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ABSTRACT :

A parameter optimization model of seismic isaalbeidge system considering setkucture interaction al
running safety is established. Mechanical pararmmaittheisolation bearing are taken as design variabled
the maximum moments at the bottom of bridge piees @mployed as objective functionshewn the
displacement between pier top and beam meets Wihlimited values. firough calculation analysis,
influence rules of dynamic parameters of the ladaber bearing on the seismic responses are giv@onhwhe
ratio of the stiffness after yielding to the stéBs before yieldingas important effect on the structural seis
responses in the seismic isolation design for smsppported beam bridge. Therefore, the desigrireagents
for seismic responses of bridges can be satisfiethé simplified method of changing tlstiffness ratio ¢
isolated bearings. In order to enhance the opteffaliency, the running safetyan be considered out of
optimal process. The values of spectral intensitytfie seismic input to the running vehictsmn be checke
after the determination of the optimal bearingapagters Through the optimal analysis of isolated bri
system, the optimal design parameters of isoldteearing can be determined properly, and the seitmie:
can be reduced maxintglas meeting with the limits of relative displaceamh between pier top and be
which provides efficient paths and beneficial refares for dynamic optimization design of seismataitec
bridges.

KEYWORDS: optimal design, railway bridge, seismic isolatimmning safety, lead core bearing

1. INTRODUCTION

Seismic absorption and isolation technology has hsed in railway bridge engineering in China, thetre
still are many problems not solved in calculatioralgsis and design theory. In recent years, masgarehers
have investigated the seismic absorption and isalatesign of bridges. Zhu Dongsheng et al. studiedhe
design parameters of the seismic isolation bridged,the effects of initial period, ductility ratés well aghe
ratio d the stiffness after yielding to the stiffness dref yielding on the seismic isolation of bridgesra
investigated”. However, the seismic isolation design method iclemig all the parameters comprehensively
weren'’t given. Li Jianzhong et al. researched endgptimum design of seismically isolateahtinuous bridge
and presented the optimum design method for comtinitbridges?. As for the application of isolatic
bearings, the beam displacements increase as sdbe #orces at the bottom dfet pier reduce on the seisi
excitations. Kyu-Sik Park et al. solved the contridn between the reduction of the maximum foraed th
increment of the beam displacement by introduchegweight coefficientd. The soilfoundation interactic
and the effects of the dynamic parameters of thd ore rubber bearing (LRB) on the Rayledgmping
coefficients weren'’t considered in the three stsidibove The lead core rubber bearing between the beai
pier can reduce the seismic responses of briddeseafly ), and the optimum study on the LRB de:
parameters is studied in this paper through thglesipier model considering the s@dundation interactiol
After the optimum design, the maximum forces of blotom of the pier can be decredse the most with tt
relative displacement between the beam and theftthe pier constrained in the allowable range.
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The hysteretic energgissipated characteristics of LRB can be determibgdits dynamic controllin
parameters which include the ydektress, the stiffness before yielding and th@ rat the stiffness aft
yielding to the stiffness before yielding. The omtim study on the dynamic controlling parameteréRB
provides efficient way and reasonable referencéhi@iseismic isolatiodesign of the railway simple suppot
beam bridge.

2. ANALYSISMODEL

2.1 Bilinear Model of the Lead Core Rubber Bearing

As shown in Figure 2.1ugrepresents the efficient design displacement of hearing and ¢, Q)
represents the yield point of the bearfhgThe value of yield stresg, mainly depends on the weight of
beam structure and the producing techniques, @nds the yield displacenm of the bearing. The stiffne
after yielding kK, can be calculated according to Figure 2.1 by foenfl1).

F(ug) -
K, =)~ Q (2.1)
Ug-uy
Substructure
Fug)l - - - — - — - K, LRB
Fy |- -7
Ky X }
‘) ‘ Bridge pier
~"lo u Ug
Foundation stiffness
Figure2.1 Controlling parameters of LRB Figure2.2 FEA model

2.2 FEA Mode for the Railway Simple Supported Beam Bridge

A typical pier of a super giant railway simple saogpd bridge is researched in this study, and tmcb
design parameters of the bridge can be seen ire Tathl According to the Code for Design ambSoil an
Foundation of Railway Bridge and CulvE?, the foundation elastic stiffness can be calcdldte M-mehod
The FEA model of the beam-bearing-pier-soil systershown in Figure 2.1. The general program ANS¥'S
used for the calculation analysis. In this modbgé tlynamic characteristicof LRB can be simulated
nonlinear element Combin39, and Mass21 elementpidieal for the substructure. The sfilindatior
interaction is well simulated by an arbitrary eletn@latrix27) whose geometry is undefined but whosetie
kinematics response can be specified by stiffndaspping, or mass coefficients. THeundation elast
stiffness values are listed in Table 2.2. The witéch the bridge locates is I-site, and San Feraaathquak
wave record in S-W direction is selected as thét@xon for the optimization of the LRB design paueters.

Table2.1 General design parameters of the typieal p
Design parameters of the pier-section Lumped maskeotop of pier (ton)| Height of the pier(m)
Solid circle-head shape, diameter of the
pier top:2.10m,width of the 420 21
retangular:1.70m slope:1/40
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Procedures of determining the foundation elasiffness by M- method:

(1)Determining the stiffness of the single- pileaté~igure 2.3)

(2)According to the pile-head stiffness and theyamodes of the piles, the stiffness of dushion cap ca
be calculated through formulation (2.2)~(2.5), #melcalculation stretch is shown in Figure 2.4.

j‘ r5=1 ki

\
‘ =1k
| k12 =K g

b Pa

by /:?9=1 %Ze V %

e X | X1

Figure2.3 Deformation stiffness of the single pilEigure2.4 Deformation of the cushion cap

k=D p, (2.2)
k12 = _k21 = zpa (23)
Kss = D P, (2.4)

Ky =D pat D Xp, (2.5)

As seen in Table 2.2, the foundation stiffness esilior the typicatailway simple supported beam brii
are calculated by M-method when the m-value eqoa©000 KPa/m

Table 2.2 Foundation elastic stiffness for m=50R@&/nt
Foundation stiffness| k (X10°) | k,=-k, (X10) k,, (X 10 k,, (X10°

Values 1.6206N/m) | -3.3422N/rad) 9.859N Im/rad) 76.012(N/m)

3. OPTIMIZATION PROGRAM

3.1 Mathematic Description of the Design Parameters Optimization of LRB

The dynamic controlling parameters consist of tiedding strengthQ, , the stiffness before yielding,

and the ratio of the stiffness after yielding te ttiffness before yielding.. The seismic absorption &
isolation can be realized by the application of LRB its good hysteretic property. It is known thht
application of LRB can lengthen the structural pgéand reduce the earthquake forces, but it may aseréh
displacement between beam and top of}i@his indicates that there exist optimum valueshef dynami
design parameters for which the earthquake forcebe bridge are minimum. Therefore, ,K,and « are

taken as the design variables for the optimizatbnhe whole structural systemhiiee types of intensiti
including minor earthquake, design earthquake awdre earthquakare considered in the optimal design
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the whole isolated bridge system, so that the brisigucture can remain elastic when subjected rtanar
earthquake, while the LRB can undergo inelastiomheéition to dissipate the seismic energy undervare
earthquake.

The maximum moment of the bottom of the pier onigiegarthquake excitation is taken as the obje
function. Because the application of LRB enlardesrelative displacement between beam and topeof tbi
beam would collapse on the design seismic excitatithe displacement weren'’t constrainéacordingly, a
the state variable in the optimum process, thdivelalisplacement between beam and top of gieruld b
constrained so as to ensure the maximum relats@atiement in the permissible rangbeTunning safety
vehicles can be ensured by the index of specttehgity 9**2. The optimization problem of the des
parameters of LRB for railway simple supported fei¢an be mathematically described as foll6ws

The objective function is

min max abs(M(x, t))} (3.1)

where M(x,t) is the moment of bottom of pier; and the constaire

X5 <x, £xV (i=1, 2, 3 (3.2)
maxabs(rd, (x,t)) <[rd] (j=1, 2, 3, --,n) (3.3)
S SSLim @

where the vector of design variables™ =[x,,x,.x,]" =[Q,.K,,a] ; T =the delay time of the seisr

excitation and At =the record interval of the seismic excitatinn,i; x; =the upper limit value of the desi

variable andx; = the low limit value of the design variables , X[ =the upper limit vector and the low lir
vector of the design variables. According to thst tdatum of the lead core rubber bearings from &
Academy of Railway ScienceX| =[2x10‘N1x10'N/m01] and X| =[2x10°N1x10°N/m1] ; rd =the
relative displacement between beam and top of tbe gi different time of the seismic excitation histc
[rd] =the acceptable value of relative displacement éetwbeam and top of the pi&r.is the spectral intens

corresponding to the fundamental period of theaitgnl bridge, an@ ., is the limit value ofd. Thevalue o
Siim is selected as 4000mm according to reference [12].

3.2 Solution for the Parameters Optimization of LRB

The first order optimization method is adopteddlve the optimum problem. The fundamental theorthE
method is transforming the common optimum problerasihgle unconstrained optimum problé&mthe mixe:
penalty function, and many analysis loops can gechout in an optimum iteratidft . The unconstraine
version of this optimum problem is formulated atofes.

QXA =1+ Y b () +aY P, (1) (3.5)

wherep, , p,=penalties applied to the constrained design awatke stariablesy = Response surfa
parameterM , =initial objective function value which is selectiedm the current group of design moments.

Suppose the reference objective function value(is’), thus the sensitivitpf the objective function to tl
design variables can be described as follows.
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(0] (0] (0]
D(X@):[GM(X )’aM(x )’aM(x )] (3.6)
0X, 0x, 0X,
The gradient vector is computed using an approxandty forward difference method as follows:
0] (0] - 0
OM(X?) _ M(X? +Ax.e)-M(X") 3.7)
ox, AX,
where e=vector with 1 in its ith component and Zeraall other components
_A_D U _ L
Axi - 10C (Xi X ) (38)

AD =forward difference (in percent) step sizand it equals to 50% commonly.
The steepest gradient method is used to searabptiraum solution and the iterationrfoulation is show
as follows.

X0 =X +sd? (3.9)
where s;=the line search parameter and the convergenceitimondf the iteration process is showr
formulation (3.10).
M -MO <1 (3.10)

where : =objective function toleranceand the  value can be set with the need of the calculamouracy
In common conditions,: value is set to one percent ®f , .

In the optimum process, the damping of the strattsystenis considered in the form of Rayleigh damy
coefficients by formulation (3.145.

C=aM + K (3.11)

where o= 2“'1“'2(521‘“2 _252“’1) (3.12)
Wy ~ Wy

5 :—2@;@2_—5;@1) (3.13)
2 1

The damping ratio of the structural system is daeteed as 5% in the optimum analysis, but the Rhleig
damping coefficients vary in the optimum processoating to the ariations of the structural fundamei
frequencies induced by the change of LRB desigarpaters. Consequentlybefore the time history analy
for the isolation system, the first two frequentigse,) of the sgtem should be obtained through m
analysis, then the Rayleigh damping coefficientsemponding to the change of LRB design paramesand
calculated through formulation (3.12) and (3.13).

4. OPTIMIZED RESULTS
Three dynamic controlling parameteifsL&B are taken as design variables in the optitiomaof LRB, an

the limit values of the relative displacement betwéeam and top of the pier corresponding to timeasitie:
of earthquakes are set at 2cm, 5.5cm and 10cm atesgdg. Three intensis of earthquakes are mii



th
Thel4 World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

earthquake, design earthquake and severe earthgUbgeinitial values of the LRB dynamic controll
parameters and the feasible solutions which incthdeoptimum solution in the optimum process am@ashin
Table 4.1. Accdling to the design requirements, the minimum vafithe maximum moments of bottom
pier can reach 2.56410° N [mwhen the maximum relative displacement is in theeptable range.

Table 4.1 Design parameters of LRB and the seispsigonses corresponding to different earthquakesities

ltems Initial values minor design severe
earthquake| earthquake | earthquake
Q, (1ON) 1.5 1.0 1.2 11
K, (10'N/m) 5.0 2.1 3.8 5.8
a 0.10 0.35 0.30 0.34
2.86(minor earthquake
rd (cm) 8.27(design earthquake 3.97 5.47 9.99
18.31(severe earthquake)
479(minor earthquake)
S (mm) 1583(design earthquake) 550 2024 4499
3128(severe earthquake)
0.858(minor earthquake)
M (10'N [m) 2.012(design earthquake)  0.617 2.561 6.247
3.780(severe earthquakg)

The optimum results in Table 4.1 present that #te 10f the stiffness after yielding the stiffness befo
yielding « are 3.5, 3.0 and 3.4 times of the initial valoespectively for minor earthquake intensity, de
earthquake intensity and severe earthquake inyeriddwever, the other two design parameterd BB
(Q,,K,) after optimization vary more little comparing withe initial valuesThe iteration histories of t

relative displacement and the maximum moment abbobf the pier for design earthquake intensity a
shown in Figure 4.1 and Figure 4.2 respectively.
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Figure 4.1 Iteration history of the maximum relativ
displacement between beam and the top of the pier
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Figure 4.2 Iteration history of the maximum
moment at the bottom of the pier

As shown in Figure 4.1 and Figure 4.the optimum analysis can converge quickly and abogtimurn
solution by using first order method. The relatdisplacement histories corresponding to initiakidr
parameters and optimum design parameters for thigrdéntensity earthquake are presented in Figue 4
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and the results indicate that the maximum relatigplacement can be reduced efficiently througt
optimum of the LRB design parameters.
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Figure 4.3 Time-history of the relative displaceiieetween beam and top of the pier

5. CONCLUSIONS

Through establishing the seismic isolation bridgelet considering soil-foundation interactiand runnin
safety of vehicles, th design optimization on the LRB parameters comsidaby relative displacement
studied. The convergence process of the optimunatibe as well aghe analysis results indicate sc
conclusions as follows.

(1) The first order method is appropriate to sdege-scale dynamic optimum problem ang asy t
converge in the calculation analysis.

(2) In the seismic isolation design of railway slenpupported beam bridge by using LRB, th#or of the
stiffness after yielding to the stiffness beforelging « is the most important factor which affects
responses of the structural system. The optimumevaf « is 3.0 times of the initial value for the design
earthquake intensity, while the yield stregs and the stiffness before yielding, vary in asmall range

Therefore, the seismic responses requirement digércan be satisfied through the simplified metif
changing thea value in the seismic isolation design for bridges.

(3) The variation of the LRB dynamic controllingrameters have significant effects on the seisngpors
of the railway simple supported bridge, so the dynamid¢inogation of the LRB dynamic controlli
parametrs is a key problem in the seismic isolation deday bridges. The research in this paper pro
some useful reference for the bridge seismic igolatesign.
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