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On the Universal Calculation Method for Curve Widening of

Railway Structure Gauge
ZHAO Zhengang
(Ji’nan Design Institute of China Railway Engineering Consulting Group Co. , Lid. , Ji'nan 250022, China)

Abstract: There is no universal rule in the current railway standard system for calculating the widening of structure
gauge of the transition section from straight track to circular curve track and that from straight track via. transition curve
track to circular curve. In order to solve the problem, improve the fundamental and underlying standards of the railway
industry and clarify related concepts and theories, this study draws curve charts for the widening values of various
transition sections based on the curve widening values of structure gauge generated by graphic method, to analyze and
propose the characteristic points of widening value curve segmentation and segment the widening value curve.
Furthermore, a numerical regression analysis is made with MATLAB for the widening values of each section, and the
universal calculation formulas for the widening value of the inner and outer sides of curve are proposed for different
distances between bogie centers, different suspension lengths, different radiuses of horizontal curve, different lengths of
transition curve, and different calculating chainages. The results are then compared with and check against those of the
graphic method, and the limit error is less than 2 mm.
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FIH] MATLAB | Excel #4, % 2% SCHk [ 3 ] G
BotS G T IR, IR S5 R 7 th & H A N TE
H2Z{EAE 0.000 5 mm ~ —0.000 4 mm 22 [a], * {5
H S — B e -

9(x + S)*
=20 s<a<0] (D)
_9(x+ 8t 4 S
Wi = “Soris “em L0Ses3) (12)

() =B (M ZH giJ5 1/3 EHE A % HY i
1/35E 1 5)

FRIGEL 3 J 5 2k NXJID \NSJD Ak #g , R FH 4
2 A = B sk

S 14
S (x + = +—

' 8R(Z+i+&) 3 3
22 1

ZEE, R (13) ISR 53R 7 RASMIE
{H2ZE(EAE 0. 322 mm ~ —0. 120 mmZZ Ji],

(3) 250, fL B (N HY giff 173 e fEm 2
HY S HY S5 172 5@ R)

SRR T L 5 TLBOIN i T3 200 8558 Y B 1)
BRI SE A AT 5 HOBE . AR MATLAB K {4, X HY
R HY S 172 A5 & B m S8 (8 2047 53 A 4%

F11 TgEML HY KBTRAMMEESR

ef | ERE | B | BB | AMIINTE | #% w =S"/8/R+a(x—1-5/2)" +
R/m | S/m | ¢/m |[x/mm| {H/mm b(x=1)"/m

Jdo &

=12>/8/R +1.389% —6(96 — | —
$/2)* =2.778¢ -6(100 - 1)*
=18>/8/R +1.393¢ -6(96 - —
$/2)° -2.857e -6(96 - 1)°
=20°/8/R +1.392¢ —6(96 -1 —
$/2)° =3.068¢ -6(96 - 1)°
=16*/8/R +1.157e -6(116 - —
$/2)* -2.315¢ -6(116 - 1)°
=18>/8/R +1.157e -6(116 -1 —
$/2)* -2.315¢ -6(116 - 1)°
=18°/8/R +1.045¢ -6(96 - —
S/2) =2.143¢ -6(96 —1)°
=18°/8/R +1.038¢ —6(76 -1 —
$/2)° =2.242¢ -6(76 - 1)°

1 1600 | 100 | 12 |+096| 28.789

2 | 600 | 100 | 18 |+096| 64.625

3 1600 | 100 | 20 |+096| 79.713

4 1600 | 120 | 16 |+116| 51.481

5 | 600 | 120 | 18 |+116| 65.104

6 | 800 | 100 | 18 |+096| 48.469

7 11000 | 80 18 | +076] 38.361

MR T ATLUE o (555 10 o ([EEEAHA ],
bES TR, AT o (HAY -2 15,0 b (HFEATH
ML, W24 b= -1/(6RIl) .

W LR a, b HBEATER DY LB ININ FE (5055, &
PR R IE B/ NI R 22 BK, A R =200,
1=20,S =18,x = 14 K% 20 B, #i% A2 55 (4 K
123. 188 mm . 187. 313 mm, |iij & fif 5= 31 58 h0 5e (5 R
146. 064 mm ,188. 344 mm, iR 2Z{HK K. il a.b H
Bt 5 RO ™8 PRI T REAE 43 #r 09 J7
B, EH T e, b UE, BFSE T 4R R =200,
300,71 =20 ~100,S =18 i} a,b BUH, N3 12 iR,

w=S/8/R+a(x—-1-S/2)" ¥R H#ITHI, W3 10 R12 OEEMAKEN HE ob ER
T Kip | G| a b v @k | e b
g ) L . R/m | I/m [(x107%)|(x107%)| R/m | I/m [(x107%)[(x107°)
#10 MREMEL HY 25 12 BEERSAMMEESR 200 | 20 | 19.140 | -38.660| 300 | 20 | 12.760 | 25.780
P | 2pA | | Rk | B | SMUINTE | f5w=S"/8/R+a(x-1-5/2)° 200 | 30 | 13.320 | -27.880| 300 | 30 | 8.880 | 18.590
5 | R/m|S/m | ¢/m |x/mm| {H/mm /m 200 | 40 | 9.927 | -18.450| 300 | 40 6.620 | 12.310
Ul eoo 1100 | 12 14100l 20,700 | =12°78/R +1.389 —6(100 - 1 - 200 | 50 | 7.942 | -14.760] 300 | 50 | 5.296 | 9.845
' 5/2)’ 200 | 60 | 6.663 | -12.750| 300 | 60 4.443 | 8.500
2 1600 | 100 | 18 | 4100 66,486 | =!8/8/R+1.391e=6(100 -1 - 200 | 70 | 5.819 | -11.930] 300 | 70 | 3.880 | 7.957
5/2)° 200 | 80 | 5.188 | -11.200] 300 | 80 | 3.460 | 7.470
3 1600 | 100 | 20 |+100! 81943 ‘=2023/8/R+1‘390e—6<100—l— 200 | 90 | 4.656 | -10.070] 300 | 90 | 3.105 | 6.725
5/2) 200 | 100 | 4.177 | =8.566 | 300 | 100 | 2.786 | 5.712
4600|120 | 16 |+120| 52.740 S:/f);/g/[{”' 159 -6(120 -1 -
< Lo L0 | 15 1o 120l co.gss | =18/8/R+ 1159 ~6 (120 -1 - FIFH MATLAB K4, 708 a b (AL, 19 H o b
b Il E720) 5 R BRI, 5 1 AR B, b ~ 20, 141
6 | 800 | 100 | 18 |+100| 49.865 S:/;E;;/S/R”'O“e_“loo_l_ HEoA .
_1g? 1 1
=18°/8/R +1.043¢ —6(80 — I - _
7 [1000| 80 | 18 | +80 39.740 | 70 a <13Rl+17 940R)
) ) (14)
WA 10 WU o (i 52T, 15 R R b= (3R * 17 940k
0 AT % 7 iz = ~ v N ‘
Ho, 5 o (HEAT 3B, W15 45 a =1/ (12R1) WAE A PO B S
S5PUEL R MATLAB P, HY 2077 1/3 5 5 . . s
P HY S0 S AT o BT 2 A R A B W = g * (13Rl+17 9401{)(’“"15) -
i <, =S"/8/R + —1-5/2) +b(x-1)°
IR B ol Vbbb (Zo+ e )x-D [1-5<x<i] (5)
TR, N 11 s, 13Rl 17 940R 3
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2
24k, R (15) (N (16) HHELIR 5K T &
HA N vE{E 25 {H 7E 0.018 ~ —-0.007 mm Z [i], 5
R =200.300,/ =20 ~100,S = 18 B} 42 & i 5 {85 24 (8
£ 0.929 ~1. 043 mm Z[f]
5.2 % ZEFN ik 2k B 2 PR 5Tl £ MU A BT
5.2.1 B 8ds MM 5E (a7 S IE
oA g AR R G L AEERE S B ¢
i B A A5 AR R R RAT AN R LT 2
B G AN A 25 s M SE {8, an gk 13 . LA
R 13 IZLEF0 2 A SMIU AN BEE R (mm)

R =400 m|R =600 m{R =600 m|R =600 m|R =600 m|R =800 m/R =1 000 m

(16)

HE[1=60m [[=100 m|/=100 m|/=120 m |/ =120 m |/ =100 m| [=80 m
x [S=12m|S=12m|S=18m |[S=18m|S=18m|S=20m| S=20m
¢q=3m | ¢=3m | ¢g=4m | ¢g=4m | ¢g=5m | ¢g=5m ¢=5m
-024 - - - - - 0.001 0.001
-020 - - 0.005 0.004 0.017 0.065 0.065
-016 - - 0.133 0.111 0.221 0.380 0.380
-012| 0.047 0.019 0.617 0.514 0.856 1.144 1.144
-008| 0.595 0.238 1.694 1.412 2.170 2.559 2.559
-004| 2.311 0.924 3.600 3.000 4.407 4.821 4.821
+000| 5.625 2.250 6.356 5.296 7.454 7.812 7.812
+004| 9.375 3.750 9.289 7.741 10.648 | 10.937 10.937
+008| 13.125 5.250 12.222 | 10.185 | 13.843 | 14.062 14.062
+012| 16.875 | 6.750 | 15.156 | 12.630 | 17.037 | 17.187 17.187
+016| 20.625 8.250 18.089 | 15.074 | 20.231 | 20.312 20.312
+020] 24.375 | 9.750 | 21.022 | 17.519 | 23.426 | 23.437 23.437

+024| 28.125 | 11.250 | 23.956 | 19.963 | 26.620 | 26.562 26.562
+028| 31.875 | 12.750 | 26.889 | 22.407 | 29.815 | 29.687 29.687
+032| 35.625 | 14.250 | 29.822 | 24.852 | 33.009 | 32.812 32.812
+036| 39.375 | 15.750 | 32.755 | 27.296 | 36.204 | 35.937 35.937
+040| 43.125 | 17.250 | 35.689 | 29.741 | 39.398 | 39.062 39.062
+044| 46.874 | 18.750 | 38.622 | 32.185 | 42.592 | 42.187 42.187
+048| 50.577 | 20.250 | 41.555 | 34.630 | 45.787 | 45.312 45.312
+052| 53.779 | 21.750 | 44.489 | 37.074 | 48.981 | 48.437 48.437
+056| 55.813 | 23.250 | 47.422 | 39.518 | 52.176 | 51.562 51.562
+060| 56.249 | 24.750 | 50.355 | 41.963 | 55.370 | 54.687 54.622
+064| 56.249 | 26.250 | 53.288 | 44.407 | 58.564 | 57.812 57.432
+068| 56.249 | 27.750 | 56.222 | 46.852 | 61.759 | 60.937 59.793
+072| 56.249 | 29.250 | 59.155 | 49.296 | 64.953 | 64.062 61.503
+076| 56.249 | 30.750 | 62.088 | 51.740 | 68.148 | 67.186 62.366
+080| 56.249 | 32.250 | 65.017 | 54.185 | 71.342 | 70.247 62.500
+084| 56.249 | 33.750 | 67.821 | 56.629 | 74.536 | 73.057 62.500
+088| 56.249 | 35.231 | 70.271 | 59.073 | 77.731 | 75.417 62.500
+092| 56.249 | 36.512 | 72.127 | 61.518 | 80.925 | 77.128 62.500
+096| 56.249 | 37.325 | 73.154 | 63.962 | 84.119 | 77.991 62.500
+100| 56.249 | 37.500 | 73.332 | 66.402 | 87.296 | 78.124 62.500
+104| 56.249 | 37.500 | 73.332 | 68.740 | 90.287 | 78.124 62.500
+108| 56.249 | 37.500 | 73.332 | 70.781 | 92.846 | 78.124 62.500
+112| 56.249 | 37.500 | 73.332 | 72.328 | 94.726 | 78.124 62.500
+116| 56.249 | 37.500 | 73.332 | 73.184 | 95.684 | 78.124 62.500
+120| 56.249 | 37.500 | 73.332 | 73.332 | 95.832 | 78.124 62.500
+124| 56.249 | 37.500 | 73.332 | 73.332 | 95.832 | 78.124 62.500

R=600 m /=100 m.S =18 m g =4 m K22 Hl 155
R R £ sk A M N e (L = L, an il 4 s .

8,607

1617 ((S+2¢)>-S?)/8/R
=73.333 mm

HHE

70
60 |
50
a0t
30t
20t
10 ] 25

f=1
(=1
80 - T
jani
N
q

AMI A % S /mm

-020 +000 +020 +040 +060 +080 +100 +120
HFE/m

B4 R=600m,/ =100 m,S =18 m,q =4 m iZZEF# Z& A
SMUMEEREE

5.2.2  AMulin T (i S RHE S A

(1) Ml fin 5 {6 it 2 158 55

MIEN 4 7] LU 5% 2% 0 28 s SN in v (el 2k
WA R, Wl —BrE o Bk, 5l
Jfoh, i ZH S (fr g M AL 1) VHY JGRT 1 f5 2R
SR 2 AN 2 E A R R N . R BRA
L EBAE S w44 WXID Fi WSJD,

P4 drAhRE S 1 HLARECK +000, AhJE S 2 HLFEER
hy +082, LTS B N TEE LR B, T 38 A
WXJD AE Ak H (- 8.672,0), b 25 4 WSID A& Ff
7 (91.393,73.333) .

43 WXID Fil WSID A8 Ak B A 5 75 s oAt
LA WXID WSID Abkr, Une 14 FiR,

14 MU #EL WXID,WSID &iR{EFR

R =400 m|R =600 m|R =600 m{R =600 m|R =600 m|R =800 m(R =1 000 m
AT [=60m [[=100m|/=100 m (/=120 m |/ =120 m [/ =100 m| [=80 m
B S=12m|S=12m|S=18m|S=18 m|S=18m |S=20m| S=20m
¢q=3m | ¢g=3m | ¢g=4m | ¢g=4m | g=5m | ¢g=5m qg=5m

WXJD-x | —=6.006 | -6.003 | -8.672 | —8.671 | -9.343 | -10.011| -10.014

WXJD-y 0 0 0 0 0 0 0

WSJD-x | 54.056 | 94.053 | 91.393 | 111.392 | 110.776 | 90.094 | 70.097
WSJD-y | 56.249 | 37.500 | 73.332 | 68.740 | 90.287 | 78.124 | 62.500

FIFH MATLAB #1255 Hofh 5 2% 1 &L 14 5
P, oA WXID -« ARl S R X (17) . B
3 WSJD - AR AT TR N (18) .

-_5 _2

Xyx = 3 3 (17)
R ]

x,, =1 3 3 (18)

(2) SMIUTI T (EL i 2R A5k 1
LESHICERI3 ] KA (e 200 S B,
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BHE S 6 4, U3 15 Fs . F 16 ZEMHLE HY SEr2KaMUMEER
SIL 4T F o : FE R | K| B | B | R | AMIINTE | Hkw=((S+2¢)° -S")/
F 15 ZEFHERIMIMEREMESRE 2 [ R/m| Um | S/m | g/m |x/mm| {H/mm 8/R+c(x—1)"/m
S 0 CHIEN o s ol £ 43 B = (18> - 12 -
X L%L AR | PO (e R 2R 4 B L laoo 6o |12 | 3 lhos7l ss.060 |=C18 123)/8/R 6.963¢
15 ZH 5 P A -S-¢q R -6(57-1)
2 45 ZH gRTER S -q prap, 2 1600|100 | 12 | 3 |+097| 37.425 187:33)/8/1%—2.7736
344 ZH +000 %*; (26 - 18°)/8/R ~2.802
=B = =187 -2. e
48 HY i B =5 o 31600100 | 18 | 4 |+096| 73.154 | T 0 T
s L £X _ 2 2
5 A HY niHTeR s l-q o 41600 | 120 | 18 | 4 [+116| 73,184 | = (26 ~18 )/8/R-2.333e
6 M HY f I BB -6(96-1)
=(28° -18*)/8/R -2.331e
5600|120 | 18 | 5 |+115] 95.542 C6(115 1)’
5.2.3 Tl 5 By = (30? —20° _
MU T 2R 5 Be S 6 | 800|100 | 20 | 5 |+095 77.864 :é?gs _??;VS/R 2. 088e
(1) 85— =B (W ZH AT E A K 20 R ety r———
e 7 [1000| 80 | 20 | 5 |+075| 62.230 | 7 (30 ~20)/8/R -2.088¢
TR A V2 ZH 5) ~6(75 -1

FIJH MATLAB  Excel %2 2% 3CHk [ 3 ] P Bt
TR AP TIRAUE T, 2250 53R 13 A 4LE I si(E

R TREMML HY [BIERERSMUMEER

B |k | K | EBE | B K | AR | AMUINSE | B w = ((S+2¢)> - S°)/8/
%{EE 0.014 mm ~ -0.209 mmZI‘Eﬂo %}Eﬁ%ﬂj)ﬂuﬁl\ S R/m| /m | S/m|¢/m |x/mm| {i/mm |R+c(x-1)° +d(x=1)"/m
. . e N = (18’ —12%)/8/R +6.944e
M vEss— B ve & R . 11400 | 60 | 12 | 3 |+048) 50.577 | -6(48 - 1)* - 8. gSOe -6
(48 -1+¢q)°
W, = (% +5S+ ) [-S-g<x<-gq] = (18 —12%)/8/R +2.778¢
! 6RIS 21600 | 100 | 12 | 3 |+088| 35.231 | —6(88 - 1)° - 3.472¢ - 6
(19) (88 -1+¢)°
=(26" -18*)/8/R +2.778¢
3 q 3 q L 3 1600 | 100 18 4 |+082] 66.449 | -6(82 - IS)J - 3.395¢ -6
Wz = gris® + 5+ 0" = (gpic * 6r1) (B2-L+g)
=(26"-18")/8/R +2.315¢
(x+q)3 [_q < «x $0] (20) 4 | 600 | 120 18 4 [ +102| 67.596 —6(102—[)3—2.829e—6
(102 -1+q)°
(2)FE =B\ ZH 5 & HY SaieEifg) = (28> —18%)/8/R +2. 315¢
. o 5 | 600 | 120 18 5 102| 88.830 | -6(102 - l)3 -2.958¢ -6
R 4 K 5E 2k WXID WSID A8 4R, 5% T ' (102129
N PN RN . =(30% =20%)/8/R +2.083e
A A5 AR = B ST 680 |100] 20 | 5 |+080| 70.247 | —6(80 - 1)° - 2. g04e -6
(S +2¢)% - & S 2 (80-1+g)’
W = *(x + 3 + ?q) = (30% =207)/8/R +2.083e
7 11000| 80 | 20 | 5 |+060| 54.622 | —6(60 - 1)* - 2.604e - 6
0<x<I[-S5] (21) (60-l+q)’
ZIE, SRR (21 B R 5K 7 KASNTE
. S BRI R DR T R MATLAB 4Kk 417 ¢ d (OB 751 e £
A 0. 322 mm ~ 0. 120 mmZ 5RUBIT I e 5 RREIEEI . d 55 R R
(3)EEDY HBL O HY G E A2 HY SRS g, Blammy.
Ko & HY ) 1
c=——
AL, S FL B A BT . I JH MATLAB #k ORI (22)
P % HY SRR K 5 HY SN 58 (317 5047, d=( &?Llfé
=((S+2¢)*-S*)/8/R + -0° R T A \ o
Hiw=((5+2¢)7 = S)/8/Rw el =" WARITE yygepn gzt siaty
BN 16 Fizs - =<S+2q)2_82+L(x—l)3—( g
gEAFE 16 A o F B A 10 B A R BcdE R A e 8R ORI ORLS
MATLAB X} ¢ #1743, 75 ¢ =1/(6RI) . %)(x—l+q)3 [l-S<x<l-gq] (23)
EPUEL, Al 1 MATLAB 44 Bl , % HY 5580 % (S+20)' - 1
VS i e o , _\w+tidq) - 1
B 2 HY ST K MU S8 LT 4087 45 0 Wis = oR tomx -
PSR BT, H w = ((S +2¢9)" - S7)/8/R + [l-g<x<I] (24)

c(x=1)" +d(x =1 +q)° MPEATRHL, AN5R 17 TR (F4% 90 1)
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