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Abstract On conventional railway lines, trains with different speeds are operated. Therefore, trains
moving on curved sections with cants must accept various ranges of balanced cants, cant deficiency, and
cant excess, which is essential for the comfort and safety of train operation. In this study, the correlation
between the curve radius, cant, and train speed on a track was analyzed to check the cant range that
satisfies the criteria of train types, operation speed, cant deficiency, and cant excess. Also, the range of
setting the cant by the curve radius and balanced cant were calculated by a regression analysis of train
speed according to the frequency of operation in the case of mixed trains. The results could make it
possible to improve the speed of the operation route, reduce the loss of ride quality, reduce the risk
of derailing caused by cant deficiency, and minimize the load deflection by excess cant. This will ensure

the safety of trains running on curves and improve the efficiency of track maintenance.
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1

o714, R : SAE(m), Vi AASEkm/b), G,
P ABAEmm), e HHFZAE (mm)

Table 1. Minimum Curve Radius

Design Speed Minimum curve radius(m)

Wkm/h) Ballast track Concrete track

350 6,100 4,700

300 4,500 3,500

250 3,100 2,400

200 1,900 1,600

150 1,100 900

120 700 600
V<70 400 400

N Values other than the above shall be calculated according
to the following equation by applying maximum applied cant
and maximum cant deficiency in Article 7

2.

N

2

FaT7e] Ak WAl 2 P % SAUL
Susta Ame] Fi Fee FEoA ] Slste] o
& 4|2l ste] 4428 AEES Folof sfu), off A%
AE 9 REREL Tk Table 29] 3t o3tz Feh3)

2
C=1187C, @

[m

A7, € AREAEMmm), V 1 AALE(km/h), R :

TANA(m), C; @ FZNE(mm)

Table 2. Maximum setting Cant and Cant deficiency

Ballast track Concrete track
Design Maximum Maximum
Speed Maximum cant Maximum cant
Wkm/h) |setting cant| deficiency |setting cant| deficiency
(mm) (1) (mm) (1)
(mm) (mm)
200< V
<350 160 80 180 130
V<200 160 100 180 130

O Maximum cant deficiency shall be applied only when a
transition curve exists, or when cant deficiency is gradually
increased.

Y If upgrading to a high-speed railroad, maximum cant
deficiency may be up to 120 mm.

Ax}e] 44 LASEot AASEY Hol7} 2 9o
L the B4 ool ZIWES FESfelop sfei, ol
ZIAEL 110006 S 29511 FES FeH3)
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Co=C—118 3)

q7IA, C, : ZIFIE(mm), C : AZAEmm), V, :
Y] B4 E(km/h), R 0 FARE(m)
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Cant setting range train 250km/h and 90kmv/h mixed operation

184

Within 80mm
of the
maximum
speedof the
sfmrlage of
cant(gravel
track-bed)

180

106

Within 110mm
of the minimum
speed of the over
cant

50 100 150 200 250

Speed of operation according to frequency of train operation(km/h)

300

Fig. 1. Maximum setting cant
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Table 3. Operation speed according to operation Train speed according to passenger train(V=250km/h) frequency ratio
ratio during high speed train and cargo i
train are mixed
Operation - y = TE-05x%* - 0/0171x + 2.6423x + 90.7 bso
g =09999
ratio of — M
. 200km/h | 230km/h | 250km/h | 300km/h
high speed % 200
train(%) < .
3 150 P
0 90 90 90 90 2 /(m
£ 16
10 106 112 116 128 210 o
20 120 131 138 156 50
30 133 147 156 181 0
0 20 40 60 80 100
40 144 101 173 202 High-Speed Train Number Ratio(%)
50 155 175 188 221 ©
60 165 187 202 239
Train speed according to passenger train(V=300km/h) frequency ratio
70 174 199 215 256 ’ ¢ Hopias e
350
80 183 210 227 271 y:()_()()()lx‘ 0.0273%2 +3.7067x +91.387
300 RT=09998 00
90 192 220 239 286 5 e il
é 239
100 200 230 250 300 20 el
3 81
& 150 36
-g 128
Train speed according to passenger train(V=200kmv/h) frequency ratio F 100 &5
250 50
y=3E-05x% - 0.0086x* + 1.6536x + 90.248 0
200 = 200 0 20 40 60 80 100
n et Lo
g ‘.—\‘tf‘ High-Speed Train Number Ratio(%)
< 150
E M @
< 100 g6 . . ) P
I ol Fig. 2. Train operation speed comply with high speed
3 50 train operation ratio
(a) Train speed according train(V=200km/h) frequency ratio
(b) Train speed according train(V=230km/h) frequency ratio
0 (c) Train speed according train(V=250km/h) frequency ratio
0 20 40 60 80 100 (d) Train speed according train(V=300km/h) frequency ratio
High-Speed Train Number Ratio(%)
@ 33 HABMUZ M¥
Train speed according to passenger train(V=230km/h) frequency ratio _:,__ ’ﬂ‘?_ 73 —E: oag—]__‘%éﬂq 9_]_';8_ Ac-)] ‘g‘l %\—i}@'—‘% E—,' @_
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Table 4. Minimum curve radius

Design speed Minimum curve radius (m)
(km/h) Ballast track bed Concrete track bed

350 6,100 4,700

300 4,500 3,500

250 3,100 2,400

200 1,900 1,600

150 1,100 900

120 700 600

V<70 400 400

9l B2 A= AA7E B Y AT AEY

HAPLHNES HAFZAES H8dtel A2 gol
ot
11.8V7
R> ———— (16)
Cmax+0d.max

9 2162 GLEA7T 2Fshe &AFAE

A7} A kot o7z SEe] 14T} AL}

=i
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Fole ATNME A&ARo] olF 2INES AEst
of TR (157 HEHES AAEolo et

Table 5. Track bed type and cants of each curve
radius during passenger(design speed
250km/h)train and cargo traing are mixed

loperation speed
track | curve (km/h) averag|settin| cant over
bed | radius high low N g |deficie cant Remar
type | (m) speed speed speed | cant | ncy (mm) k
(passen (km/h)| (mm) | (mm)
aer) (cargo)

2400 | 250 | 90 | 188 | 160 | 147 | 121 | NG
gravel|3,100°[ 250 | 90 [ 188 [ 130 [ 107 [ 100 | N.G
track [ 3.100 | 2307 | 90 | 175 [ 130 | 71 | 100 | OK
bed [ 3,100 | 250 | 120" | 196 | 160 | 77 [ 106 | O.K

34007 250 | 90 | 188 | 136 | 80 | 108 | OK
concre 2400”] 250 | 90 | 188 [ 170 | 137 | 131 | NG
e | 2400 | 230” | 90 | 175 [ 140 | 120 | 101 | OK
track | 2400 | 250 | 120”7 | 196 | 180 | 127 | 110 | OK
bed |2700%| 250 | 90 | 188 | 145 | 128 | 110 | OK
Z‘zﬂf 3,400°| 250 | 90 | 188 | 130 | 86 | 102 | OK

1), 5) When setting the minimum curve radius on gravel and

concrete track, the cant standard is exceeded when setting the
cant suitable for the speed of operation.

2), 6) To meet the criteria for deficient and over cant, the speed
of the high speed train must be lowered from 250 km/h to 230
km/h.

3), 7) It is necessary to raise the speed of the low speed train
from 90 km/h to 120 km/h to meet the standard of deficient
and over cant.

4), 8) Minimum curve radius that meets the criteria for lack of
maximum and minimum operation speed and excess cants

9) Minimum curve radius to be applied before determining the
shape of the diagram when conducting a preliminary survey or
preliminary feasibility study for establishing a business plan
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Table 6. Minimum curve radius settings by design speed

Desi Minimum curve
nglfél Track bed radius(m) Adjustment
(km/h) Type Design Change (m)
basis (proposal)
Ballast 1,900 1,900
200 1,900
Concrete 1,600 1,600
Ballast 2,600 2,800
230 2,800
Concrete 2,000 2,250
Ballast 3,100 3,400
250 3,400
Concrete 2,400 2,700
Ballast 4,500 5,100
300 5,100
Concrete 3,500 4,050
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Table 7. Setting cant when cargo train(90km/h) and
passenger train(250km/h) are mixed

higt‘r;‘;}eed train R=4000m R=5000m
operation operation| halanced | setting | balanced | setting
ratio SpeEd cant cant cant cant
0 90 24 19
10 116 40 32
20 138 56 45
30 156 72 58
40 173 88 104< 70 68<
50 188 104 C 83 C
60 202 0 | SB[ | =12
70 215 136 109
80 227 152 122
90 239 168 135
100 250 184 148
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