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W35 T 2 A BOIR B BB S A 2R AL B L (H
ARHATS SR o5 Hhe s R oy o AR AR 5% T B B BUAL B 2
( Rail Tie Association, RTA) 4t i1, 35 B AR R 1 % W & 4G
ZARTF v K, 2014 AR b 38 BRI I 3K AL B B0 B
2336.6 TR, I 2013 4E14 K 2. 2% , DR IEBR % 7
T RN R AT 2k O TR A, LA R R R A T
BB R o AEAE SR L db 3 AR B B RO TR
A 7R R (R 7 o BT s R I N ) AR SR SRR i T
A L s A AR ML R in s sk A 9 O 4 R R
R, A K H AR 55 s 58 [ 056 9 4k #% SR ( Federal
Railroad Administration, FRA) 2H 27 J& ok it B &l A4 2
YL R A5, ) T 1818 A R 25 R
I B4 DR A s o AT X 55 i

5 RG22 %6 F 2% aih b 3R 0 i R B 5 O B AR
FARECTRBE 1 A BEORL S5 A ) ) i i A 1 A7 3 A
Az 7 B WK 1 I AR PR B BRI A i T AL N A L3
NI 4 25 77 S IR AR~ 30 i 28 Ak B 68 4 A i ) 40 A
0 A= i Jo 915 o DAl (il A HE I, A A BAOREATK
A S DA K W T 3 IR A 0 55 2E 25 B M RK AR B
BRI o A a0 R R R — S R B
EINREETT( 1. 61 km) NEFT. 25 R KRBT, 1] 2% W
HPOBEEONIE/R o NV R U S I Sl D R PSR Y S 1 )
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T WK IR A R T 2 AR IR U A
e AR 7 2 AR v B A ik R R L RE SR A 10 ~
200 o 1T i5 Y IR BE RIS B 5| g he L WK 5E i 37
T AP Z 1 PR (] o Ak i IEK EL A DEKE  O TE
TEMF SR ARFL HEAT By 8 Ak 2R %5 A7 o

BT REREAH & 58, 0 75 B 5T, 56
[0 W ok 7 4R ET Z PR 20 G BL ( Two Pieces Steel
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1) 10T B4 MR TS Bl e AL O DF B A — R A — X 5 R
ALE R JE UM B PR . 5 [ £ 20 fit4l 70
AR S0 BIF ) 3 A 1) 45 A A JZE BRUSE B BE ( Oriented
Strand Board Laminated Crosstie) , X F 3 20 i
( Reconstituted Tie BY Credrite Tie) ,ﬁﬁ(ﬁﬁ—:ﬁj[g‘ . 1B
JEIX 2 RhEORAER AT HE T . BEE AR E G HOAR
HEAE S T8 R B A A Y R AT 55 20 Al 5 AR b 1 4 )2
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BRI — SRR T BRI AR L B AR
ELLE

L P — JEE o FH AW Aok B AR L, 7E ki = T4 b
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Wl TNy B TR [ Y R T AR B E R Y DD
FERE B o (02 GFRP W kst 7 AKX i 8 1Y 1%
P T R E A TR B2 M B R
( Trasportation Technology Center, Inc., TTCI) F* 2005 4
XL T3 A2 v S R T IR 2T 4 A A L Y 42
RSB T 1. 25 12 v 8 20z i R B RS 1
AEAn G ZE (Y 8 MR 4 JB 1 MR A9 R ML EAT T PEAl 45 R
& W SR 1 B 56 21 24 A 6, 25 1 AR B TR A1 A 5 AR Y
—FE BRI LT e 7S By 2 BN B, 20 53 ABC B 6 R AR
DE &SNP/

R MM B Humpreys 1 Francey Xif H] 21 4E 1 5 44
BHE BRI AR B HEAT T 01 A6 0I5, 45 2R 3 W R 1 21 4k
SR I 5 b PR S BE W 4R m AR By R 2 RE L B
s 52 B R B N 3 KK B U1 R T R 2T 4R 52 G R
A 0 0 B o R T T B % KA B
T L YENT SR B RORL AL B R R, T AR T R Bk 2T 4
)2 JE A A B AR )2 A4 ( Laminated Veneer Lumber, LVL)
AL = B AT M. WROR A R R, R AR Ak Bk
PR i SR T AT AR AR S R R B2 BRI A AE
— LR AR AR — AT A W) R A R R
R e

4 EAMEMMHTRINEB

SLEPEREER T AE [ G Ak 8% A o A 2 8
Hb ik T TR R A2 G BRI K B AL . H R
SN S A FERHRL £ 2 K3 OLLK RS LT
YIS () 5 A R RHEIURL L T H AR BIE D 0 23R A A L
(FFU) B 2B ASERRIL T B RE A Fe [T i 1) 358 55 40
B IEAE IR @ R JE B 55 £F 4 ok 0 B B 47 4 iR ) =2
B AEHIURL , N © A SE BRI Y 35 ERHEUAL -
4.1 FFU( Fibrewreinforced Foamed Urethane) & ff

L7 RN

FFU 22 2F 4E 3 0 i B T, 2t H AR BUK
% Tl bk 24k TP R 1 —Fh & AR B o FFU &
JARE S — b 5 R AR AR R VEARRLAY A R, 5 AR —
FEZE S A BEAN TN T, 0 H B A K SR AR A4 AR AT 1Y Jo
B R R 00 5 A LT A At et Y
FFU B A 8250 @ o PO o Bk & T AR 45 A
FZ N TR B A R K AR K R 88 AR TR K
77 IR B A A

FFU 5 84k ( FFU Synthetic Sleepers) 42 M i $¢
B T Y ) 3 ok A o B3 T A A R R LR
SRIG e i AL, 7 Ak —Fh i S A2 AL B R,
REHSHLH1) 4 3t BR 7 BUIE b 04k 27 5T 9 8 1ol

1978 4 H A B K Ak 2 Tl #k 202 4 2B 7= T 55 —
R FFU & RAL , H A Bk 258 BORWT 58 B 72 S8 30 &
X AT B IR T, 7R PR i =1 A R L BH R YOG
ITBEE JEAT L7 I . 1985 4E FFU & s il H
AN E A 2k 7% ( Japanese National Railways, JNR) HIt #E i
PR e ZJA S FRU 5 R TE H A )2 0 L 4 ol 2
TETE 7 RV 22 1, DA B At a2 2508 4 A8 15 () Ji] B 5 R
Y X Bro 1989 4, 51 A0z 17 3 JE ly 270 km/h By AR
TEH T T FFU 5 Utk -

1991 47 H AR 25 5 RTS8 B Xl T 10 47 fY
FFU & B AT 703, 25 R R BAL L 7% A &
o 1996 AE AT, 45 R LW 50 4F FFU 5 1L
BB I B BE AR AL 5 1S AR IR BE AL . 2007 4,
H A IE R S0t FFU A BOBbt B Zm o, W Sck (25 1.

FFU & AL TE H A DU 5 — A P 2 6 15 3
X, 1999 4F-3f T B H 1Y £ 125 1w 3kt 8k s A KL 2% 40 i ot £
JUT FFU £ Bl ™ .

2004 47 A 4 44 A1) Jé JB ( Wiener Linien) 7
FH Ud 5 b 4K 85 8 A o 40 3T 19 44 B OK 1 ( Zollamt
Bridge) FRYBUALIN ] T FFU & RUBAL X 2 HE K
TEWCHN BT o TR 4F, 76 5 18 22 16 10 14 391 9% LK 2 R
( Floridsdorf Bridge) F4#i1% T4 100 mm & /Y FFU &
IR . LS, B A R SR 7E 5 Wien {iT 1) Ud s 1
24140 Hackingerstrasse 5« 5 Inn 3] fY) Karwendel £ .
5 B Z HGT Y Ostbahn S5 A% 22 BB T FFU & i
K. 2008 4 Wiener Linien JF 15— K 31 %), F] FFU
B UM B4 © 2 A I ) b 8 6 e A R
B BLRL - 2005 4F B b R R S % % ( OBB) & Ik 7E
YAl 94 5 B — 2% 08 B 19 Hackingerstrasse 8k i #7F | R
H FFU & Bt FRE 2 56 2 )5 ,2007 45k H FFU &
BB B B e T AL T A T A B e B B Ton 3T Y
Karwendel # LB AL, 2009 47 B 6 1 4 4% B5 i £
F4T ) Ostbahn L A9BLEL ™ -

FFU & BB 7 78 15 A4 55 — YO 2 2008 48, 1
I ( Voestalpine) 755 U1 ) IR FE 2R 1) Bayer 62 8] X
Mk gL e B 7 —H 74 m B AT
136 #R B . 2009 4 FFU & BUBBL 3145 1 48 [ B I
Bk R ( EBA) fUIAIE. 2008 4F FFU & Btk @ i 17
FE IR HE W [ 5Kk I 1) 5 At o 3R M R AR B ok Tl K2
( Graz University of Technology) X} B 7 49 #F - Yy FFU
A A N & R Ut AT T LCC 234, fE 5L e B Tl K
2#( Technische Universitit Miinchen) # T8 KX I Fx # X}
FFU 4 BB HEAT T S5 ™

E I W AR v B U7 Bk B A ) ( Norfolk Southern
Corporation, NS) X} H A< FFU & s kL 47 52 56 25 50 F
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B s BT Bk e AR AR BT 5 IR 2 i e % 5

J5,2011 48 12 F 72 74 96 35 J& S JH ¢ 0T 5 bk 40 0t 1) —
JAE WA AR 160 A MF L T FFU A b, 2% B 4k 6 52 i
£ AR H.0>( Transportation Technology Center, Inc., TTCI)
— BT M S S AL 0 PR AR B AR BB B R R B
BE . TTCI KR TAESE B % 4 FFU & MU 34T T —
FINRIWF TS b e AL T 36 BB fir 2 M 5 46 9%
A8 33 12 78 3 F 28 2 ( Facility for Accelerated Service
Testing, FAST) A8 #F Ikl 1 2 ZRARA A AR BLBE
PAIEAT X e o3 o — 28 2 43 %1 #h 7§ J7 1 #2 ( southern
yellow pine) | £ i # ( Douglas fir) 5208 45 44« 4 K
(' white oak) FIFEHMLHA ( Douglas fir) Ji& & JZ B i B Y
AHE; 75— FFU 5 AL -

FEE T 2004 4ETE )N ML BR 4 5L e gl gk FFU
BRPRL  Gad JLAE (35 B O P AR L
HEOR . HR LR IR, 38 8 000 R e AL Y
Jot AR T8 PR B S /0N A T AR A 4 14 3t B
T B PEME AN BN T FR B T AR . ROk TE S UL
I 4R i 448 01 7 1) ) A B R B R A T R R, B
UMUK 170 8 SR BE T L 10 SR T T Hb B AT S A G,
A ik T )RR . 2007 AR e A0 EE T4 T
AL ISR AT IT & FRU & iUBuEL , OF
T EZ LA 2008 423 12 HAEP T E A AR
Bk ANk S ST . 2 )R SOH TR AU R
PER VL RAT R B o 285 FE i T i 2 m 46 1k
Bl N T MR R T A WA B g ol T R TR
TRA B )( CI/T 399—2012) A7 ™, ML T Ik iy
T8 A2 e R A R VLR B AL B SR R B L
R 45 1 R IR T RS I R DU L 7 AR R RS AR
TUE A2 32 i I TR e 2 B R T 2
R A BRI IR B AL 9 A P R 5 . 2014 4R A
R R 12 ) B B AT BT KA KA 64 m TR A
FEAAT 22 bR LA ROSF 24 260 mm x 260 mm x
3000 mm f) FFU & BB & A LR L. X 23k
[ 8 2k ORI FRU &5 ULRE

H i FFU & a8 be 2 28 9l it AR 2 W 524l 1 5%
FHEI . WA 2012 45, FFU & UM C 28 20Tl B0l
i 210 J7AR, BT HLER 1300 kmo
4.2 EAMHERIKT

UEAE S, 6 G b B A SRR I T T T R
ST AL 2011 A F (R RH ] dh sk ) 5 50107 v, J
JO7 P i KA 25 B 4% A A VL A OR b e E T R 23 R 2D RN
PR K o BB S T2z 0 B[R] I L R T — R 8
[ 50, At e i BEORTE R {5 G o TR Ml A2 TR
N R AR 5F S W IR n] 5 28 K JRe i 32 R
o b TR TH SR A R A A W 2 R

TR TH BRI by LT AR, A DL At 33 i SE0RE, ) B 45 ol
A kR

S T 20 {20 90 AR rh I Bl 2l — A BT 2
BREEAE——E &M R R AL . DL R R B
I~ R i B At Ml I s A5 X DA A 4 R 4 1 R A
Yo 2L I0RE B DA 22 B R0 e HoAt [ A6 5], 2B Ak TR
B B M e 1% BE AL ZR S MR T
BHEFE W), B T 0 B R A AR e AR 3R 35 B TieTek
LLC 23 & 9 48 31, A= 7= 3 300 AR B kL (20 1 3 WL af
161 km FHLIHE) T 2 FE 2 T D EHH 900 T3 4> 4
FHAS R 10 000 4% J IH X 4 46 i ™ o S8 W TTCI A&
FAST BB ZL X35 & 4 BB A E 17 18 47 150 2
JE T TR HR T Iz e . el 5 AR R 2
o AL 4 MR SE [ B B T AR R0 ZE 7 B 2 ( American
Railway Engineering
AREMA) #7719l I 0T 1T X Fl s % R S
e, 235 R 3 WA T fr 80 A T T JHG 22 00 G e B 2 ) g R A
ENE A UEST IRESRUE SIS

8 I 1 Bt ) A S VRIS R R 5 R SR 7
BRI B FOR T A B A ST 1 A e X H AR
(0 AT T BT P I S K .
BB A T HUEIHE IR A B 51 5 K IRIR G
PR TR T a2 BR S BB B9 B AR 3 L 7 1 DY v e Ak
B FE T2 2 km KA G AR R BLAL -

H BT, 266 BRI & 276 2 K 55 74 A
BN SN RANENE S SPE I A I e e LR
TR LA T ILA TR .

4.3 IXIBIN( GFRP) #i4k

TS 2 L 9 5 T A K H A i ( BEE AT E
20 55) B aR AR, LG R R VR N SRR — R R S
WARL, 2 24 SR B B8 2F 2 3 5 9 R (17 FR 3 B A9
GFRP) o BLHSLFAE 5 B g S H: 5T FR by 35 5 19 52
BRI 3 REER . PR LT AR R R I O BRod i iR
K RLRL 228 B, 2 BN S S A B E R R
EREA P BRS8N AURE % 52 w5 B 38 A9 114
SiR L LR A T L BB 98D U AR R T B e i o
BE o B RO AR 2 B T A9 1 A P ) B I AT A 5 K
R HE R A . A% i 32 R AL 33 1 g O BV 3 36 9
R iR i AR D, R X0 S L 3 D) R
FERVERISE o (35 o BE AR vf T BT £ 4 F0 45 AN
JIR A S L B B S e R R S T 2 ol o 2
U R 375 5 LR IR < P DR T R I R TR 5 ok AR

EPJE T 1997 45 fhy HAF 22 H AR B HOR AR 2 T
5PE45 2% 51 4 ( Technology Information, Forecasting and
Assessment Council, TIFAC) 37 30 fiff %& AR & F4R RL 09 2%

and Maintenance Association,
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OB R, 1998 AE A7 T 55 —4it 12 AR FRP AL #E i, 42
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Research Status and Development Trend of Alternative Materials of
Exiting Wooden Sleepers

ZENG Zhibin'*
( 1. Railway Engineering Research Institute,China Academy of Railway Sciences, Beijing 100081, China;
2. State Key Laboratory for Track Technology of High-Speed Railway, Beijing 100081 , China)

Abstract W ooden sleepers occupied about 90% of the railway sleepers in the world. They have the problems
including corrosion,cracking,and short service life. T hus,they can not meet the requirements of heavier vehicle axle
loads,faster running train and growing volume of transport. Numerous deteriorating and damaged wooden sleepers
need to be replaced while the supply of high—quality timbers for manufacturing wooden sleepers declines. W ooden
sleepers” anti-corrosion treatment with creosote results in pollution and is harmful to the health of workers. An
alternative materials of wooden sleepers become urgent for railway department all over the world. Currently ,wood,
concrete and steel are the main materials for sleepers. Composite sleeper has been attractive in recent years. In this
paper, the research status of composite materials to reinforce the existing wooden sleepers is introduced. It focuses on
the fiber—reinforced foamed urethane synthetic sleepers as the representative of the long glass fiber reinforced
composite sleepers and the recycled plastic composite sleepers as the representative of the short glass fiber reinforced
composite sleepers,and introduces briefly the other forms of composite sleepers. Finally, it is pointed out that the
resistance to bending and shear, the screw-holding ability , the strength of bonding layer, the durability , and the life
cycle cost of the composite sleepers require further investigation.

Key words W ooden sleeper; Alternative material; Composite sleeper; Fibre—reinforced foamed urethane synthetic

sleepers; Plastic composite sleeper
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