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ABSTRACT

A methematical modal for the sarthguake response of bass isolzied builldings s
developed as a function of the supersiruciure properties when this is assumed fixed io
the ground, and of the same superstruciure assumead t© behave as a rigid body with a
single degres of freedom when mounted on base isolaiors.

The resuliing exprassions furnish the period and damping of the isolated building, ihe
msgnitude of the ssismic forces acting upon it and i3 base displacement, in a simple
manner that could readily be incorporated into codes of practice which are appropriate
for thess kind of structures.

THECRETICAL DEVELOPMENT

Figurs 1.2 shows a base isolated building assimilated to the concepiual model shown in
figure 1.b, wherein the supersiruciurg is characterized by iis sfiective mass M, is
generalized stifiness K, and iis generslized damping ©.. It is assumed thai the
supersiruciure would respond in iis first made when fixad to the ground, and that the
above values relate to this mods.

The base isolators are considered 10 b2 axially inextensizle. Therefore, the base will be
characterized by its mass i, the ictal horizontal stiffness of the isolators 1, and the ioial
damping provided by the isclaiion system C,,. '

Despite its simplicity, this conceptual model hag alzo been used 10 study systems with
scil-structure interaction, with resulis that have found their way into sarthquake regulations
[1].

The equation of motion for the model depicted in figure 1.0 when excited by a horizonial
earthguake with acceleration a(l) is:

Wity CRE) ¢ i) = -MEIlam (1)
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where x{1) is ihe vecior of relstive displacemenis. The base and superstructure
components are ¥, and x_ respeclively.

Mi, G, and K are the mass, damping and stifness matrices respectively. For classically,
low damped systems thz frequencies and mode shapes would be obiained by solving the
well-known sigen-problsm:

MK = () °M] X = 0 @)

where () is the circular frequency of the system and X is the corresponding mode shape.
Since, for all practical purposes, the first mods is of main intsrest, we will use Rayleigh's
principle to solve equation (2] and hence to obtain the fundamental frequency. Further,
o obtain resulis with the desired format, let us define the following variables:
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Equation {3.a) provides the circular frequency for a system in which the supersiructure
is perfectly rigid, mounted on isolators and behaving as a single degree of freedom
system, as schematized by figure 2b. Equation (3.b) provides the circular frequency for
the superstructure in iis fixed base siaie as schematized by figure 2a. Equation (3.c)
represents a frequential ratio, usually small as isolated buildings will typically have high
values of fixed base frequency in relation to their isolation frequency. Equaltion (3.d) is
simply & mass ratio between the base and tha supersiruciure.

From Rayleigh’s principle, using as trial shaps the deflected shape under lateral forces
aqual to the story weighis, we get the following approximation:
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Equation (4) indicates that the fraquency of the base isolated system is very close to that
of the single degree of frasdom systam constituied by a perfectly rigid supsrstruciure
mounied on base isolators. To find the corresponding mode shape, equaiion (2) is used,
and the first mods is normalized such that the amplitudse at the base level is one. From
aguation (2), and using the exprassion of equation (4), a guadratic equation is obtained,
that allows to write the mode shape as:

¥ ooo= [ 1 - (5)

Equcﬁﬂ@[ﬁ (%) Indicaies that the isclatad system tends o behave globally as a singles
degres of freadom system undergoing a unifonm transletional motion with reduced relstive
displacerment between staries.

Fo

Mext, the modal participation factor is calculated. This is written:
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which after replacement of the appropriate values vields
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Equation (6) shows that in the case of base isolated buildings, the pariicipation factor
for the first mods tends to be one, which waould indicate, once more, that a base isclated
struciure behaves more like & single degree of freedom system. ‘

Ancther step in this development is to determine the overall damping g for ths
fundamential mode of 2 bass isolated building. Using the expression for gensralized
damping and the terms derived above it can be shown that the damping for the isolated
builcing is given ly:

SO A & @)

1+ i

i

Whers &Zb and g are tha isolation systern damping, and the superstruciure damping
respaciively. Equau@ﬂ (7} Indicates that ihe overali dampmg is provided mostly by the
base isclation system, as the cube of the frequentizl raiic is very small.  Physically this
would correspond ic a rigid building suffering almost no distortions but mounted on
ﬂsmﬁatora that provida the bulk of the deformation of the system. [T therefore, indicates that
adding energy dissipaiors to the superstructure of an isolatsd building is redundant.
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Basically the entire damping is providad by the isolaicrs. As sald above, maihemaiical
models, similar io the ons that has besn considerad here, have been used 1o study
systems with soil-structure interaction. Not surprisingly, equation (7) when pariicularized
by making » equal to zero, resulis in the same squation proposed Dy reference (1).

SEISMIC FORCES AND BASE DISFLACEMENTS

It is simple to demonstrate that the effective mass for the superstruciure of a propsrly
base isclated building, iz approximatsly aqual 1o iis total actual mass. Then, for a speciral
acceleration A, the inerlia force applisd 1o the base of the building F, is:

B 0+ 8
F, = 4, (5.5)

B 1 a5

The inertia force Fy applied io ihe supsrsiruciure Is:

F, = S A (8.b)

W = F, e F 8.c)
The inertia forces acling on the superstruciura may still be decomposed in iwo parts,

so equation (8.b) may be written:

g+ ' ‘
E o= TR E M& e @2 Rl Mﬂs

B4+ Y i+ 1+ 2f)F
The first term of the last equation represants a "rigid" component, and the second would
represent an assumed "riangular® component. | called Fgy and  F; respeciively, it is
possible 1o write:

Fe = Fa - F (8.0)
The distribution along ihe height of the building is mads in propartion to the masses for
the "rigid” part, and in proporion 1o the familisr mass-neight product for the "triangular”
part.



Thersfore, for mass M; at height

i, above the base, it may b2 written:

B, M,

4,
Fa = FR + F (8.6}
3]
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Finally, the displacement across the isolation intarface may bs written:

W

%,
This last eguation provides a link between the proceduras developad in this papsr, which
attempt 1o explicitly calculaie the seismic forces s heretofore has bean the practice, and
the procedures proposed by the SEAONC [2] in which base displacements are
prescribed.

CONGLUSIONS

The study presenied in this p"wpeﬁ’ provides simols and readily usable expressions for the
period, mode Sh"ﬂﬂ% pariicipation factor and damping for a base-isolaied building. It also
furpishes sguations 1o assess [h@ ssismic forces acling on ihe building as well as its
relaiive base displacernent. The expressions are presented in a simple manner and can
be used, with modest affort, without and in-dspth knowledges reguirement of struciural
dynamics.

The procsedurs shown i this

ap has besn successiully used in the design of several

structures using the GAP @ ase Isolation Systern, [3].
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