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(bandpass)HREfINEE E i #E(vibration acceleration level, VAL) » K&
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Technical term Definition
vibration level VL) = T Traus Tunc [a(0)]
overall(allpass) — .
vibration acceleration level VAL(t) = T, Tpys [a(t)]
vibration level VLW, £) = TogTrnss Trunc Tor [a(0)]
bandpass

vibration acceleration level — VAL(t, f) = Ty, Trass T [a(0)]

FIBIRENES EFRAE 2-1 » IRETEBFERINEE » 1~80H2) 2B
HRANE 2-3 0 LB FEHERERANE
REEYEF 1% (time domain ) 1~80 Hz #i B A 2 03 & &R 5%
(accleration signal ) ( &2 1/3 SR ALHESRREZRSTLL 1/3 S5 RK
BRIEMAE 1~80 Hz 2 1/3 E4EHAERE (W E © W3R RFRTEZ A5
A Fast Fourier Transform 2 77 8 R 4R =R1%, ) J BT AR DA A BE R
ZHEIERREE » FLA root-mean-square B - FEIELL m/s® R BN HRED
R dB FEA0E 2-3 Fin -

1.1/3 fESR IR B EE

FiTag 173 fE4ETHLA £, B MEER > f0,x 27 R fo,x 270 FREUEX
SR WE b ~ TRRME - 20 2-4 AR - EEFMARE /9275 Japanese
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Industrial Standard JIS C 1513(1983) -

AR RS I3 BT B 2 0 PR B (1~80Hz) SL A @ T il IR K &
(bandpass filter) DABFHRES 20 TR E] /LR 1/3 R ZIRENE
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AR IR -

2. A e = Eh E A8 4 TF (human response correction) BE
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8Hz LA 2 IRENE - KFILUSEIRIA 6dB Z BT

3.RMS(root-mean-square )& EL G FE

RIBABIRENRE M IEZIRENE » F#KiE RMS(root-mean-
square SEE R - LETES — OEERZIREME - HEtELAF0
T

Tos 1500} = {% J:o dt exp(%{) 52 (T)}E

with a time constant T=0.63 s.

% 2-1 Z Trys BREL  ELFEZEEA /55 RMS(root-mean-square)

11



4 FAEIRE) dB [E ERRE
4838 RMS SEERHS 2 EIE - BRATIIAR » SR
B dB 1
T,oa {5(t)} =2010g,{5(t)/20}
% 2L T, il HEEERATYSIRE dB fE2 8 s Tt
2 BENIRES 10°m/s?» HAAE 1SO $RF 10%m/s? 22 B NI
HFER - SRR  DAQRBEYRNE IS0 ZHE—3 &
BB 10°m/s SEBNEEE » AFRIEETHEE -

5 ETEMEIRENE (Overall VL, Overall VAL)Z 5= *

FIFA& S ER Z IREN dB {Ei% Al —FEH EREEIREN(HE
HEtEAFa0T ¢
VL,,=10log,,{Z10"", "}
=10log,,(10°! VLK 4100 ! VLbe(2)

... 100! Vibeti)
Hoft
VL,, SHEEIRE
oD BRI HRED (L HE
6. Bl A HREy{E R It
Fi SRR - LIRS RS SR A REAZ
SREE B SR PR (R » — R P SR S BT vl T e
IREN(HE B & DR SREN (Y - B A IR AR E RIS
BRNESE T RE - BRI 2-6 -

12



APt R

§
§
i
.
H
.
v £
o

T

{1} Snehoy ontgy |

fm@

: :
s $ T
&
squars/ temeeoral
Bens ion o romeemmrbiomsissie Near & ) "

e o
5}
I

Erosh, ~adwes

w AT b

2

€10 atty/ aq é&fg =16

pn

2

5
M

Gpianbecn

VL spectrum.

SRR B

2l

CiRENE

2-3

&

13



13 AT AR &

mEREEN—-B

[] (] 1] 3 ) +  §
= E Y B D s RECTEE EERPRS SPER TRy
et - i
Cpprey [ !
- .-..lnl.n.ﬂa..vts.ﬂ lllv“ IIIII r
[} *
Sl BB R Shiad tnbktet F
-3 [ tepe: | .. beenee ; cdrme g
T & sl ‘ H
n2 - I A [, I P I
| »rm.m ) H
1]
Fe B i
T = N St [EEEREY ERELES S sl lafaiubrdy  \otuininh bl A= bbbt
g o~ 4 ' 3 9
- N ﬁ ] AL EAREE Rl R d-meu g
’m H il [ [ 1) *
5 = m e R s AR Rt Sy T ERREEES REE L
2 - -\ S S [ L PR T S
o
k3 = 4 : 1 \
8 o PR S e et saaitd SEEED
- — 9 ~ coemnboasd deocodomaoade caadennns]
i ° rm — : H : 1 :
_ TN . Rt "---}»_--‘-L.--.-L,----L.----L“--.--.
E 5 < - . ¥ e LTt SIS AERIPS SRS
| D QN ]
. A o : SRS S NS NN NS S
e s = = [T N R R
2 m lllll ”7% W-n)ltd\nllnﬂl-ll..llll)..tllluh.tntl!
-~ I .. . N 4 ' n ¢ ]
(BP)H% g5 & BRI £ DRSS S S S A
ceeea B CEPREEY) MR UNRY ISP S SRR TR §-r-n-r
_ : 2 LI
Q ;] (-] Q "
vl ® T % 5§ 8 8 8 B

(8P) WMmBG

1 ]

sIe

) B TEIR I ZE(TIS C 1510)
(5 HHEE 1976 4 » HTHEE 1995 4)

N
Q

14



.23

RRN

oA M

c RENRTNN
B e ]
D
c D
Al ERBEWL s
B|  EREMVAL 2 E

2-6 : BARERAZ IREMEERET

15



9

(=) IR IR
1.3 iR

fi 2-2 SR EHIBCR - KRENEE (Tokaido)
RILIBh ( Sanyo) BFEPEMAE 10 % ZIRENREEE 70
dB(PETE 19767 BRI A TR FERIME RIS (B
£ )5 » ELERIRE R A B B2 EK » Ferr L (Tohoku)
B AR (Joetsu) HrEcis SUETTERR < B » SRR
EF8 70 dB BT 844F FI AT T BRI HEHE 2 5

HHEEK -

F 22 | FEIGRIREN B AE

Line ; i Railway structures
name_ tems 125m _25m _ S0m i
Number of measired points n" n 59 elevated bridge 36, embank-
Takaido Mean Vi-oa-z (dB) 63 5% 54 ment 23, steel ginder 6, atural
Number of points exceeding 70 dB 8 3 0 ing 4:
Number of measured points 48 49 51 clevated bridge 41,
Sanyo Mesn Vi-oa-z (3B) 61 56 50 embankment 8, cuthng 1,
Number of points exceeding 70 d8 4 0 0 tunnel |- sum 51
Number of measured point 46 50 50 ngid-frame bridge 32, girder
Tohoku Mean ¥L-oa-z (dB) 58 54 49 bridge 17, others 1: sum 50
Number of points exceeding 70 dB 0 0 0
Number of measured points 25 25 25 ngid-frame bridge 15, greder
Joztsu Mean Vi-oa-z (dB) 57 53 49 bridge 8, athers 2: sum 25

0

0

Number of points exceeding 70 a8 0
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S 2-6 &1 HiRENE (VLbp-z) {2 6.3Hz » 16~20Hz
K 40~50Hz & —ERIARE(E » L 16~20Hz L RIE{ER
K o — RS * Frapiie Vioa £ 50~70 dB - Jfj VLbp 12
20Hz [T HRENEIK

y

l 97‘

#

Normalized VL-bp~z (dB)
A
o

o e ®© w @
< w0

™
1/3 oct. band frequency (dB)

2-6 1/3-oct.band VLz spectrum of Tokaido-shinkansen-
induced vibration

2-7 FRFTERAETIELL 200 km/h 2 HEGEBARRE
b RATHIZ IRENE B » A EBRERIHERIA/NZ IR
5 MZRERZIRBE(E

2-8 FRMHRIEE IR RSAEHE 0.4 m 23 8 m
g3t 20 EREIES - EHERIESE ATEE] 17 (EikfE - Si(E
HS(Z A A BALEEEGE » 17 EEEFRE 16 EERE 17
BEAAATEGE - FFEA06E 2-9 -
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40
140 160 180 200 220 240 260 280 300

Train speed (km/h)

2-10 Dependence of VL on train speeds
measured in a rigid-frame bridge section > BSL : bridge slab *
GNC : ground surface near column * G-r : ground surface r m
away from bridge center.

90
80
70

60

V6-0a-z (dB)[12.5 m]

50
0 20 40 60 30 100 120 140

Concrete volume of supsrstructure (m’)

M8 2-11 VL values versus concrete volume
of superstructure
The volume 1s summed 1n the volumetric range of one
span of bridge.
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Bending rigidity of beam (m"/m)

B 2-12 VL values versus bending rigidity

80 . . - . 3 .
(e g
60 if

50

¥L-ca-z (dB){12.5 m}

TX/0T/ 6
S1/B0/52
S1/3W/ 2
$2/84/20
S2/SM/12
S2/50/ 6

M8 2-13 VL values versus track structure

"o/ ¢/ «"=line/track/data size. TK= Tokaido, S1=Sanyo 1,
S2=Sanyo 2, BM/BO=ballast track with/without ballast-mate,
SM/SO-= slabtrack with/without slab-mate, OT=others.
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3 2-3 REPIFIER B

Table ) Vibration reduction mexsures

Car Reducing car weight
Changing axic arrengement
Changing suypensioms of car
Wheel-flat control

Track Smoothing track surface Applying fong-ruils, Rsil grnding, Track trregulsritics coniol
Softening track suppoft More-resiliant pad. Rudber-casted steaper, Ballast.mat,
sugpension Vibration-reducing slab track

Sﬁ&uhmd bending rigidicy Switching to heavy rallz, roadbed improvement, ladder sleeper

Strucoure  More massive and rgld structurs

Vibmtion isolation devices Lamumated rubber
Pagsive damper T™D, TLD, Chain damper
Astive/ Hybsid dsmper
i i control _ Clumging foundation shape or soungement
Ground Trench
Watlio-ground Herd-natcria! wall, Soft-materiat wull, Sendwich-type of both
Wave impeding barrier (WIB) .
Ground improvement .
Houae Reinforcamsnt - Incraming foundstion stab,
Additionally wmerting columng snd beams

Vibration izolation devices
Darmper
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;2!
BB IRIRIEEH IR R ZRMET R ¢
(DEREBRFERAGRELARE - TH £ 1999)

B A& ¥ &% B Lk # 8 55 4 (ballast-mat) - 38 M . K (rubber-coated
tie) - 4&&&%&%E(more-resilient):?j—i#ﬁﬁiﬁiﬁi#&#‘% oz B ?R&i% °
NREE - LEMBRERN L TAKZIA T - RIHEKREPED
Wi FERBIATRETEMER T2 RIRHME - £ ERETH
B % 2-4 o i st (ballast-mat) 2 36 T3E £ 4 13 & » Mt K(rubber-
coated tie) RI& 11 & » AR5 1% 8 $hi¥ (more-resilient) & 8 & &M
B e £ A 200kmbr - ERZRGEAAF A ZBRIKRGME
(overall VL)sA & 1/3 4238 2 3k 4 #(1/3 Octave band VL) - AL & Z 3k
BEAIA - RERTIEZAE ERRZFHIRGME - HE—FA
BRI HBB 10 I EZRETIHE -

(2)corrected #2 no corrected Z 3LBASEE LA L - T E £ 1999)

BRI Z A TInEEEETE L TITRZIAT—&  HER
ZHI o WA KRR EPERIREZ LT RTATER > B TAT ~ A7
BRI ZREE KRB BAER HRRZIIMNLER > K
S EMH Aot BN E — R EH 0 HRBREMERIRLEZ EITRTAT
B RTA - A ERMZRGELEFAE > MAREL BIEED -
BB Z FAE > ARESRALRILE - HNBLEEF 0 BKRA
BAZREF KT UREIREELA - LA ERZIRGLZEMEH
AE > RERIMZIERNLER -SRI EBREH AKX 24
Z "corrected” - k4R ILF AR EH 0 Bp A%k 2-4 Z7no corrected” © 3 7
BE - FTABKYRERERRME  IAREIMBSFHMEERENL
LA~ B ERZIREEF EH 0 HIFHEF "no corrected” °
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* 2-4 BUBERIREHE IR,

meAsures site hine track structure  data (no-cor/cor)

overall  spectrum

MO1 TX BT RB +~ +/-

MO2 TK BT RB +e +/-

MO03 TK BT RB ++ +-

= M4 TX BT RE +i+ +f

MD5 TK BT RB +/4 +f-

M06 TK 8T RB ++ +H+

ballast-mat M7 TK BT RB ++ ++

MO8 TK BT RB +/+ ++

M09 TK BT RE +/+ +4+

M10 TK BT RB +- +-

M1l S1 BT RB +-~ +-

M2 S1 BT RB +/+ ++

M13 S1 BT RB +/+ +H+

TO1 TK BT RB +/+ e

T02 TK BT RB +4 +H+

T03 TK BT RB ++ ++

T4 TK BT RB ++ ++

TS TK BT RB +- of-

rubber-coated T06 TK BT GB +- «f-

ve TO7 TK BT RB +/4 NS

To8 S1 BT RB ++ ++

TW S1 BT RB +- +-

TI10 S BT RB +- +/-

Th S BT RB +- +f-

POl 10 ST GB +H+ ++

P02 52 ST RB ++ ++

P03 TH ST GB +- n

more-resilient PO4 TH ST RB +H- /-

pad P05 TH ST RB +- I

P06 TH ST GB +- o

PO7 TH ST GB +- -f-

POR JO 5T GB +f= A

line/ TK=Tokaido, S1=Sanyo (Shin-Osaka to Okayama), $2=Sanyo (Okayama to Hakata),
TK=Tohoku, JO=Joetsu; track/ BT=ballasted track. ST=slah track;structure/ RB=ripid frame
bridge, GT=ginder bridge; daty/ no-cor=no corrected, cor=corrected, +=with data, - =without
data.

27



EJ

) wveg

s 3330 9
O overall VL (IR ) DB B E '
Wia®125ma ) @ .
L ga = gl 9 L
S B ‘ (ﬁﬁ - I ‘\R
". .3(, ). o oy — . ’ac
o, | | % o
|
[ws) jae) 5

40 » W D D W
T (o (i)

~
op e
.
oM

I~ ]

{i
1
%

TS

PITIE RV

1z B8 L - 1o ERRII

PR TR ¢50) - {T) e A

Bodw Brbms et ey tuesdarlererhenduoeDasde ok orunus
y AN @ > 3 3 « > » < 3
oug B e it i i s e R

[Ny (Y]
b b Ao o e

SN WY »e A -
A IR BRRSTA
e i 2 g 2 00Lowaden dumans s e dus Ry mn s

PO A Sy~ T SN ADE - EPUS. pP— oS

cwdocabentmeatand oI sode el J---s-q-ly--.ba,“-- -
» 3 o ) 9 f < iy . -

e RSB LIR=I3IBI

= O
20 = [ i)

).-.d{a--&ootooo?--d\'—.-e-.f-‘qsoeg..-?.-4:...?...‘;-.« ﬁ @ m 2 é

4
3 - RIDOCONE 2
34 SRR A S N A e R ) s N S AR
; 2 ,ﬁm.{ﬁ..g)-.ﬁ.--g.-.@..;\,,ﬂ«m 470 o
o ey oot —mcccros s S
Ry e {raelyomffomnd~edns
S < @ (el ¥ 3‘ ﬁx{g“{
> (GRS PSRN - SOS 2O Sl S P S SO

sa®aang@g22903
g Bl

2-14

28

Nk i



ERRRCARDEDR

ﬁﬁ*%&ﬁwﬁm@%ﬁﬁém&
RO

i
4 EENZNTHhS ERCET

O G BRP125m BoSOEEET OF, 1608) &
. 3005 K15 O ovarsh VL. (12 31 £ &3

- BIBEBBTFTIZT -~ BBPUAY !

ST e =
| O GUALG Gesies | r
® o GIRYes S i @ ¢
D{* E 1‘,§r f& s ’ s
; v g p ]
g“’ D{,s‘ﬁy — @0‘
g ! > } e g
hE : r [ (
g } * I |
3 4 L"'——aw{ijtxz_—xé Oy ‘La:ﬁj ey y
2 oY * : 7o " Gomro Sadue
Q’y r @ . o (?:;j‘xwiazla_d
d J
TrinCyesd G- T g ()

29



Tl O 6 IR o1 6K~ 0
&’so..c‘l' P AN Vv

— e MOy T == e

, Cnwanta] Ko Cestes) _ o MY 9 w&wsi&&@%” oo “ 15 ﬁ
K . [ ¢ i 4 & 3 & m W ¢ v
Pyt o t | - s
. v M
K LN o V ' o 408
4 e 0 M08
m (] © M7
A & e
v o we
© o M0
[ 13
n &2
e WM
S R
» 13,
nnnnn Y]
. 0F {(asiAhay Olrecisd ¢ 0 MO8
. 5 B A %a ¢ o MdY
- VAL L 8. s% Vo & MO8
m ) a..p° . ﬁ .l v niw
mye = 0 & . 3 ¢ M1
m m 4 AR N c M0
4 m i “ it ]
A M bevacae Qﬂ.mmu
. S B
. 13 . 7 . oy
s ¢ 4 ¢ 4 ¢
ol .l N : %uhﬁ
) a8 4 8 2% G A8 &
Dimtren rom Rge 6352 (O) Frea b

Fig.4.3.1 Mezsured Overall Vertical VL Reducting by Baflaste gy 433 Measured 1f3 Oct. Band Vertien) Vi Reduction by
Mal. (on Groved Surfics) Baflzst-Mol. (en Grovad Suefuce)

30

2-16



SHRTNVPR TR SRS IR VIPY NNRNIVRR U S ENEE

133337383

8

Crzerl oV, (1)

T OQADOB 9 e v oo 8
-3
-
3

-3
-
-

Oxacz aNL ()

.

B&f@ﬂiﬂww m @ N m

| Cotrected * Ty

0 a v ¥ 8 e
Dsmacs kom E¥ge Canter (1)

Fig.4.3.3 Mensured Overall Vertleal YL, Reduction by Rubbers  fig,d.0.4 Mensured 1/3 Oct. Band Vertka! VL Reduction by

Coated Tie. (on Ground Suelite) RobberCeated Tia (0n Graund Sucface)

0

31

2-17



4 % M

overd) eVUIZ MM E
pecrumZ W ENEDL Y

[*]

PBOO ¥ c +& o9

&

Oveie)) WL ()

€] 3 ® o} = = o]
Gy Com Cdge Cxwar ()
HzA3.8 Measured Ovorail Vortical VL Redust’~a by Hoee-
Resilieas Pad. G Greasd Seriae)

9

a3y o 3 @5 I I D O
Fg Ot
WgALS Meawred 13 Oet. Bazd Vertad VL Rfaiico by
co-@-siiieni Pk Cio Greaad Sartaz)

32



E

R
f

<F

s
=

F-. -2

F0w

0O 24 » NI B @

3

.13

AJ
@
-
d
©
v
»
)
B
e
"
e
I
*

-12

FORRITE
XL B~

33

I3 ¥DHRDHAARTINRA

& 2-19

40eiz

NS

20¥iz




3. PUERIE
REFRERZ iR IRFEHRE - BBEENAR R =EE
BEHNZBIRBREAK - WS IIF B THE S E L PLETL
B - EORIRAREFE 2-20 ~ 2-21 AR -

% - ‘h &
™ ) ) T ﬁ ° --—:-.-—- 1
° e v = 1 B
G SigwheiRtyu 4
¢ Gty ol
g -1 plnsmeemanll
% 3 9  Shaielliged B
g T\ et |
z i &
- 4
. J
50 60 70 80 %0 100 150 -&?‘0 t3e) 3:0 440 80
“Train speed (km/h) o
2-20 VL change before & after 2-21 Empirical tendency
replacement of 50Kg ratl to between VL reduction
60Kg one * 12. 5m point from & track bending-
away

4. {8 IR FE e
FEHABE S EEMIRIRE SR IRERRERIR
B - RETEARINIREREFRIRE S IRESHE - IR
2-5 Frit - EEEAITE 3-10 AR » BHREERKREMAE
#FlE 222 -
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F2-5 FRBABRRERRECHEE

1D No Ui 2 [3} 14 5 [6) Ul [8])
Line name Tokaddo  Tokaido Toboku  Tohoku Tohoku  Sanyo  Tokaido  Tokdido
Siterame  Nagoys Nasoya“_oia.r_n: Oyama OT; m"ﬁ__'jaﬁyi ——T!:gi"
o pafimst  balisst  slb  sih  sib  slab  ballst  ballast
Structure rigid-frame bndge, with pile foundation
Ground > {Sce the lower figare)
Pile length, m 12 8 ) H i 3 10 20
_Speed ko __150~200_ 150200 ~200  ~200  -200 =200 >180 <210
Wall .
Position, m 5.6 55 84 84 84 5.b 5. 10.5
Depth, m 3.0 3.0 50 50 100 3D 40 10.0
Thickness,m 0.8 0.8 04 08 04 12 0.3 0.8
Extension,m )9 21 43 a4 Q@ 80 b7 1o
ngbgﬁam sP S witout witbot witht rmils  DP NSP
o I} "Position” means distance from bridge
0 center, al which the wall is installed. In
- -t "embedded .", SP=shect-piles, 11-5P=i1-type
£ mr sheet-piles, DP=deck-phates.
g 2) [34): 3] is first installed and then [4) s
A made by widening (hickness of [3]; the two
h ate in Be same site. [5): installed next to
(1] (34) [6] installed in both sides of the
e (2] upbound line and the downbound; parameters
e [3.4) in the down side with fonger eatension of the
- > e
. " ——[8] anges i m m, ing on
e e womy wech e fel ~a-[g]  STound properies
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() AAEEEORERSE
| B AR A R AR R E
O A SR eSS 2 R R TS SRV » R
I
(1) BRI B ARSEE -
B B RN YA S Y R
Mo+ IR R S L R BT B B A A 20
SETREME - TS » GRS A % - B
SHEE « F BRI L AR A HE A MBS B 1 B
RSS2 B - TSI SR BRI S S
HORETSE - BAKRSEE - PSR SRS - TLUEE -
Q) EEEEE 2 SR -
T S R B SR A AR (R S+
5 4 TR B A S A B B LR MR P B R
(R A TR B -

#

2. E R HEE

HAZE L 1 NTECEE 1~2 ARECEE » BERT
% BRERT » BRED 1~2 ARER IR AEi siEE
KR (deck) ZMIE (0@ 2-23) » BHGREES KIE - RUENRT
SRR IRENIERE -

REIC HIERENEHAENEE - HE - IEEK
HiRgEE v A/ 1708 ELAEE AR 2% (ransducen iS4 R B R B R
¥ o MR R EA A IR 25 ASH AN 50 8% H A RITE M R RIRIR 2 ¥
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HE -

AR B E S B iR RIR B B M (RIS IRENZ SE R R L
EIRIEA/N - DUBERF TR EHEHR(EEREEIRSE L
RRATRE - ERSAREE - ERS T BHRER) - RIBHAHIER - 1
I B A Pl e A EE SRR R T E S E - BLATHIE
YRR/ NMERAHT CHIEREEFRN -

BEIRENE Lk - TO REFKE Z K EF (oscillo
graph) B iR Pl B0 8% & F A 50 8% 25 (penoscillo graph)fiiE %
BB BT - B R E R 5 8% 35 (data recorder) - A
WFEAR AT &SR BIREIAR L FIREMER 18 » BIFEER
FFT 43#fr{&(analyzer) °

3 REEAHEIFEE R -

RETEAESEECHIEREWT -

() BERIEEBEEYC BAEER -

ar o s [ | ekt (BARA)

—»  FMweskm [P FFTHH#HS

(2) BiEZefass < SRR E) -

wE P ®KH@BEH P RGGRRES

38




V\

1Kg

e st

H 223 e E R
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= IREREEERE

(—) ISR

itA (Hamamatsu) EEOERIATIABETBLARR 2 thBESS - FrERO%:
¢A%% (Nozomi) 700 U 500 EUFIE K 435158 (Hikari ) 300 U5
S - BACHS EIE (BRRETRARLS 2200~2500 AR ) » {8
S EASE 200 82 km o ZEH S b (B 3-1) A3EE IR
TR R + Tt R 90 dB -

EYSE I SRR EA T R RHR TSRS Y
wiEesE 31 o B ASEMGNERE JTC BRI = S o il
VBT SR ERA R, - H RS - (HAE T
Bt - TS EES B AR » £ THSIE  BEREESS
5 - 1/EESEEE A _FMEER 70 dB - FEENY 65 dB -

NI » SR RINEZE =, (rigid frame ) S SRASHELIIE 3-2 -
Bl Py S B ST (T AR A - E IR R T R [ SR AEA R
BEERER T RS RIS I T R A RS  (HIEEE
8 10 23 RBETA] RS2 SRS ER ) -

BHREES T IR 10 KRR EAEE X BEBERER
BT - FURETTEIGE @ SRS R aTRSE » 118 3-2 Fox » 53
R RER » WS F ARSI RS SR anE 3-3 -

() BEGE T

RrFAVERAMEE 2 Rohm 4B (KRB BURY T » HRK
EIE R B 30 B RANE 3-4 - B RSB ET
ITC ABETHEFSERTEE  RMREREE » SR E{TRE
IR R & BTSSR » T B S e AR A
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KAYEENRIREHE - thoRREE BRI AIRET 5 1 But PSR E
SRR S - i JTC ERBIEE EE Rohm A FBIR > % AH]
PHARERMARSE  BRIATIRESEPEPERIHRFH
F o HE-RFRPUEEERRD - IERERERFIZE -

(=) LBptTEL, - x

FEFEUEREEEE « WEAE (R RIS Hk
BT BRI AE SIEEE AR G - BURYISERREA - Bh b
PEREERAIE 3-5 - HPEAATES H ARSI A KRR -
FEESREEIENG - —EREES (MLUFR - 7ERE) W
B 3-6 » TIgraEeRAIATHAE TS 00/E - AN 3-7 - Rt T g REHE
B HEERAS > RERS - BRERFREER - SRRy IE
< B IEEE o Bt T BB MR AR BRI - ME(hERERE 3-8
UG - DB RIRE TR AR - TEIIREE -
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% 31 HiSHE L BHatn RS i AR PR EUE R

B % R & HRAR 2 £ &
® " FFE 2NEEHE
BHRE [}
NER R=3000
&% B R=3500
5 =5 _R=5000~-8000 -
B HEL B ; R
B B —&  R=8000
L ¥} # R=3000 # R
R o R=2200~2500
8 & ]
=R -] 7 R
2HE —&  R=2000 LHEEH
K2R [}
* R R=3000
o —#8 R=1300 LNHEEBE
HKE B SNEEE
8 & R & B iR ic ¥
i R=3000 2R
AL —#8  R=4500
e R [
HE R=3500
B W —& R=1000 2NEFE
yaEn R=10000
# R=3500
R [ i R
1) = K 51
mRe LN B ;i R
KB -1 NEEH
seE -}
& W R=1600
A BB —&8  R=4000
B =] R
BTH 1
h® R=1200 ENEBE
M3 —#&8  R=1000 2VEEE
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9 - iE#E

BRI E B T H AR S ERRA®R ESEAE305F
TETE AR~ MR R EAGR 2200 A8 - IR ABHERE
REZ 55 % HAEHHEEAE A RAGERERAZE 2700 282 -

AASY E s Ee T B e - B — AR 5
SEFTEG 1Y 1964 R - IVORMESEEN - RS
SR SERIET - PR R R TR IR 8155 TAERR AR, T HitHe
EYER SRS RRRE > e RREEEERNELLE - K
T EABERE 1965 SEBIAFZAREE » B B % EZ AR ILES -
#iL - AR 1997 RIS RTASRET BRI TR o I
I % SR T R BT T AR PR+ AR AR R R
W SRS EYESSR R 41 -

EREVEEARE S - $044 - SBRE - CAM (Cement Asphalt Mortar )
f& - EIBENBR (circular upstand ) F BRASIEEE T ARk - 200 4-1 AT
= o R BB 9 MERIER - CAM BRIRRHtHERIE |
RS ENSR R BA L SERR A A AR R B B A - BUNMREIIHEN
Rt 1T - SBRRRTRESH A RS+ RC (Reinforced Concrete) hR
SR TR 8RSt T PRC (Prestressed RC) iR » 82 CAM @FES LA
SERE < AR R T2 ThEE - R BB W BT - LB RAR
HAGE - MARMEZ R - DB AR B 1 (RIEE — 18 S
BEEBE -

LULRGHas iR BB » LLahR N8 SR L & T B R BB
M TRERAPEERE T ERE (alignment) K RIRIEEHERLZH
ERBEHHEME (BRAS 10 XEAEE 4 mm @ PuBETER 10 K
A 7 mm) ZEEEENERTE - SRR PUEREREFEREN
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HIESARFME (track geometry) - EFVE M - I BE L EEHHR
Bt 1.3~1.5 % - BENRAFEZEMEEE CERFIETFRE
& - (E3EEHEREL - CAM I FJRERI O BHEFREH - e RE
HEIEME ) 1F 2~6 GBI BHBCERYLE S EER - WEAREM
i Hﬁ'ﬁ%Z%ﬁéﬁﬁﬁﬁﬁﬁ%ﬁ%ﬁ .

FRIRAEE R AR SR R ERREL - (ERBBERIIAEEE
B HARSEZE/E JRCC (Japan Railway Construction Public
Coporation ) 3 1993 {RE &Hat B A FANEEE + IR #UEILEEE
iR T TRRER  WigHER T 108 NEZ R - i TEREHERC 1/4 7R
(HEEARAERZ 4 % - TR ERER LA IR ENE Y SR A L3RR AR A i — /A
FRZ L TRE #8911 R | WINRHERER UN T E R —ra e
REMZ T THE RT3 AE -

ARELEEE A T TR E - REBERIEZER (1) BEFREREN
HEMAE T TREE R (2) BEERERBIIERITEES] - BRFAFSHTERR
ZERREEK - TERERE A CREFTR AR 7T - BISCE T OGRS IR EAR
WK ER 2 STREHRFREBIENRETR HEER (full scale testing )  HEIRIBEAES
21992 &£ 4 ARk 5 AR 7ML (Kashiyama) & 60 S RREEERE
17 > FEFERR T HERREZIEERES - MEREERES P
158 i FE 0 R SHIAS 2 FE ST B/ ) -

B 1R BNG 5 BB R KO IR AR AR R E IEFE R T Bt — AR PR SR R
Bt - HILERRIRC MBS BIRETERL - MR FERH IR -
HARMRERE DGR E /KB RN EEE - HBR Ehik g
ZiRENVESTERAIEL (FEE 4-2) DB RIESIREEE I REE
BRESREZURE -

ILIRBFTER AR IR B S B RERIEE 1.3~1.5 fF » {BE7R
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EREFEECEER A PEENERTE - BEEEER
o E—FRAOEENEEENFRE - RILEFFEZLEER (frame-
shaped ) WR=\#E (Z0E 4-3) -

AR EIE R ERE A LR R AR 2 BB RE B » 58 130 It
B o HISEGIE—RARREUEK 8~14 % - HRTEESER—/ S
2 BB ER R NUNFT AR NSRBI R AR #E - AR ES
B2 SRBAREINIER = - BFTERIER TR C BETRREIR 4-2 Fr

N EERFEA R FRREAIR 4-3 AR -

& 4-1 | FEpR S EYEEERE

(RBRE km)

BRI | mymE LIS Ei FAE JERE RAE

B | TR (FAR-EL) (ML) | (KE-$18) | CRE~RR) | (@HE~RE) | @m-/\5 | &t (%)
BEsmar. g| 196410 | 19723 19753 | 1990.11 | 19916 | 1997.10 | zzg
wEEE | 0 8 773 243 41 105 g9 L1299 | (4D
SEEEE | 516 155 125 15 48 19 2 881 @2.6)
HHHsE | O 0 0 12 ry) 0 2 56 @7

pen 516 164 398 270 501 124 93 2.066 | (100

%2001 &£ 7 HER
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]R4-2: FNBMERTRZIETHFRER
Sinkansen Instruction for Track Construction

Construction Tolerances

Track Structure

Parameter Ballasted Unit Slab Turnout
s Trackwork - Trackwork Trackwerk

Gauge ($1JE) +/-2mm +/~-1mm +/-1mm

Cross level( ) +/=-2mm +/-1mm +/-2mm

Surface (%K) +/= 3mm/10m +/- 2mm/10m +/=- 3mm/10m

Alignment (&%) +/~ 3mm/10m +/= 2mm/10m +/= 2mm/10m

(¢ 8hEs)
Guard Check Gauge — - 1,393 ~1,397mmx*
Right-Angle(i#f) +/-20mm - +/-20mm
Sleeper(z(s#)
Space([5I) +/~20mm -— +/-20mm
|
Notes:

/10m :a chord of 10 meters
* Rigid Crossing

¢ 4-3: EEREETETRER
Sinkansen Instruction for Track Maintenance

Maintenance Tolerances

() (Bid8) (TR (HBR/DRTFES) ()
Track Categgry Main,Passing. Deadheading Departure and Arrival Siding LineTrack

The Section of Speed

Parameter S 180km/h | S.110km/h | & 70km/h | > 70km/h = 210km/h
Gauge () +6mm,-4mm !
Cross lavel (K] Smm 6mm Imm 15(9)mm
Suriace (RIE) Tmm/10m_|_8mm/10m | 6mm/10m | 15(10)mm/10m | > (10mm/40m and 025g
Alignment (E:z) 4mm/10m Smm/10m Smm/10m 10{7)mm/10m > {1mm/40m and 0.20g)
Twist(Z M) 5mm/2.5m | 6mm/25m | Tmm/25m | 10(8)mm/2.5m
Damamio acoeleration [(BINGRIE)
Lateral vibratton(z &) 0.20g
Vertical vibration( .t ¥) 0.25¢
Notes: {) Small radiua curve l L

/10m * a chord of 10 maters
/40m . a chord of 40 metors
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RECENT DEVELOPMENTS OF SLAB TRACK IN.JAPAN

Katsutoshi ANDO, Dr. Eng. HHumi AOKI Osam HAGA
Chief Engineer Chie! Engineer Assisiant Manager
Raitway Technical Ressarch Institute Japan Rallway Construction Public Comp.
2-8-38 Hikari-cho, Kokubun]i-shi San-no Buliding 2-14-2 Ngata-cho, Chiyoda-ku
Yokyo 185-8540 JAPAN Tokyo 100-0014 JAPAN
TEL:+81-425-73-7276 TEL +81-3-3506-1860 TEL:+81-3-3506-1847
FAX:+81-425-73-7432 FAX:+81-3-3506-1891 FAX:+81-3-3506-1851
E-mail:ando48@ntri.or.jp E-mail:123.a0ki@jrcc.go.jp E-maiko.haga@jree.golp
Abstract

Thirty years have passed, since slab tracks were widely used for the first time in the world by the
former Japanese National Railways. Until now, slab tracks have been laid both on Shinkansen
lines and narrow gauge lines for over 2,700 km. The siab tracks are considered indispensable for
Shinkansen and have bsen adopted for about 2,200 km, which account for §5% of the total
length of five Shinkansen lines.

in the last decade, the authors experienced a number of valuable improvements of slab tracks.
These are concerned with the application of siab tracks to earthwork sections, a reduction of con-
struction costs and measures for environmental problems.

{1) Development of slab track on earthworks

The Hokuriku Shinkansen line from Takasakl to Nagano opened for traffic in 1897. Up fo recent
years, the use of slab track had been limited to viaducts and tunneis to satisly the severe mainte-
nance standards required for Shinkansen. So, a reinforced concrete roadbed system was devel-
oped for slab tracks which can be laid on earthworks instead of ballasied tracks.

{2) Reduction of construction costs

The construction costs of slab track was 1.3 to 1.5 times those of ballasted track in the 1980s.
However, in planning the Shinkansen network project, turther reduction ot construction costs was
desirable. One of the countermeasures is the development of frame-shaped track slab. This
type of slab track was laid for 130 km in funnels of the Hokuriku Shinkansen line.

(3) Development ol low-noise track,

in general, noise levels of slab tracks were 5dB (A) higher than ballasted tracks under train run-
ning. So, a solid bed with removable resilient ties was developed to reduce construction costs
and suppress the noise 1o levels sgulvaient to baliasted tracks.

This paper describes the technical and economical etfects of slab tracks based on the experience
0f 30 years.

Key words:
Siab track, ssttiement, mainfenance, noise, fastaning, cement asphalt mortar
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1. INTRODUCTION

Thirty years have passed, since slab tracks were widely used for the first time in the world by the
former Japanese National Raliways. Until now, slab tracks have been laid both on Shinkansen
lines and narrow gauge lines for over 2,700 km including under-sea tunnels and over-sea bridges
where natural environmentis are sever. The slab tracks are considered indispensable for
Shinkansen and have been adopted for about 2,200 km, which account for about 55% of the total
tength of five Shinkansen lines. The slab tracks have brought about a great change in the main-
tenancs of railway tracks, espacially on Shinkansen lines because of its excellent performance to
maintain good track geometries and reduction of track maintenance costs. In the last decads, the
authors experienced a number of valuable improvements of siab tracks.

This paper describes the present condition of slab tracks, development of a new' siructure on
earthworks, a reduction of It construction costs and development of a noise reducing track 2,

2. OUTLINE OF SLAB TRACKS
2.1 Background and Shinkansen network ¥*

The Tokaido Shinkansen from Tokyo to ‘Osaka was Inaugurated In 1864 just in time for the Tokyo
Olympics. It ushered a new era of high-speed train services. During the early years of Shinkan-
sen operaton, damage fraquently occurred to conventional ballasted tracks with the increase of
traffic mntensity. The growing economy and reduction in working hours, labor shortages and limits
on interval time for irack maintenancs, created the need to introduce a new low maintenance
track. As a result, the former Japanese National Raitways (JNR) started a study on siab tracks in
1965, and they had been widely used on the Sanyo, Tohoku and Joetsu Shinkansen lines. Afier
that, the Hokuriku Shinkansen line from Takaseki to Nagano was constructed and opened in
1997 to comncide with the Nagano Winter Olympics. Now, several new Shinkansen seclions are
under construction or in advanced planning stages, and the network ot high-speed routes is being
expanded.

2.2 Siab track structures
Typlical types of slab
track structure for the
Shinkansen are shown In
Figure 1(a) for the open
sactions and Figure 1(b)
for the tunnel sections
The slab track consists
of rails, tasteners, track
slabs and a Cement As- Figure1 Siabtracks

phalt Mortar (CAM) layer.

On the roadbed concrele of a viaduot or in a tunnel, circular upstands, 400 - 520 mm In dlameter
and 200 mm in height (stopper concrete), are provided at intervals of S m. These upstands pre-
vent the track slab from moving In both longitudinal and Isteral directions. The track slabs are
made-ot RC (Reinforced Concrete) or PRC (Prestressed Reinforced Conctete) in factories. The

{a) For open saction (b) For tunnel settion
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track slab for Shinkansen is 2,220 - 2,340 mm wide, 4,800 - 4950 mm long and 160 - 200 mm
thick. One track slab weighs approximately 5 tons.

2.3 Present status of slab tracks and economic comparison *

A change of lrack irregularities Eoom ‘ 7 : T ey ey g
in the Sanyo Shinkansen Is § “\03\ \ i 1“'.“‘ w7
shown in Figure 2 ¥ Ths ¥ °* % v—-”\‘

means the number of iregular S - gnment (b track) §
points per km (length) which ex- 2 Angnment (oted Gack) | |
ceeds the target value for riding 1 o / ! mﬁ%
comfort of Shinkansen. Thus H -—{"‘r/i\ P

slab tracks keep the track In £ oos9 N7 3 i

better condition than ballasted § ) A g

tracks do. { 1957 1sss 1sse 1800 tmw1 1ess 19es 1oss 1ses 1o
A comparison of the mainte- Yesr

nance costs batween slab
tracks and ballasted fracks on
the Sanyo Shinkansen fine is

Figure 2 Track imegularities in the Sanyo Shinkansen ®

shown Figure 3. Thera- o

Biab wragk

tio of maintenance
costs, the slab tracks &
versus the Dballasted
tracks, is about 1:4 for
Shinkansen lines. Thus

the siab tracks have

made a greater contri-
bution to reducing the
maintenance costs end  ° Yeur

workforce. In planning a Figure 3 Maintenance costs of tracks on tha Sanyo Shinkansen

new rallway hne, im-

portani factors when deciding the track structure are economy, durability, environment and con-
struction warkability. For example, the construction costs of slab track laid on the Sanyo Shinkan-
sen were 1.3 - 1.5 times those of ballasted track.

it was eslimated that the extra investment would be redeemed in aboul 2 - 6 years of commercial
operation. it is therefore in the area of maintenance planning that siab track realizes its full per-
formance over ballasted track,

AR NN

3. SOME IMPROVEMENTS ON SLAB TRACKS IN LAST DECADE

As mentioned above, the slab tracks have the excellent performance to maintain good track

geomelries and reduce track maintenance costs. However, there were still some polints to be im-

proved before the construction of the Hokuriku Shinkansen ling including the following.

« The use of slab tracks had been limited on viaducts and in funnels to satisfy severe mainte-
nance standards required for the Shinkansen.

Rapent Development of Stab Tracks in Japan Ando, Aokl and Haga
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« Construction costs of slab track are still higher than those of ballasted track.

« Some of plug collars of fasteners were damaged.

« The noise level on slab track Is higher than fhat of ballasted track under frain running.

To solve these problems, some improvements on slab tracks had been made based on the expe-
rience of the Tohoku and Joeisu Shinkansen lines, as explained below.

)¢)

3.1 Praclical application of siab track to earthwork sections

3.1.1 History of Development

JNR organized a committee on the siab
tracks In 1985. The Stab track type RA with
asphalt pavement on earthworks {(RA-slab)
was proposed In 1868 (Figure 4). It was
axperimentally installed at twelve sites in
total for about 1.8 km extension as of
1974, However, a further study on the set-
tiement and durabifity of pavement was
demanded to meet the severe mainte-
nance standards required for the Shinkan-
sen. Therefore JNR decided to forgo #-
stalling the RA-slab on the Sanyo and To-
hoku Shinkansen ines.

3.1.2 Proposal of new structure

As for placing slab track on earthworks,
the result is the same as that expected for
viaducts or in tunnels, provided that the
geological and ground conditions are good.
The settiement of roadbed has direct influ-
ence on whether the track can be main-
tained at relatively low cosis. To achieve 8 gy 5 Siab tracks with conorete roadbed on earthwarks
so-called low-maintenance track, it is in-
portant to spread imposed loads effectively over earthworks and to control cumulative settiement.
So the authors proposed a reinforced concrete roadbed for slab tracks (RCRS) shown in Figure
S. The RCRS is expecied to be superior to RA-slab on asphalt pavements in terms of settisment
and durability. The ordinary track slab used for viaducts and tunnels can also be uged for earth-
works,

3.1.3 Full scale testing

To study whether the RCRS is appropriate as a low-maintenance track for the Hokuriku Shinkan-
sen, & full-size test track was lald on the site known as the Kashiyama section. A 60 m section
Including both embankment and cutting was selected as a test site. The construction of embank-
ment was compieted in December 1881 and left as it was for three months. Next, a reinforced
roadbed was construcied in March 1982. After the track slab was laid, static and dynamic loading
tesis were carried out in Aptil to May.

Recent Development of Slab Tracks in Japan W, Aoktand Haga
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The test resuits confirmed that the fiber stresses and reinforced bar stresses of the roadbed were
at low levels from the viewpoint of durability, and that the settiement caused by dynamic loading
is extremely small. Figure 8 shows the relation between the embankment height and its settle-
ment at the test section. These tests demon-

strated that a consolidation settlement (GA2) 5 b —— T Dreamic o 1

was about 4.2 mm afler the siab track was laid. i e £ )

The sum of ground seftiement (S2) and GA2  § " J‘r--l S—

was 6.2 mm, which was practically negligible. i § AR e

Is therefore possible to restrict settlement 10 10 _ , Commbatnr | Joms

mm, which is well below the target 30 mm. 3 ik
I e A

3.1.4 Transhtion zone to bridges 5 -t YR

Banks approaching bridge abutment or culvert - Mien—= /0 g

gupporting tracks are some of the weakest . ! i

poinis of the track, because the setliements of “ 1 200 o 4 W

Trne ayn)

these sections tend to progress faster when
compared witp those of ordinary sections, and Figure 8 Relation between bank-helght and Hs

track supporting conditions tend to change be- settlement

fore and behind these sections. Approach

blocks (Figure 7) were contrived to deal with

such problems. They are made of crushed stone bound with cement. in addition, the end part of
the RCRS is placed on the crown 1o prevent excessive deflection at the transition between the
RCRS and the bridge.

10m

3.1.5 Practical application s

Based on the above test resuits, the
Japan Railway Construction Public
Corporation (JRCC) decided 1o apply
the RCRS in 1983 and laid it for about
10.8 km on the Hokuriku Shinkansen
line, or about 4% of lis total length. it
corrasponds to one fourth of all
earthwork sections. Henceforth, JRCC
Is going to use the RCRS for about 11
km on the Tohoku Shinkansen line
from Morioka to Hachinohe and for
about 13 km on the Kyushu Shinkan-
sen Iine from Shin-Yatsushiro to Nighi-
Kagoshima. Figure 8 shows the
RCRS laid on a cutting along the Ho-
kuriku Shinkansen line.

Recent Devalopment of Slab Tracks in Japan Ando, Aokl and Haga
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3.2 Practicat use of frame-shaped slab track and other components

3.2.1 Frame-shaped slab track
when JNR started studying of siab tracks in 1965, one of the largets of development was that its
construction cost.should not exceed twice that of ballasted track. The construction costs of glab
track at the Sanyo Shinkansen were 1.3 to 1.5 times those of ballasted track. Thus the larget had
been achieved sufficiently. In addition, when the construction cost of viaducts is included, the
slab track on viaducts is more superior to the ballasted track. However, i planning the recent
Shinkansen network project, further reduction of construction costs was required. One of the
countermeasures is to use frame-shaped siab

tracks as shown in Figure 8. This type was N nnofdlnonon aln
laid for 130 km in tunnels of the Hokuriku 'g T o o o0 U o U oxg
Shinkansen line. [ ] @

Table 1 shows the construction costs of tracks 'E oo n. g o o n gin
which were adopted for this line. The con- g U U o u U u ufu

struction cost of frame-shaped slab track is 8

to 14 per cent jower than that of ordinary slab Figure ® Frame-shapad siab track

track. The recent construction costs of slab

tracks were 1.1 o 1.6 times those of ordinary ballasted track "A-55M*. However, ballast had to be
prevented from dispersing by snow-balls falling from vehicles at large number of sections of the
Hokuriku Shinkansen line, where the train speed was 160 km/h or over and located in a snow
area. So, ballasted track B or the ballasted track D with nets on ballast were fundamentally used.
Thus , there are in fact few differences of construction costs between siab tracks and bailasted
tracks.

Table 1 Construction costs of tracks at Hokuriku Shinkansen line

Tracks Copstruction Cost Design | low- |with with Rote
nolse |nets® |bollsat mat

Frase shaped Slab track AF-SST 0.92 118 RC . for_tunnel & visduet
Frame-shaped Slab track AF-S7 0 86 142 RC » for tunnel
Ordinacy Sieb vrack A-554 1 00 130 RC for visduct in ware mread
Siab A-35C 119 143 PRC > r_viaduc g _srese
Siab track A-SS5UN 1 18 151 [ » for_vieduct in warm ares¢
Slab creck A-SSCN 1 28 1 84 PRC . for viedutt in cold ares®
An1lasted track A 0 T 1 00 £C P
Ballusted track 8 103 134 PC - > for V- 160ka/h § snow aras
Ballsced track C with resilient ti 084 1 10 P£C 3
[Bellsted track D with resilient :13 [ 1 4 < » » for V. 180ka/h & snow_aread

om- *)Kats prevent ballast fros dispersing by snow-balls falling from vehicles ¢

3.2.2 Cement asphalt mortar pouring

In general, the ordinary slab track is laid by the following method.

« Precast track slabs are transported and unloaded on the roadbed concrete.

« After adjusting their positions, they are supported tempararily by slab supporting bars.

« Then forms are installed along the track slab sides for preventing CAM from leakage.

« The gap between the track slab and the roadbed concrete is filled with CAM for stabilizing the
track slabs.

» Next, rails are laid on the track slabs.

» Finally, they are adjusted to the correct position by variable pads.

Recent Davelopment of Slab Tracks in Japan Ando, Aokf and Haga
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As for the frame slab track, forms must be instalied not only along siab sides but also inside the
frame. To improve workabillty and reduce costs for CAM pouring, a long-tube mathod is adopted
for the construction of the Hokuriku Shinkansen line. This method does not require instaltation of
forms The CAM is injected into the long tubes made of non-woven fabrics eotextiies) which
are laid between the track slab and the roadbed concrete. By using this method, the construction
cost of CAM was saved about 10% from that of the ordinaty method at the above line.

3.2.3 Fastening

The Type-8 Fastening shown in Figure 10 (a) had been widely used for slab track in Japan, This
fastening consists of a track pad with stainless steel plate, & variable pad for fine height adjust-
ment, a shoulder equipped he plate, an insulation plate, insulation plate, bolts and plate springs
and so on. In cold areas, some of plug collars were
damaged because of inadequate component quality or
retightening of piate springs. In addition, an anti-rust
protection oil in collars decreased because ot cracks of
track slab in some cases. To improve this problem,
embedded inserts are adopted instead of plug collars
as shown in Figure 10 (b) This improved Type-8 Fas-
tening was widely used at the construction of the Ho- (8) Type8 (b) Inproved Type-8

kuriku Shinkansen line, Figure 10 Fastaning for slab tracks

3.3 Development of noise reducing track

3.3.1 Solid-bed track with removabie resilient ties "
It has bacome increasingly important to
cope with environmental problems such
as noise since the introduction of new @
tugher speed trains. Generally speak-
ing. the noise levels on slab track are
about 5 dB {(A) higher than those of
ballast track. The track to be used in
urban railways should have excellent
performance not only in reducing

Tie pla
maintenance costs, but also in de- Lt { n
creasing emission of noise and vibra- a) Conventionsl Type b) New Type with Removabls
tion from the viewpoint of environmental {STR-B ) Resient Ties(STR-D )

preservation.

in general, main countermeasures f0r  Figure 11 Solid-bed track with removable resliient ties
noise available on the track structure

are as follows:

{1) Smoothing of rall top surface roughness (to reduce rolling noise);

(2) Adoption of elastic rall fastener (to reduce structure born noise) ;

(3) Increasing of middie mass such as slabs or lies, and adoption elastic supporting for it (to re-
duce structure born noiss);

{4) Adoption of absorbing materials on the track ( to reduce rolling noise).

it is difficult for slab tracks to sulficiently reduce the track spring constant by laying & rubber mat

Recent Development of Slab Tracks in Japan Ando, Aoki and Haga
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under the track slab, because the track stab has a rigidity as an intermediate mass.

To solve this problem, a solid-bed track with resilient ties (STR-B) was developed in the 1970s".

A test on the Tohoku Shinkansen line proved that the noise level of this track was nearly the

same at a position 25 m apart from the viaduct in comparison with a ballasted track with baliast-

matt, and was 7 dB (A) lower at a position 30 cm below a fioor sieb of the viaduct. However, there

were still a few points to be improved such as the following.

« A construction cost of the STR-B was 1.3 - 1.4 times higher than that ot Vibration Reducing
Slab Tracks.

. W was difficult 1o renaw track components such as resillent tie pads ang ties, when they were
fatigued or damaged.

So, the authors proposed & new solid-bed track with removable resilient ties (STR-D) ® as shown
in Figure 11. The teature of the STR-D are as follows in comparison with the STR-B.

{1) itis easy to replace track components without breaking the concrete bed.

{2) it is easy to adjust the rail level verbcally not only by fastenings but also by adjustable pads
under ties.

(3) 1t resists uplitt-force by side-pads and re-
mains secure.

First, a 10 m-long STR-D was laid on a viaduct
of the Hino Civil Engineering Test Site of RTRI. Stab mal with grooves
This track was offered for fundamentai tests Cement asphat morter

such as a static loading test, dynamic loading
test and longitudinal loading test. Through the
above tests, there would be no problem for
laying this track on the operation line.

Figure 12 VG -slab track

Next, to confirm the noise reducing effect in
comparison with the Vibration Reducing Slab
Track of Type G (VG-Stab, see Figure 12), a 88
m-long STR-D was laid along the Osaka Loop
Line in 1897 as shown in Figure 13. Figure
14" ghows the difference (reduction) of sound
pressure levels for both tracks between at rall-
side and below viaduct based on the result of

frequency analysis. As seen from this Figure,

the reduction of noise of the STR-D s 2-5dB F sua¥ .

(A) larget than that of V@-Siab i most fro- TP AN e % F
quency domains. Figure 13 STR-D laid on the Osaka Loop Line

Figure15 shows the relationship between the difference of noise levels {between at ral-side and
below viaduct) and the train velocity for both tracks”. As seen from this Figure, ditterence of
noise level of the STR-D is 25 - 27 dB (A) for 55-80 km/h of velocity, and that of the VG-Siab is
21-22 dB (A).

Recent Development of Siab Tracks in Japan Ando, Aokl and Haga
96



Page 80of 10

The difference of

0 g -10 T T T T
' LI ' LA m L
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Rl S e S
g8 £ e o °© °
- : ' ' o 3 .
s L0 st S Rt M : g M 4
=4 bt : ' ¢ . - ¢ 8
= - : : H : : H ] - ~
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50 100 200 400 800 16003150 o 50 60 W 80 90 100
1/3 octave band center frequency (Hz) = Vslocity (km/h)
Figure 14 The difference of sound pressure Figure 15 Thedifferance of nolse leve!s betwaen
tevels the rail-side and betow viaduct ”
. “+ Recytisd matariats 100mm thisk
The authors concluded that the noise reducing - Siandars bakast $00mrD thick
effect of STR-D is about § dB (A) larger than that  _ | ~* Fing bakast(No.7) 100mm thick
of the VG-Siab. 8
t E* B 3
3.3.2 Sound Absorbing Materlal * § 'r
As one of the reasons for the noise of slab tracks _E’u -
being higher than that of bailasted tracks, it is 'g .l
considered that concrete surface of slab tracks .§ wl
reflects the rolling noise and rarely absorbs it °
when compared with ballasted tracks. So the g i

authors proposed to install the Sound Absorbing 106 108 339 489 436 1048 3641 asec sere
Recycled Material (SARM) around track. The
SARM is a product of crushed glass, ceramics
and fine aggregate rematned after burning-up of
household waste. The measured result about 10
cm-thick SARM using the Method for Measure-
ment of Sound Absorption Coefficient in Rever-
beration Room is shown in Figure 16. The domi-
nant frequency of noise energy near rail is from
500 - 2000 Hz when A-wsighting filter is used.
Therefore, it is found that the SARM 1 much
better than ballast for railway tracks as an ab-
sorbing material.

A 100 mm-thick SARM was installed on a ballas-
tiess track of existing line and the noise level was 85 e P 10
measured under train running. The results con-
firmed that nolse reducing effect of the SARM
was approximately 3 dB (A) near rall (at 2 m

Octave band fequency (Hz)
Figure 16 Sound Absorption Coefficient

® petfore selting of recyciad materials
A stter setting of recycled matenals

—2

Noise level (dB(A)) @

Train Velocity(km/Mh)
Figure 17 Noise reducing effect at existing fine due to SARM
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away from the track center) shown in Figure 17 ¥'. Thus, it has been made clear that the SARM
was effective for reducing the rolling noise on ballastiess tracks.

4. CONCLUSION

Thinty years have passed, since slab tracks were widsly used for the first time in the world by the
former Japanese National Raliways. H is confirmed that slab tracks have excellent performance
to maintain good track geomaetries and reduction of the track maintenance costs. However, there
wera still some points to be improved before the construction of the Hokuriku Shinkansen line. In
the last decade, some improvements on siab tracks had been made based on the experience
from the Tohoku and Joetsu Shinkansen line. The foliowing conclusions can be drawn.

(1) A concrets roadbed structure has been developed for siab tracks that can be laid on en-
bankments and cuttings. As the test results indicated, there were no problem .as a track for high
speed railways. Now the application of slab track is being extended to earthworks.

(2) A frame-shaped track slab and a long-tube pouring method for CAM were devaioped o -
duce the construction costs of siab track. In the construction at Hokuriku Shinkansen line located
In a snow area, there were few differences in construction costs between slab tracks and bal-
lasted tracks.

(3) A solid bed track with removable resitient ties (STR-O) was developed to reduce noise and
construction costs of urban rallway tracks. The tests proved that the noise reducing elect of
STR-D was higher than that of the Vibration reducing Slab Track of Type G. )

Authors' {uture subjects are 1o confirm the performance in commercial operation and save further
construction costs.
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