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Summary By the expansion of transient wave functions irfes of eigenfunctions, the transient responsestab-span bridge with
elastic poundings under near-fault vertical eardtk@s is solved. The numerical example shows tlaptasent method can simulate
reasonably the pounding phenomenon between gimtgrpger. The pounding force, bridge responses aedwaves induced by
poundings can be calculated.

INTRODUCTION

The pounding phenomenon [1-2] of bridges duringheprakes is of great interest in science and engimg The

pounding under horizontal earthquake excitationwbeh superstructure segments or segments and aliste

usually investigated by the multiple-degree-of-flfeen lumped mass model [3-4]. The pounding phenomehbridges

excited by vertical earthquake is less studied b&zdhe vertical earthquake excitation is usuallysedered to be less
important, but the records of near-fault earthqaakkowed the large vertical ground motions andogeribridge

damages [5-7]. Hence, in the present paper, tmsigat responses of girder bridges with possiblendmgs under
near-fault vertical earthquake are solved by thgaasion of transient wave functions in a seriesigénfunctions.

MECHANICAL MODEL

y . . . . .
4 The two span continuous beam bridges with elastienberarings are
q — % " } " % " +rB investigated in this paper. The mechanical modedhemvn in Fig. 1
Al 1— X consists of a Bernoulli-Euler beam, a St. Venamt amd a spring
Me T > modelled the elastic bearing with the stiffnéssThe beam has the
B(t)t tB(t) area of cross-sectiofly Young's moduluss, area moment of inertia
L and mass densitg.The rod has the area of cross-sec#ignYoung'’s
u,{T M l modulusE, and mass density. The gravity of the bridge applies
s - upon the beam with a linear loadiqg The vertical ground motions

Fig. 1 Model of two-span continuous bridge  pyt) is excited by near-fault vertical earthquakes.
SOLUTION

The equations of motion of the beam and the rodraspectively,
PpAy-0OMIMM, =q, plU-00, =0 (1)
The boundary conditions are
y=B(t) and M, =0, onl,and ', u=B(t), on I, 2
The initial displacement distribution and initialecity distribution are
y(x,0)= [q(-5%; + 6% —x*)= F, (25 - X"~ KX, )V 2&, u(,0)=F&/EA, ¥(x0)=0, ué,0=0 (3)
The pounding condition of the beam and the rod is
u-y=-EAu(Lt)/k,onTl (4)
Wherey(x,t) the beam deflectiom(&,t) the longitudinal displacement of the rod.

By the use of the expansion of transient wave fanstin a series of Eigenfunctions [8], the transiesponses of the
bridge are solved. The solution is divided into fwarts. The first part is the quasi-static soluom the second part is
the dynamic solution.

ulx,t) = [y(x ),u(E NI, ulxt) =u (x,t)+uy (xt) tO[0,o], u,(x.t)=>a,t)e,X) (5)
Wherep, (X)=[@> $uor 4,] are the wave mode functions of beam and rod. Theewaodes are governed by the
eigenvalue problem. Their orthogonality relations a

0 L
J:XO PPy Dy AdX +'[OX0 PPy 5P, o AX+ '[0 P99, AdS =4, (6)
Use the orthogonal condition and Laplace transfothestime functiong, (t) are solved as the followings:
* « . . . t .. .
0,(t) =0, 0)costa Yo, (O)sinkyt Jeo,+[] G, G +7 )sing, O -1 d /a )
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Wheret” =t -t,, is the time variable of thetimes pounding phase afyis the initial time of thétimes pounding
phaseq, (0) andg,(0) are determined by the initial displacement and aiglodistributions, which are the remaining

distributions at the moment of the ending of thevimus phase. In this paper, the remaining respdissgbutions of the
previous separation phase can be considered, smifimuous calculation from separation phase tngding phase is
done. The pounding force is the internal presslmegethe axis of the rod at the rod end is

P(t) = j j o.dA (8)
I—C
NUMERICAL RESULTSAND DISCUSSION

An example is showed in this Section. The girdertha 34.5 GPap = 2600 kg/m, A= 6.4 nf, | = 3.51 nf, %= 38 m
andq = 2.5x10°N/m. The pier ha&,=31.7 GPap, = 2600 kg/m, A, = 3.0772 M andL = 5.2 m. The earthquake cycle
T=0.3 s and the acceleration of vertical earthqueke.4 m/$.The main ground motiorB(t) =—0.00776 sin (20.93
Fig. 2 shows the girder and pier don't separatervthe stiffness of linear elastic sprikg=2.0x10® N/m, but wherk
=2.0x10° N/m, there are six poundings in two seconds. Tite $eparation irt;=0.52298s, the first pounding in
t,=0.57307s, the maximum pounding force is 25.2MNetaglaced in first pounding. Fig. 3 shows the tim&ory of
girder middle deflection and pier top displacemiandifferent stiffness of spring. The separatioragd can be clearly
appeared. Fig.4 and Fig.5 show, respectively, tlopggations of the transient waves of shear fotag §om the
vertical earthquake excitation and the first pongdilt is demonstrates clearly that the presenhatetan depict the
propagations of the pounding-induced transient wave
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CONCLUSIONS

The present investigations show that the expansfamansient wave functions in a series of eigedfioms can be
applied to the pounding problems in bridges undar4fault vertical earthquakes, and obtain trangiesponses of the
bridge and the pounding wave propagations.
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