial expression speed increasing effect when the curve radius was fixed and the
transition curve was changed to a sinusoidal curve. In conclusion, the most effective way to improve the
running speed on an existing train route is to change the image to concrete and to change the relaxation
curve to a cosinusoidal curve. The amount of horizontal movement of the track is small, and the speed

improvement effect is excellent.

Keywords : Transition Curve, Cubic Parabola, Cosinusoidal Curve, Lateral Movement, Speed Increasing
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223 M I AR
(D) FRE=ALFA 124
TRHEEAMTEL 2005.78 o7 3] 74A =
o, AA&E] et AR S5 1~4g4H0R F
2 HPEFNE 160mmet HHFSHE 100mm
V1Zzog HuLEEE Aoy
ASTA Zdol= Aol 3R] Ao E A&
A19] Fazo] 25mm7HA] FAst e A5 = 7]
2719 WEAZAY oliolojof star, 3 A] &Ko
wE} 120] 1.2574 o] WHolr|d] JERF] GHg=
Qlste] ATl BAtElE Aol Ixpt = AA7E
40| W3t 508 FApFro] UmkA|A] Y=E Eq. (1)
o] sttt
vV
e
Where, L denotes length of the transition curve,
V denotes speed(Km/h), C denotes cant, Co
denotes  coefficient  of of cant(
1.25"/sec=0.1143km/hr)
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2 YLL Table 1, Table 29} Ztt. 2 90mmo|# 82 Table 49} ZTHS8]
Table 1. Design speed and minimum curve radius Table 4. Maximum cant deficiency(SNCF, Shinkansen)
Proposal
( P ) SNCF
Shinkansen
Design speed Curve radius (m) Normal Extra
V (km/h) Current Amendment proposal Max. cand V<220 110 V<220 130
250 24,000 23,100 deficienc|220¢V=230 110| 220¢V<230 140 [Tokaido,Sanyo 110
200 12,000 11,800 230<V<270 100 | 230<V<270 130 |Tohoku, Joetsu 90
150 5,000 4,700 (I, mm) |[270<V<300 80| 270<{V<300 100
120 2,500 2,500
70 000 000

Table 2. Design speed and coefficient of change of

cant
Design speed Coefficient of change | Coefficient of change
Vg(k I/)h) of cant of cant deficiency
m
Current | Proposal | Current | Proposal
350 2.50 2.56 2.20 2.17
300 2.20 2.20 1.85 1.86
250 1.85 1.83 1.55 1.55
200 1.50 1.47 1.30 1.24
150 1.10 1.10 1.00 0.93
120 0.90 0.88 0.75 0.75
V<70 0.60 0.52 0.45 0.44
(B =9 7I&

FHES7|Z(EN: European Standard, ©]s} EN)

A%

o HEHIE] tiote] ENTFAE2 dutael 7
50mm/secoll AP &ko] w2 60mm/
sec~70mm/secE Z-&ot1L SNCFb &ro] weh
28mm/sec~50mm/sec(}-5°] 3t 49 60mm/sec)
oy, A7 29mm/sec~45mm/sec— 2831},

REMERSE] st ENTE2 ARkdl H¢
55mm/seco]li A& HL &kol Wt 75mm
/sec~100mm/secs Z-83tct.

SNCFt o) wt URFAR1 742 30mmy/sec~75my/sec,
3t A% 50mm/sec~90mm/secE HF5F U
AZHAE 24mmm/sec~37mm/secE A&
e} 7184 1431 Q1% SUle] A=A 7SS v
olH S Frdd 7o) 74, 4E 5 ALK
of vle} B4AAS & 4= 3lo™ £8 WE-Z BlusHH

= 71& 9 e R HIEEE 220km/h= 75}
H, HERSHE $AA= IRHH 02 30mm/secelH 7]
Zx 143} 7]1%0] Ao dejdor SOmm/ secE 3 Table 5. Maximum rate of change of cant
8ot £8 W82 Table 33 ZHH0] 5 Overseas
orea Europe France Japan
Table 3. Maximum Cant Deficiency Cant deficiency(mm) 80 100 100 110
EN 13803-1:2010 EN 13803-1:2017 Min. curve length(m) | 0.5V 0.4V 0.5V 100
Normal Extra Normal Extra D;Z;iz: (l))fetl\;v;le;n 43 40 40 42
V=200 183
- 220v<230 [v<220 153 V=220
Max. | V<250 168 | 220€v=300 180
Cant 130 230¢V<250 153 220¢V=300
Deficiency| 250(V<300 _153 300¢V<360 153
@ mm) 1001 250¢v=300 100 | 300V=50 3. gsimd Zo|9| AT et
130
3.1 7|12
FHAUE =9] 7IES HEoH LA S5 (SNCF: AT TS FYSH FAE HET FUT A9 57
Société Nationale des Chemins de fer Francais, ©|  zto] olsls|ma X|71 FE Wsle FL BHZJIE 9
5} SNCH& mi}&E 230¢V=270km/hQl 3¢ E= ,q_g_ Askslal glon 1 s 8ET JE A X
Cd<100mme]il F50let F% Cd<130mmE A&  mzzesk] 40}04 2=
et A2 74@_*]719} Ao wet var FeAl wehA, @G 2R EALELEE V208 HXH
M, ARFAIZME 110mm, S5ARMIT LAzt zagzto4 @x% gk ¥ glo] =4 ostd ME W
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Fig. 1. Transition curve shapes(A type)
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Fig. 2. Transition curve shapes(B-1 type)
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Fig. 3. transition curve shapes(B-2 type)
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Table 6. Length of transition curve(R=600m, IA=25 )

ol & (shif)= 0

0mm~4,378.9mm= &A= ict &3}

I i Zo 4 v Hol= 3]
Ballasted track Concrete track - ! ]Q— A W Table 8, T R :ﬂl
ZA] olx=gko. Z
R=600m Length Curve Length Curve =54 ol Table 99F 2t
(m) radius(m) (m) radius(m)

A type 3.566 600 10.209 600 Table 8. Length of transition curve(R=800m, 1A=25)
B-1 type 7.026 611.0 20.078 631.4 Ballasted track Concrete track
B-2 type 0 588.7 0 567.5 R=800m Length Curve Length Curve

(m) radius(m) (m) radius(m)

C type 20.152 600 28.775 600 A type 11.658 800 25.656 800

B-1 type 23.048 836.2 50.109 878.6

B-2 0 62. 0 19.1
Table 7. Length of the shift (R=600m, IA=25 ) ype 7629 9

C type 30.765 800 48.673 800

Length of Ballasted track Concrete track
shift(mm) Max. at center Max. at center Table 9. Length of the shift (R=800m, I1A=25)

A type 1034 -100.9 3164 -309.4 Length of Ballasted track Concrete track
B-1 type -623.5 -332.0 -1,790.8 -968.8 shift(mm) Max. at center Max. at center
B2 type | 4320 156.0 12037 7942 A type 2729 | 2616 | 6812 0656

B-1 type -1,195.6 -896.2 -4,378.9 -2,111.0

C type 27 210 72843 “27o8 B-2 type 1.487.2 535.0 3,118.7 1.542.4

C type -254.7 -249.2 -616.4 -585.8
O(mm) -3 o] 5 10 a5 20 25
- 100 ™~ A
- 200 4.1.3 JMEF 1,200me &2
00 - de i ds wZto] 25°0]m ®HY 1,200m<l A9 LA
AR} v} ~ Z1o] A J1gHISF o
Fig. 5. Shift of tracks (R=600m, A type, Ballasted Track) W el met 0~78.109m oA, ¥ ol
FH(shif)2 0mm~6,600.4mm= EA At &si=A4
otmm) -2 dolet A4 ¥ HiZk= Table 10, $8HE A=F
e A OB Table 117 2k
-1,500
=000 " S Table 10. Length of transition curve(R=1,200m, IA=25)
Fig. 6. Shift of tracks (R=600m, B-1 type, Ballasted Track)
Ballasted track Concrete track
R=1,200m Length Curve Length Curve
1,500 se PC cP es (m) radius(m) (m) radius(m)
1.000 A type 22.711 1,200 39.442 1,200
s00 B-1 type | 45.057 1,271 78.109 1323
ognm LT T B-2 type 0 1,128 0 1,076
-3 o 5 10 15 20 25
C type 46.173 1,200 68.060 1,200

Fig. 7. Shift of tracks (R=600m, B-2 type, Ballasted Track)

o(mm) -3 o 5 1 15 20 25

- 100

- 200

- 300

- 400 P HC d S

Fig. 8. Shift of tracks (R=600m, C type, Concrete Track)

4.1.2 ZMELA 800mo AL
17}ko] 25°0]H HEg 800m¢l FA19] FafRAlLS o

ARol wet Zol= 0~50.109m ZojAH, =g

30

Table 11. Length of the shift (R=1,200m, IA=25)

Ballasted track

Length of Concrete track
shift(mm) Max. at center Max. at center
A type -406.2 -394.1 -797.1 -780.9
B-1 type -3,350.8 -1,369.2 -6,600.4 -2,604.3
B-2 type 3,044 1,001.5 5,143.9 2,263.7
C type -387.3 -377.5 -754.2 -738.1

4.1.4 ZMEEA 2,000me] S
zo] 25°0|H ¥k 2,000mQl ZA4lo] 39 sl
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Table 12. Length of transition curve(R=2,000m, IA=25)

g @4 HE FoIok

# ATe|HE ARA ShT-Uge ek
A E3HE BHSAG AR FUT~RYT)
HEAY @IS Table 149 2t

Table 14. Horizontal curves of the Gyeongbu line

Ballasted track Concrete track Curve Raidius | Dongdaegu~ Kyeongsan- Cheongdo~
R=2,000m Length Curve Length Curve (m) Kyeongsan Cheongdo Milyang
(m) radius(m) (m) radius(m) ~600 4 9 6
A type 59.117 2,000 66.653 2,000 601~800 1 7 3
B-1 type - - - - 801~1000 1 4 3
B-2 type 0 1,812 0 1,789 1001~1200 3 0 -
C type 78.382 2,000 88.331 2,000 1201~ 2 3 2
Total 11 23 14
Table 13. Length of the shift (R=2,000m, 1A=25)
52 UETM M EI 24

Length of Ballasted track Concrete track
shift(mm) Max. at center Max. at center
A type -304.8 -293.2 -387.4 -373.1

B-1 type - - - -
B-2 type 8,764.9 2,199.8 9,829.2 2,772.6
C type -304.6 -293.9 -385.5 -372.4
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A] SHYF ol5FS FANFol 245 AXr, 2
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Zo] Z71x= AHo] H 7, 2=mulek o]=2ke CHo] 2
o). FRE FEWA 4 oK Mol 49 NEF
oz sl YRS 9T S5 9k

B =R JEAY] STt 98] T4l deEA
& g ek SR o Husigt 1 29 ¢
S AL ARG oZ WAstal, ARQIntAe]
AT Rt BHS R Y5 A £
ER WHsks WRto] 7H et o s E4H

do %

5.1 7|2 oig
A ST~ ES e ARASEE 194 E

£ =R 434 o] A Wi = F4ls
T-Eoto] A3 AlEFe]A(TPS: Train Performance
Simulation)S A3l AQAI7F @ a3 BA5)
Aot 24 A3 Table. 159 2ol 9.4% ~ 11.6%2] Al
@5 87t Qlom LT E H|5HA ASStainh
A A== Fig. 9, 9% HE F8 2+
Fig. 10~12%} Zth

Table 15. Time required of the Gyeongbu line

Dis. | Curr- Ballasted Concrete
Station '
km] | ent | A |B-1|B-2| C | A | C
Dongdacgu | )5 | 70 | 65 | 65|65 | 66| 64 | 65
-Kyeongsan
Kyeongsan~| 43 5 | 553 | 198]198]19.7| 198 193 | 19.3
Milyang
Time 1 553 | 308 |27.8]27.9|278 | 27.9| 272 | 273
req.(sec)

AU AY: \n // i/«” /,‘ i

@ —— Soeed restiction _— Run curve

%6 Za a2 36 40 aa a8 52
istancetam)

Fig. 9. Run Curve (Current, Ballasted Track)

\Eal —— Speed restriction —— Run curve

a2 36 40 aa a8 52
“ bistancetam)

Fig. 10. Run Curve (A type, Ballasted Track)
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vebocty (kmh)

o5 8888w

[88]] —— Speed restriction —— Run curve |

T Bl 72 f6 20 2a_ 28 @2 96 4o 44 48 52
Distance(km)

Fig. 11. Run Curve (C type, Ballasted Track)
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Fig. 12. Run Curve (C type, Concrete Track)
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