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Mechanical Properties of Polyurethane Ballast
Bed Based on Discrete Element Method

XU Yang, QIE Luchao, WANG Hong

(Science and Technology Management Department, China Railway
Corporation, Beijing 100844, China)

Abstract: A discrete element method (DEM) model of
polyurethane ballast bed based on bonding force chain unit was
proposed in this paper, based on which, a comparative
analysis between common ballast bed and polyurethane ballast
bed under cyclic loading was conducted. The results show that
polyurethane can lessen the ballasts bed cumulative settlement
by reducing the residual deformation and improving the
contact status of ballasts. Besides, polyurethane can also

increase the dynamic displacement of the sleeper.

Key words: ballast bed; polyurethane; discrete element
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Fig.1 Structure of polyurethane roadbed
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Fig.2 Interaction constitutive model of particle

Bl 2 9, A B 3R BIR R PERE R IT, YA E
HEBURE 7= Az 422 filk B o AR B8 24 517 B 1) 25 7 JB0REL ] ) B2
SR, Fie Rk (R 355 ) Hertz-Mindlin B4 {4
T fl A P R U TS SR A7 24 i B R] 2 HP T AR SBORE ] Y
Hefh 7). SEAEEE S B EAT A , L ELEREZ
MBI R A ER B AR . AT L R4 1 F 5308 R
AT FRITIE D EL T W L Fr LR EE
FREBITLEOEL TN LS P BA

F = F + F¢ @D)
WERE KR A, BEIBT 8 ¢, T —ERE 25 B B
BLE)E AT Fo BT AR () 31 73R 7.
Py = Foyy, —|—k“£+matAt )
R P o 1+ O B A SHRRBF BRI
Fo.o iy oo+ O B A TR SFSEEI R RORLIE 0 2
fih 7 5 k™ R IBRERE AT Bk M W BE s a, R 2 HTRS 25
TE AEFURL AN BB % i R AR (3) 3R 75

¥



1158 [A] B K 2 2 MH R B 2% B

F4T%

@ =—+——""" 3

KA 7 O G RTRS AP ERE BB A BT 52 2 3% 1] 4 fil
J1sma JIBAERRL A R a0 0 AN AP IH AT
UL B IR RE , AT Y @, 5 At SRAS L HT A ) 2545
I RSB A2 FS . R B

At
Fiy = Fiu+#] )

KA Fop o t+ A B ASEREFRZ BTG 15
Fipph e+ At B2 A SERE T2 2 50K E] 451 1) 42
ik 77 5k Sy TE R M e AT B U0 1) W BE.

B LR AT A, R EE R D) R NI A
kY HEPE T ORI RO R IO NIEE. B, &
JRUH PR T 2 B8t 6 AT P 0 2% 1) O B8 (P BB 406
T M AST DL A S0 (] 2R S BR ARG T 2 k. BRI
A SCHF 2 N R AR RIS T £ " HEAT B BURE.
1.2 BEEzHEFRE

AR SCARYEAT b A D 38 1 (7 £ 3R 56 FF R F 5.
(5 fe 3 8 R O T fin 2R A LA R 350 mm. % R A
TH PR HR BB TR B AL R B A — S I 2 Y R B
RR R B AL R E A2 500 mm, 2 BRFLE A
TRk I A HE TE PR B BE R /N F 350 mm [ B
K, B i s B S 350 mm., A7V AR AED Y Fhxd
RAFRABERE SO & T2 T4 E
3R 5 AR SC BN S BRI — s o X0 28 i A0 3R U [ AL
JCHEA TR, SRR BER , R IR 56 R L B
fERTECy 12, 5 kKN JEZEAR AR Bt Ak i & 4 L
FEAL IR LA for AR 4 T [ v 8, AN 3 T,

WERR RS
Rk |- [ feRR
R as BB R

A4 [ A7
T~

G |

350 mm

B3 MpR=ENERRE

Fig.3 Lateral confinement model test
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Fig.4 Numerical model of DEM
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Fig.5 Comparison of laboratory and numerical test

& 5 AT LAE Y, 85 B BRI EE 2 40
I OS2 S ) RS R R ARG A 400 3R A it 5 A 1
PRI T3 22 k. AR SCBIR AR %S O SR & R A kL i
TRl

2 RAEREWERNFHE
2.1 REREELERITMEN S

BUAGE R 2 23 K 5 42 B8 35 A 2, 1738 R
TEPER A B T BT 7= A 1) RERVIRE R R ECA TR



AR G

H R EAATIE FRE IR AR FARA R A,
LR 2 BN AT DT 1 K £k s B SR P 4 1B AR
PRIt o A SO T BRSO SE AR 2R BB AR AR B UL
B 1247 R HEAT RIS, BRA B ST R WIS, X T ik
FERE, ERY 1) 5OR T B bR BURL - 3 B B 8
AL SR 30 SO0 AT LA 28 . AR SC i B ) S
FEBRLE Y A K 43 mm. 2T I, B F1HIH5E R
RO B BORPUBHHL 8 70 m, K 50 m XA HIE
PRIFEATO5 B IF R TR 1. 3 WHinE R RS
KRB RHR LA T X i B 3 e i o AR R |
FEATRE T SL ARG A AL BB L AN AT 6 P77,

Bk

B 6 EFAEHTHERR
Fig.6 DEM model of ballast box
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Fig.7 Comparison of cumulative settlement of different
ballast beds
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Fig.9 Comparison of single load of different
ballast beds
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