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1990 S5 18

TGV-A set 325 515.3 km/h 1983 TGV-PSE
270km/h  1-2 TGV
1989 ICE 1990 1-3
ICE3 330km/h X2000
14
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200km/h

2002 5435km 3267km 200km/
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2002
321.5km/h
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1-9 1829
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T
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Robert Sephenson London  Birmingham 1-
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1-10 111
Stricland 1835 Susquehanna - Wilmington T
1-12 a 19 40 Baltimore  Ohio
421b 20.8kg/m T
1849 Barlow
112 b 112 ¢ ™

1609. 344km 1000mile

1-12 d Saratoga  Sche-
nectady 19
1830 Robert L. Sevens
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1-13 1831
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1840
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19 30 -
19 20
Sevens
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13mm 0. 5in 1435mm 19

1435mm 56. 5in
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250km

75kg/m

75kg/m
60kg/m
TGV
60kg/m

43kg/m 45kg/m 50kg/m 60kg/m

136RE 65kg/m
60kg/m
ICE 60kg/
60. 64kg/m uIce0
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60. 34kg/m R = 13mm—80mm—300mm—
80mm—13mm

60kg/m ulce0
60kg/m
12.5m 25m
50m 100m
HumE 2-3
GAFiIE
2-3
200 ~300mm
300mm

80MmM—300mMm—80mm  80MmM—500mnM—80mm
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13mm 75kg/m 15mm
16mm  18mm

1: 2751 31 4

2 ~4mm
50kg/m
60kg/m  75kg/m 350mm 400mm  450mm
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(c) 75kg/m F#L



1: 6~1: 9

15 ~40mm 2~
4mm
b=0.34M +51.
70 mm t=0.16M +7.08 mm H=1.92M +54.16 mm
B=1.25M +69.25 mm M kg

H/B=1.15~1.20

75kg/mm 60kg/m 50kg/m 24
2-1
2-1
! kg/m

75 60 50 45
kg/m 74.414 | 60.64 | 51.514 | 44.653
Flent 95.073 | 77.45 65.8 57
y, /mm 88 81 71 69

J Jem’ 4490 3217 2037 1489

3, fem’ 665 524 377 260

W, /e’ 509 396 287 217

W, /em’ 432 339 251 208

W, /em’ 89 70 57 46

H/mm 192 176 152 140
B/mm 150 150 132 111
h/mm 55.3 48.5 42 42
b/mm 75 73 70 70
t/mm 20 16.5 15.5 14.5




2-2

%

c S Mn P S Al o, IMPa |5 /%
0.65 0.10 0.80 0.008
<0.025 0.004
~0.75 ~0.50 ~1.30 ~0.025
0.65 0.15 0.10
U71Mn <0.04 <0.04 - 883 8
~0.77 ~0.35 ~0.15
] 0.65 0.85 0.85
U71MnS <0.04 <0.04 - 883 8
~0.75 ~1.15 ~1.15
0.71 0.50 0.70 V0. 04
u75vV PD3 <0.03 <0.03 900
~0.80 ~0.80 ~1.05 ~0.12
0.60 0.10 0.80 880
UIC 900A <0.040 | <0.040 - 10
~0.80 ~0.50 ~1.30 ~1030
0.60 0.10 0.80
TGV <0.035 | <0.030 <0.004
~0.80 ~0.50 ~1.30
0.62 0.15 0.70
EN ~0.80 ~0.58 ~1.20 | <0.025| <0.025 | <0.0004
0.60 0.13 0.65 | <0.030| <0.030 <0.004
~0.82 ~0.60 ~1.25
0.63 0.15 0.70
JISE1101 <0.030 | <0.025 —
~0.75 ~0.30 ~1.10
EN— JSE1101— 1101—1993 §, 8, ursv Al
\Y;
C
0.65% 0.82%
Mn
1.2%
S
p
S
800 ~1200
0.04%
0.015%
\Y/ Cr Mo



2-3 %
o M| N |CQu ]| S| ] T | No| V O +Mo+
QU+10%
Ni +Cu+V
0.15|0.02 | 0.10 | 0.15 |0.040|0.020|0.025| 0.01 | 0.03 | 0.35 0.35
0.028(0.004|0.036|0. 026 |0. 011
Tov 0.35
0.010(0.002|0.005 0. 010 |0. 007
EN 0.15|0.15|0.10 | 0.15 | 0.04 | 0.02 |0.025| 0.01 | 0.03 | 0.35 0.35
2-3
PSA HO
TGV ICE UIC900 TGV EN UIC900A
O-b O-S
7, 5, v a, HB
2-4
da
%8, mice
Kie dN
7o/ MPY 2,1% HB =1 / MPa: m"® bf /IMPa | 1t 9.1
=" /_MPa._m"? -
1350Hz 0 | 135
>880 | =10 P60~300 5 x10° 2 29 17 | <250 1 .
2-4
UIC900A EN
280 ~ 300HB 260HB
800°C 355 ~ 390HB
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400HB

2-5 . uICcs60 JISE1011
1101—1993 TGV EN GB2585 B/
T2344 2-6
2-5 mm
uIC860 JSE1011 TGV EN A EN B GB2585 | TB/T2344
+0.8
+0.5 +0.6 +1.0 +0.5 +0.6 +0.6 0.5 +0.5
+0.5 +0.5 +0.8 -0.5| 0.5 +0.5 +0.5 0.5 —
+1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0
-0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5
+1.0
+0.35 +0.35 +0.35
-0.5 <1.5
+ +
+0.6 +0.6 +0.6 +0.6 0.5 0.5
<0.5
+1.0 +1.0 +1.0
+1.0 +0.8 +0.8 +1.0 +1.0
-0.5 -2.0 -2.0
+0.75 +0.75 +0.75
-0.5 -0.5 -0.5
<0.3 — <0.4 — <0.3 <0.3 <0.5 <0.5
+1.5 +1.5 +1.2 +1.2
0 <0.5 0 0
<0.6 <0.6 <0.5 <0.6 <0.6 <0.6 <1.0 <1.0
GB— TB—
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uiC | JSsE GB B
TGV EN A EN B
860 1101 2585 | /12344
0.4/2 0.7 1.7 0.4/2 0.4/2
0.5/1.5|0.8/1| 0.5/1
mm/m 0.3/1 /1.5 | /1.5 0.3/1 0.3/1
0.2/2 0 0 0.2/2 0.2/2 0.2/1.5|0.2/1] 0.2/1
mm/m
0.5/2 0.7 0.5 0.5/2 0.6/2
0.7/1.5|0.8/1| 0.5/1
mm/m 0.4/1 /1.5 /1.5 0.4/1 0.4/1
0.3/3 0.3/3 0.3/3 0.4/3
mm/m 0.2/1 0.2/1 0.2/1 0.3/1
0.45/1.5 | — — 0.45/1.5 | 0.45/1.5 | 0.6/1.5| — —
0.3/2 — — — 0.3/2 0.4/1.5| — —
0.6/2 — — — 0.6/2 0.6/1.5 | — —
10/10
<5mm — / <5mm <5mm <5mm
mm/m
0, 0,
10/10 R> R> 0.5% 0.5%
R>1500m | — R>1500m
m/m 1500m 1500m
mm/m 0.455/1 |0.4/1| — — 0.455/1 | 0.455/1 | — —
2.5m — 1.0m — 2.5m 2.5m 10.1% | 0.1%
EN EN A TGV
v=250 ~300km/h EN B uIC860 JISE 200km/h
<v=250km/h GB2585 TB/T2344

2-7
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mm

TGV

TB/T1632-91

+0.2/1m - 0/1m

+0.2/1m - 0/1m

+0.3/1m - 0/1m

+0.3/1m - 0/1m

+0.2/1m - 0/1m

+0.2/1m - 0/1m

+0.3/1m - 0/1m

+0.3/Im - 0/1m

+0.2/1m - 0/1m

+0.2/1m - 0/1m

+0.3/1m - 0/1m

+0.3/1m - 0/1m
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25 2-6

RFH
e
Tl
Pigiste
(a) (b)
2-7
doc P?
0.15mm doc P*® 0.15mm



45°

2-10

2-8 45° 2-9

800m
600m 1 t 1/7
2-10
2-11
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2-10 2-11
2-8
1/3
16mm 2-10
2-8 mm
/ kg/m
75 16 18 10 11 16 18 12 21
75 ~60 14 16 9 10 14 16 11 19
60 ~50 12 14 8 9 12 14 10 17
50 ~43 10 12 7 8 10 12 9 15
43 9 10 7 8 9 11 8 13
Corrugation
2-12
30 ~ 80mm
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0.1 ~0.5mm
150 ~ 600mm 0.5 ~5mm

300m  4500m
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0° 30° 35° 50° 70°

20°

Bk W
213 6
2-14
SRI-10
1993 SYS-1000
14 SYS-1000
43 ~75kg/m

2-13 6

(g
TR

2-14 RI-10

ScanMaster Systems

2004
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40km/h 2003 GTC-001

70km/h
SYS-1000
2-15
7P S
o L o 1L uﬁ‘j‘k%
ok R N ) DT 45° stk [

o o
etk Rk

\ «
\\ \\ // // < (j
N 7
\| 457 PR | /
0° R PR

3A4~70° B PR

Mo

2-15
6
1 0°3 70°1 45°1 45° 6
24
2-16
0° 3 @ 0° 3.5MHz
@ 0°

— 32—



S S8 BaNSE Bt

(@) 0° FE AL B 2k X (b)45° AR H B 25 X (© 70" FARAEHE P ERIX
2-16
0° @
45° 45° 2. 25MHz
70°
450
70° 3 2. 25MHz
3 70°
70°
45° 2. 25MHz
2-17
PR RN




25m
45mm 60mm 70mm 11.89m  23.96m
25m 25m 12.5m 75kg/m
25m

10%
2-18
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2-19

29

OF: 53] (b) RIHRSZ &AL
2-18
il
o R
e b
o Al [
% |ve -l e L=l
S £ % B T T
___e_wm I — 11
/ i ks L
|75 IR L KT ERL
(¥ / ~ .
a
k
(a) PS8 A (b) $#3k TR
2-19
29 mm
a b c d e folegllklk| L |[IL|L]lL|D|R|K
75kg/m
129.4|45.5 | 14.5 | 63.1 | 21.0 | 3.0 |1: 4 1: 4 1000 [130|220|202| 26 |13| 8
60kg/m
125.5|45.0 | 14.0 | 64.3 | 20.0 |11.0|1: 3 31 20 | 820 |140|140|160| 26 13| 8
50kg/m
106.8|46.0 | 13.0 | 56.2 | 19.0 | 6.0 |1: 4 1: 4 820 |140|150|140| 26 (13| 8




1985
882MPa 686 490MPa

10.9

8.8
1090MPa  880MPa 10.9
8.8 Q275 22mm  24mm
1060MPa
553, Mn
60S,Mn  55SMn 60SMn
5§ =alL t -t +i5 2-1
0 z 0 29
« 0.0118mm/ m: L t
t Sg 18mm
20
2-10
2-10
25m
12.5m
>85 <85
kg/m =60 50 43 =60 50 43 50 43
10.9 | 10.9 8.8 10.9 8.8 8.8 8.8 8.8
N- m 700 600 600 500 400 400 400 400
[ mm 6 4 2
®c @ 43kg/m 43kg/m
® 700N- m

2-20



(a) &= (b) BpprR X (c) A&
2-20
2-21
il il o i il il
i i i L L L
(a) A ANk (b) eI,
2-21
75kg/m 60kg/m
60kg/m 50kg/m 60kg/m 45kg/m
43kg/m
2-22
2-23
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pppppp

2-22
2-24
B4
W42 A
[ ')T“Tﬂgﬂ
t £l
:2 g__ T Sk A
ﬁ
|
(a) BUIBERE B Sk (b) HRAEL S BSR4
2-24
150 ~ 1200mm
100m
2-25
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(a) ERILA 2
2-25
2-26
s
aH
i fa

d UK

(@) #ekHT A (b) Heki s BRI
2-26

BRB Lyon  Jenkins
P

1

(b) Bl AE LR s b SRR 4 1 ke

Py

X1

©o o o o o]j'[

(OF:- SN TE iU o=

1972
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2-2

m, Cm
P,=P_ +2av mu+mt(1- s Jm +mt) km 2-3
2a rad m kg m
kg 0.4m m m =
m +m./a m kg/m m, kg a
4
m m kg ml:%m 5:& k
N/m/m EJ K,
K, N/m kt:%k C N- s/m CF%
cC ¢C N- s/m/m v m/s P,
kN
P, 0.25 ~
0.5ms
P, 7ms
160km/h P,
Pl P2
P, P,
P2
P P
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[EVAPSEL)

2-27

2-28

(b) FFEIEET
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BT e

e
IR

AN W

(@) K (b) Vossloh/A &] YK s 345111k
2-28
2
10kN 15 ~ 25kN
10kN
Pandrd
2-29
10
50kg/m
I I I}
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Il
A-A 1
2
3
S 4
6 i
7 AT 8
i "o
127 i ‘ i1 o
o 4[]
._9..0 “h ! |
oo EY LI
o [[IUIN3
< 5o °

1>

—1
2-29
1— 2—
4— 5—
78—
10— 11—
13—
I}
]]I b

>

ASRIRUTTIRRONRRY

0} 60kg/m
2-30 13mm 60S,Mn 553, Mn
| A B A 50kg/m B 60kg/m
|
| 10mm 603 ,CrVA
42% 36%
L,
bR et b
;\‘ 4
: LH#‘O_J { 8g /°
o ( i A 1
] SBITRRTY 45.5
| )
i ., Y B bk J
10 &%

2-30 I
1— 2— 3—
4 5—o 67—
8—

2-31

60kg/m

79 11-13
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2-11



2-11

I
70 I m
B 1 A B
/KN 7.8 8.9 8.2 8.9 =10 =11
/mm 8 9 8 10 13
/KN 12.5 14.3 13.1 14.3 16 17.6
110~150 | 90~120 | 90~120 | 60~80 60 ~ 80 60 ~ 80
/ KN/mm
/mm 0~ +16 4~ +8 4~ +8|-12~ +8|-8~ +12| -8~ +4
/mm 0 <10 <20 <15 <10 0
- [ %S
! ik szt
HIEEEEoS
[ F3
B
[P S
JAIR

2-31
10mm 6mm
40 ~60kN/mm
2-32 a Pandrol
232 ¢ 1

14mm

25 ~ 40kN/mm
60 ~ 80kN/mm

232 b ]
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(a) Pandrol %L T i #H

2-33 a

60kN/mm

2-33 e

2-33 ¢

Leawore S~ ___J

(OR!CEER A& (ORUIELR) AL &

2-32
2-33
Pandra € I
233 d Nabla
2-33 f Vaosdoh
Pandrol Vanguard

(a) Pandrol “e” FI#iZFn{E

— 46 —

(b) JE#E 1%Ltk Pandrol Fastclip #1144



(c) AHBLHY Pandrol Fastclip $144: (d) y%E Nabla f1i1#k £ %%

(e) Vossloh W14 Hi{: &4 (f) Vossloh system300 #1{f & 4t

(2) Pandrol Vanguard Jgi#EH11: £ 4 (h) 78 E kB Wtk 248

2-33
2-12
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2-12

/KN |
/mm /mm mm
120 6 10 60
TGV Nabla 11 9 70 8.1~9.1
~ HM 11 - 70 ~ 80 14
Pandrol 11 10 30 ~50 12
Ay
— ke '
2- §<3 Ky
] Y He
34 P, P
r=P f +f J/a 2-4 2-34
c 1 2
fl
0.25 f, 0.65 a
K, K 2-34
P
K, =K +K 2-5
\Y f p
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~[g®

AP, =K Ay, P =P, - AP
:PdJ_ APf-'-F)w PW

2-6
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160mm x 220mm
160mm x 240mm
~240mm

20 80

Y 2-37

145mm

2-35
2.5m
x 200mm
2.6m 4.85m 0.15m
220 ~ 300mm 200

st T o G

2-35

1946

2-36
7 ~
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12mm 115mm 75kg

2-36 Corus

2-38



(a) BefhK

p 5 4
\ X
PR % 7 z?
¥i] M, b

2.2~2.7Tm

(b) HAEK

2-38

2-39

+Q U +Q

185 ~ 190mm

250 ~330mm
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2-40

BB L e B T L
L
N\ TS SRS R e
2-40
19 50
I 1980
Il
23t 160km/h
140 ~ 160km/h
il|
m Il| 2-41
2-13
2600
_._t.ﬂ . 305 04, 295
L e e
B A & T
1100 200 1300
455 4,214 ,, 455 P \Vo’
N
algla o ..Lo_% 4
s 1]
it T}
T 205.5
5%X70, 350 3X7Q 340 #421
[=} N
ol © N
al X ...II vy (= [=)
~poqda soles NS
320
2-41 11l mm

100km/h
25t
|



2-13

I I I
/mm 2500 2500 2600
kg 250 251 320 340
/cn? 6588 6588 7720
em? 490 490 590
/mm 201 175 201 165 230 185
/mm 165 155 165 161 170 200
/mm 275 250 275 250 300 280
/ kN- m 11.9 -8.0 13.3 -10.5 19.05 -17.30
/ kN- m 17.7 -11.9 19.3 -14.0 27.90 22.50
a - I
70 | I
b - i}
2-42




2-43 TGV
2-14
2-43
2-14
/mm ) Ik
/mm /mm /mm /mm from 9 / km/h
3T 2400 190 283 175 230 6430 | 260 |210
3H 2400 220 310.5 195 250 7040 | 325 | 210
4H 2400 220 310.5 195 250 7040 | 325 | ~270
B70W | 2600 210 300 175 220 5930 | 304
BOOW | 2600 210 320 180 240 6680 | 330 | 250
B75 2800 240 330 200 290 7560 | 380
u31 2245 220 290 680 3944 | 218 | 160
u41 2415 220 290 840 4872 | 248 | 300
Austrian
Federal Railways
Frame-Seeper-Track 2-44
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FAST

2-45

Ladder Track

2-45

2-46

2500

F-Tof

-~

-~
~ -

Sd=

B|

| 280

kB

889.5 ~ 11725

FELB

850

a/mm

2-46
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4.9m

2-47
b
BI |A !
|
ol 16%:%. 620 o T AL 1L ol
e RO R S i i i
IB»B A-A
ol 202
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b=—S—4m+d 432
2tan%
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a:LQ- b 4-33

4-1 60kg/m 12
350717.5mm 2038mm 3954mm
13880mMm 13880mMm 2916mm
1435mm 311mm 8mm

886mm 298mm 4-34

37800

16592 | 21208
|
2920 30922 3958
|| 298

R350 717.5

4-34 12 mm

B =2°24'47" cos3 =0.9991132

a =4°45'49" cosa =0.99654580 sing =0.08304495 tan % =0.0415931

S-R COsB - Cosx - yg
- Sina

K

_1435-350717.5x 0.9991132 - 0.99654580 - 311
0.08304495

=2692 mm

L, =Rsing + Kcosy - A,
=350717.5 x0.08304495 +2692 x0.99654580 - 886 =30922 mm
LQ =g+l +m+§=2916 +30922 +3954 +8 =37800 mm

S o 1435
= +Mm+_—=———+ +4 =
b o @ > 5x0 0415931 3954 +4 =21208 mm

2
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a=L,- b=37800 - 21208 =16592 mm

4.5m 6.25m

4-33
l+1,=L,- L -3

| +1, = R+& a-B o +K-n-38
374 2 180

|5+|6:Lt- L, - n- 35

- bo ™
I7+I8—q+AO—SOtanﬁl+ R-S-? a- B, @+K+m—28-lj
b, Stang, I

60kg/m 12 16584mm

|, +1,=37800 - 16584 - 3 x8=21192 mm
|, +1, = 350717.5+35 x2.350555° x0.01745329 +2692 - 2038 - 3 x8
=15024 mm
|, +1,=30922 - 13880 - 2038 - 3 x8 =14980 mm
| +1, =2916 +298 - 1437 x0.0003377 + 350717.5- 1435 - 35
x4.,760234° x0.01745329 +2692 +3954 - 2 x8 - 16584
=22271 mm

I1 =7770mm I2 =13422mm I3 =7804mm I4 =7220mm
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I5 =7770mm I6 =7210mm I7 =7804mm I8 =14467mm
60kg/m 12

B=2°24'47" «=4°45'49" Y, =311mm

X, =0mm Y, =311mm

X =R sna - sin3 =350717.5x 0.08304495 - 0.0421047 =14358 mm

Y, =S- Ksing =1435 - 2692 x0. 08304495 =1211 mm

45
1
2
3 k
4
| 1
, P B t
t, 4-35
| 1 2
l:)1 P3
4-35 AN
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L
A Mmin ]
B, « |
s M T =
~ — F‘\\\\\N
— J/A \\5 A= \:~‘:\%/50
P, || P,y = \\\ l,
k Ps P
Ty
4-35
m =L+l - —2
in-&
29n 5
L l,
2m t,
1 80km/h
2 50km/h
3 50km/h
AT 45km/h
4 12
5

30
18

4-34

12



12 9

9
7 9
12
8 6
9 6

4-36

HEGE B

PEE B

._I el I
ﬁgﬁ : [z

4-36

T<s

4-35
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\Y m/s R m

a
a, a, 0.5~0.65m/s  a <0.65m/s" v km/h /3.6
v m/s
V2
a=—--<0.65 m/s’
3.6°R
a<2.9./R km/h
R=0.119V m
v km/h
a
da
. =0.5m/s’
2
v
_da_R_V
lﬂ_dt LR m/s 4-36
Vv
L L=18m v
km/h
V3
Y3 6°RL
v km/h W, =0.5m/s’
v<7.483 YR km/h  R=0.00238V m
w

— 136 —



4-37 C

A B v veoB' B'
vsing'
Aw :imvzsinzﬁ‘
2
% km/h B'
w= stin2,8'
km® /h’
B B

4-37

i
/

4-37 4-38

4-38
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w= %‘sz 4-37
wO
2 2
w, =0.65km’ /h
w, =0.65km’/h* §_ =0.045m 45mm
v<2.7./R km/h R=0.138V m
4-6
4-6 km/h
8 9 10 11 12 18 30
25 30 35 40 45 80
AT 50 80 140
,
w, =9km’/h’
< V 2o
sng
iy
3km’ /h°
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4-7 km/h
!/ kg/m 9 12 18 | 30
43 85 95 —
50 90 110 120
50 AT — 120 —
50 AT — 160 —
60 100 110 —
60 AT — 120 —
60 AT 140 160 —
60 AT — |120~160%| 160 | 200
%12 200km/h 1T 160km/h I
120km/h
{
{
®
{
)
)
)
o
o
)
160 ~ 200km/h
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80 ~100km/h

60AT

600mm

3 60AT

60AT

12mm

50' 30’

2.6 ~4.8m
— 140 —

60kg/m  U75V
| III
1435mm
12.4 ~14.2m
60kg/m
50kg/m
46' 34
23.6kN- m

22.9% 0.6%

- 17.7kKN- m



10

4-23 60kg/m 12

4-39 38

1
UIC60  tan0.0154 1/65

UIC-54E1: 25
2
3
2 ~5mm
12 1435mm

220km/h

60kg/m
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uICe0
— 142 —

65

154m 28

UIC60tan0. 0154
1: 26.5 31. 740m

209m 42

57.50m 6



5
6
60kg/m
18 38 4-8 4-9
4-8 60kg/m 18 38 1
/m /m /m /m /m
18 1100m 69 31.729 | 37.271 | 22.01 | 18.596
38 3300m 136.2 | 48.771 | 87.429 | 37.60 | 29.392
4-9 60kg/m 18 38 2
! km/h
/m /m /
18 13.675 7.5 3+2 250 80
38 23.875 10 6+3 250 140
18 38
1 60kg/m U75V 1: 40
1: 40
2 I}
600mm 650mm
3 1: 4
18 10mm 38
7mm
4
5 60AT 530mm 60kg/m
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50kg/m

20'16"

29'17" 38

18

12mm

4-41

4-40

DESEC

; ., :::-::-.!.-lllﬂ i

______::::.:_::

4-40

4-42

TL50

DESEC
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4-43

GEISMAR

PUM

4-43
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30

20

19



25t
5-1

S S g8 ©®

() —REHEEH (b) R EHH
5-1
5-3
200km/h
120km/h
5-2 209HS
1— 2— 3— 4—

5-2 209HS 5-3

54 5-5
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Dk R FEM

i
Mo /i
o= |/ wan

A iR

AN B/
AR

st
= AR E g

Zohas 5SS B 2 =4 3
- HLZh AL E
mﬁ% | L A > a > § = %
— %zwﬂéi% 11 2h
5-5

5-6

1/800 ~1/1000

300
5-6
1: 20 1: 10
5-7 1: 20

1: 10
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L
(a) (b)
5-6
1— 2—
5-8
<———l40—-——>‘ 135
: 67— 70 . 65—
TZS:]LSST 161, 32 22-1- 35-—
i T
OO O 2 L!J 1: 10
e B
la— 33 -<—34-—I
(a) HLAESE I (b) ZE4T 40 B T
5-7 mm
=t [T ’ v
' E % :
i i Y
i A 1y 7 i i
: — ? \
5-8
10mm
5-7
2d g q=T+2d 5-6
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Tdq

5-1
5-1 mm
d T
h
28 33 23 1356 | 1353 | 1350 | 1422 | 1419 | 139
25 34 22 1356 | 1353 | 1350 | 1424 | 1421 | 1394
20 1: 10 B
59
32 i
S
| o | fo O & S
— 26, Q
e I Q}“ i g
T 5
:1/ 70 . s
w16 ote—29 5 1: —T
70 25—
5
13010 K
5-9 mm
1 X
2
3 z
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6
ABC
5-2
5-2
/ km/h It /mm /mm
4 DF4 30-3 120 23 1050 3600
100
9 DF9 30-3 140 23 1050 4000
11 DF11 30-3 160 23 1050 4000
ND5 30-3 118 23 1180 4050
1 ss1 30-3 95 23 1250 4600
4 A 20 +2y - 25 +2, 100 23 1250 3000
8 8A 2-2 120 21 840 1750
208 2-2 120 915 2400
120 18
209 2-2 120 ~ 140 17 915 2400
140 ~ 160 16.5

153 —



2-2 300 20 915 3000
2-2 300 14 915 2050
A 2-2 <80 16 840 2500
2-2 <80 14 840 2200
c 2-2 <70 11 760 1800
3, - 3 0 3
2001 23 2000 7 1
5.1.2 7.2.2
16mm 1435mm
1435mm
1435mm 1542mm 1600mm  1676mm
1 435mm 1067mm 1 000mm
762mm 1060mm  1000mm
1000mm
900mm  1000mm
+6mm - 2mm
20

30
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5-10

512
6=s-(Q 5-1
S mm
5-10
G
50 =5 %
qn1n
5max = Srrax - qmn
sm‘n qmalx
Bm'n = Sm'n - qmax
S, " 1435mm 1441mm  1433mm q, 9. .
5-1 5-3 0y Orox Ouin
5-3 6,0, ©0.. mm
6max 50 amin
45 16 11
47 14 9
1) +2mm
2mm
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1435mm 1433mm 1432mm

1524mm 1522mm
4mm
1mm
30
6.25m 18m

— 156 —

2.4m

1m

5-11

5mm



5-11

250km/h
20cm 514kN

4mm

10 ~ 20m

0.5mm
50cm

10m

2.6
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10m

— 158 —

4mm 5mm
20m
1: 20
1: 20
1965 20
1: 20 1: 40 1965
1: 20 1: 40
5-4
5-4
0 1/20 1/40
/mm
0~75 1 20 1. 20 0 1. 40
80 ~ 125 1 12 1 12 1. 30 1 17
1: 12 60



1955 1983 2001
5-5
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5-5

/m /mm /m /mm
R=350 0 <10 200 ~ 151 5
<20
350 > R=300 5 150 ~ 101 10
<30
R <300 15 <20
1
5-12
a
2
5-12
b
(a) pHEEE N (b) A R EEE (c) Mgzt
5-12
3
5-12 ¢
4
/2

— 160 —

min



1435mm

5-13

16mm

5-13

5-13

L =6400mm
256m A%
|

SW:qmax+fw- fN+8- 2 n+?8m'n

t=10mm ~

r+t

T =65°

b

5-4
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bl

5-2

5-3

3.2

2

5-2

f =2 %256

4mm Y q
mm § mm

R =256mm

2
x1000 =20 mm fN:21x‘256><1000:5.0 mm

11mm §_ =1lmm g _ =1422mm
s, =1422+20-5+4-11+5.5=1435 mm

5-6

5-14



L R
e=s-s 5-7
S, 1435mm
“ 202 R=350m L=2.4m
q.,, =1424mm
f =L—2= 2.4° x1000=8.2mm s =1424 +8=1432mm
0 2R 2x350 f
350m
55
1. 10
5-15 S o
—3 Smx:dm.n‘*'TMn-gt+a-l‘-gs
1:10 o ki B 1:10 >8
J1=zo 1: 20 d.,
Smax T4 2mm T
| 1350mm ¢,
2mm a
5-15 1: 20 1: 10
100mm r
12mm ¢ 2mm 5-8
S, =22+1350-2+100- 12 - 2=1456 mm
g, & S ., =1460mm 1460mm
1: 10 35mm
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2
- -
J= R N 59
m kg v m/s v km/h
v km/h =3.6v m/s R m
Y km/h
2
f— rTN -
I=12 06r | >-10
G
5-16
J G
Jeosy =Gsiny v s, =1500mm
h =150mm v =5°43' cosy =1 siny =tany =s£
1
J:Gﬂzﬂh:&Bmh
S1 Sl Sl
Js
_ 1
=9 8m
5-10 J
h
. sV
127R
s, =1500mm
V2
h=11.8 — 5-11 >-16
R
Y km/h R m
5-11
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VO
h
_ h
IEED I
IT]\/Z
J=12.96r C=M9
J mv v
h=s 2 -11.8 =11.8-2 mm
>6 R ¥m R
v, km/h
2 2
mv NPV
v, = 2 = z km/h 5-12
Zm ZNP
P \% N
5-12
120 ~ 160km/h
VO
0.8
vo:0.8vmax
h_118v§_11.8 0.8V s - "
Fll8g=——g 6 mm 5
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v km/h

V2 gho
a=—-
R S
v gh,
R s,
a, v m/s
Vo O __
R s °
g =9.8m/< s, =1500mm v km/h
V2
Ahq =11.8 ”F‘;'X - h,<153a, 5-14
5-14 -
e h, Ah Vo>V
Ah Ah
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Vi <V, 5-14
V2
Ahg =11.8 E” - h0 <153a, 5-15
Vi km/h
Ah Ahg
a0
0.4 ~0.5m/<’ 0.6m/s’
Ahq =61 ~76.5mm
Ahq = 91.8mm
75mm
90mm 120km/h
110mm 50mm
5-6
61.2mm
5-6 mm
160 <v=200 <60 <80 <110 <130
120 <v<160 <70 <90 <120 <140
v<120 <75 <90 <125 <140
5-17
(@]
e
n s /2
e
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J
B o
. o .
I S . {E
5-17 5-18
=3 5-16
n—?e -
_O — _Sl _1
e=0 n= e_? n=
e>— n<1 e<—=X n>1
n
e Ah, 5-18 h,
v R o Ah R
o co h, BA CO
h, + Ah, BA ,OCO = / ABA
COO BAA
00': CO=AA: BA
OO0 =e CO=H 2220mm 2

057.5mm AA =Ahq BA=s

5-16

- 2HA, 5-17

Ahq H 5-17
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Ahq =60mm
Ahq =75mm
Ahq =90mm

150mm 5-17 n=3.4

154mm

e=88mm n=8.5
e=110mm n=6.8

e=132mm n=5.7
n
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2
s 1.5°

"= 2HAR, "2 x2.22 x0.154 =3.3>3
125mm
120mm
180mm 180mm
5-14 Ahq = 153a0
V. h, +4h, R
11.8 ? = hO + Ahq me = T km/h 5-18
R m h mm - Ah,

mm

h =150mm

Ah, =60mm v_=4.2/R

max

Ah, =75mm v_=4.3,/R

max

Ah, =90mm v_=4.5/R

max

h =125mm

Ah =60mm v _ <4.0/R
— 168 —



Ah, =75mm v_<41/R

Ah, =90mm v_<43/R

1
5-19
2
3
ZH —— J
HY
g0 =R
5-19
y
R
%o
' \Hy
| S
1 ZH - z
ZH x=0 y=0 :
HY X=X, Y=Y,
5-20 520
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HY gozgoo
3 ZH k=L1-0 HY k=%
p R
4 ZH h=0 HY h=h,
5-21 a
521 b ZH HY
Y
tany =0
Y
V2
h=11.8 2 =118 k v, E=11.8V,
h=E. k
_dh _dEk_ _dk
@y =g = q Eq7O
HY.
- -~
Z{{ Is 1 ZH I
I Lo
(a) HEM [ (b) R
5-21
dk
70
dk _
=0
g dk d’k
dl di?
” 5-22 h "
o . h
= =dny =— h=E- k
Gt W 1
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dt® S dt’
_d
dt
'y _EVdk
dt s d?
2 2
(Lzé_o Q;:O
dt dl
5-7
5-7
ZH 1 =0 HYI:I0
y 0 Yo
@ 0 %o
1
k 0 R
dk
o 0 0
5.22 iy 0
dl
5-7
=0 k=0 I=I, k=k 0<I<I
1
O<k<=
R Y
| @
k=k, - 5-19 i
0 o
k P
il dl
>
p =}
ZH k, HY s I X
1 dx
=
R 0
_d_ 523
5-23 dp = — = kdi
p
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¢ 5-20
2R,
— — _ 0
@ HY | = |0 Qo = gpo = ﬁ
5-23 dx = dlcosp dy = dIsing @
2
sing ~ ¢ cosp = 1 - Zsinzgzl- %
J(pj |4 |2
=(1-2)d = (1- —|d = odl =
d = (1- £ )al = | 8R2|§)d &y = ¢dl = 5 d
I* 1° I? °
s f(l ) 8R2Iz)d| "Rt YT szlod' "R, T
x=0y=01-= C,=C, =0
I° I°
= = 5-21
40R’1] Y TR,
|
3 4
_ X (142X ]
y 6RIO( 35R7 12 522
X3
y= 5-23
6R,
Vv >
120km/h
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em, (1)

< yzéiR(f)A 2h(f)2
ARt (I AL O (35
vl 2 () - )] oo 1) +2( )]
o2 xy o xy L x h[e(f)S'ls(f)d
YZR[7(|) (IO) (I)] +1o(f)3]
y:% quT R(Cw%x 1) %(1005%:)
0 R G R 3 I A G O
Lo Tag( ) g Y o X e[ X h[s(f)z_lo('i)
el A,
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160km/h

5-9
f e
P f i
dl?

I 1. 000! dk d’k

1.000 5 0 1. 000f Loool, |40 dxs0
S 0 5oo£ 1.414 1. 414f 2.000 |9k _g

Y 24R 0 : 0 d -

2
0.600 5, 1.291l, 1.162f 1.5001, %:o

2 2
0.420 2 1.5271, 1.228f 1.875l, %=o %zo
0 568£ 1.3271, 1. 184f 1.5711 dk _,
' 24R ' 0 dl

o 1.597] 2.000, |dk_o dk_
0.302 5,2 0 1. 252f o (a0 o

2
0.714 50 1. 1801, 1. 059f 1. 2501, %ﬂ)

5-24
max il
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5-24
fm’n
o f
II S min |$Iﬂ
IO
h
I, ==
|
hO
._dh_ _dk
=a TEa
di _ d’k
dl 0 d|2 0
|
-0
| = 5 i
i —@ _ 2%
Imax_dl l_LO—ll.SVO dl l_Lo
o L
56
dk
“ al
dk_ 7
d “2r 9" %
| I°
X== x_?

5-24

5-25

20
5-25 i
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= =T gn T T
dl X:'o 2Rl sn 2 2R|0
5-49 im
~ 11.8¢m _hm
' =R, 2l
hO
IOq Io
Imax |0
hw h
o< | >1.57]
2|Oq |0 0q 0
¢
di’?
imax
. _dh _ dk ) i
Liex = g |_|0—11.8V0d| ,_Lo_ll'BVO R,
= i
In‘ax |o
1.875h0 h0
<s— | =1.875
I | Oq 0
0Oq 0
M
h hv
p=-0 == mm/s
t |O
Vi m/s
v km/h
M:hovmax
3.6l
h, mm v
m
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0

1.875 _1.875h,

km/h

5-50

5-51

5-52



__'o -
1o =3 6, 5-29
n u =32mm/s =
40mm/s
w=32mm/s | =9%h v _m 5.30
w=40mm/s | =7hyv_ m
h, m
Y
Y
_a _ a _ avmax
Y7t 736l /v 3.6l
I Ve 31
=36y >
a m/s’ v
km/h m/s’
Ah =153a mm
oo Vo 532
= -
0= 153 x3.6y
y 0.20m/s’ 0.3m/s’
5-25 5-29
10h v
8h v 10m

0 "max
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40mm

40mm
60mm
60mm
TB10302—96
5-10
5-10
/mm
/m 25m 12.5m
4000 ~ 1000 40 80 40 —
800 ~ 500 80 160 40 80
450 ~ 250 160 — 80 120
200 — — 120 —
525 AB AB' AA BB
(N P
¢ @ Al

2
N:f p, - p, do
#1

— qé —
= f Sld<p = Slgp
¢

1
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X
®, B
Py P,
Sl
1500mm
O x
- AA BB
lc | 1l c
¢=g AL=TR
. R 5-20 @, =
|2
=2 | |
2R, 2 72RI 1 2 ¢ ¢
S
_ — 1 2 ' 1
5-58 Al=s o,- ¢ =5R - 17 AA BB
0
|, =01,=I 1
2
Al VI U
° 2R, 2R
| =2A1 +1 sl , 8 Sll | 5-33
= +Hl =0t — | + -
A A0 c R R R 0 c
E
NO
N, =4 5-34
E
N, N
5-10
5-1 R =600m |, =119.73m
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100m 25m

5-26
1 5-33
_2 _1500 x 119.73 +100 _
AI—R |+, = 600 =549 mm
2 N, 5-10 80mm
5-34
_949 _
N, = 80 =6.9 7
8mm
_119.73 +2 x100 _
N= 25 008 =12.79 >N,
3
5-11 5-26
511 1
K259 + 186. 45 ~ 506.
/m 24.92
18
R/mm 600 Al 549
I./m 119.73 Ny / 7
ly/m 100 ZH /m 5.5
/mm 80 /mm 8
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5-11 2

/mm
/m
/mm | /mm
- 1500 o
1 |5.5 2 %600 x100 0.38 +0.38
=0.0125 x5.5? 5.5m
2 | 5.5+25.008 =30.508° 2 =0.0125 x30.508° 11 +11
/mm
/m
/mm | /mm
3 | 30.508 +25.008 =55.516 3 =0.0125 x55. 5162 38 +38
4 | 55.516 +25.008 =80.524 4 =0.0125 x50, 5242 81 80 | +1
80.524 +25.008 =105. 532 5 =125+1500/600 x5.532
5 139 160 | - 21
105.532 - 100 =5.532 =0.0125 x100% =125
5.532m
6 |5.532+25.008 =30.540 6 =125+2.5x30.540 201 240 | -39
7 | 30.540 +25.008 =55. 548 7 =125+2.5x55.548 264 240 | +24
8 | 55.548 +25.008 =80. 556 8 =125+2.5x80.556 326 320 | +6
9 | 80.556 +25.008 =105. 564 9 =125+2.5x105.564 | 389 400 | - 11
105. 564 +25.008 =130. 572 519
10 |130.572 - 119.73 =10.842 , | 450 480 | - 30
10 549 - 0.0125 x89. 158
100 - 10.842 =89. 158 10.82m
11 |89.158 - 25.008 =64. 150 11 =549- 0.0125 x64. 150> | 498 480 | +18
12 | 64.150 - 25.008 =39. 142 12 =549- 0.0125 x39.142° | 530 560 | - 30
13 |39.142 - 25.008 =14.134 13 =549- 0.0125 x14.134%> | 547 560 | - 13
“ o M P “ n
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10m
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20m 16mm
5-12
5-12 mm

250 7 8 14 16 21 24

251 ~ 350 6 7 12 14 18 21

351 ~ 450 5 6 10 12 15 18

451 ~ 650 4 5 8 10 12 15

651 3 4 6 8 9 12

5-27
L 20m
_L 20 _50000
fC =S8R 8R x1000 = R mm 5-35



zZY

2
L/2—L/2 B | )
o) &
1
=
-1 P (@) O gz VU 2
Z2
5-28
zy f, f 5-28 zY
O A 1 B ZY
@] f, 1 Ly, v, 1 2
X, X L L/2
- 111 =t X+ y-R?’=R
0o~ 2 y -
o11' X =B"-y X+ y -R
:RZ BZ_yi_‘_ yl'R2:R2
_B’
A 2R
_B’
fo= 4R
535 R f f,f
f ZfCBZ 5-36
0 - L2
Y A=0 B=L/2
fC
fO 23
Y
1 f

— 183 —



022
2
X :(B"'L) - yi
L 2
(8+3)
Y 2R
2
4f (B+£)
R f T
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Xzozyz
6-16
'y
1 _
aElJl dx’ +k1 Yi = Yo =0
0 11
a d4y
12 _
éElJl dX4 +k1 Yio ™ Yo =0
12
g 4
EEJ Yo K + -0
272 gyt 1 Yo~ Yu k2y21 -
O 21
O 4y
3,2 HK ¥,- Y, +ky, =0
%z 2 dX22 1 Y2 T Y2 2Y 22
El‘]l Ez‘Jz
Yu Yo |1 lz Yu Y
kl kz
6-49
y, = Ae).x y, = BeAx Y, = CeAx y, =
6-49
M +a A-D =
BB\ +a B-D =
O~ 2
A +b C-A +c¢ C=0
DA*+b D-B +c¢ D=0
k k
_ ™ _ ™ _ ™
2 ey °TEJ “TEJ

De/\)(

6-49

6-50

6-51
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6-51

4

C_D_x+a C_D b
—=—= —_—=— = -52
A B a A B ,\4 +b+c 6-5
6-52
A*+ a+b+c A*+ac=0 6-53
Ao=p u’+ a+b+c pu+ac=0
1
MM:?[ - a+b+c +/ a+b+c ’- 4dac|
4 -
a+tb+c ?-4ac< a+b+c’ By a= fl
4
-
B="
A +4a' =0 A*+48° =0 6-54
6-54 6-49 4
A,= -lxia A,,= -1%iB A= ltia A,,= 1%i8
¥, =Ae “cosax+Ae “snax+Ae Pcosgx +Ae Fsingx
D X aX - X X -
0 +Ae”cosax +Ae”snax +A e cospx + A’ singx
O ] Cax : X
¥, =B,e “cosax+B,e “'snax+B,e “cospx +B,e singx
D X aX - X X =
0 +B e cosax +B e”snax + B, & cosgx + B, 'sing x
0 ) ) ) ) 6-55
¥, =C,e “cosax+C,e” “snax+C,e cospx +C,e singx
D X X X X -
0 +C.e"cosax +C e”snax +C e cosgx + C,ésngx
U
[¥,, =D,e ““cosax +D,e “sinax +D,e cosgx +D,e P'singx
0
O +D_e"cosax +D,e”sinax + D, cosgx + D,e”*singx
6-52
C1256:D1256:M1+a: C3478:D3478:l"l’Z-‘-a':'r7 8:1
A1256 B1256 a A’:478 3478 a g
6-56
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6-55

Yy =Ae, -aX -Agp, -aXx +Ap, -BX -Ag, -BX
0 ‘YA ax +*Ag, aX tAgp BX +Ap, BX
%/12251901 -ax -B,p, -ax +Beg, -BXx - B, -BX
=i +B.p, aX +B, ax +B,p Bx +Bg, BX
EV21:A1§¢1 -aX - Afep, -ax +tAne, - BX - Ane, -BX
0 +Agp, ax +Afp, ax +Amne, BX +Ame, BX
é/ZZZBlfgpl - aX —BZ§¢3 - aX +Bs'r]gpl - BX - B47;g03 - BX
U +Bgép, ax +Bge, ax +Bme, BX +Bme, BX
6-57

- Bx

¢, Bx =e 7 cospx+sngx ¢, Bx =e P'sngx

- X

¢, Bx =e 7 cosBx- snBx ¢, Bx =e "cosBx

6-57

My, =2E,J, A1a2903 - aX +A2a2g03 - aX +A3>BZ§D3 - BX +A4BZ¢1 - BX
0 2 2 2 2

O +A501§D3 (XX'A6a(p1 aXx +A718903BX-ABBQD13X

EMlz =2E1‘]1 Bla2¢3 - aX +Bza2¢1 - aX +83182903 - BX +BAB2¢)1 - BX

B +B.a’p, ax - Ba'e, ax +Bg'o, Bx - BB e, BX
Ep\/|21=2152J2 Aéd’p, -ax +Agd’e, -ax +AnBe, - BX
B +AnB e, - BX +Af g, ax - Afd'p, ax +AnBe, BX
B - AnB’e, BX
EpwzzzzEZJ2 Béa’p, - aX +Bga’p, - ax +BnBip, - pBX
0 +B4nﬁ2gol - BX +Bsga2¢>3 aX - Be.fazgol aX +B777.32¢’3 BX
] - BynB'e, BX
6-58
6-57 658 A ~A B ~B,
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RTT'BX
6-16
Y, =0
X, =| x, =0
yll = y12
Yy =
X, = | 5
y12 =O
y22 :0
Y, =0
16
B,~B, 16
6-59
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YuT2E ]

Yo =V

"n

21

Y, =0

Yo =Vi
Y =

16

6-22

"

y21 :O

mo_
Yiu Yo
"

22

6-59

6-60

6-61

6-62

A~ A



I-e—— &
PTG - I e
S X3 X3 — T, - T ‘ E2]3
» Va iyz é iys é i i é 3 Vs ﬁ gyﬁ 4 %
V' / S S LSS S S S /A
ly 1, I3 1 I s
|
/
6-22
d4y1 35 d4y2 4
E,J, o +ky, ,.=0 EJ, o +ky,, =T 6-63
135 2 4
E,J, Y, ss [ mV
Y4 nyv K,
r r=R_Je R .
e
Tk 6-63
A= 4E,J, )
Y,,.=C, € snax+C, € cosax+C, e Vsnax+C, e “sinax

=r

AX AX CAX CAX
Y, 4 K, +C, ,€79nAx+C, e cosAx+C, e "snax+C, e "InAx
6-64
6-64 C1 ~ Czo
Yiss =C1917¢3 AX +C2 01P1 AX - C311 0Ps T AX - C41220¢1 - AX
_r
Yo _k7+cs 13Ps AX +C6 u® AX - C7 5Ps T AX - Ca 1P " AX
4
6-65
M135: -2E2‘]3 C1917¢1 AX +C21018¢3 AX - C3n19¢1 - AX - C41220§03 - AX
_ 2
M, =-2VEJ, G AX - CGue, AX -C o - AX - Gp - AX
6-66
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6-13

x, =0
x =l x,=0
Y, =Y,
X, =1, x, =0
Y, =Y
X, =1, x,=0
Y; =Y,
X, =1, x,=0
Y, =Ys
X, =1,
6-67 ~
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y, =0

y, =Y,

y, =0
6-72

"

y, =Y,

20

6-65

20
20

6-67

6-68

6-69

6-70

6-71

6-72



6-23

o O WN P
0
kS

6-23 O C 1 2

234 = "

" “ 0.25~0.30
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#Py
d Fym
X X
uPs > i X

s\ ’ Cﬁ\ 0o uP,

#EJrM S
r\ THEHM
Fnps ad *F“
L/2 L/2
6-23
p
Px Ll
Y1 :7M b X :72
s\’ ' s\’
2 2
) G
X, C s
Yl =Y2 Xl =X2
3
p
_ mPx K
Y3 S 2 X3 s 2
X+ 2 X+ | L
2 2
X, C xa=L— X,
Y, =Y, X, =X, Z Y=0

Fuor - Fraoe - 2Y, +2Y,- J+F =0

I:NDl N I:ND4
N J
V2
szﬁ m kg v
m/s R m F

6-73

6-74

6-75



N F =mah m/& 9.80 h mm

Y M, =0
L L L L S, S _
FNDl? + Fij - 2Y1 5 2Y3 5 2X1 > 2X3 > =0
Sl Sl _
Fuow ¥ Faos - 2Y, - 2Y3 - 2X > 2X3 > =0 6-76
L
Fu =0
mPLuRS
h v 6-75 6-76 JF, J
_ JR
v=3.6 m km/h X, X Y Y, X,
6-75 6-76 F o1 Fas =
2X's  2X.s
—F 41 T R
J=F +— LAY, 6-77
X, X, < L
X, = L- X, X, > L
Xa = - Xb
X, 6-75 FNDl
H
Y 6-18
H1:FND1- Y1 H2: B Yz
H3=J_rY3 xb<L xb>L H4=iY4 xb<L
X, > L
6-15 a a
R X,
. Xb
(0% :arcsmﬁ o
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po g

P +P
Hs0.85><(10+ 12 2) kN

P, +P
Hs0.85><(15+ 12 2) kN

H=F, -Y,-Y,

6-24

69°12'
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6-78
GB5599—385
6-79
6-80
6-15
H AB



T 2k

6-24
AB
T=P,sinB - Hcosp - u,P,cosB
AB
u,N=u, P cosg+Hsng+u P sng
Pl P2 H lu’l
u, =0.2~0.3 u,
My =, =
T=u, N

P, sinB - Hcosp - u,P,cosp=u, P cosp+Hsing+Hsng +u P, sng

H*uP, _tang-u

P, utang+1 6-81
tang- u _
utang +1
H+uP
Ll Y 6-82
Pl
6-82 Nadals K Kk u 8 K
H+uP
— B =69°12
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M k 6-25

k
(GB5599—85
H+0.24P,
—=<1.2 6-83
P,
H+0.24P,
—=<1.0 6-84
P,
u 0.24
H
H
—=<1.2
P,
H
Plﬁl. 0
0.8
0.05s
ﬂgo. 04
P, t
t S
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2.75
2.50
2.25
« 2.00
W& 1.75
&
2 1.50
1.25

1.00
0.75

6-25

0

01 02 03 04 05
FERR Y 1

6-85

6-86
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H=0
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1926
1km 1945
1961
73900km
1933
170km 1970
8000km 20 80
1935
600m
1956
1949
12900km 660km
22000km
60kg/m
2002 130  km
1957

1000km
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120m 1935
29000km 20

85% 79%
1936
53200km

116200km
119
1970

80
50kg/m

20

45.4 km

80



60kg/m 108 400m
350m 2003
39880km 45%
7-1
71
/km 1%
102 39880 45.0
70 22457 64.8
67 18800 57.7
) 76000 %
119 39900 32.2
9.4 116200 43.2
70 12716 29
14880 19
2-~4
1~2
100
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20 70

105 ~ 180mm
10
1. 5km
1~2km
2~4 25m
2004 9
303km
AREA CWR Continuous Wel-
ded Rails 10
40%
30Mt- km/km
300Mt 1/40000 1/10000
50kg/m 400Mt 50N
550Mt 60kg/m
50 ~55Mt-  km/km P65
500Mt 2.4 /km
4~5 [km
50kg/m
1.25 1.26
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149. 3
50Mt- km/km P65
120
3120 8360
36 ~37Mt- km/km
10000km
18%
95. 5% ~ 108. 6%
1km
30% ~40%
u74 U71Mn
784MPa  882MPa
980MPa

AREA CWR

50kg/m
54.7 283

264

10000km 35kt
30kt

97% ~120% 1999—2000
1.8~2.0

1~2km

1km

ursv PD3
1265MPa

— 239 —



132RE

2948. 4kN 0.25mm
60kg/m
1800kN

2900kN

11 TGV

UICG0A
At I
Al =a- |- At

o 0.0118 - mm/m |
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min

Al_E a |- A

O-t:E. gt:E. | | t:E a At

2.1x10°MPa &,

o, =2.48At MPa P =g F=2.48At F N

2
mm

At 7-3

20

7-2
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7-2

62. -27.4| 17.6 90 52.3 -5.4 | 23.5 57.7
65. -22.9| 21.1 87.9 61.3 -7.8 | 26.8 69.1
62. -26.5| 18.1 89.2 62.5 | -19.7| 21.4 82.2
61. -29.5| 16.0 90.9 56.6 | -20.5| 18.1 77.1
58. -36.2| 10.9 94.2 63.0 | -14.0 | 24.5 77.0
59. -33.1| 13.1 92.4 60.3 | -12.1| 24.1 72.4
56. -21.1| 17.5 77.2 62.1 | -10.5| 25.8 72.6
59. -36.5| 11.5 96.0 61.0 | -20.6 | 20.2 81.6
59. -41.4| 8.9 100.5 59.8 -2.5 | 28.7 62.3
60. -39.5| 10.3 99.6 58.5 -2.0| 28.3 60.5
63. -17.9| 22.6 80.9 58.7 -0.3 | 29.2 59.0
63. -18.1| 22.5 81.2 61.3 -7.9 | 26.7 69.2
65. -20.6 | 22.3 85.8 63.0 | -11.3| 25.9 74.3
59. -23.3| 17.9 82.4 60.4 -2.1 | 29.2 62.5
53. -26.6 | 13.5 80.1 59.2 -3.8 | 27.7 63.0
59. -30.6 | 14.4 89.9 49.4 | -16.5| 16.5 65.9
60. -41.5| 9.6 102.2 56.1 0.0 28.1 56.1
60. -5.9 | 27.1 66.0 64.5 | -19.4| 22.6 83.9
64. -2.5 | 30.8 66.5 60.6 -9.3 | 6.7 69.9
58. -2.0 | 28.3 60.6
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At At, 30
Tmax Tm’n Tz 7_1
T +T. At - At -
= +
T, >t 5 + At
At, 0~5
t =T+ 5~6 t =T - 5~6
t =T + 3~4 t =T - 3~4
tm tn
T, -t < At to-T.. < At
[az,]
T,
To _%_ L
bn I 2,
[atg]
7-1
7-1 At, At,
5
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P =2.48At F At =T -t

I:’tmin =2. 4'8Atmin|: Atmin :tm - Tmin
Tm:60.3 Tm.n:-12.1 Te:24 tm:29
tn =19 AtmBx =41.3 Atm.n =41.1 60kg/m F =77. 450t
Pm( =7BKN Ptm.n = - 78%kN
R
J
Rj =n- s
S n 6 n=3
P R.\N
7- x
2 T—> %
TP T P=2T N G

P Pcose - Pcose %

RZZCOS@ N = RCOSSD = 2COSH 2¢n o +¢> T‘o/g
7-2 0=90°- a+¢ cOSHP=8Sn o+ %7y
¢ tana =i i 60kg/m
1/3 50kg/m 1/4 7-2
FF
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T2dn a+te

s=4F =M€L
sn a+e

f=0.25

cosp =cos arctan0.25 sin a+¢ =sn arctani +arctan0. 25

60kg/m s=0.90P 50kg/m s=1.03P
R =ns= 20PICse _ - p 75
! SN a+e
T=K- D- P 7-6
T N- m K 0.18~0.24 D mm
P kN

40% ~50%

10.9 700 ~900N- m 7-3
7-3 R, kN
IN- m 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
50kg/m 10.9  ¢24 150 | 200 | 250 | 300 | 370 | 430 | 490
60kg/m 10.9  ¢24 130 | 180 | 230 | 280 | 340 | 490 | 510 | 570
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2mm

80 ~120N- m
100 ~150N- m 7-4
7-4
1mm
/N- m IN- m
/N /N
70 ~80 140 ~ 150 70 ~80 140 ~ 150

® 11900 21900 9030 116000 9000
70 12500 19000 4220 6750 3000 4000
67 10100 18000 6230 9800 5500 6000
K 7500 15000 7500 7500

500 400 500
16000 20000 15000

R
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BH A1/ (kN/#R)




2mm 1mm
2mm
7-5
80%
75
R/ N/mm
RIN 1840 /km 1760 Ikm
7000 6.4 6.1
10000 9.1 8.7
R
]
P R
t j
Atj = R,- /2. 48F
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7-4

&
1 l
Al . A
7-4
P, =0 7-4
A—A
At:T—TS':AtJ. P:RJ.
7-4 B—B'
At> At P >R
X P = Rj + X B—C—
C'—B'
T X
L . B—C—D—D'—C —B'
P, =2-48At . F
_ P ivin * RJ
L .. = 7-7
Tsf*)Tm'n
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75 T T,

Tsf_>Tm'n_>TSf_>TITBX
A D D
c/ |
B
’ Q
B / Gl G
o ,/ /i
L/ : A’
A |
o ‘ i
- a8
F Sy |
\H ;
. H
|
Ly N £ !
\‘{ T
75
B—C—D—D'
Atj
Atj A—E—F'
Atj
2At, R
F—G—G
2Atj
F—N
T At <At Poex < Punin
H—H' T N—H F—N
N—H P 7-5
P = % Ptn‘ax + Ptm’n 7-8

7-8
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_1r1
L —T o Ptmax+Ptm'n - Rl 7-9
Tsf > Tz Tsf*)TminHTsfHTmax
Tsf < Tz Tsf*)TmaxHTsf*)Tmin
Tsf =Tz Tsf*)TminHTsf*)me Tsf*)Tn‘axHTsf*)Tmin
Ptn’ax tmin
2
2~4 25m
7-6
7-6 Kk T K
—AHHHH—
Al Al 4, 4, 4, Al
7-6
AZ
7-7
AABC
rL* P -R°?
/\' — AABC - mex tmin i 7-10
1 EF 2EF 2EFr

E F

7-8
ABHGC EF
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P(min

7-11

P tmin

7-7

fo+f f0

7-8

7-12

7-13
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I:,K
K
30 ~50cm
7-10
Pl
fotf
fo 2mm
79 7-10
1977 “ "
IDK
I:)KA
C P 2mm
P K
25 P
20
P
f=0. 2mm
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65%
25% 10%
7-11
1
Q=Q,- By’ +C&y"  N/cm 7-14
Q BCZN 7-6
100 =
/A-— —_————
a /
- // —F
el A L T
£ 60 —
o / ______
z / c L]
g ///
20 ,/
0
0 0.1 02 03 04 05 06
y/cm
7-11
a— b— c—
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7-6

22% 35% ~53%
30% ~ 32%
30% ~50% 22% ~50% 10% ~28%
7-6

(OR B z C N

22 38 1.5 110 3.0

20 28 1.5 80 2.5

18 3 1.7 45 2.5

3.5mm 23 63 1.2 106 2.5

7-12
BC 50+
2
b= Htan(45° +%)
H ¢ 35° ~50°
b
b/
A B
/
i 7
o, #
o 45 +—2—
712
H=228mm ¢ =38° b =470mm
550mm
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7-13 a b c
29% 34%  40%
200
] ° 150 200
I b L 1 S
50 1:1,75 — 1:1. 75 550 1:1. 75
() (b) (o)
7-13 mm
30% ~ 40%
7-7
77
10mm
/ N/ 8480 7520 5440 6000 6400 2480
1% 11 36 29 25 71
2E) J
y y
B
M
1
M=H- g N- cm/cm 7-15
Hu
I 100N- m H=2.2x10" =2

1
2
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3 ~4mm 4 ~7m
58. 33%

20 80

7-14

s
4 § 7 —
(0] x\\ / x
R )i R
lo
7-14
2 X
Y, =f,- sin 1 7-16
x=0 x=I y, =0y,
R
B Camx X o X
Y=Y, tYg =f5 8n f+ R 7-17
f, ly Yo Yr



0] X 7-14

y=f sm“TTX 7-18
f I
Y
Yo =Y H+Y, 7-19
7-14 Y,
. [ -1 1 2x-1
=f. gn* *| 0 =f.
y, =f,- sin Io[ 3 +x| =f,- €n 11'[ 2I0]

2
=f0[sinlcos(zx' I)w +cos£sin(2x_ I)w]

2 21, 2 2,
2 2X- |
=f cos 72%
- 2x-1
Ye =7 8R
2 2
2 X o ™ 2x - | lo' 2x- |
Yy y+y0+yR—fS|n T+f 2|0 + SR O<x=<l
7-20
A:A1+A\2+A\3+A4
A A A A
A

A =P Al = PJ' [(dS - dx) (dSSd-de)]dX
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M=

AP [ ieyion - eyl
=o [ (23 (el
[ o

1 1T2ff 271X o 2x - |
+?. [ 2sin e S|n|0]dx
SRR

2
f [ 23|n2ixsm l]dx_ "lei'lzsmﬂﬂ
1.0
of fm 2, mfy
A= [ a T2, TR
A,

Y, Yoo fOp

Yos 0s
P

| M M
Azz'fo|v|2|;(|2+ OSXEI o
=2E],

El
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M X :E|y" Mos X :Ely;s

SRR NS

=2EJ]
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A =-8]] Iy ] v

A = - El{floé[z(“r)zfcoszqrx]zdx

of o) e 2 o) 2

0
_1 2ux _w2x-1 1y _ |- pLpgShyT 1k
(2 Ifo[ ZOST | ]dX— ™ | 0
1.0 |:|O
_ s 2mff,
A =B T T 722
I 121
A
Q
y 7-14
A
| y | y . ﬁ
=" dx = - - By’ +Cy" dydx
A fof OQdy fof . Q, - By +Cy" dy
| 1+N
=- c2mX B2 mX ez N (. 2mx\"
A jO[QOfSIn DTz S0 +C1+N(fs|n I) ]dx
I 2 1+Z | 2(&)

2 X
G = mX dx K== X d
|f0(sm|) X i o(sml) X
Z N B 0 G K
QOI1E B 1+7 N A
=\l - — 7-23
A (2 1550 oK q
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7-14 P
A4
= fofolvldgdx
g=y 7-14
A =- f f Hy'idy'dx =- Hl—;&fI (ZrchosﬂlxsinWlX)%&dX
o) o 0
o = IJ (chosgn)i& = |J (WSi Z“X):&dx
= IJ (TrSi 21'fx):&dx
M B r ¢

f b
| A
da_pa’(. &l P 1L
df 2l (‘”rl(,”l“LRqT2 s § +|§¢1
1
| i f\"
- (on - BG| +CKf”I) - H(T) ¢ =0
f
o _
E_|0 fOS fO
d:f'j fﬁzfﬁ. fi:| d
fO I0 fO IO °

f i d |2
p. (f+| In, + R'n') 4Elw (|2+|0401

0

7-24

1
- —5(Q, - 2BG” +2CKf")
T



agt f 4Tl _P & &
T, =4ElT I—+—¢1 Tq—?(QO-ZB +2CKf")

A W N P

f=0.2cm

2H -t : ¥
72f | v TO:f+IO|nl+R7nn-2
P
T T T,
= .
7-25 P
At
KA E
A'[k
Atu
f=0.2cm

.2cm

7-25

7-26
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f=0.02 ~0.05cm At
f=0.02cm
0.02cm 0.2cm
1840 /km
At, K, 7-8
10
7-8
At, R/m
At, R=2000m 1000 | 800 | 600 | 500 | 400
At/ 95 82 | 8 | 75 | 69 | 64
At/ 66 56 | 55 | 50 | 46 | 43
At, 50 48 | 47 | 42 | 38 | 35
60kg/m
Ky 1.44 1.46 |1.49 | 1.50 | 1.50 | 1.49
K, 1.32 1.17 [1.17 [ 1.19 | 1.21 | 1.23
K, 1.90 1.71 [ 1.74 | 1.79 | 1.82 | 1.83
At/ 95 8 | 8 | 77 | 73 | 66
At/ 66 56 | 55 | 52 | 49 | 45
At, 50 48 | 47 | 44 | & | 37
70kg/m
K, 1.44 1.50 | 1.53 | 1.48 | 1.49 | 1.47
K, 1.32 1.17 [1.17 | 1.18 | 1.19 [ 1.21
K, 1.90 1.76 [1.79 | 1.75 | 1.77 | 1.78
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2000m
8
2000m
7-8
K, =K, K 7-27
7-8 K,
60kg/m R=2x10°cm F =77.45cm’ J, = 524cm’
E=2.1x10'N/em’ | =720cm i, =1% d=58.33% o =1.18x10"°/
f =0. 02cm
At,
T tT T

To

0.02 _
7. =8.68841 x10" r +8.10138 x10 "¢, 7, =4.25°

1 2
7 =1.95339 x10"°° 70:2x10-2+1x10-3|n1+|—6
" 1.97392 x 10

I P min
7-9 | =440cm P
P . =2.53456 x10°N P
= Do =66.03
tn = 2EFq ~ 0O
8 2000m
8
At, =50
7-9 60kg/m R=2x10%cm
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Liem o T, X 10° Ty % 10° T X 10* ”’71 7-Olcm P x10°/N
/ N- cm / N-em |/ N- cm
400 0.50386 4.63263 6.79840 3.90678 | 0.90684 0.46379 2.54892
430 0.56364 4.90738 7.85325 4.05064 | 0.94378 0.51949 2.53528
440 0.58349 5.0050 8.2660 4.0975 0.9548 0.53819 2.53456
450 0.60324 5.10000 8.60625 4.14376 | 0.97395 0.55692 2.53547
500 0. 69946 5.61845 10.6225 4.36798 | 1.00723 0. 650266 2.56475
O-S
o,to,to.< o
o, MPa o, MPa
o, MPa o, o /K o,
K
785MPa o, = 405MPa 883MPa
0'52457MPa K=1.3 K=1.35
At,
o, -0, "
At = Eald : 7-28
o

1d
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P
At " 2EaF
P -2P
Aty = 2EaF
I:)I
7-4
1000 ~2000m
200m 150m
2~4 25m
L =P . -R /It L =P -R I
max min ] max tmax ]
50 ~ 100m
7-10 7-11
7-13

7-29a

7-29b

7-12
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P +nP =nR 7-30

P N 7-4 P
N R 7-5 n

1963
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dx 7-15

Qu u
I dx )
P = " - P+dP
Q(w
7-15

P+dP=P+Q u dx dP=Q u dx (;';:Q u

dx
- P
dy EFdX
dP d’y
dX EF dX2
d2
EF o =Qu 7-31
E F Q u y
u=y-gy B
dy_du,ds du_Qu ds 7-32
d¢ d¥ d¥ d¥ EF  d¥
7-32 5
o 5
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15 20
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P 1990
7-21
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Vortok Verse
7-22 7-21
20 ~30m
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1.5 ~2km

11
50km
17.5km 53.83km 120
53. 78km 20 80
303km
2004 9
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1.5 ~3km

200m

2 ~2.5km 2.5 ~3km

85m

100m
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7 ~10mm
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200
100

-100
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70N/cm

45km/h 140mm

25m
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25m
25m

7-26 Schlatter 7-27 Schlatter
7-28  Plasser & Theurer

7-26 <chlatter
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7-28 Plasser & Theurer
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7-31

250 ~500m

7-34
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Fairmont

7-35

7-36
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Karlsruhe
- Plasser & Theurer SVYM 1000 NTC
TGV PTH500 PK1-20ES
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PTH350 500
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180m
PEMB807 LEM
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PEMB07

PEM
7-37 b
LEM 7-37 cC
PEM
PEM
7-37 d PEM
7-37 e
Low Vibration Track
180m
7-38 a
7-38 b
7-38 C
7-38 d
Karlsruhe
Mannheim — Suttgart
1km
7-39 a
180m 1km 7-39 b
2km 7-39
c 2km
2km 739 d
ICE
TGV
2km 18m
3310mm PTH350 500
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5Hz

0.19g 0. 49
80Hz g
1O
102631
8-1
/h 24 8 4
| mis <0.14 <0.315 <0.53
/ mig <0.1 <0.224 <0.355
" 1 ~80Hz
8-2
8-2 8-1
" ” 3. 15
1~0.1kHz 1 ~80Hz
L
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8-2 ISO

dB a, =10 °m/<
XY Z XY Z
71 74 71 71 74 71
77 ~83 80 ~ 86 77 ~83 107 ~110 | 110 ~ 113 | 107 ~ 110

74 77 74 74 ~97 77 ~100 74 ~97

83 86 83 113 116 113

89 92 89 113 116 113

GB
10070—88 Z 8-3
8-3 Z dB
0 65 65
1 70 67
2 75 72
3 75 72
75 72
4
80 80
” 100 3 ”
20 30m
2~4
5dB
8-4
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8-4

/dB
86 “ "
80 GB10070—1988
90
86 ORE
83.5~91 Oslo-Gardermoen
8-5
8-5
/ft /dBA /ft
200 130
3 110
100 0.5
50 920 50
50 85
50
50 80
3
50 75 3
50 70 50
50 65 3
10
50 60
10
100 50 3
40
30 15
0
©) 10dBA 1 (@1ft=0.3048m

ronmental Pratection Agency
4-3_Noise. pdf

FTA—Federd Transit Administration 1995
1971 1974

EPA—Envi-

www. soundtransit. org/ pdf/projects/ seis/Fina _6-05/Chapters/
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8-3

40 ~ 45dBA
60dBA 70%

55dBA
55dBA



8-6 FTA Federal Transit Administration U. S. A.

dBA
1 Leg n
2 Lan
3 Leg b
L
eq
**' Ldn
Transit Noise and Vibration Impact Assessment FTA  April 1995
80 85
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< ]
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= 70 5 &
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8-3
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mary wave
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S Secondary wave
40% ~ 60%

2x10 °Pa 2 x10°Pa 20Hz ~
20kHz
f/
f=2" n=1 n=1/3 1/3
W
W
L,=10lg;,~ dB 8-3
0
W wowW 1x10°*W
L =10lg- dB 84
IO
| wint I 1x10"2w/m?
N/m?
Pa
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| =P 85

oC
p C
p p
Lp:20|g|o—0:10|g—2 dB 8-6
0
P N/n?  p, 2 x10 °N/n?
L =L,- 20lgr-11 dB 8-7
r
L=L,- 20lgr-8 dB 8-8
63Hz 35dB
1000Hz 4dB
ABCD A
A A
dBA A
A
dB dBA
Acq A A
daB
1 pt
L. =10Ig| = dt 8-9
Aeq g[ TJ 0 ps ]
pt T
_ 1« 0.1L,,
Lug = 10193 10 %) 8-10
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L, t n
500Hz ~ 2. 5kHz
500Hz ~ 1kHz
1.25kHz ~ 2. 5kHz
ISO 90 85 dB 8h 3dB
96dB 2h A
A Lo
L peq
LAmax
5dB
15dB
Aeq
8-7
8-7
dBA

Aca 65 ~70 | 55 ~60
L req 60 | 63 24h
L 85 | 88
Lrcg 60 65~70 24h
Ly 65 ~ 75
L = hpeg - 50 ~55 | 40 ~45 59

59 49 49
Laeq 60 50 55 | 60 24h
Lpe 73 63 68 | 50 23 00—7 00
Lpcq 55 60 | 60
L e 50
Lpeq 60
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Lpeg 55 42 68 6 00—24 00
68 63 63 6 00—24 00
L e 70
WHO 1993
55dB L, 50dB L,
45dB L, WHO
eq
1990 11 GB12525—
90 L, 70dB
GB3096—93
8-8
8-8 L, /dB dB
eq
0 50 40
1 55 45
2 60 50
3 65 55
4 70 55
0~4 8-3
8-4
L — 10 chjl0 1OLR/10 + lOLS/lO + 10LP/10 + 10LA/10 8-11
L LR LS LP
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8-4
210km/h
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70dB 80dB
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40 il
10 30 60 100 140 200 300 400
P /(km/h)
8-5



120 ~ 160km/h 80km/h

85
80km/h 60km/h
8-5
93dB
86dB 2000 5 30
8-6
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<+ LRSI
| VW i dRsh
| T =llI=ll Il
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8-6

— 305 —



500Hz ~ 1kHz
500Hz
6kHz

~10%

50mm
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1 ~2kHz

Rdling Noise

2.5mm

500Hz ~ 1kHz
4 ~

3%
10% ~15%
25 ~



50kg/m

1.3mm
3km/h

Impact Noise

g(l +M) 4

e gy b

M m p y

k EJ
400kg
41MN/nv 0.4m 2mm
96. 6km/h 0.05m

48.

v = \/rg(l+m)(l+?g—) 8-12

— 307 —



F=vm —_— 8-13

0.4

Corrugated Rail

Noise “
5 ~15dB 1/3
8-7
500Hz 0.05m
1000Hz

]OOE

o | ]
90 E A

=

80 F f
N

3.5 69 125 250 500 1.000 2.000 4.000 8.000
i3 | Hz AR
v=89km/h, JEHAEIPFHLIE ZA IR AT B HIE 10> 15.24m

1/3 A& $34 75 22 75 HoK-F- /dB

60 F

8-7 1/3
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8-8
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500Hz 1250Hz  3150Hz 1/3

800m

/N Vi A% 89
0.25 1%
0.5
@)
0.25
1%
~1% .
8-9

— 310 —



P. J. Remington

Flamn
D. J. Thompson 5~
500Mm 1pm S0pm
100 ~ 1000Hz 1800Hz
Remington

N c 2 . .
Leq=10Ig[' L1 owrAR <Yor > * AL <Y, > 1D o d }

2d, PvT

N d, p

P, 2.0x10°°Pa v T
O-WR O-WA ANR ANA

< YjVR < Y\ZNA
w d
Haran  Finch Heiss
1/8 7000
D. J. Thompson
n n m

Remington

8-14

8-15
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8-14

< YZRV >
Clark
Munja  Heckl

Schall

D. J. Thompson

D. J. Thompson

P2

190Hz 700Hz
400Hz

Remington SEA
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400Hz
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60Hz P2
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f f

cw cr

J. C. O. Nidlsen

D. J. Thompson

30m

_ 2
g - 2.
VUL fIf 7]

o, =2/[1+ T If ]

A Lotz
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LA =74 +30|(n\7

0

dB v Y
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90m
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L, =81 +30log v

+60dB
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- 6dB

1 o 1
8-14
60km/h LA
8-15
8-16
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30m

1.2~1.6m 10 ~

15dBA 5 ~10dBA
0 ~5dBA
85dBA 80 ~
85dBA 95dBA
100 ~ 115dBA
12.5 ~20mm
2dB
2 ~3dB

1-~2dB
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2 ~3dB
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70MN/ny

HPF—High Positive Friction

300m

HPF

Low Friction Coefficient LFC
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1985

80%

1863
4000km
18h

1.8t/m

37km
14. 5km

80%

4min 90%

1.9t/m
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500 ~ 2500Hz
500 ~ 1000Hz



60kg/m 50kg/m
50kg/m 60kg/m 36.
7%

5 ~10dB

WJ-2 3-22
40mm 10mm 40 ~ 60kN/m
1000
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DTII 3-23

DTI 5 ~10dB
WJ-4 3-24

WJ-2

Coogne-egg  3-26

DTI
15 ~ 30dB DTII 10 ~ 20dB
10 ~ 15dB
25dB
DTII
3.9dB 11.13dB
Pandrol
VANGUARD 233 g
1
2
3
3 -I'H
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LVT

18km
100m

20

Low Vibration Track 3-16

1972
30%
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30.8% ~50.7%

250 ~ 400
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PC
3-4
D
DTLOC
6030 kN 30h
D
13 ~ 16dB 1/3 500Hz
30dB
5dB A
1/3 800Hz
5 ~10dB
D
3/4 G
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Dortmund

3-13

30dB
20% ~100%

16Hz
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600 ~ 800

0
Edilon
Edilon
1976
ERS Embedded Rail Structure 8-10
Edilon Corkelast
20
3km
ERC Embedded Rail Concrete dab 3-19 3-20
B 1435mm | : Corkelast(2 Ml )
e | R —
80mm @IC;‘ 54 St 2omm
— IE‘ Corkelast ¥2F1% T
: [ 7
Corkelast
FRFuE PVCE 450mm
118
Corkelast JJi~F# 8
(3: Corkelast E—/ R %)
8-10
uiCx4 SA42 ERS Embedded Rail Struc-
ture Edilon Corkelast
5dB
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4 ~50dB
3 14. 6kg/m?’

8-11

8-12



AAR Association of American Railroads

AASHO American Association of State Highway Of-
ficials

AREA American Railroad Engineer’ s Association

AREMA  American Railway Engineering and Mainte-
nance of Way Association

BR British Research
8-12 DOT Department Of Transportation USA

DR deutsche Reichsbahn
ERRI European Rail Research Institute
FAST Facility for Accelerated Service Testing Colorado USA
IRCA International Railway Congress Association
ORE Office des Recherches et des Essais UIC
RATP Rege Autonome des Transports Parisiens
TTC Transportion Test Center
UIC Union Internationale des Chemins de Fer
FRA Federa Railroad Administration
INR  Japanese Railways
DB Deutsche Bahn AG. Deutsche Bundesbahn
BN Burlington Northern Incorporated  railroad
BR British Railways
SNCF  Société Nationale des Chemins de Fer
OBB Austrian State Railways
NMBS/SNCB  Belgian National Railways
DSB Danish Sate Railways
VR Finnish Railways
— 327 —



IE Irish Rall

FS Italian Sate Railways

NS Dutch Railways

NSB Norwegian Sate Railways

CP Portuguese Railways

RZD Russian Railways

RENFE Spanish National Railways

SJ Snedish Sate Railways
BB/CFF/FFS Sniss Federal Railways

Plasser-Theurer

Matisa
Soeno
Geismar
Loram
Plasser American Plasser-Theurer
Harsco
1 =25.4mm 1 =12 inches=0.3048m 1 =3
1 =1760 =1.609km
1 =0.4536kg
1mph = 1.609km/h
1lb = 4.448N
1ps Ib/in? =0. 006894MPa

1g=9.81m/s" =386. 22in/s’
1kg=0.005708Ib- <’ /in

=0.9144m

http //www. rail-info. com/
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primary suspension
secondary suspension
universal rail gage
symmetrical three throw turnout three-way turnout
cubic paraboa
three-step design three-phase design
heavy permanent way machine large permanent way machine
major bridge
minor bridge
track division track district track maintenance division
contracting out of project
bidding for project
proect quoted price
contracting of project
caling for tender of project calling for tending of project
supervision of construction supervision of project
main line railway trunk railway

neutral rail temperature
neutral temperature
CR-live loading China railway standard live loading
medium bridge
allowable temperature rise range
allowable temperature drop range
hook-headed Spike
section
district
Bullhead Rail
twin-block sleeper
double track bridge
double track railway
reverse curve curve of opposite sense
works occupation time working time of closed section
approach bridge
point rail
center plate
continuously welded rail track CWR  jointless track
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ballastless track
wooden tie
deficient superelevation
oxyacetylene pressure welding
CAM cement asphalt mortar
yard line
whed tread
train bumber
depot
long rail string
long rail

principa load
crest vertical curve
sag vertical curve
guideway
movable-paint frog
moveable wing rail
abutment body
unbalanced centrifugal acceleration
main bridge
electrified railway electric railway
flash butt welding

6

scissors crossing  double crossover
dip switch
transmission line
goba pasitioning system GPS
coefficient of impact
track-train interaction
train diagram
braking force of train
tractive force of train
centrifugal force of train
rigid frame bridge
aloy sted rall
joint investment railway jointly owned railway
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curve of same sense adjacent curves in one direction
subway metro underground railway
local railway regiona railway
ground transportation land transportation surface transportation
subway tunnel  underground railway tunnel  metro tunnel
intermediate straight line tangent between curves
shakedown limit
conductor rail
lead curve
radius of lead curve
switch rail
length of turnout
throw of switch
rail fastening
inscribed to curves
curve versine
curve post
superelevation cant elevation of curve
jointed track
ballasted track
locomative
ralling stock
locomoative total wheel base
locomative rigid wheel base
stray current
free inscribing
auto-leveling-lifting-lining- tamping machine
bogie with self-guided axles
design phase design stage
designed service life
design load
design elevation
design temperature of rail
approximate estimate of design budgetary estimate of design
certification of design appraisal of design
sub-rail foundation sub-rail track bed
rail head
flaw of rail head lipping of rail head
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rail link
rail base rail bottom
rail cant
tie crosstie dleeper
deeper spacing
track panel track skeleton
rail gage rail gauge
track gage
gauge widening
track
track geometry
track mechanics
track irregularity
track alignment
track cross level
track dynamics
track transition section
track stress
standards of track maintenance
track prdfile longitudina level of rail
classification of track track standard
track structure
rigidity of track panel
track recording car track inspection car
track geometry measuring device
track strength analysis
track buckling
stability of track
rail gap joint gap
rail web
rail brace
surplus superelevation  excess elevation
rail anti-creep device

breathing zone
expansion joint
depressed joint battered joint of rall
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frozen joint
preliminary design
acoustic barrier
switch tie turnout tie
island platform
twist
technical design
investment estimate
guard rail check rail
reconstructed railway
limit state design method
private railway
operation routing
railway in operation operating railway
traffic load
transport capacity
continuous beam bridge
filler spacer block
subsidiary load secondary load

side platform
side frame
lateral wear side wear
simple turnout lateral turnout
symmetrical double curve turnout equilateral turnout
simple curve
single track bridge
single track railway
nonbreathing zone fixed zone deformation-free zone
fixed bearing
gade gradient dlope
gradient
compensation of gradient gradient compensation grade compensation
grade post
grade section
actual fastening down temperature
subballast
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supported joint
destressing stress liberation
slab-track
main frame
structural joint gap maximum joint gap structurally obtainable
crib
ballast undercutting cleaner
short-pitch corrugation
track permanent way
major repair of track overhaul of track track renewal
intermediate repair of track
track plan line plan
permanent way tool
track profile line prdfile
track creeping
track blockade closure of track traffic interruption
road way signs permanent way signs
maintenance of track
rules of maintenance of way
pad
testing line for vehicle
railway line for freight traffic freight special line freight traffic only line

bogie
distance between bogie pivat centers bogie pivot pitch
switch angle
/ rail /wheel contact stress
wheel set

wheel-rail relation wheel-rail interaction
clearance between wheel flange and gage line play
wheel load
wheel flange wheel rim
clearance gauge

9

track maintenance section permanent way gang
track subdivision track maintenance subdivision
tie plate
urban rail transit



compound curve
passenger vehicle
railway line for passenger passenger traffic only line
railway line for mixed passenger and freight traffic
dead load
camber
deflection
construction detail design working-drawing design
existing railway
flexible pier
check gage
expansion bearing movable bearing
oppasite joint
staggered joint
wedged rail anchor
vertical curve
wear resistant rail

axle load
axle box
light railway light rail
heavy haul train
heavy haul railway
obtuse frog
bundled steel wires
rail
gage line

modulus of elasticity of rail support
rail grinding
rail defects and failures
rail creep indication posts
rail fatigue
rail supporting modulus track modulus
rail flaw detector
rail joint
steel sleeper
steel bridge
reinforced concrete bridge
run-off elevation
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10

standard-gage railway
circular curve
alowable stress design method
broad- gage railway
equivalent uniform live load
ballast tamping
side bearing
travel speed
oval flaw
framed dab track
abutment
bridge tie bridge sleeper
guard rail of bridge
standard live load for bridge
bridge foundation
ballast trough
pier
floating slab track
super mgjor bridge
particular load
narrow-gage railway
dgued insulated joint
loading combination
railway network railroad network

regulations of railway technical operation

Railway Law
railway line railroad line
railway location
railway reconnaissance
railway classification
pre-feasibility study
prestressed concrete bridge
rating of budget rating form for budget
viaduct
high speed train
high speed railway
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11

stabling yard
shock absorber
stock rail
subgrade bed formation
foundation base base
LVT—Low Vibration Track
elastic rail fastening
Spring washer
suspended joint
suspension spring
cantilever beam bridge
joint bar splice bar fish plate
joint resistance
closed joint  battered joint of rail
track balt fish bolt
depth of girder
ladder track
ladder track
hydraulic tamping machine
aperture of culvert
head hardened rail quenched rail
concrete tie
ballast cleaning
rail welding machine
welded joint
derailment
diamond crossing
snaking wheel movement hunting mation
assistant line
alumino-thermit welding

12

compulsory inscribing
minimum radius of curve
lowest rail temperature
highest tail temperature
crossover
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temperature stress
dide plate switch plate
buffer zone transition zone
transition curve easement curve spiral transition curve
connecting line
exceptionally long and heavy train
superelevation ramp
turnout  switches and crossings
center of turnout
main line of turnout main track of turnout
turnout number
total length of turnout
turnout guard rail
branch line of turnout branch of turnout turnout branch
switch rod  stretcher bar
ballast bed
ballast coefficient ballast modulus
longitudinal ballast resistance
ballast resistance
thickness of ballast bed depth of ballast
width of ballast bed
shoulder of ballast bed
lateral ballast resistance
ballast cross-section
track spike rail spike dog spike
ballast
ballast deck ballast floor
ballast elastic pad
ballast tub
ballast box
track laying machine
fastening-doan temperature of rail stress free rail temperature
end frog acute frog

13

tilting train
bolster
wedging inscribing
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probabilistic limit state design method
rating of approximate estimate rating form for estimate
raling radius
raling contact fatigue RCF
stone ballast
simply supported beam bridge
super long continuous welded rail track
overpass bridge grade separation flyover
span
shoulder subgrade shoulder
formation level shoulder level
road crown
subgrade road bed formation subgrade
subgrade surface formation
subgrade cross-section
cut road cutting
cutting slope  side slope of cut
embankment  fill
conic tread
stress free rail temperature

14

magnetic levitation railway maglev
standard shortened rail fabricated short rail used on curve
pier body pier shaft
pier coping
frictional damper
grooved rail
rubber tie plate
curve adjusting curve lining
integrated track bed integrated ballast bed mondlithic concrete bed
rail grinding machine
curved wheel tread worn wheel tread
frog crossing
frog number
gap in the frog open throat unguarded flange-way
frog angle
throat of frog
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toe end of frog frog toe

heel and of frog frog heel
wing rail

mud-pumping
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