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Research on new energy dissipation anti-drop-beam device for railway bridge
in high seismic intensity area

DONG Jun'?, ZENG Yongping', CHEN Kejian'

(1. China Railway Eryuan Engineering Group Co., Ltd., Chengdu 610031, China;
2. Sichuan College of Architectural Technology, Chengdu 610031, China)

Abstract; In view of the limitation of the traditional anti-drop-beam devices of railway bridges, a new corrugated
steel energy dissipation anti-drop-beam device was developed for railway bridges in high earthquake intensity areas.
The formula for calculating the mechanical properties of corrugated steel energy dissipation anti-drop-beam device
was deduced and established. A simplified design method of energy dissipation anti-drop-beam device for railway
bridges was proposed, and the design and analysis software of the device was developed. The mechanical
performance test of the energy dissipation anti-drop-beam device was carried out. Taking a typical long-span
continuous beam in an eight-degree earthquake intensity region of Chongqing-Kunming high-speed railway as the
research object, the energy dissipation anti-drop-beam device of the bridge was designed, and the impact of the
device on the seismic performance of the bridge was analyzed. Results show that the design method and mechanical
parameter calculation theory of the new energy dissipation anti-drop-beam device had strong adaptability and high
calculation precision, which met the accuracy requirement of engineering applications. The hysteretic curve of the
anti-drop-beam device was full, the energy dissipation ability was enhanced, and the low cycle fatigue performance
was good. The designed energy dissipation anti-drop-beam device could meet the seismic performance requirements
of high-speed railway long-span bridges, with good effect of shock absorption and energy dissipation, which could
reduce the end displacement of long-span continuous girder bridge by about 25%.
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Fig.4  Calculation model of mechanical properties of energy
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Fig. 6 Mechanical calculation model and internal force

distribution of energy dissipation element
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Fig.9 Simplified design method flow of energy dissipation anti-drop-beam device
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energy dissipator under standard loading condition
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Low cycle reciprocating hysteretic curve under

displacement amplitude of 100 mm
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Tab.3  Comparison of mechanical parameters of metal corrugated steel energy dissipator specimens

WVER RS FL AR IRAIRS U,/ JE AT F/ JERALF U,/ FPERIE K,/ JEIRJE R K,/
kN mm kN mm (kN » mm™!) (kN + mm™)
BLiV OWIRIN 6.03 6.12 9.43 10.81 0.98 0.077
BRI 5.93 6.08 9.37 10.56 0.97 0.073 9
i ik 5.87 6.28 9.25 11.21 0.93 0.073 1

HIP 19 F13% 3 Al 1, 7ERERE A AL T Hi A2 B
I, 3 RO RIS I R B A E S, SR o
SR 2251 X 3 WA SCHE ST Y 463 J I SONURE fE
Fr BE BRI ) AP RE B TR A R IER Y . AT
DA 3 AR SCRE T BB BURE RE Bl vis 25 B LT
Ko AEFEREF AL T IRARAIE i, 52K [ I S0 5 P
IR A AR EE 45 FERE 7R3 1 22 BT e
BB (EAT 22 , EEIEBIE Tl B R IS
BB X SO 14 24 SRR BE A T (HAS S i B 73
Fror g TR

3 LA

3.1 TIE#HRANRBERITE
Pl Bk 8 i 0.3g 5 X KBS iE 2L 2

TS, THHFEE N 70 m+128 m+70 m, #5 -4k %
SRR, FE 58 Ry U T R A TR R AR, €50 TR BE
+, SIS, C35 TREE T, ZK 16 31, 214 & $5L
JiE R FH KZQZ - LX - 60000GD/HX - 0.3g, 20# 381
KEF I KZQZ - LX - 60000ZX/DX - €150/10 -
0.3g, 19# 1 22430 3 SR ] KZQZ - LX -
8000ZX/DX - e150/10 - 0.3g, 43 )& I S FERE B
T P B A B BRI 011 B A, TG0 ) #
AEFRAL, P TP R ] CSXFB-800 &Y, /> i1 %
FH CSXFB-400 54, 1AM B304 15 8 A4 8 1) 4
Bii v G e (R 23 OB ) T4 1) BR A3, #E RE Bl
RV SEER 4, SRR B V% BRI SEOLER 5
FIZ 6, 2B A BL AN R 20 Bz, B9 Bl 7% 2 P4 He A ke
RER 7% o4 B AT B A&l 21 Fos

R4 SRRIMAEENHFRLTSH

Tab.4 Design parameters of energy dissipation anti-drop-beam device

FERE By RAE S
i)
JEIRIIAN TR /mm EREE L SO/ mm AR /mm ORETI/KN A B mm
CSXFB-800 #1 800 6 0.05 150 40 5 000 150
CSXFB-400 400 6 0.05 150 40 5 000 150
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Tab.5 Parameters of hyperboloid spherical seismic isolation bearing

SR m WA B S /m
7 AR LS 0 ) iR 2 1/kN JEEYE R
L L
KZQZ - LX - 8000ZX - €150 - 0.3g 8 000 0.06 3.2 3.2 0.3 0.3
KZQZ - LX - 8000DX - e150/10 - 0.3g 8 000 0.06 3.2 3.2 0.3 0.3
KZQZ - LX - 60000GD - 0.3g 60 000 0.06 7.4 7.4 0.3 0.3
KZQZ - LX - 60000HX - €10 - 0.3g 60 000 0.06 7.4 7.4 0.3 0.3
KZQZ - LX - 60000ZX - el150 - 0.3g 60 000 0.06 7.4 7.4 0.3 0.3
KZQZ - LX - 60000DX - e150/10 - 0.3g 60 000 0.06 7.4 7.4 0.3 0.3
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Fig.21 Layout of energy dissipation anti-drop-beam device (mm)
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Tab.6 Steel anti-drop-beam retaining block R MTEY (GB 20111—2006) (4] 2 el — H 0 2%
SRR BB REMEREE mm AT R RN FIB 4 36 35 0 B i 5 TR B £ AR # R A Kent-Scott-
FLL-9000 % #4114 150 9 000 Park FRI 0775 A ) SR FH XA R AE A8 5 S A T AL
RIS B 150 17 00 S ALY S AT E Y W SCATRERE H

A Engineer’s studio XPF@ENT SRR, GR00 T4 R DUTLR I I A KAL) HE AR A 400 I 16 B R
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Fig.22 Finite element model of the bridge

3.2 FEEHBEREENATREZWSHN

W TR D SO AE RE RS 7% B B R BT RR L AE
(52 i, A SCor M T 3 7ol il Bl 72 1R 3R 7 R AL 4
1) 7581, Wl SR R (PG REHiA ) 2) 7 &
2, KA TR TR D 5 7 SR + OB P 5 3) 758 3, WL
i TF R 2R Dl o 5 SRR +RERE BT T 42

WRYEHRR Z PR R AL 238 3t il R
# 3 ZRBEATIRRMT , B IE AN R S A, T SOk
TS S R A R 6 B U AR e
B IARPURERE A FEM, 43 Hr 45 RARYE R R
3 FRHBRR I e RABHEA T 04T o

K23 g5 th T IR S TR 53 2 M7 %

3 LT B BN R I R e o 43 A AT AT, AH A
FANCR FH UL T U 7 S e + AR P B O 5 R
BRI T e 1 n] G 2 R A 8 M 1 S SRR AR T, L
iR R, B AR Y 204 mm 98 % 2]
148 mm , [V RSIBGE RN 27.45% , 35 T 4B T 4% 4%
RS B Nt (S S 13 S S A W R T
KA, AT R A 2, R 3 EF B EAE
FH RS2 R RS IR 2RIk B 25%~30% , 43 JB FERER; 74
A EAERL T AR RE &, v A R i 2 A X A3 FS
AV R ASCR RAT AT T e B b R DX R I i
PWPURE ST,

300 -
148 » - RS TR 5 SR + AR P R
mm i N Sk S

200 [ U T S+ FE RE BV R
£ 100 { N
\E /7 ¥
B oK |
4\>_| 1 i
iE \ ;
g —100 \ \ ;

2001 =204 mm

-300 1 1 L 1 1 J

0 5 10 15 20 25 30
B al/s

B 23 AT R R AR M XS L B ( RIBMIE 1)
Fig.23 Comparison of time history curves of side pier bearing displacement (rare earthquake 1)
®7 BT FBMEEATIXEZEREEZE(mm)

Tab.7 Bearing deformation and damping rate under design and rare earthquakes (mm)

o BT Hb R 37 9 AE EAE/ mm B 2 S R R B/ mm SRR AR Y
RO g2 %3 )% 2 %3 Wi I
19481 98 76 204 148 -22.4 -27.5
20885 105 79 180 122 -24.8 -322
214 96 84 213 158 -12.5 -25.8
224 98 72 204 146 -26.5 -28.4

F8ME G T FBHBEEHT 3 F
7GR I A KR A5 OSBRSS L B 1R
SARTRTAL, J7 58 3 A He AR Be bl pi SRR AR R 48,

U#FEBE T, 738 MR T | B DR Rk
65% ~82% , i 19#F1 2241 B 25 5 57 )7 el 7% A 5k
10% ~26%; 1M J5 58 3 AL 58 2, 7t il ik
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YRS B 1 8RR R IR 13% ~ 32% , 5% 32 I B A Uik 722
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Tab.8 Maximum bending moment and damping rate of each pier bottom under different schemes

. y BURIR KA/ (KN m) BRI RE 2 %
Hh A B — —
HRIVEBHMEM, HR2EFHEM, R 3EHEME M, (My = M) /M, (My - My)/ M,

19# 86 194 90 891 72 404 -16.0 -20.3
s 20# 130 655 249 356 201 465 54.2 -19.2
BT bR

21# 501 895 198 127 166 168 -66.9 -16.1

22# 54 409 58 440 48 491 -10.9 -17.0

194 124 686 155 719 113 229 -9.2 -27.3
N, 204 215 508 384 022 266 625 23.7 -30.6
FiE =

214# 669 325 328 567 232 746 -65.2 -29.2

22# 84 533 95 280 75 773 -10.4 -20.5

£9 SHEETHFSSEEANNRAES
Tab.9 Maximum shear force and damping rate of each pier bottom under different schemes
. ) BRI/ (KN m) BUR BT SRR 2 %o
Hi R B — — —
BRIWAMEF, HR2ENEF, HRERIWHHEF, (Fy - F\)/F, (Fy-F,)/F,

19# 6 927 6 496 5345 -22.8 -17.7
e . 20# 9 025 14 035 11 923 32.1 -15.0
iRz

21# 38 728 14 564 12 639 -67.4 -13.2

224 4 557 4 557 3 660 -19.7 -19.7

19# 17 313 20 145 13 655 -21.1 -32.2
e 20# 15314 25916 19 336 26.3 -25.4
FiBHE

21# 103 725 23 350 17 801 -82.8 -23.8

22# 7 526 9 858 7 262 -3.5 -26.3

4 % i % ik

1) $2H T —Fh g 20 b 7% X4k A7 4% D S AR
FERERIVE % ST T B U RE R B VR 42 v ik B0
FERE R S80I k1 T RERE R U IR
VIO, g il T 3 RUFE RE By v 90 T e bt
Wk

2)JFRET 4 JE Ik BUNFERE b V% 5 B i )
IS SE 4G AR W] . 25 5 i 0] PR AR5, FE R fiE
Jihnm ARJE P ST ERE R AR, WX o BT RS B
(B EL R 0 I A5 1 174 4 B A H B 2R i 2o e 1
ASCHEH I ) - B A T IR R,
¥ TR,

3) BT T R Ak 8 B M AR X L AR K B 3 A
PR IIFERER) T4 4% B 18 A BRITTE X KA it
RPEREHEAT T 200, o3BT 2 W - 28 0 Qo A R 47
I RRAIRCR  JRUE T B by s B 4 TR B R
T AT A R 6 B8 ek S R IR B 25% ~ 32% B N )
IR AT 38 60%
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