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Random distribution characteristics of peak dynamic stress on subgrade
surface of heavy haul railway

MEI Hui-hao!, LENG Wu-ming"2, NIE Ru-song"?, LIU Wen-jie"?, WU Xiao-wei*
(1. School of Civil Engineering, Central South University, Changsha, Hunan 410075, China; 2. National Engineering Laboratory for High Speed Railway
Construction, Central South University, Changsha, Hunan 410075, China; 3. Hunan Communications Research Institute, Changsha, Hunan 410015, China;
4. Guangxi Communications Planning Surveying and Designing Institute Co., Ltd., Nanning, Guangxi 530000, China)

Abstract: The dynamic stress response of subgrade under moving train loads provides information on subgrade settlement prediction
and condition evaluation. In this paper, a 3D dynamic finite element (FE) model, which considered the interaction of
wagon-track-subgrade, was firstly built. And then, the vertical irregularity track spectra of China’s three major lines were applied to
simulate the track irregularity. Through numerical calculation, the influence of vertical track irregularity on dynamic stress at the
subgrade surface was investigated. The distributions of peak dynamic stresses at three locations of subgrade surface (beneath the rails
and at the track center) along the track under the passage of the trains with various axle loads were statistically acquired. The normal
distributions of peak dynamic stresses on subgrade surface were verified. The maximums of peak dynamic stresses were forecasted.
The results indicated that dynamic stresses on the subgrade surface were asymmetric along the center of subgrade surface, attributed
by the random distribution of track irregularity. The peak dynamic stresses were found to follow the normal distribution along the
track. The dispersion of peak dynamic stresses gradually increased, and the distribution curve of peak dynamic stresses became
steeper with the increase of axle load. The computing peak dynamic stresses were consistent with field test data, indicating that the
3D dynamic FE model and statistical analysis method were reasonable. The research results provide the basis for the reliability
analysis of the dynamic deformation and accumulated settlement of subgrade.

Keywords: peak dynamic stress; heavy haul railway; 3D dynamic finite element model; track irregularity; random distribution
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Fig.1 'Wagon model with double suspension systems

HAT, A E SRS 3 S E I N Cson i
. 27 B Cos MU, FIZEHNE 73718 25,
27 30 to &l v E AR R
], N TR R g 5 2 T B 3h



% 4 3]

eI

R I S 80 g e (L AL 7 A R AL B

1605

REFEME, ASCHPIERIEIREN 250 27, 304 35t
ARIBERRSSZHAR, Wk 1. Hh 35 thi#E
FIZERH Coo ML ZERAIL, Cso MUZE ML H S H 0 &
2 o

R1 JEFUSH

Table1 Parameters of wagons

PIZERE L RRRBER BT A KIS
iSRS
/t /mm /mm /mm /mm
25 Cso 1830 8200 1970 12 000
27 27 t L% 1 860 10730 2290 14 880
30 Cos 1 860 9926 1940 13 726
35 Cos 1 860 9926 1940 13726
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Fig.2 The geometrical specification of wagon Cgop
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Table2 Material properties of track and subgrade model
SR AT BB IERE E/MPa THAALE v I p/ (kg/m®) WNEEEfMe/(C ) FETIc/kPa FHJELL D
W 2.1x10% 0.25 7 850
Hb 30000 0.20 2 500
TEHE 200 0.25 2400 0.05
FRER 90 0.30 2300 33 58 0.10
2 /N 70 0.30 2200 31 45 0.10
HEIEA 50 0.35 1800 17 30 0.15
Hh 40 0.35 1 700 15 25 0.15
R3 PUEREERPLMSH
Table3 Geometrical parameters of track subgrade model
N A WL HUBLIIPE  GEPRTRMESERE  GEIKERE  PRIEmSEE 8-S PRILEE BRRREREE  EKRREE
/(kg/m) /m /m /m /m I3 /m /m /m
75 f;ii@g 0.55 3 0.5 7.25 1:1.5 10 0.6 1.9
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Fig.3 Schematic diagram of wheel-rail contact
force in Tabular mode

2.4 BUEANFIR

BUBAS TR G R A F R SRR 51 R 4 -
BB ARG E RN 0 1 ERYE, R S BRI
JIBEHIAAL R L KR . K, PUEA-PIRAEA IR
TOHE R e AR HE T S B RE JT Fe B R 20 N2 70 o AT R P 7
BrERTER . PUEA P A B BRI N i
AT KPASI B AR AT
FNGEROHE R RAS T MR AT AN PRt 4 49—
BNIE R G EE AR SN SR O R, TR AN I
HAE S RASPIRPTIR A R, ASCAUSE L TE
e AT

FURG, v [ R B i 38k B U AN T it
SR ARAPIIE R T E =K T2mik
APIIEE B4k EA TRE T ANEPUEEZ

i), &M T 160 knvh PAF R (1)@ 26, s
T EERkM. Fih, AR SCRAZEE S R
WIHEARAS PR TP E 3 K2 m kAP IiuE
PRSP 2 0 85 1 a0 F B

A(f* +Bf +C)

f*+Df +Ef’ +Ff+G @

S(f)=

X SO AR PIRDYZIEE L (mod/(1/m) 5 f
NS (1/m); A ~G NHUEA TR %
PHFFES L, BARSHEUE R 4.

K4 HHEIATFRRESFIRPUEERRESH
Table4 Characteristic parameters of vertical irregularity
track spectrum of China’s three major lines

B 4 B c D E F G
L 11029 -14709 0.5941 0.8480 3.8016 -0.2500 0.0112
Fi#L 0.8581 -14607 0.5848 0.0407 2.8428 -0.1989 0.009 4
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Fig.4 Distributions of track vertical irregularity
spectra along the track
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X~N(76, 10%), it ¥m, nHU =

X =76

N0, 1) o Xmin =48, Xmax =104, 4 340 MRS A

12 M X 8], WERS.

I FHER AT, AHRLT 237K a =0.05. 0.01 1
1 FUE Dy, o358 0.074. 0.088. HItLAI%0, D,<
D, o B, AIACATE R ZEVEKT o =0.05. 0.01 T,
30 t FIES EMEIER T, S4B ARSI JjIEE

RIS, D,=0.058. AR /REEEFIEFATLE 1)

R IEZS 7347, Foor A B B 12 fros .

x5 EFERBROTR
Table S Analysis sheet of normality test
X i EIIEA LIRS U=(X-76)/10 LI AT R BE Fa(xi) AR AT R BUE Foxi) |Fner)y=Fo(xi)|
[45, 50] 3 0.009 -2.60 0.009 0.004 7 0.004
[51, 55] 4 0.012 -2.10 0.021 0.0179 0.003
[56, 60] 10 0.029 -1.60 0.050 0.054 8 0.005
[61, 65] 29 0.085 -1.10 0.135 0.1357 0.000
[66, 70] 61 0.179 -0.60 0.315 0.2743 0.041
[71,75] 69 0.203 -0.10 0.518 0.460 2 0.058
[76, 80] 65 0.191 0.40 0.709 0.6554 0.054
[81, 85] 48 0.141 0.90 0.850 0.8159 0.034
[86,90] 21 0.062 1.40 0.912 0.919 2 0.007
[91, 95] 21 0.062 1.90 0.974 09713 0.002
[96, 100] 4 0.012 2.40 0.985 0.991 8 0.006
[101, 105] 5 0.015 2.90 1.000 0.998 1 0.001
s0 %Eiiggﬁ*& EISHE Dy /N T Duor HIE, FIANESSEITAS
— IE&7 24 \ 4 N R
n0r [ o7 B AL BN N7 W AE Y 2R 2% 7 T 3 IR IEZS 73 A7 o
TEEFERY 1, ATA AN [ 28 B T 5 13 W
= IESS MR ESE, WK 7.
J:E:\é
aa —_
R BEMI)N S EHE K ES RS H
Table 7 Characteristic parameters of normal distribution
of peak dynamic stresses on subgrade surface
40 50 60 70 80 90 100 110 L E WE/t BREE/% VT 23U IEES
RN /kPa 25 11.74 0.14 0.14
5 R 27 13.23 0.26 0.13
B 12 ASVT I BREREIIN e ES A E N E EQTT 13.96 033 ~0.14
Fig.12 Distribution histogram of peak dynamic 35 14.60 0.42 0.16
stresses at location S; 25 718 0.08 0.06
27 7.75 0.11 -0.07
- _ . _ ) . g A
KAFFE I, SNARGIER#E, AR E 30 8.20 0.17 ~0.10
_ T Vi 35 9.95 0.28 0.09
Ab (RN AR HEAT IEZS 20, I B D fE LR 6. e s oo ol
- R 27 11.75 0.18 0.09
F 6 BEEFIRLEME EAMRRGTTR LRI 1290 029 ~0.04
Table 6 Statistical table of normality test of peak dynamic 35 13.58 038 0.13

stresses on subgrade surface

B4 D, i FHE Do \ ; N
/U MR &R AT a=005 =001 HE2 R, AN AL A 1T R 32 5 A
25 0.053 0.035 0.062 0.073 0.088 U JS€ 24 KW AL (KT K, A5 AR e S e
27 0055 0038 0065 0073 0.088 BAREBAREZ NS A, rTLA R, LI )
30 0.058 0.040 0.067 0073 0.088 JIVEAF B HORE Ry o WA R AN W AT it e T i
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Table 8 Maximums of peak dynamic stresses on
subgrade surface
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25 64 9 91
L 27 69 10 99
TH 30 76 10 106
35 90 11 123
25 53 5 68
7R 27 57 5 72
e 30 63 5 78
35 75 5 90
25 64 7 85
A 27 69 7 90
TH 30 76 8 100
35 90 9 117
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Table 9 Comparison between numerical calculations and test results
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