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Abstract: To study the seismic response law of the curved-box-girder bicycle bridge in Xiamen
city, we established a three-dimensional shell model of the bicycle viaduct using SAP2000 finite
element software. We calculated the dynamic response of the bicycle viaduct using the response
spectrum and time-history analysis methods after considering the effects of frequent and rare
earthquakes and different loading directions. The results show that the Z-direction displacement
component of the bicycle bridge is the largest, with the extreme value of the Z-direction compo-

nent occurring in the curve bifurcation section. The vertical support reaction of the pier was found
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to be small relative to the shear force. The results also indicate that the variation trends of the

seismic responses of E1 and E2 are basically the same with time, the bridge structure does not en-

ter the plastic state, and the seismic performance is good. The envelope value calculated by the

response spectrum method is larger than the peak value of the time-history results for three dif-

ferent seismic waves. In the actual seismic analysis process, it is necessary to consider the analy-

sis results of both methods. The results of this study have great significance for guiding the future

design and seismic performance analysis of bicycle bridges and as a reference for further research

on this kind of bridge.

Keywords: seismic load; bicycle bridge; dynamic characteristics; response spectrum method;

time-history analysis method
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The contrast curve between the acceleration of seismic spectrum and the normative response spectrum
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Table 1 Material physical parameter table used in finite element model
Lkss [ZEss y/(N+m™ %) o/ (kg * m™?) E/Pa G/Pa v a/(1+C™ 1
R C30 YR %+ + W4 25 000 2 550 3.0 10" 1.25X 100 0.2 1.0E—5
Fg Q345 77 000 7 850 2X 10" 7.69X10% 0.3 1.17E—5
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Fig.2 Finite element model of the twenty-first joint of bicycle bridge
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Table 2 Response spectrum working conditions and

parameter table for seismic action analysis
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Table 3 Time-history working conditions and parameter table of seismic action analysis
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Table 4 Sampling point mapping table of time-history
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Table 5 Results of the first three vibration modes of bicycle bridge
Fiik 25 A2 K
e H /s iR/ Hz
e I =y =1 Ty e
1B 0.29 3.448 0.002 0.007 0.25 0.015
2 B 0.284 3.521 0.008 0.024 0.006 0.052
3 By 0.206 4.854 0.061 0.13 0.015 0.24

(a) BEAS1(=3.448 Hz)

(b) #Z52( /=3.521 Hz)

B3 BSkA
Fig.3 Modal shape

6 WMEMEATATERSEANBRHNMAE (B4 mm)
Table 6 Maximum displacement and occurring position of bicycle bridge under earthquake (Unit:mm)
TG 1-1 1-3 1-2 1-4
- G b %kjﬁ 1.05 5.6 1.4 4.9
AL & %5 5 B
e %kﬁ 1.68 3.5 1.68 5.6
A 55 B RS P o 4 B
< A mk\ﬁ 2.38 8.4 2.92 14
A 4 BB
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Table 7 Maximum displacement and occurrence time of bicycle bridge span under E2 level earthquake

- - %1 %2 i 3 s o5 4 s 55 B

T R R SN} & KM KA RKME KA RME KA KME KA
/mm 20/ s /mm 20/ s /mm i 2 /s /mm 21 /s /mm 21 /s

T 2-7 1.03 3.04 0.21 2.08 0.08 2.08 3.76 2.4 0.1 2.08
x Jr I T 2-9 0.91 3.36 0.23 3.2 0.07 3.2 4 8.64 0.11 9.44
T8 2-11 0.84 13.7 0.17 4.56 0.07 6.88 3.2 6.64 0.12 10.88
T4 2-8 4.09 2.4 1.9 2.48 0.63 4.88 4.49 3.04 2.32 2.48
y 75 I L 2-10 4.31 4.8 1.53 8.64 0.74 7.36 3.8 4.8 1.94 9.52
T 2-12 3.86 13.68 1.42 10.56 1 8.8 3.2 6.64 3.96 13.68
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Table 8 Maximum displacement and occurrence time of the top of bicycle bridge pier under E2 level earthquake

N 15 AR BT 2 # By LT 3 # B BT 4 # BRI 5 # B B0 6  HF BT
g?fé TS WAl k& mRME k& mARME k& wmARME k4 BRME k4 RRME k4
/mm  WFZ/s /mm  BZ#/s /mm W] /s /mm W] /s /mm W Z]/s /mm B} /s

T 2-7 0.23 2.08 0.08 2.08 0.06 2.08 2.88 2.4 0.1 2.08 4.06 2.88
x J7 1) I 2-9 0.18 3.2 0.07 3.2 0.058 4.72 3.99 8.64 0.14 9.44 4.4 8.64
T 2-11 0.22 9.12 0.06  15.28 0.06 12 2.6 16.08 0.14  10.88 3.59 6.64
T 2-8 2.39 2.4 0.04 4.48 0.038  2.48 4.59 3.04 3.8 2.48 3.63 3.04

yJrm T 2-10 2.58 8.64 0.043 9.04 0.048 9.68 4.36 4.8 3.01 9.52 3.25 9.2
T 2-12 2.3 10.56 0.044 8.8 0.046 8 4.23 13.68 2.9 13.12 3.21 13.68
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YEF T Y 3.04 s BF Z04b . 43590 H BRAE 56 4 5 (i 2k )
MBO B A 4 2 MR, 5 BN 3 v TR A5 R A
s o a2 TO0F CT 00 2-8) 4% M7 B TO0 3 1) A K Az
BAE R BN HET hy 4 8 BFEC>5 2 Br > 6 £ #F
B> 1 # MR 2 # BRI 3 2 BRI
52 WMEMERTEITEREASH
5.2.1  RNigEIFA AR

SEARIN )4y B 2 IR R AT DR T
YERL J1 43 8RB .y J7 10 E1 RN E2 7K 3k H 52 4F
TR TAER )47 i AR AE B an & 9 Fr 3],

M 9 T LLE ML TE o A E1LE2 KR AR
RN e KAE AR SS 4 8 B b A8, e K
{43 514 8.4 MPa 1 28 MPa; [a] « W#R 77—k,

&y J5 16 E1LVE2 7K i 52 45 R B 5 45 R R A 4
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Table 9 Maximum working stress of bicycle bridge under

earthquake (Unit: MPa)

T4 1-1 1-3 1-2 1-4
R (H 8.4 28 15.4 49
BB o5 4 BT

5.2.2  BYREAATIL T 4

E2 /KRR AE R B AT 45 85 rb R0 BT00E
TSR UL 10 FE 11 FF5,

M 10 fik 11 ATLVE L E2 AKAfEREIE T
AT W 85 H i K IE R 12.7 MPa # LTI
KN JIE N 9.86 MPa, ¥ %A F v Jr i El-centro
WRERBAEH TR 2.72 s BFZIAL 43 5 B 1 5
PR 1 £ MRECES . AT )RR AT ) R AE R
F AT 40 5 v K 7 B 7 A S A AR 4 5 RN
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Table 10 Maximum stress and occurrence time of bicycle bridge span under E2 level earthquake
- 91 Bt o5 2 s o5 3 B o954 B o955 B
7‘2% T %S IS PN E ] KA IS PN [E KA IS PN E ] KA RAE KA B RAE KA
/mm %) /s /mm 2 /s /mm N Zl/s /mm W2 /s /mm %) /s
T4 2-7 4.94 3.36 3.55 2.48 0.88 5.2 9.96 2.72 1.19 2.32
z Jiln T8 2-9 5.1 3.68 3.3 3.44 1.34 9.44 10.93 3.44 1.54 4.88
T 2-11 3.89 7.44 2.38 13.04 1.4 9.2 8.91 4.32 2.2 12.24
T4 2-8 12.7 2.72 5.32 2.64 5.2 5.2 8.03 3.36 4.23 4.96
y I T 2-10 10 3.44 2.63 6.56 8.85 9.2 8.77 3.68 3.63 9.52
T 2-12 9.12 16.08 4.12 15.68 8.97 8.96 8.6 4.56 3.37 13.12
F11 E2KEMBEERATETERERENBREAE IRKR ERZ
Table 11 Maximum stress and occurrence time of pier top of bicycle bridge under E2 level earthquake
" 15 AR BRI 2 # By LT 3 # B BT 4 # BT 5 # B B0 6  H BT
g?ijk TW%S WAl k& BRRME kA mRME &kt mRME k4 BRME k4 RRME k4
/mm B} /s /mm B} Z/s /mm B /s /mm  WFZ/s /mm W Zl/s /mm B} /s
T.H 2-7 4.98 2.48 3.51 2.48 1.11 2.72 6.26 2.72 0.92 2.64 1.44 2.48
x J7 ) T4 2-9 4.05 4.96 3.1 9.52 1.38 11.2 6.71 3.44 1.07 8.24 1.02 8.64
T 2-11 3.82 13.12 3.25 7.44 1.8 6.88 5.16 4.32 1.47 12.32 1.13 6.64
T 2-8 9.86 2.72 5.34 4.48 5.38 2.48 6.38 2.72 2.9 4.96 1.24 4.88
y 7 T8 2-10 8.54 3.44 6.57 3.6 7.11 3.6 5.96 3.68 3 9.52 1.16 9.52
T4 2-12 7.4 13.36 6.73 8 6.94 8.8 5.21 7.2 2.14 13.12 1.04 7.44

5 1B A AR A KN g HE B A 7 B A
PrBrn 12 Mril. BEMF 26 1 8585 Y El-centro .
22 PN RN T3 % 07 194 17 ) e KAB IR S 12.7 MPa,
10 MPa i1 9.12 MPa, & A= 7EXT I HLZZ % T 19 2.72 s,
3.44 s 1 16.08 s A 2] b 5 1 = A7 BT R 7 5 KB K
KA 9.86 MPa.8.54 MPa Hll 7.4 MPa, & 4 75 Xf i b
BRI 2.72 s.3.44 s F1 13.36 s W24k,
53 WMEMERATHEITERIRASW
5.3.1 Mgkt A LR

x JTIEFL y J5 [ 43 B %R ) E1 R E2 7K HE i
AR MR Q2S8R S 1 25 SR WL 3% 12 I, S T 4
ORI 2 JrIa Ly J w2 AN Gr i, w1 R =
7 T s AR5 4347 32 B LUK BN 3% 43 ol 32

ME 12 A LE L KW« Fm R E
ATE 2 Jrin) E2 KAEHEAE R T 9 32 Hrisd . ek
HoA1 653.38 kN IR KM y Jr o] 1Y SC R S R ATE y
Ji E2 K EMLEAE R R 2 2 MR AL , s KM R
1593.84 kNI K = 5l B S 1 R HEAE y J5 1]
E2 /KAEHZEAE R I 2 # Brihd , S KA h 302.01
KN AR 52 R 7 0 K /INAT LU A e s B VE R
PLBY I3 R 3 R KOF 28 08 5 B0 0 )5 77 AR 4 O i
LRE 2 Ty SR T R A S AT BT R e 8 ) S
J AT RN A X BY 300 5 88 18] SR T AR
5.3.2  WIFES Ik TR

E2 /K fEHLRZAE T B AT 25 M5 B0 3 8 I )
THRREE R L3 13 g,

F12 WEERATETERIERA(BA:KN)
Table 12 Bicycle bridge bearing reaction under

earthquake action (Unit:kN)

(VA LS Lo« Jrmisrit oy Fisrs = s
1-1 32.99 18.35 38.14
y 1-3 111.37 61.95 128.73
14 il
1-2 10.21 84.63 52.13
1-4 34.47 285.67 175.97
1-1 462.75 131.08 47.83
N 1-3 1562.05 442.48 161.44
28 Mt
1-2 168.53 472.16 89.47
1-4 568.88 1593.84 302.01
1-1 489.80 138.39 76.94
N 1-3 1653.38 467.13 259.72
RE=R i3 _
1-2 142.20 459.95 81.55
1-4 480.02 1552.61 275.27
1-1 39.98 28.89 56.99
N 1-3 134.97 97.52 192.37
48 M
1-2 35.40 74.94 83.24
1-4 119.50 252.97 280.97
1-1 42.81 76.03 56.84
N 1-3 144.50 256.64 191.88
58 Mt
1-2 31.03 171.65 79.54
1-4 104.73 579.43 268.50
1-1 71.38 67.37 32.46
N 1-3 240.95 227.41 109.59
6 £ # 5L _
1-2 59.44 101.31 48.17
1-4 200.64 341.97 162.60

HE 13 AT, J5 Il X0 i E2 7K 1 1 7= 7E
TR RS T I AR 6 = AT, v Ty 1) )
HIAE 5 2 A e KSR 2 JI (B 438.9 kN,
KHAE y J7 [ XF B B Elcentro# 52 9 T (T 2-8)
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Table 13 Maximum support reaction and occurrence time at the top of bicycle bridge piers under E2 level earthquake

- 13 A B TS 2 # MR BT 3 # HFELITHS 4 = BT 5 % MR IO 6 M IO
ﬁ;} THHS wRME k& RRME  RE BRME  RE 5N [ 2 o 53N | 2 o RXME k&
JEN  BEl /s /KN BZ/s /KN WFE /s /KN Wz /s /KN BFE /s /KN BFZ /s

T 2-7 65.8 2.08 147.6 2.08 196.1

2.08 108.97 2.48 124.75 2.48 245.4 2.48

x J7ln) TH 2-9 90.48 3.76 170.7 3.52 192.9 3.52 132.9 3.52 132.1 8.64 277.2 3.52
T 2-11 102.3 10.88 142 6.88 155.4 12 83.6 4.56 126.3 6.64 201.3 6.64
T.0L 2-8 277.7 2.48 107.9 4.48 122.3 4.48 237.3 2.24 438.9 2.48 257.8 2.08
y Jim T 2-10  218.5 9.04 118.7 4.64 129.8 9.04 222.8 9.04 392.2 6.32 250.2 4.64

T 2-12 238.5 6.8 111.6 8.8 120.4

8.8 211.1 15.28 421.1 16.08 239.4 4.58

) 2.48 s BF Z0Ak ;32 T 00 £5 4 38000 1 32 88 I T
{EMN R BNEHET y 5 # B 8>>6 2 B3> 1 # M
>4 2 B3 2 MBS 2 2 B B ARG R T i
KAE N 438.9 kN>>257.8 kN>277.7 kN>237.3 kN
>122.3 kN>107.9 kN,

6 ZFHRFEIY

AR SR FH RN 43 B 9 R B AR A A i X B TT
115 Mr o B s 2T 1032 i ge R IFIF 9% . (B B 4Bk
FELATBRIT BT R F SAP2000 HE 7 55 21 B # A%k
HAAL, % [ E1 M E2 M2 K 1R, 43 Fp b 7% 7K
T 359 25 SEWUATR 1] VRS A7 1w, S0 5807 S [R) B4 M 7= A
AR 2 R AR 1 R R S AN B Bl A R, 4 )
XL N 1 RN SR 1K 3 TS AR AR % — 4 T, £
FAAH LTSS,

(1) JCie 2 B 1] 7 A ST 1) A b 732 4
i E1 8 E2 MoK WeVE T, LR 10 45 R 4 R
Moz T E RO H o2 5 1 o (Y R AR TR
4 5 (R 24y XBO 5 7 B

(2) MFYICTE M RZ AR R DABY 1o 3, IRK P48
B LG 7 A S IR R A R 2 TR
S HEE Ay A T S A R 1) S R B RN S A K B
M5 &[] 32 52 A XS /N

(3) E1 I E2 b 5% 7K 1 me) b7 175 50 B B 18] 1) 22 £k
FARIEA — B, R B RS AR S B4, T UL 7
E2 K b 5 A F b B v i 2 JC B B L AR A
JCH B B T FERE B9 L . DR LLCHI T FE E2 K
T b TR VR FH B A7 S 25 4 A AR AT A A e, AR
BHBEARRSBN B ZEHME.

(4) SN 3 1545 30 1 e Ry A 28 {E AR X 3 2%
AN [F) F i 7 B AR SR A (B K . FR T RO A AT R
BTG R E BAT — 2 B AR TE 2R, DR b v 5 R
TR 5 T B A A B 3 SR FH ) b i 0 LA i S O L B

59 2 B 18] 22 40 A 8 3£ B A0 55 — 05 it 3 46
SRAART i A M 7 0SB A I R, PRI T S PR A
VORI B LG B B WA o Mg RN
1115 AE % TV 0 09 7 3 BF 9L AR R AR R Y R N
RV

LE LTI % A AT A A S MR AR R T AR
TLCTREARAS 7 52 45 b B A 2 0 1 25 R g
bR,
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