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Effect of Short-wavelength Components in Rail Irregularity
on the Coupled Dynamic Responses of Train
and Simple-supported Bridge

ZHU Zhi-hui'**", WANG Li-dong', YANG Le',YU Zhi-wu!
(1. School of Civil Engineering, Central South Univ, Changsha, Hunan 410075, China;2. National Engineering
Laboratory for High Speed Railway Construction, Central South Univ, Changsha, Hunan 410075, China)

Abstract: As an important excitation source, track irregularities have a significant effect on the running
safety and riding comfort of the high-speed train and bridge. A three-dimension train-track-bridge coupled
dynamic model was established to study the effect of short-wavelength components of track irregularities
on the dynamic responses of the train and 32 m simple supported box-girder bridge. Five different wave-
length track irregularities were generated from German low interference track spectra in numerical method.
The dynamic responses of train-track-bridge coupled system under different track irregularities were calcu-

lated. The results have shown that the 1 m short-wavelength component in track irregularities can signifi-
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cantly amplify the wheel-rail force, offload coefficient, derailment coefficient and the mid-span acceleration
of the bridge. The mid-span displacement of the bridge, the wheel-rail relative lateral displacement and the
car-body acceleration are less affected by the short-wavelength component of track irregularities. The main
reason for the offload coefficient exceeding the code limits is 1~2 m short-wavelength components of track
irregularities. The reduction of the short wavelength track irregularities component is effective in increas-
ing the running safety.
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offload coefficient
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Fig.1 FE model of track-bridge subsystem
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Tab.1 Track irregularities parameters with
different wave length

A ; HIER K /m
K Wit Lo L5 20 25 3.0
BT £ %/ mm 7.9 7.91  7.89  7.83  7.79
MR /(mes~2)  30.6 20,9 18.9 16.5  13.0
rm f#/mm 6.02 598 597 591 5.8
WERE/(mes™2)  23.6 15.6  13.9 12,5  10.7
ke %/ mm 128 424 420 415 424
MR/ (mes—2) 353 279 26,4 20.1 17.7
o fi#/mm Lol 100 100  0.96  0.96

TR/ (m e s™2) 10.8 8.0 5.99 4.96 4.90
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Fig. 3 The acceleration samples of track irregularity
under the train speed of 300 km/h
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Tab.2 The wheel — rail forces characteristics under
different track irregularities

WREE/m  1.0~100 1.5~100 2.0~100 2.5~100 3.0~100

B /KN 136.2 134, 8 130. 8 122.8 121. 6
o /RN 17,67 15.66 14. 49 12.31 11.65

B F4ii/Hz 40,4 40. 4 40. 4 32.0 32.0
U 2/m 2,06 2.06 2.06 2.60 2.60

""""" WeE/kN 128 118 10.1 9.6 8.7

BOBHMR/RN 3012 3.05 2.86 2.78 2.74

B F4ii/Hz 32.0 32.0 32.0 16.8 16.8
% A/m 2.60 2.60 2.60 4,96 4. 96
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Fig. 4 FFT of vertical wheel-rail forces under different track irregularities
0.04 0.04 0. 041
%, 0.03 % 0.03 20.03-
sr 0.02 - < o.02F
’g ﬁ;%‘!; 0.02 -
g 0.01 § 0.01 g 0.01
_R o
| A PO TV T B |
0 0 20 40 60 80 100 0 0 20 40 60 80 100 00 20 40 60 80 100
Pi% Hz B Mz B Mz
(a) 1~100 m (b) 2~100 m (¢)3~100 m
B 5 REHGE R PR T Aaih Mk &
Fig. 5 FFT of lateral wheel - rail forces under different track irregularities
1.0 - - - - AR T AR R R AP/P < 0. 65 (fER BRI 10>
I | B DR T o st - AP/P << 0.6 (PR
%;% ) ! xR e, 2 g B R R F 2 A e T e A
2 0 R GIEN] B 2% AP/P = 0. 6 Bif B3R Ar << Aty 5 A K
® -0.5 %Eﬁﬁ%ﬁﬁ H *ﬂﬁﬁ 0. 60 E‘J?%‘:éiﬁﬂ‘ IVEH; Aty %%E
AR AR BRI T SR A B KR SE I (a] . H Az, =0. 035
-1.0 . 1 I 1 L —
0.3 0.6 0.9 1.2 15 1.8 s MEZAPE RN A 32 5 1~100 m, 1. 5~100 m,2~
t/s v Lo e \
(&) 1~100 m 9 K 5 [H 100 m K BN DY Al 5353029 :0. 001 1'5,0..000 5
Lor - - A E R 5,0.001 0 s, LW 7 45 T 1~100 m I K30 F B9 3h
A SRS s S e— A TR RN 2 U7 RO . T 5
% SR HEMECGE T 0. 6 1Y RIFLE /N T 0. 035 s
0 W
g ) LA
B o5t SR AT S L 43 B7 e 8k 2 3 5 0 41 55 0
03 06 09 1z 15 18 R 2 0 L 0 7 0 0
(b) 3~100 m ¥ K f [ P AR TRV TR 1Y) 2l 2 e T 2R 0 A e A
H6 #HEREKESL - A i g ST 26 e —
Fig. 6 Comparison of the offload coefficient JRSY o X IR T S (AT AR E 0 - A e 1 =4 W)

DWW K IFEEAE 1~100 m,1. 5~100 m,2~100
m B, 58 3 O o IR E R AR E R O T A
B T D ORI & g B

AETH L ASOE 1~100 m HKEE TR ISR
il 2 AR I At AR AT 40 Hz AR 308 . 25 21 n T
8 Frzs. I 6 (b) sy DL Y o AR 388 8 0 i 14 T
BRI RAEAN 0. 44, /T 3 [ BLVE RLRE BRAEL 0. 6., 35
AERLTEER.



2016 4

o8 T 2 20 AR D
1.0r1
o AR TR
0.8
N
=
B oo\ oL -\N--___
@ | |
O. 4 - l l
At =0.0011s
0.2 R . J
0. 596 0. 598 0. 600 0. 602 0. 604

t/s
B/7 shA5#ETREAERT 0.6 6K KAMNN
Fig. 7 The maximum duration of the offload
coefficient exceed 0. 6

L0
- — WS IR R
%
=
=
i
®
40. 5 1 1 1 1 ]
0.3 0.6 0.9 1.2 L5 1.8

t/s
B8 40 Hz ki8R K EH IR TREA TR YLK
Fig. 8 The time history of the dynamic offload
coefficient after low pass filtering 40 Hz

3.4 RYHENRBE

34T FEH Sy 300 km/h B L5 R ALE AT
A AS 25 A1 4 500 %8 U 1) A T i % . A3 rp ]
L H8 R X R 1) Al B R A2 AN P IR AR e DK AR
A 52 /N BIHE 3 mm 2 A

3 FAEEEKEGTHROAEOENEBE

Tab.3 The wheel-rail relative lateral displacements
under different track irregularities

A XS B AR B i/ mm

FWHES - 1.5~ 2~ 2.5~ 3~
100 m 100 m 100 m 100 m 100 m
H% 1 2.6 3.1 2.5 2.9 3.0
i % 2 2.4 3.2 2.7 5.1 2.6
W% 3 2.4 3.0 3.4 2.6 2.3
W% 4 2.4 3.2 2.7 5.1 2.5
% 5 2.4 3.0 3.5 2.6 2.4
1% 6 2.4 3.2 2.7 3.1 2.5
Wi 7 2.4 3.0 3.5 2.6 2.4
H% 8 2.8 2.9 2.9 3.0 5.1
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Tab.4 The maximum and RMS of car-body vibration

acceleration under different track irregularities (m/s?)
EEGEE/m 1.0~100 1.5~100 2.0~100 2.5~100 3.0~100
% [ W& (E 0. 380 0.371 0.377 0.362 0.352
HHBR 0,196 0.194 0.194 0.192 0.193
Bim M 0.258 0. 287 0. 245 0.288 0.263
Jobinic 0.107 0.121 0.103 0.118 0.112
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Tab.S Mid-span dynamic responses of bridge
under different track irregularities

1.0~ 1.5~ 2.0~ 2.5~ 3.0~

BB /m 100 100 100 100 100

5 i) (BB 0 {1/ mm 0.85  0.88  0.88  0.88  0.88

0 i {85 5 7 4/mm 0.30 0.34  0.34  0.34  0.34
¢ i BB I/ mm 0.44 043 0.44 042 0.44

B8 160 2 #5245 L/ mm 0.13  0.13  0.13  0.13  0.13
W B/ (m e s2) 0.551  0.500  0.506  0.498 0,494
WM R/ (m e s72) 0,128 0.118  0.116  0.116  0.109
Wl I B/ (m e s~2)  0.146  0.128  0.115  0.109  0.110
M E AR/ (mes72) 0.032  0.031  0.030 0.029  0.030

e 1] 32K S 45/ Ha 67.3 343 343  30.9  30.9

1) g 5/ He 43,6 43.6  3.48  3.48  3.48
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Fig. 10 The time history of accelerations at midpoint
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