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Abstract: To study the dynamic response law of high—speed railway bridge—rail system subjected to the action of

near—fault impulse earthquake, an 8x32.7 m high—speed railway simply supported box girder bridge is taken as an ex—
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ample for the simple—supported beam form structure most commonly used on high—speed railway line. A bridge-rail
model considering the interaction between simply supported beams and CRTS T type slab ballastless track is estab—
lished. The effects of near—fault ground pulses with rupture front pulses, sliding pulses, and pulse—free near—fault on
the bridge—-rail system are discussed, as well as the changes of bridge—rail system dynamic response when fastener re—
sistance changes. The results show that the stress and deformation rules of the track under the action of the three pulse
types of ground motion are consistent. The pulse—type ground motion increases the track stress and displacement by
about 20% when compared with the pulse—free ground motion. Compared with the track system, the pier is more sensi—
tive to the type of pulse. Under the action of pulse and slip pulse before the rupture, the maximum displacement of the
pier top is increased by 106.6% and 148.6% ,respectively,when compared with the non—pulse ground motion. The
bending moment of the pier bottom and the shear force are also increased significantly,and the impact of the pulse
type on the bridge structure should be considered in the seismic design of high—speed railway bridges. When the lon—
gitudinal resistance of the fastener is increased from 5 kN/group to 15 kN/group,the maximum displacement of the
pier top is reduced by 10%, but the peak stress and displacement of the track are about twice the original values.

Key words: near—fault ground motion ; high—speed rail ; CRTS I plate—type ballastless track; pulse effect;bridge

and rail system
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Fig.1 Model of simply supported beam bridge with CRTS I slab ballastless track
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Fig.2 Structural drawing of bridge and rail system
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Tab.1 Section properities of pier bottom

S SRR, AR WBRIR, WRBRE A/
FRIH 7 ] o ) o )
(10°m™)  (10°kN-m™) (10°m™) (10°kN-m™)
YA 1.24 50.62 50.43 62.13
FERR 1] 0.56 109.60 11.26 130.50
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Tab.2 Model natural vibration characteristics

RSB B/ Hz JEI s PREH A
1 1.731 0.577 ARG Al X PR RSN
2 2252 0.443 BRI X FRAR 3
3 2517 0.397 AR X FRAR 2
4 2.561 0.390 SR T Al X PR RS
5 2.753 0.363 AR X FRAR 2
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Tab.3 Pulse types and characteristic parameters of ground motion
Jkohems R AFR Bl WiZHi/km  PGA/(em+s?)  PGV/(em+s')  PGD/em  PGV/IPGA Izl T,/s
Chi—Chi TCUO51-E 7.64 153.2 51.6 64.8 0.33 C 8.94
ii Chi—Chi TCUO54-E 5.28 136.7 47.7 93.12 0.35 C 8.00
i} Chi—Chi TCUO56-E 10.48 156.0 433 49.9 0.28 C 10.38
I Northridge JENO022 543 402.3 111.3 44.6 0.28 C 2.98
H:{]j Northridge SCS052 5.35 610.6 115.8 39.3 0.19 D 3.16
( Northridge RRS228 6.50 856.6 147.2 42.1 0.17 D 1.25
© ChiGhi TCUOS2-E 066 M52 1509 2250 044 ¢ 196
- Chi—Chi TCUO052-N 0.66 417.0 170.1 234.1 0.41 C 11.96
w Chi—Chi TCU068-E 0.32 479.5 246.4 306.1 0.51 C 12.28
Jik Chi—Chi TCUO75-E 0.89 321.8 105.2 105.4 0.33 C 4.99
t Chi—Chi TCUO87-N 6.98 106.7 40.2 36.4 0.38 C 10.39
Chi—Chi TCUO068-N 0.32 319.1 238.3 491.3 0.75 C 12.28
© ChiChi TCUOILE 580 si79 os4 1 o ¢ —
Chi—Chi TCUO78-E 8.20 438.2 399 28.1 0.09 C —
ij Chi—Chi TCUO89-E 9.00 342.4 349 18.1 0.11 C —
}j:{]j Northridge UCL090 13.81 272.3 21.5 3.5 0.08 C —
Northridge TAR360 0.37 970.4 779 322 0.08 D —
Northridge KAT090 13.42 507.5 439 4.6 0.09 C —
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Fig.6 Average value of velocity response spectrum
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Fig.7 Average value of rail stress envelope
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Tab.4 The response of the pier under the action of pulsed ground motion in front of the rupture

P F R /m BRURCHE £A1/(107 rad ) EAIGU A% /m BURAHE/(10°kN-m)  BURDTS1/(10° kN)
TCUO51-E 0.080 4 5.23 0.083 7 52.04 50.48
TCUO054-E 0.134 9 10.99 0.137 7 53.58 53.15
TCUO056-E 0.096 7 7.58 0.098 6 52.24 52.36
JENO22 0.142 1 8.05 0.146 0 52.33 52.48
SCS052 0.100 2 11.72 0.103 9 53.12 52.44
RRS228 0.152 4 13.19 0.163 9 53.43 52.87
7777777 ¥4 ow7s 94 oi»3  s79 5209
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Tab.5 Response of the pier under sliding impulse ground motion
= G F RN /m B 4A1/(107 rad) ER TG A% fm BYURAHE/(10° kN +m) BB J1/(10° kN)
TCUO052-E 0.170 6 14.14 0.173 8 53.63 53.28
TCUO052-N 0.202 7 16.96 0.206 2 54.19 53.69
TCUO068-E 0.188 5 15.89 0.193 9 55.20 54.03
TCUO075-E 0.065 4 7.70 0.071 2 52.20 51.03
TCUO87-N 0.133 9 5.23 0.138 2 52.72 50.82
TCUO068-N 0.098 1 11.04 0.099 9 52.97 52.14
7777777 ¥4 o432 uss o472 s34 550
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Tab.6 Response of the pier under no pulse ground motion
> F R /m BRURCHE£1/(107 rad ) EA TG A% m BURSH/(10°kN-m)  BURDT F1/(10°kN)
TCUO71-E 0.049 6 3.49 0.051 5 51.82 50.47
TCUO78-E 0.077 1 7.24 0.078 4 52.88 50.63
TCUO89-E 0.0515 3.55 0.052 2 51.38 49.23
UCL090 0.041 8 2.73 0.042 9 51.54 49.59
TAR360 0.059 4 4.26 0.060 5 51.73 49.34
KAT090 0.067 9 5.10 0.069 9 52.06 50.62
777777777 ¥4 00579 440 0092 sl 4998
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Fig.9 Rail stress envelope curve
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Fig.10 Rail displacement envelope curve
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with different fastener resistance
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