__nquake response of bridges

" o element approach

F

element

rwo finite
earthquake response of bri

(FE)

ground in the first model
are taken into account in the setond moére

dbased | Procedures
ges with enerqgy 4
a?d hysteretic ty
Sized in the models

while
% effects of s

e FE results in spectral response form

<oil-structure interaction effects on the system
response is dj
iscus

1‘jﬂﬂ$DBUCTION

rarthquake resistant design of bridges
requires realistic analytical or num-

erical procedures for evaluating peak
forces induced by intense ground vibra-
tions. The existing aseismic design
mches for bridges can be divided
mt? tua broad categories: (i) ductile
design approach, and (ii) base isolation
approach. The first approach requires
selected structural components to yield
and deform in a ductile manner during a
credible earthquake. The structural
;‘?ﬁ:m -are g:i:ven a form which may
ﬁr”fm :;:tm eilth_er for load bearing
g rgy dissipation role. As a
oy , bridges designed according to
e, mﬁ may suffer extensive
Jamages (Ga: design earthquakes are€
wln - .t.es, 1979).
Wnsah M:“é isolation approach, on the
e Mffcithe fundamental period 1is
o Vg iJm&t:l:,r long so that the
!Mtu:. . isolated from the major
:'m‘“ﬁ motions at the likely pre-
img:lm:n. motion frequencies. The
w3 ¢ by mounting the bridge
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This situati '

i introﬂzzisn 1S 'br.jm:%ght under control
% Mg ?{ artificial energy absorb-
s M %Lces 1n 'the system. In~ Eaex ,
e soiated ?rldges are always used in
?njunctlon with energy absorbing de-
vices (also called energy dissipators)

As the deck is effectively isolated fro;n
sevex.:e ground motions, the response
remains essentially elastic and the main
structural components do not suffer any
permanent damage.
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The main objective of this paper
based

present twoO analysis procedures,
on finite element (FE) technique, for
evaluating earthquake response of

bridges with energy dissipators and base
isolators. In FE modeling, emphasis is

given O represent realistically the
force-deformation characteristics of the
and base isolator.

energy dissipator
The first model assumes that the piers

are fixed at the base (see Fig. 1) and,
does not account for possible
petween the deck-pier system
goil medium. The
the soil-structure

interaction
and the supporting

second model includes
interaction by simultaneously

jdealizing the structure and the soil
medium. Comparison of results obtained
grom the tWO models, demonstrates thg
significance goil-structure inter-

of
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element idealization (fir

action phenomenon 1in base isolated
bridges.
The interaction between a structure

and surrounding soil can be viewed as a
two-way phenomenon. First, the under-
lying soil medium affects the structural
response, and second, the structure
itself can modify the site response, in
some cases. Most of the previous
studies reported in the literature (see

eig. Valera et al., 1977; Tajirian et
3l . 1984, Ardhanareeswaran, 1984)

aPpear to be concerned with the £
aspect of | Sy
b SOoll-structure interaction
per}ti;iniilgl ::r:ecem'il yéars, some studies

O the latter as

: pect
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3.1 Idealization of pier

The pier 1s discretized
+ional beam elements
placement and two rotatigps
of-freedom (DORY . Per elemen:
rotational DOFs are assigneg zwe;:,-
and they are eliminateq From o
assembled system matrices, using . .. ¢
condensation procedure, S
singularity problems which might ...
ise arise. The pier is assumeg .. .
linearly elastic during the 1....
process.

lng .

haﬁfirlg . -'.ri:_'r_n.
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3.2 Idealization of energy dissipator
and base 1solator

The energy dissipator and base isolat:
are modeled as a shear spring with tw
(lateral) displacement DOFs, one at eact
end. The force deflection characteriz-
tics of the base isolator in the lateral
direction is assumed to be bilinear
shown in Figure 2. The following par

£ AYme

meters are used to express its deiom
ability characteristics:

by
Eid

fhr

Ku = initial lateral stiffness

Kd = post-elastic lateral stiffness

J

%4

lateral characteristics
strength

Uel = maximum elastic diSplacement

15
The mass of the base isolato? In
assumed to be negligible (zero) - are

addition, the following assumption’

made: e
1. The base isolator behaV§5 ide
cally in tension as in compres?mn'sses
2. Loading and unloading stiffn




RaT sl in magnitude.
* " glastic damping 1is expresseq

g are 1y | . :
geolatcr e L Thkguke - 3

pa : ffne i :
stl _ S assign
rhe e OF or Kd depending on wh gned
val 1t und . EthEI
ae element 18 €rgoing loading or
thlaading tand onl the magnitude g
unter-ﬂl dlsplacemeni:. N Sabe wont.
laagtic range. damplnq* 1S approximated
- ponlineat Hysteretic: type consti-
bYti 3 relations (see Figure 2).
tu

for{e ension yield
R ittty ot B AR e
max .
..--"#" 1 ; | :
-
Qd } |
/%] '
1 } |
|
i ideflEC?-
b “tion
U
el max

compressive yield

phase
Fig. 2 Idealized force-deflection
~haracteristics of base isolator-
cum-energy dissipator
X
| :
3 Bt

\_Shear Spring

kb _kb 0
g - (]

i Kk

('D“
o

!:_‘ig. 3 Element matrices
1solator (first model)

3.3 Equation of motion and solution

- Procedure
In  the simplified finite element
l;roced“re/model described aboveér FISE
' -inearltY_ is caused DY the energy

uju.ipf tor and base isolator alone.
“EiSmic excitation is applied 1n the

The

e
aCceleration

The at the hage

eC ¥

B S {uatlrm Of motion of
Sy Ry LS expressed e 3
E -t as fGllOwﬁ_ ,

H'._llnj-.

Al

E+AL .
[M] ) S [C] CTHAL +
g t0} + K] { A1)
t+&t{ v H WALS BN S
Rtj - “{fs} |
®
where )

StiffneSS matriK

U} = |
Nodal‘dlsplacement vector
relative to support

At

I

Tilme 1interval for integration

FRE = “TB% y X
{U} {U} (2)

t+&t{Rt} S T Lhpd t+At Eg (3)
{fs} = Internal forces
{X} = Pseudostatic displacement vector
Gg = Ground acceleration

The ‘superscripts on the 1left of the
quantities denote the time and the over-
dots represent deriviative with respect
to time. Pseudostatic displacement
vector {X}, as described by Clough and
Penzien (1975), defines the displacement
along different degrees-of-freedom due
to a unit support displacement.

The incremental equations of motion,
Eq. (1), are solved using a step-by-step
time integration procedure. The
Newmark's constant average scceleration
scheme (Bathe and Wilson, 1975) is used

here for time integration.

3.4 Equilibrium iteration

equation used in
wilson,
Newmark's (Bathe and

1975) may not yield accurate reslults 31 f
there 1s @ sudden change in stlffness/

ist] the system,
' haracterlstlcs of
o, T . ment curve shows

The equilibrium

. if' ﬁhe dfe(;i‘zee—dljfplaiznlinearity (sr.el:e
l-a"i 1?1?2 2) In nonlinear dynarz;z
anzlys;Ls, it 1S impurtantt.;??;,d =
dynamicC equilibrium' - a1 elvery o
accurately as p0551b1e at e
station. In this study a POP

429




Equations (8) through (3 N
| the external load (R } ;. “Ssumg
59@6 as ; by the response tof ;___:Jt :EEL: ~
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£ | e objective 1s tO : St 1 33 i
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WITH

MODEL SOIL-STRUCTURE

'-I's case, the structure and the soil
mthi Cren considered together in the
.gdi“ olement discretization. Because
ginite jsolators offer low resistance
+he bas€ usually the pier does
significant lateral
This permits the use of

idealization for the
Pl eoil system. For convenience and

wtatimal efficiency only one pier
compu* idered in the model. Four-noded
is m;etric‘ elements are used here for
iﬁ"element (FE) discretization. A
fiﬂ ¢ mesh is shown 1in Figure 4.
the soil medium are

and Bwang,

amping characteristics. Damping ratios

el in soil and structure are, re-
S8 and 5% of critical
Deck } v aa ase Isolator
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mass) . o y dlmensionlessl (l.a., zero
4 Typical © element stiffness matrix for
A procedy Eleme?‘t 1S given in Figure 5.
Section 31'& simllar to that discussed in
mental np ;:S 'S€d for solving the incre-
ONnlinear equations of motion
. ‘
K
3 u
Symmetric
0 K
\'4
a8 0 K
u
9 u
0 =K
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1
Fig., 5 Stiffness matrix of

_ base
1solator element (second model)

> NUMERICAL RESULTS

5.1 Model without soil-structure
interaction effects

presentation of
two symbols are

For convenience of
numerical results

introduced herein: (i) characteristic
strength ratio (CS) P -1 01 S - charat?-
teristic stiffness ratio (Al). CS J:s
defined as the ratio of characteristic
strength of the base isolator to weight
of the deck, where A is defined as the
ratio of the post € astic stiffn.es.s 'of
the  Dase senlator: - o TU1ES initial

: = . para-
stiffness (1.e., Al = K /Ku)t e
metric studies Wwere conducted Ao oo

' o
tigate the influence of CS and N
following system responses:

1 peak total acceleration, expressed

: : &
in terms of acceleration due to gravity,

and

: ed
2 Peak displacement ratio, €Xpress

lative displacement

In this P4 o 4D} NN XV
and the dampi(;lsg. rim:frequency. ranqtiﬂf‘li
canstant at i chosen. The first ation
Osdwet T wasthe ground acceljg N-S
seconds o gl Centro (May 19131-&..
recorded - g used as ground acce
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| site with a shear wave velocity
gium g was selected for investiga-
48.6 earthquake response of a base
including soil-structure
L ion effects. The pier consider-
a ig @ massive, wall type pier
: perei’ g similar to that used by

e ; , :
geome & -al (1981) in their analysis.
roki ek nass 1S isolated from the pier-
Thé dec means B & commonly used base-
+OP byr-cum'energy dissapator. Perti-
jgol t:aterial properties are given in
pent 1 (Zaslawsky and Wight 1975,1983).
Tabled acceleration input is 1identical
Grau:;at ysed in the previous case (see
to
Table ) Pertinent material properties
USEdI

* vV :
gource Vs Y D
ctructure 1600 & 1 2.4 5%
goil 548.6 0.4 iy 5 10%

peck weight = il 0 Ku = ToHIE. Eim,

= : - 0.05
Al 0.16; Cs5

Ll shear wave velocity (m/s); i
paigaonty ratior Y. © unit weight (t/m );

and D = damping ratio

The following symbols relate tO the
spectral acceleration curves generated
in this investigation.

Sa,f = gpectral acceleration based on
free-field motions on surface

Sa,c = gpectral acceleration based on
motions at a point close to
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a,i = Spectral acceleration based on

motions at a point common tO soll

o Zﬂd hstructure : .
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curves (second model)

better understood if the results are
presented (see Figure 9) in the form’ ol
ratiootspectral response IRER) k1 aCa el

= S /S . where %.% Cyfiyli-0 bein}é

a,x X : r

the Spec:?:&:al acceleration baseda'on bed-
rock acceleration). Note that the peak
values of Df, D and D. are approximate-
Tgh By By it v and 3.1, %espectively. The
presence of structure is seen to deamp-
1ify the response Dby as much as
Also, in general, Dc: < Df over the fre-
quency range considered. Similar
results for a soft site  are given Dby

Ardhanareeswaran et 21:..(1985) .

6 SUMMARY AND CONCLUDING REMARKS

mwo -« Einite element based models have

sented in this paper for evalua-
onse of deck-girder

isolators—-cum—energy
The second model accounts

soil-structure interaction

e the first model does not.
to realistically

dissipators.
for the

effects whil

Emphasis is given |
modeling the nonlinear and hyst§reF1c
type force-deformation characteril St:!.CS
of the base isolators.  The Fesultlng
incremental equations of motions are

+ime domain using an

solved 1n the |
implicit time intergration scheme. A
Newton-Raphson type terative procedure 1S

used for equilibrium jterations. A post
processor is developed for presenting
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