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Shaking table test design of special irregular arch bridge

HAN Qiang', LIU Pengxi', HUI Bin*, ZHANG Guangda', XU Kun', WANG Lihui', JIA Zhenlei'

(1. National Key Laboratory of Bridge Engineering Safety and Resilience, Beijing University of Technology, Beijing 100124, China;
2. Beijing General Municipal Engineering Design and Research Institute Co., Ltd., Beijing 100082, China)

Abstract; Shaking table test is an effective means to study the complex dynamic characteristics and seismic
response of large structures, and it is the key to desigh the scale model structure in the shaking table test due to the
limitation of shaker size and load. Based on the dimensional similarity method and elastic similarity law, the
geometric similarity ratio of 1:20 was taken, and the design of the dynamic scale model of key parameters was
carried out using a spatial special-shaped arch bridge as the prototype. Firstly, through finite element numerical
analysis, the dynamic characteristics, internal forces and displacements of the original bridge model and the scaled
bridge model under dynamic action are analyzed to verify the rationality of the scaled model. Under the selection of
reasonable seismic action, the structural time history response analysis was carried out. The calculation results show
that the scaled model bridge is completely consistent with the first tenth-order mode of the prototype bridge with the
frequency error less than 7%, the response error of internal force, displacement and acceleration of the key section
has not exceeded 10%, and the scaled model bridge can reflect the dynamic characteristics and response
characteristics of the original bridge. This research work can provide technical support for the seismic design of
shaking table of space irregular arch bridge, and provide reference for shaking table tests of similar bridges.
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Fig.1 Structure of the special irregular arch bridge

1.2 iR &

%2 [ S B IR 2h B 90 BOHRFEAL 5 Tolk K22 TR 2 2 54 [ B S & I LT R G R
AN TR, HEARIE S N S0 E G101 mx 1 m, JRSHI7 [ A AKCE R IR 6], e K H 60 em/s , A
BICRMTEN 5 v, W E I I R IKT- 1.5 g 508 1.0 g JURIEEIN 0.4~50 Hz, ARSI GRS H 9 4
MG AR, B A T DA EAEAS R B AL A, A4 R AR IR S L T4 K B2 1]

2 R EEBEIT

2.1 FHABBEMUX R

SRR NI SR S AR 1 Bl )2 IR RIOG AR BRIV 6 AL 2 AR 5 R 4 A A Y ) J L AT A 1
KR WHEAAMICR GBI R SOMBA ARG R LUR I R AR IR IO R . SR T AR 4544
SR AWV BN B 29 AR SE PR 38 e LA SR A R ZNAR L L , B T 368 2o 6 4 70 B Y 4 5 1
RGP AR RLLE ™ AR B iR S B 1 A2 3 R (9 3 PR, LB S i 2 2 T
TR ST TR ASETRY 1) B0 R R AR, 5 T 0 FL AR R B M B R R B Y AR A, A
ARG, 58 P B n (OARLLE S, 48 USRI Bl o, 5 IR BIEE ) B LUAEL, 638500

S, = (1)

1) KJEARLEE S, W2
WE K AR S, B, T 225 FE DL W . O3h 1 45 R RS RS i 4k 3h 5 3 i R A s @ A 2
NP E NN R G EAEW, 255430515 1S5, 40 RS JF 45 F A8 JLA AR AL DG &R
B 1:20, RBP4 RBEAUK BE R 12.8 m, i BN 3.1 m,
2) SRR AR UL S, A
SRR AR DL LE S AR 20 00 4 ROBERUBE T A AR o o TR AR 25 A HE A | 3 22 SR R 245Kk T Q420 9
W, SR i RO 5 KRR B8 27 IR A TR 1) ol g ek 5 5 A 7, S TR L Yy | 32 5% R 2 R FH 55 D A7 A [
1) Q420 FIMF, B s AT s AHIOC R IR 1,
3) AL S, &
R 12t 49 AH (L1 15
Sg
S,5.5,
Ay S SRR LE 5 S, K BEARLLL ; S, o nsg FEEARLLE 5 S, Ry % BEARML L .
AR B 198 B P A R AL b R B AR AL L | A A 7R il A2 B T A (L A B
S, =S,=1 (3)
M BEARLLE S, IR T 1, B 24852 (2) BB B BB BT 6 m,

m, =S,Sm, = S;S;m, = S;m, (4)

1 (2)



%14 oo, A A SRR S B il T 107

AT A [F) A4 R A RIS, LS PR BEARABLLE R 1, SR RIS 52 o iy
m,, = S;Simp = Szmp (5)
XF e (4) 5R(5) , BARTESR R AL SRR AR5 I B A5 AR [R] 1 175 00T, 5 S i 5T R 2
R 5 — . BRI TR i 2 20 (6) -
m,=m, —m,, =(S; —Si)mp (6)
2 (6) T il I I HIT B A S A 254 55 B A 235 0 Sk AR T] (8 Rk, B0 330 A8 i ARRL b 5 552 B 2 T AR AL 1 1
N1 AR B A 5 RS AR RO BN TR S g ANl TR (6) TR R I TR
L AR IR 3 & 1R ERE ST BRI, SAC RIS To R B E B, RS BEWG 2 F A UE L (6) 1Y
BOR , TERRA RS 5 e AR SR T 5 — AU s R AR T 30 18 43 B A B A
T B K 8 E AR G 2R, Gl ek 18 DR M 3 J3 DA A A ae 2R ¥ 20 o ) 8l ) A8 5 i 85 ) 5 4 AN 5 5 R o s
i, 2SR B o e LA RBE O o SEA AR B, s MR 152 2% | AR IR SR R B e N T 5T A A
RREAY | R A B SRk S T o B i B B2 . P T 2R O B, IR 4 B BE R ARBIOC RO BRI T A (2) 5
(3)F5 i, [R1EE fim 5t B AL AR RS ERT AR . AR SCH ) X T e stk — o g AR U B 9 SR HTAR TR 44 1Y
Ay RUBTRY 1) 8 B2 AR L5 n st B2 AR Ly

_ ma + mmO X

S = =— x e (0,1 7

3 S:Zmp S, ( ) (7)
mS 1

Sy= = x e (0,1) (8)

P x SR SEBRBA I T i 5 SR 58 AR AR A T BT 2 1
H RS F AT BROCA B AE i e — I r R A 2 & B TH5 B BRI I 4 5 Ik sh 5 e KoK e 7 vl
AT RN Bl g 4 RS B B R o 19.95 1, iy U LS A S R A F ) 3l g e 5 A R i 7, L3 A2 1 iR
B 3 B B RN T JEE BR ), 107 eRE 51 4 RO ot f B KA
R AR AN X 3 AR ARG R JFAS G A 0Tk T LUK H R A ) ARG
FNFE 1 PR,
x1 HUXRRY

Table 1  Similarity relation parameters

Y/E i LUBLE 2 AR AR B (AL J D)
JIRGIESRES KEL S, 0.05000
T A S,=S,? 0.002 50
RNits 8 S, 0.05000
fanik o Sp=1 1.000 00
bR PR E Sg 1.000 00
N1 o S,=Sg 1.000 00
W p S, 8.00000
THARH 1 S,=1 1.00000
o 1k JFi m 5,=5,8,° 0.00100
MIEE & Sp= Sg S, 0.05000
A 1] ¢ S, =( S,/ 8,)% 0.14142
i f S;= 178, 7.07107
FHJE ¢ S,=8S,/8, 0.00707
W v S,= 8,078,703 0.35355
T a S,=58,7"S,7"s, 2.50000
i 5 W1 HF Sp=S;S,? 0.00250
TR M Sy=S;5,° 0.000 13
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Table 2 Section characteristics of arch rib and wind brace

A R L (453 HELRI
PAHEEE 1/2 B J 2.592E+07 2.555E+07
I, 1.970E+07 1.971E+07
I, 1.541E+07 1.541E+07
PAHEES 43 XA AT J 2.850E+07 2.828E+07
I, 1.256E+07 1.256E+07
I, 3.456E+07 3.456E+07
RUHE B 43 A i J 8.185E+06 8.287E+06
I, 6.852E+06 6.852E+06
1 4.645E+06 4.642E+06
SCHEES 1/2 #0 J 2.553E+07 2.522E+07
I, 3.423E+07 3.423E+07
I 1.089E+07 1.089E+07
s A1) J 3.120E+06 3.085E+06
1, 1.655E+06 1.655E+06
I, 2.755E+06 2.755E+06

2) F 5 R pe G i R i1t

SRS A oy s A F 52, g L
WA 32 52 2 ] SR A B A 32 22 , B 80 4t
NEEWE 3 PR, ARG A
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R R AL BRI s R ARE 2 R G ) K
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oL, 76 SRR AL 251 T AR
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Table 3 Section characteristics of main beam and beams

fein) A R JEAT (H50) TR A TR JEAT (H50) PRI
s 32 g J 2.989E+07 3.070E+07 iigiers J 1.619E+07 1.750E+07
I, 9.123E+06 9.123E+06 I, 5.949E+06 5.949E+06
I 3.271E+08 3.270E+08 I 5.172E+07 5.172E+07
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N SRR I AT B AR EE A PR A 32 TG 0, BERUR  FTR AR R AT O F LABTRE M E D B AR AT A it
B T AR S LT AR (B R 3SR R T ANk 4 B, RO 0RO A TR 5 L Ak, 25 B ASEA T LA
FRABLSE A8 45 R ph T TR A 1A AR /0, 28 2R P55 DO AR T R AR ) 1) ), HE 050 £ 7 J2 P JEE T 1 R
WE W T T 252 2%  BOR FHHGT Q420 8UbF . NTRIAL MM K E1 5 EA A0S & Wy Bt R A7 48 RS T, S mefhe
TR G AT K BEAREL, RO X BT NI 1, Y SEPTS R B SHURRIEE EA AR, 82
FORFHIEEE A 8 mm YA A I

x4 RAOXLEE
Table 4 Comparison of cable forces kN
R R R 1 R R ) R R R 1 R R T
1 3038.35 3.04 7 1766.60 1.77
2 2665.86 2.67 8 1898.95 1.90
3 2308.60 2.31 9 2054.95 2.05
4 2094.12 2.09 10 2210.83 2.21
5 2099.85 2.10 11 2449.01 2.45
6 1945.78 1.95 12 2550.48 2.55
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Table 5 Comparison of frequencies of prototype structure and scaled model

e N i L VTN . e 2N bl 538 =

[ %’Eﬁ{z Z;%%Z *fﬁf lzf WE/ % || S %Jz%z Eii %f:ﬁf R/ %
1 0.801 5.617 5.662 0.79 6 1.723 11.825 12.182 2.93
2 0.954 6.503 6.742 3.54 7 1.760 12.442 12.447 0.04
3 1.161 7.992 8.210 2.66 8 2.225 16.113 15.729 2.44
4 1.212 8.028 8.572 6.35 9 2.337 17.018 16.525 2.98
5 1.461 10.568 10.327 2.33 10 2.576 18.865 18.210 3.60
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Fig.6  Modal contrast of prototype structure and scaled model
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Fig.7 Seismic ground wave of safety assessment
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Fig.8 Comparison of the time history of the arch foot internal force
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Fig.9  Comparison of the time history of the wind brace internal force
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Table 6 Comparison of peak values of boom internal force

TS EMESH/ KN S RER/KN JEARIRE/KN  1R22/% | BFFFS JEMESHE/KN S REER/KN JEARIRE/KN  1%25/%
1 518.873 1.320 1.297 1.773 7 850.017 1.989 2.125 6.379
2 477.045 1.278 1.193 7.138 8 562.668 1.309 1.407 6.961
3 492.294 1.213 1.231 1.458 9 487.883 1.099 1.220 9.934
4 517.783 1.223 1.294 5.521 10 484.131 1.099 1.210 9.161
5 612.085 1.502 1.530 1.862 11 529.008 1.207 1.323 8.721
6 652.518 1.606 1.631 1.523 12 702.706 1.911 1.757 8.802

3.2.2 R LY

Xt s JIAE R W RS R, 43 Sl e 4 32 9 S R A3 G BT s 0 H L RR B R A HE T A
55 32 G v A R 480 57 A% ) AR ot 2 RN i RUBSRUATE (57 B B R 1 2 i %o L ] 10 FRIET 11 BoR . OQH#EY
SRR )0 RS ] o7 Ve () EU AN 2% 7 s SRR AE Ty AR RS RS WA X L AT 12 i o AT DAk B 22 T b R
VEF R BRI AT ARSI R B R MR T R B RAS . 256 LA LW T 8 77 i g 4 % EL , 36 30E T 7 38
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Fig. 10  Lateral displacement of the vault Fig. 11 Lateral displacement of the girder of middle span
xR7T XREVRBEEMCBIEENTLE
Table 7 Comparison of peak values lateral displacement of key nodes
i 2 58
P T g BN G R
mm /mm /mm /mm /mm
Bt LR 154201 7.056 7.710 8.482 | Hth I 168.124  8.650 8.406 2.903
TG 14 AL 186.050 8.407 9.302 9.621 WAL 174 E4b 312.438 15.044 15.622 3.700
Bt 12 B 142361 6.422 7.118 9.778 B AIESE M 305671 15.414 15.283 0.857
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Fig. 12 Comparison of peak values of lateral relative displacement of supports
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