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Fig.1 Track structural finite element model
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Tab.1 Main parameters of FEM model

B i H Hfy A¢lEl
AR MPa 2.1x10°
LT kg m™ 74.414
WHLPT5) HEL/N =@ — 0.3
LIS TTTEY S m’ 4.32x10™
PRI R AL m’ 5.09x10™
T ] I Nem™ 7107
EAEIEIES N-m™ 2.4x107
i FEmfHE kNX(s-m™) 75
T g BELJE kNX(s+m™) 60
A MPa 3.75%10*
k(I L7y a1} m 0.600
NEL/N = — 0.3
AR MPa 150
. EIRIEE m 0.30
R HEL/N=# — 0.27
EIRE kgem™ 2400
PP MPa 60
BRI HEL/N=4 — 0.35
PRI kg-m™ 2 000
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Tab.2 Comparison of model calculations and experimental data

T H FRATA S A
NI [0 (2 A% /mm 2.11 2.01
BUBL R )25 /mm 1.55 1.54
IR (m-s™) 77.36 82.72
ERYR SN/ (m-s) 4.36 1.31
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Tab.3 Mechanical characteristics under different axle loads

NG 25t 271 30t
AR RS R/ (KN - m) 23.82 2573 2859
ALK RN /M Pa 68.93 7444 8272
BTN J1/MPa 5850  63.18  70.20
AR R T ] 3B /mm 2.11 2.28 2.54
AR KA R/ (KN - m) 9.00 972  10.80
T R KV F1/kPa 17632 190.44 211.62
B A A /mm 1.55 1.68 1.86
BEFETIN J1/kPa 66.21  71.51  79.46
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Tab. 4 Mechanical characteristics under

different types of sleeper

NGRS I AGREE AL AR EE 4L
PN HE/ (KN -m) 25.80 25.73
BN RN T /M Pa 74.65 74.44
BB HLN F1/MPa 63.36 63.18
AR R T (] /mm 2.32 2.28
BB R H/ (KN -m) 8.99 9.72
BRI KN F1/kPa 193.64 190.43
T R B /mm 1.71 1.68
BEFEIAI 1Y 1 /kPa 73.69 71.51

AR 1.7% , 18 R S1980/0N 1.6% , 38 RS A8/ 1.7% , B& R0 Y T19807 )5 3.0% , BV R F T ARSTR B 1 kL
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Tab.5 Mechanical characteristics under different sleeper spacing

AR AEE 1667 #i/km 1760 H2/km 1840 H/km
B R/ (KN - m) 25.73 24.03 23.25
LR RN F1/MPa 74.44 69.54 67.27
BB 71/MPa 63.18 59.02 57.09
AL KR FE 13 F%/mm 2.28 2.15 2.11
BB KA/ (KN -m) 9.72 9.29 8.97
TR KN J1/kPa 190.44 186.48 183.56
T8 R B /mm 1.68 1.63 1.58
BEFETAI LY S /kPa 71.51 68.76 67.44

BURL I B LB A2 07 ST R S e R EE AN TR] SR U, 98 INFIURC [ BE R/ NPLE 2544 32 TR B
FLATEE M 1 667 AR/km J8i/INE 1 840 AR /km B, ANFILI F1980/ )5 9.6% , AL S HE W /N 7.7 % , 38 PR 1980718 3.6%
TEIRNBIFEIE/NS.7% | SE TN I8/ N 5.7 % o 3 3G IR B REAR SN, R NPLE 25 2 1 578
34 EREMEREE

T R T BRI KA (A TEAE , LR HAA — 2 B 25 T R A W B2 el oK, 2538 40 4 iy ks i
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Tab.6 Mechanical characteristics under different elastic modulus

ANTRE PR PR 70MPa  90MPa 110 MPa 130 MPa 150 MPa
PR RS 4/ (kN - m) 26.46 26.18 25.99 25.84 25.73
BN % T /M Pa 76.57 75.76 75.19 74.77 74.44
BRI 71/MPa 64.99 64.30 63.82 63.46 63.18
NIRRT 1] 5 /mm 2.61 2.48 2.39 2.33 2.28
BB S 4/ (KN -m) 9.36 9.48 9.58 9.66 9.72
TR KN 71 /kPa 175.15  180.06 184.09 187.50 190.44
TE PR /mm 2.00 1.87 1.78 1.72 1.68
% BETHT N 7 /k Pa 77.02 75.17 73.70 7251 71.51

TE PRPEAR B A 70 MPa 38 INE] 150 MPa i, XF 48R 38 PRIV F7 LA T8 IR % 52 M 5, ELAHAR LA 7]
DRSS BH I, >3 PR P A St 1 By, 30 R R T R 25 R 1 K T ML S B R T T RAVE RS LA % (%
FE TR FTEBARL IS o BRI [ 15 RS U8/ INA 12.6% , BRI 5 A 1 K 3.9% , 38 PR 136111 8.7 % , 3 R At B Uk
/N16.3% , BEFE TR T198/1N7 1%
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Tab.7 Mechanical characteristics under different ballast bed thickness

o NGEEZNEAS
30 cm 35 cm 40 cm
AR RS R/ (KN - m) 25.73 25.43 25.38
BB N F1/MPa 74.44 73.59 73.45
BTN J1/MPa 63.18 62.45 62.34
AR R T (0] 3 /mm 2.28 2.28 2.27
AR RS A/ (KN - m) 9.72 9.61 9.53
BRI KN S]/kPa 190.44 188.29 187.32
18 A A /mm 1.68 1.56 1.51
5 BE TRV, F1/kPa 71.51 70.49 69.59

TE PRJEEFE 3 N Re s NPUE 25 R 52 1 5 AR AR AN R X I T, (G TR B g FiASE
B —E R . TEEE AR b, BN TE R R R A el N #5581 52 T8GR AN IH S, I HL Rl o 18 R VS B g 4
0 S M RO N o R A PR BB A 9 2 far 2, AR [R] BB i 7 4P e TR 465 1 IR liAs .
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12x107, 13%10' N -m™, 3 WL iS58 52 J1RePE o by T AR BE 3Rk, Bkl I FE B 1 667 AR /km , il 85 HL
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Table 8 Mechanical characteristics under different pad stiffness

ANTFIIE RJEEEE/(N - mm™)

240
9x10’ 10x107 11x10" 12x107 13x10"
B I KA/ (KN =m) 25.73 25.59 25.47 25.37 25.29
TN N T /MPa 74.44 74.04 73.71 73.42 73.167
PPN 1/ MPa 63.18 62.84 62.56 62.31 62.10
L R A3 8% /mm 2.28 222 2.18 2.13 2.10
BB KA 4/ (KN -m) 9.72 9.75 9.77 9.79 9.81
T R 5 KN F7/kPa 190.44 190.79 191.12 191.42 191.69
RN fmm 1.68 1.68 1.68 1.68 1.68
BEFETHIN 7 /kPa 71.51 71.63 71.84 71.98 72.11

U A B3GR, BN T3 R B RS A LD, BRI R G PRV 0 MRS LA B i 5 1 AH
I3, Herp, AR BRI EE A 9107 N-m AN 13x107 N-m™ i, SHL 020 1.7% , BIBLL RS i/
8.0% MHUBLEBH JHIRI SR AA K

BUT SR EE AR 238 BB SR AR T T3 R DU 2 b I R, ) A A , e [ B Bk g L T e 4
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Simulation Analysis on Mechanical Characteristics of Heavy Haul
Railway Track Structure

Ding Rong', Shen Jianfeng', Xiao Xin’, Xu Yude'

(1.Key Laboratory of Road and Traffic Engineering of the Ministry of Education, Tongji University, Shanghai 201804, China;
2.Institute of Study and Research, China Academy of Railway Sciences, Beijing 100081, China)

Abstract: With the development of heavy axle load, high volume and high density for heavy haul railways, there
are higher demands on track structure. The mechanical characteristics of track structure under train loads are relat-
ed to track dimensions and material parameters. Combined with field data of Shuohuang Railway, this study uses fi-
nite element analysis method to make modeling and simulation of heavy haul railway track structure. The mechani-
cal characteristics (including moment, stress and displacement) of heavy haul railway track structure under diffi-
dent axle loads and diffident track parameters are calculated and analyzed. Results show that axle load has a huge
influence on the displacement and stress of rail, the use of 11l —type sleeper and smaller sleeper spacing can help
reduce the stress of track structure and elastic modulus has great impact on displacement of rails while ballast bed
thickness has little impact on mechanical characteristics.

Key words: heavy haul railway ; track structure ; mechanical characteristics ;finite element analysis
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