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A Study for Precision Equation and Transition curve of Vertical Curve
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ABSTRACT

The vertical curve of railway is installed in changing point where the gradient is more than a
certain degree to ensure safe operation of train and comfort of passengers. As a result of CAD
work with 3D coordination by using the existing equation, it was found that the simple equation
about vertical curve installation suggested in the surveying engineering or railway regulations did
not reflect theoretical curvature of circular curve in a case of steep grade and large vertical radius.

In this study, for derive precision equation and transition curve about vertical curve, gradient
parameters, equation of circles and transition curve equation were used, and it was verified by CAD
that the derived equation is exactly satisfied with parameters of geometrical circular and transition
curve.

This equation could be used to provide more smoothing operation of train and comfort of
passengers on vertical curves, especially in case that railway requires precision vertical alignment of

track such as super high—speed railway, LRT or Maglev system.

1L A &

AR FIAL DY 7197] o149 Aolsk i 7187 MAW Tkl AF ol FHWAL A
ste] Ao ALY SAY FALES WA FHORA AFAN AgAL A4S Agate] 3
A9 AL CADS 44 F 7129 SFelolu} wARAFl ANR F2A o] #ak Ao 3
Sx0% wojglel 714717t A FHA wAe] 2 A AT ol£d FES FUstA weaA
2ahn 9o wassin

N
i
o 1o
>
2
=3
ol
ol
2
N
ol
ol
o
iy
e
4
2
i
o
b
I T
[T
o
N

*

(FPFAENE A, AZEAARE, A3
E-mail : shinl913@empal.com

TEL : (02)2186-1913 FAX : (02)2186-1994
wx (F)H T AR AL, ASLAR

- 1676 -



TR FRES I"1LlA K kel o] =59 Crest Type)?t 254 (Sag Type)o.& U
i 19 & 71&717F AR & A5l VBColA VPIZEA el ddolel VPIelA

o] "¢ Aol L1, L27} Fdstdt 2% 7le7|7F A2 59 A5ole L1, L29] do|rt 51
A R T olels dHe A E] Ao

4
30
)
0%
ool
)
o
N

Vel | VEC | _vBC

| VP o | T /O VPl
$ N4 2 I >,
VBC VEC VBC VEC
L1 L2 L1 L2 8] | L2
T
L L L
2=y T34
L L L
L1 L2 / 1 L2
VBC VEC VEC
Q
X
\/}7 X0 |

Vel VPI

LA (elevation)E T-8F7] 918k o] g A (station)= FHHolAle] 2 4ol
Sof et Aol= 129 2

Wt
49 w7

: Z3 M9l A A (Tangent Length)
o] 2+ % (Curve Length)

RES - VEC L : $349 Z&d4(Chord Length)

L L2 L1, L2 : T4 0lA 9] 3% dge Zo)
~ L VBC : F=24 Al A Beginning of Vertical Curve)
B ¢ VEC : &4 F 4 (End of Vertical Curve)




71%E F34 AXAY fERA T kst U gs A
RER = R A \G
\ |
40 AXAFE Tt A TL=R - tanL oL L y
2 X — / \/7
o Z3 2ol g7y 71— —1_m 1" VEC
] =49 wxz} 7= |tan 1000 tan 1000| 1. | vec \ L
[ 362 TLA o tiglshd
tan” ! tan” ! © *
1 1000
TL=R » tan— |R « tan( 000 5 00 ) ol
31 o)), tangent A< 7heke} ShA 7L = = %(m—n) 2| e
o] Htt o714, AT} /29 dol7} vlssttka 7 st
, R

‘?:JLZQ'Z W(m TL) .......................... (1)E%‘:}' _—1%3 %‘1;17\ L"’}‘Y"l 7:”/\]_

G4 Qo] Mo v& i A2 R+a’=(y+ R} =y +2yR+ R* ©|1L

2
1714, y7F Rell B8] Zol7} Fvha 7Hgstal f = 0% b4 y:;—R 2 #r}
0 UG Le olgdtel yE ot & e g g= 0L o g
m—-n
2 _
s i L © = #u}

Fo FIH AAAS AW ulel o] @ EIZA AR Aol, 98] Pol B Ty 9l
B 9 3el4 wi b o] @ x@te) A% AR eolg A
o B3t H4 AR Aol ALSl Folgh A1l Lol Holsk A
S @ FE7)27)9) Ak A% 5 A4S L1, 129 Aol Aol7 oA et

=

2

rO

QL

2
4

+m FHlsh, —n Fule] Abolo] Holrh
W Re FF4] Fej obele] a4 L, 1 A9 FHL
()

(2—a)’ + (y—=0)> = R? e 3)

A= Agshd v 2o
y?—2by+ [2° — 20z +a® +b*— R} =0
- 1678 -



of olAFrel Yy ol FAL olgam B | Y
A% 7

W ole] x 9] A AR 9] Al yike ()<} vPLA o1
2ol T % gl ~ o/
TL | -
S =TT 5 VEC
Y= Qbi\/4b2*4[x2*2ax+a2+b2*}22] o jr\
2 VBC \
2 2 2 ©, X
y:bi\/R — X7 F 2AT = A e, @

WAeA o] FAH a, b 2504 B )
st o] B3t Lol T 5 9

a=RXC0S(90 = 01) oo ®)
b=—RXSIN(90 = 01) oo ©®)
mEkA, dole) xAAN FHAL 0ol el FEn 15 A AU e

(elevation)= (4), (5), (6)2]& o]&3sld &3 o] +& I Utk

Outovstion = VBCorovori + 10+ VRI— 22 4202 — @2} eooeeeeesoesersos @)

7171 845 ARES T4 wzbe] Ak et 2
n

- = — _
1000 ° N 1000 5 I=161-062]

T A TL=R - tanEO]II_, HI A 7]1& 710wt 71eeixl 7t gp:m_é olt}.
ol Aol A LEFS o] &Fle] olule} o] WL o AL 715 vElv]elel F&AF L, VBCS VECH
o] o]A(station) =S + F AUt

L1 ="TL © COSOL roreeeeerereeeeeeererereeeeseseseseresesenns ®
L2="TL © COSO2 eeeeeeeeeeeeeeeeeeeeeeeeeesseseeseeeeeens ©))
L= L1 A L2 oot e e 10)
VBC.ption = VPLorion — L1 oo Gh))

VEC,ion = VPI S 27 12

station

NNEA I AR el 2ol HAFEr] Ykl 7187 +30%, —15%, £ w7 R=10,0003 7]&7]
+60%, —30%, &= 97 R=10,000 &2 L3} yaks vlal At dvbs 231, E£32.9 2
Ex1 71E=49 44 % (chord length) @] Ao

&+9'm
+30%, —-15%, R=10,0009] 7% +60%, —-30%, R=10,0009] 4%

T 3 2] 71E24 2fo] T 7 2 71E4 2fo]
L1 224.886 225 0.114 L1 449.091 450 0.909
L2 224.962 225 0.038 L2 449.697 450 0.303

L 449.848 450 0.152 L 898.788 900 1.212

- 1679 -




SE2 71249 g9 9% y gt Aol
9 'm
+30%, —-15%, R=10,0009] 73-%- +60%, —-30%, R=10,0009] 7%
X vl y2 yl-y2 X vl y2 y1l-y2
20 0.020 0.020 0.000 20 0.020 0.020 0.000
40 0.080 0.080 0.000 40 0.080 0.080 0.000
60 0.180 0.180 0.000 60 0.181 0.180 —0.001
80 0.320 0.320 0.000 80 0.322 0.320 —0.002
100 0.501 0.500 —0.001 100 0.502 0.500 —0.002
224.924 2.532 2.530 —0.002 449.394 10.130 10.098 —0.032
449.848 10.123 10.118 —0.005 898.788 40.473 40.391 —0.082
T 33 A4 #g AE
F3A Frrel SIS AASE AS FUAA TS Fahe WY el x F Yoo
o] olAY vt FAAY yE TFElof st AR Fu HFE JuE v o, T4
o] $kalarde digk stebvg = ofd 6.2 o] yERd 4 Q)
o] AFolM= 54 sl e gt AEE Asgion, o= o ¢slariolg)
MEOE AT S A Ao AT FAe T
VECC
02
VETC
VBTC (¢/[0) X
X
L1
L3 L' L4
IR6. FAlel ehskal v)s




o

%,

o
i)
(@)}
o,
e
'z
X
o
e
oy
4
2
o,
oft
=

A X1 Y1, 8 dele) xA o)A y%k% g} ol
Farel whEh ogrel AsiAar, Rl ehshade] sEpwlEQl 6, F, X2, K, ©'cll 33 A2 o}

1AL V1 — P(1—
§=tan (2R) F=Y1— R(1—cosfl)
X2=X1—R + sinf1l K:F-tangl
SEPTRP ¢t SRS )
1 =601 —tan <QR> 02’ =602 —tan <2R)

A A4S ol&% L1, L2, L3, L4, L' #h2 v #2o] 7+ & v

L1 = TL o oSO oo 13) L2 = TL ¢ COSO2 oo (14)
NN 1 N 7 15) cl= Y1 « tanfl, c2= Y1 « tanh2
L3=(X1+cl) » COSOL o 16) L4=(X1+¢2) » COSO2 oo an

(13)~A7A S o] &3t st d W3- o] gAY (station)e} LA (elevation)= ofgje} Zo] +3
/\ oh;]_

VBTC,,010n = VPLsrion — Total TL ¢ cOSO1couveevvrecreeicnane. (18)
VBCC,,piion = VBTC.ption T L3 weecvreeeeisnereienseeseeseessessessssssessnns (19
VECC, 01ion = VBCC ;rion + L e (20)
VETC, 0100 = VECC11ion T L. @D
VBCC,,ppution = VBTC.1vation T (X1+cl) o sinO1— (Y1/C0SO1 ) v (22
VECC,,,pation = VETC.1vurion + (X1+¢2) o sinf2— (Y1/€0802 ) ceeevevernererniircirenen. 23

T EE 208 e v'E ek 42 vaat 2ol x4
Ao e FAA ] ek gt e x AAANAY y ghell o7 FAAYE wHEAQ FIE Fot
of Hlalste] 7hd 23 & xoF yabs 3 Aol 7P i AgE ot
Tetarat sk x' Al Agg AAY yru's I
Y
m
"u =2 . =2 ¢ e 24
y +u' =2« tanfl =2 1000 (24) /y=f(x)
o]q—. Q 1/ UI
o[Al, x' Al w33t z}‘L x¢t y @& el flekod a
= 014«] x=f(L)#ks =542 y=f(x) Al dste] y& ¥
T 2 ]W T8t L sk Xg} yvabs AREste] 999 Y
x & 9 ]Oﬂ’ﬂ«] A7k o] FAA y'+u'E Teks A2 of ¢
Aok 2o}, VBTC (0/]0) N X
y=u' + cosfl, wu=y e tanfl 7. Ep o] A

- 1681 -



rt+u=x+y e« tandl
y+u =(@+u) » sinfl=(z+y « tanfl) » Sinfl .cceeeeererrrennene. 25)

ojmj 2(24) 97k x' HAANM ] A& FAAY y'ru'el Aget H25)F ol&F HAAM x
AR o] FAAR y'ru'el Aagle Hlaste] AAY FA 4 xdle oA =8 BAl A(25E °]
&3dte] y'+u'E Tretal ofd wksHQl R 5 Fete] AHe y'tu'el olF W 7bA] Wy .

Hhsel Ak Qe y'+u' kel mmulE S @A 2w Al o xot yake Trekaal sk x
ARl Ao xob yato® AAIT A=, ojule] xoF yE o] 8ot ofelle] Ao didstd xF <19
oA x'ellAe] kst o] =AY yEE TS 5 3l

' m , m_y 26)

Y =T m—u =X e m COSQL s

uhebA, fdeofe] xRl O FelAfe] fhaf=de] 1A (elevation)= ofefe] A3} Ztt.

Outovation = VBT C.1ovarion T U coveeeeeeeseseeeessssesssesessssssssesssessssssssssessssssssssssns @7

.
1=

w3k VBCCOlA VECC7FA 9] 44 v A+ VBCCHY i A(elevation)E 7|0 & <A 9
Ao A AA G B A gHor 3§ 9ok

6. 28

olde] A AyE T V£ TN dA dubror dNbHEg uSHEqdME F 2
A7 BASEA] GFou, 71277F AA AL AR o] AXE Ao Fhefste] wE e abrp wAste] AR
o &S BASA RIS & Ak wmEkA, o] =EelA AgrE A2 VeIV Aa F5A w0l
T Ao T ARl fFEsHA AHEE g 9o, 2uHEEY LRT B A RAE RS 22 A4
3 A=Adgs aqete T34 dfede F o 4893 A ddd sA3S AT Aow
7] e &kt

2. AAFH(2002), “A=gs”, d7pek

3. ki 2 £1121(1987), “A=st”, dEHE=AEH 3

- 1682 -



