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Abstract

This paper presents Chapter 22 of the AFPS (French Earthquake

Engineering Association) Recommendations, devoted to aseismic

bearing pads. This chapter gives general rules applicable to any

kind of pads, and specific rules for hooped elastomer pads. It

contains specifications for general or detailed arrangements

when aseismic bearing pads are used, calculation procedures (in

particular, a simplified method), and a technical validation

procedure for new designs of pads.

1 - INTRODUCTION

The aseismic regulations are presently being modified in France

both from the point of view of technical procedures and that of

the legal framework. At the technical level, to which this paper

is limited, the complete revision of the procedures presently in

force (1969 Aseismic Regulations revised in 1982) has been

underway for several years and is now being finalized by the

issuing and the completion of new texts.
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This revision is judged to be indispensable for taking into

account the growth in knowledge and to correct insufficiencies in

the 69-82 Aseismic Regulations. This has been done by inserting

new chapters, in particular, on soils and foundations, industrial

installations and special pads.

The new texts resulting from this work are being printed in the

form of Recommendations of the French Earthquake Engineering

Association, intended to serve as a basis for future regulations.

The first nine chapters, which describe the field of application,

and give general design and calculation procedures and procedures

for soils and foundations, were published in 1990 in the first

volume of these Recommendations (Ref. 1). A second volume is in

press; it contains, in particular, chapter 22 on special pads,

the subject of this paper. The inclusion of this chapter shows

the interest that there has been for several years in France in

this technique of aseismic isolation, as the first French work in

this field goes back to 1977 (Ref. 2 - 9 ) .

With respect to the definition of seismic load, the AFPS

Recommendations have retained the option of the ground elastic

spectra. These differ depending on the nature of the terrains,

which are divided into four categories, S Q (rock), S 1 (good

resistance), S 2 (medium resistance) and S3 (low resistance). To

take the seismic load into account the behavior coefficient q

is used. This coefficient is comparable to the Rw factor in the

American Codes UBC 1988 and SEAOC 87-88, to the structural type

factor S of the 1984 New Zealand Standard NZ 4203 and to the

factor q of the Eurocode project Ne 8. The AFPS Recommendations

have, therefore, as in other modern aseismic codes, specified

the accepted level of inelastic deformation as a function of the

type of material and the lateral resistance of the structure.

2 - GENERAL FORM OF THE DOCUMENT

The present paper is a report of the work of the group which has

the responsibility of Chapter 22, on aseismic pads, of the AFPS

Recommendations.
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The resulting text was established starting with a project of Mr.

DESPEYROUX for Eurocode 8, amended by the expertise of various

participants in the group, in particular, Messieurs BISCH,

COLADANT, DELFOSSE, DOURY, GUERAUD and SOULOUMIAC, then debated

and revised during discussions that took place in the AFPS

Scientific and Technical Committee (STC).

Thus, after completion, and approval by the STC, Chapter 22 has

been included in volume II of the AFPS Recommendations.

Although the text was established in the framework of aseismic

isolation of buildings (standard or nonstandard), the majority of

the recommended procedures are fairly directly adaptable to the

case of other structures.

The chapter, in principle, is aimed at all types of pads designed

to ensure some extent of aseismic isolation. General procedures

have therefore been included that make it possible, for all types

of pads, known or still to be designed, to obtain behavior in

conformity with the defined aseismic objective, while retaining

approximately uniform safety. Such an undertaking is not easy,

since it is always difficult to derive the fundamental procedures

that can be applied to the systems yet to be invented from

existing systems.

It is found that the aseismic pads most often now employed

(Ref. 10 - 15), particularly in France, are the hooped elastomer

pads, similar to those used for supporting the decks of bridges.

Thus, for pragmatic reasons, procedures belonging to this type of

pads have been inserted in the text. It is understood that other

types of pads require their own procedures, which are not found

in the text, as it is impossible to be exhaustive. Under these

conditions, it was feeled best to define a qualification

procedure, which can lead to contractual acceptance. This course

of action makes it possible to leave open all innovation

possibilities.
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The chapter 22 consists of three parts, given in detail in the
following sections :

a) The conditions of use and the general procedures ;

b) The calculation procedures and verifications ;

c) The validation procedures.

3 - REVIEW OF THE OPERATING PRINCIPLE OF PADS

The pad systems used in France up to now are based on the
principle of flexibility with respect to the horizontal forces
acting on the structure, so as to :

- increase the period of the fundamental mode to obtain a reduced
acceleration response,

- make the higher mode responses insignificant by concentrating
practically all of the mass in the mass of the fundamental
mode.

Let us start with a very

simple model with two degrees

of freedom (Fig. 1) where :

k is the stiffness of the

pad,

m the mass of the first floor,
M the mass of the

superstructure

K the stiffness of the

superstructure.

Figure 1

It can be easily shown that in practical cases (where M is

considerably greater than m) the following approximations hold
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T 1 and T 2 are the periods of the two modes, T a the calculated

period for a rigid block of mass m + M placed on the pads (T_ =

2TTV(M + m)/k), T f the period calculated for the superstructure on

a fixed base (T^ = 2T1YM/K), x^ the displacement of m in the

fundamental mode (in setting the displacement of M equal to 1),

JJ^ the modal mass of the fundamental divided by the total mass

m + M and *( the quotient Ta/Tj.

It can be seen that when this parameter e( is significantly

greater than 1 (which is generally the case), that practically

all of the mass is concentrated in the fundamental mode (JJ-^ very

close to 1, in general greater than 0.99), which has a period

slightly greater than Ta, and that the deformation associated

with this mode is produced, essentially, in the pads (x^ close

to 1) .
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In general, the value for T^ is chosen fairly large, of the

order of 1 to 2 s, so as to favor a reduced acceleration

response; these values for the period are found in the 1/T region

of the elastic spectra (Fig. 2). By setting the constant value of

the pseudo-velocity which

corresponds to this region by

V, it can then be shown, with

the same degree of

approximation as in the

preceding formulas that :

Figure 2

max
1

2 It

r\i 1
X —
max ~ 2TI

V T

V T

(VT7

being the maximum (as given by the quadratic

combination) of the displacement x of the base, XJnax the

maximum of the displacement X of the superstructure and

A the maximum relative displacement X - x between the

superstructure and the base.

It can be seen that the response is determined by the two

parameters T a and c< = Ta/Tj ; the following table shows the

variation of the response as a function of o<:
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1

1 . 5

2

2 . 5

3

3 . 5

4

4 . 5

5

2TL x
maxV Ta

0.707

0.832

0.894

0.928

0.949

0.962

0.970

0.976

0.981

271 X
max

V T
a

1.414

1.202

1.118

1.077

1.054

1.040

1.031

1.024

1.020

- Table 1 -

2l\ A
V T

a

0.707

0.370

0.224

0.148

0.105

0.078

0.061

0.048

0.039

The character of the response and, in particular, the low value

of the deformation A of the superstructure is retained as long as

o( is large enough (greater than 2) . For the values of ft<

approaching 1, A increases rapidly ; this observation will be

used later (discussion of the behavior coefficient in section 6).

In the standard cases (c< definitely greater than 1), it can be

seen that the objectives stated at the beginning of this section

are attained, i.e., :

- a value of,the period of the fundamental mode (that is chosen

on the basis of the parameter Ta) located in a slightly amplified

region of the acceleration spectrum (typically 1 to 2

seconds).

- a very preponderant fundamental response mode and for which

practically all of the deformation is concentrated in the pads.

These observations remain valid for real models of buildings

(models with several degrees of freedom), even if some couplings

(particularly between translation and rotational motion) can then

occur and reduce the effectiveness of the isolation effect

obtained by the pads.
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In addition, a viscous damper can be associated with the spring k

where the viscosity constant can be controlled. As the motion of

the superstructure is practically rigid, the essential part of

the energy absorbed by the damper is linked to the motion of the

spring. Nevertheless, as the damping is increased, the force

increases in the damper. If the total force on the system, spring

plus damper, in the case of shock is considered, it is at a

minimum for a critical percentage of damping of the order of 25 %

and increases progressively when the percentage is increased

beyond this. It is not of interest, therefore, to have too much

damping and in practice it is limited to values of the order of

30 %.

An ensemble made up of springs, that are sufficiently flexible to

impose the extensive participation of a first mode with a long

period, and dampers, is thus capable of acting as a partial

isolator with respect to the seismic stress.

The aseismic pads most used in France at the present time can be

grouped into two categories:

a) Hooped elastomer pads with elastomer compositions that allow

large distortions under dynamic loading.

b) Springs, which give well controlled stiffness in all

directions.

There are, nevertheless, other types of pads: pendulum systems,

rollers, balls, etc..

The natural damping of the elastomer pads is of the order of 7 %.

That of the springs is very low. These can be associated with :

a) controlled dry friction systems (Coulomb friction), obtained

by the contact of two plates. Note that if the coefficient of

friction is low, as in the case of teflon plates, the

resisting force may be insufficient and the displacements too

large.
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b) viscous or equivalent damping systems.

4 - GENERAL ARRANGEMENTS AND PROCEDURES

4.1. These arrangements aim at ensuring the correct operation of

the ensemble of the pads by avoiding :

- The creeping of the pad units, except in the case of

controlled sliding plates, when these exist. (The elastomer

pads must remain compressed).

- That, in the case of pads including a sliding system, the

movable component can escape from the plate : for this a

border around this plate equal to 1.2 times the maximum

calculated amount of sliding is foreseen and it is

recommended that the concrete is at the same level as the

plate.

- That the ensemble of the block consisting of the

superstructure above the pads does not impart a shock to

neighboring infrastructures and superstructures. To increase the

margin of safety, the opposite phase motions of two blocks

and the periods close to each other have to be taken into

account.

UKA

©

<^J>3<«"

- Figure 3 -
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- That the fluid lines connecting the block on the pads to the

exterior can be damaged due to displacements of the block :

they must be designed to resist the calculated displacements

overestimated by 20 %.

4.2. In addition, the pads are positioned at various points

between the infrastructure and the superstructure. If the

infrastructure or the superstructure is too flexible locally, the

pad system can be stressed non-homogeneously, changing the

dynamic response. It would be possible to take account of these

phenomena by an extremely accurate calculation of the structure

(finite elements). Nevertheless, neither current practice (for

ordinary buildings) nor the standard methods given in the

Recommendations can take such phenomena into account.

floor slab

column or
supporting

wall

aseismic
bearing pad

mat or beam

- Figure 4 -

It is, therefore, necessary to

control the deformations of the

pads by eliminating the local

deformations that are not at all,

or are poorly, modeled. To do this

two slabs that are sufficiently

rigid are positioned as near as

possible on both sides of the pads.

In the case where one of the rigid

slabs cannot be placed in the

immediate proximity of the pad (the

case of basements), the deformation of the vertical components

between this slab and the pad is limited to l/20th of the

deformation of the pad.

In addition, measures are taken to avoid the buckling of the

rigid planes under the effect of the horizontal stresses :

- minimum thickness of the floor slabs

- limiting the inclination of the beams.

4.3. In some cases it has been considered, to solve the possible

disconfort problems with respect to the wind, to use "fusible"

systems, i.e., systems which transmit the horizontal force up to

a certain value, then release the displacements beyond this. In
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practice, the sequence of the releasing of the forces cannot be

controlled, and unforeseeable rotational movements of the

superstructure can result. This is why these measures are

prohibited. On the other hand, units with progressive stiffness

without any discontinuity are authorized.

4.4. Finally, when the pads are liable to ageing, their

inspection and their possible replacement must be prescribed.

5 - DYNAMIC RESPONSE

The dynamic response of the system has to be studied following

the methods stated in the section basic to all the

Recommendations (spectral modal method or chronological

analysis). When the behavior of the system cannot be represented

linearly, which is, in particular, the case when sliding plates

are used, a nonlinear chronological analysis must be used.

In taking account of the flexibility of the pads with respect to

the horizontal stresses, special attention should be paid to the

torsion movements. These are naturally due to the eccentricity

of the horizontal projection of the center of gravity with

respect to the center of stiffness of the pads. In addition, it

is necessary to take account of the contractual eccentricity of

the masses, defined elsewhere.

The values of the dynamic properties (stiffness, damping,

friction...) to be introduced in the calculation are those which

give the most conservative results ; for example, these are the

maximum values of the stiffness when the stresses are sought, but

the minimum values when the displacements are calculated. In the

standard cases, the use of average values is accepted.

In the case where it can be taken that the first mode of the

superstructure is comparable to a pure horizontal translation, a

simplified method of calculation can be used: in this case, the

acceleration is uniform over all the height and equals

where T^ is the period of the first mode. This horizontal
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acceleration produces, outside of translational motion, a torsion

movement which must be taken into account in the calculations for

the pads and the displacements.

In order that such a calculation can be used, the underlying

hypotheses must be effectively verified:

a) the building must have a sufficiently uniform lateral

resistance and the vertical loads must be transmitted directly

from the columns and the supporting walls to the pads, to avoid

deformations which invalidate the hypothesis that the

superstructure cannot be deformed.

b) The vertical and the rotation rocking stiffness of the pads

and the underlying foundation are high enough to prevent the

horizontal acceleration of the masses from affecting the rocking;

thus, for the soils that are too flexible (S2 and S3) the

simplified method has been ruled out and conditions for the

relative stiffness between the horizontal and vertical

translations imposed.

c) In order to have a pure translation, the superstructure must

not have too much deformation on bending, when subjected to

horizontal acceleration. This is shown by the fact that the

period of the superstructure fixed at its base is short with

respect to Tlfi.e., that the parameter 0( = Ta/Tf introduced in

section 3 must be sufficiently large, in practice, greater

than 3.

6 - BEHAVIOR COEFFICIENT

In numerous past constructions, in the nuclear industry,

obviously, but also for ordinary buildings, the structures have

been calculated in the elastic domain, i.e., with an elastic

response spectrum and a behavior coefficient equal to 1. Taking

into account the good understanding that it is possible to have

of the dynamic behavior of a structure placed on aseismic pads,

this elastic approach has great advantages with respect to safety

and allows minimizing of the repairs after an earthquake. It also
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makes it possible to minimize the effects of the earthquake on

the installations and equipment inside the building, which can be

an essential safety element, or on a strictly economic level when

critical installations are involved : nuclear facilities,

hospitals, communications centers, etc.

On the other hand, when ordinary buildings are concerned, it is

not possible to hope that the cost of the infrastructure and the

pads will be compensated by a rebate on the installation, and the

net advantage in terms of safety results in a surcharge that the

prime contractors are not ready to accept in the vast majority of

cases. It is thus a question of putting the structures on

aseismic pads under safety conditions equivalent to those of the

same building without pads.

This is why it has been agreed to calculate the dimensions of the

superstructures using a behavior coefficient, as in the case of a

building without pads. However, as indicated at the end of

section 3, in the comments on Figure 1, it has appeared prudent

to limit the value of the behavior coefficient for the flexible

superstructures (frames), i.e., those where the effects of

plasticity, that are implicitly accepted by the use of the

behavior coefficient, may decrease the ratio o( = T a/T f in the

zone (<>( between 1 and 2) where the deformation of the

superstructure increases rapidly. The choice of the condition

q < 2/3<X has been retained to express this limitation (o( is

calculated normally, i.e., without taking account of the

decreases in stiffness due to nonlinear effects). In addition, an

upper limit of 3, valid for all type of structures, has also been

imposed in the behavior coefficient.

Nevertheless, in the ordinary cases, the essential part of the

deformation occurs in the pads. It is desired that these work in

the elastic range so that they continue to operate properly

during an earthquake; the dynamic response of the overall system

is then essentially that of an elastic oscillator, except in the

nonlinear cases mentioned above. The response spectrum to be used
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for the motion of the ensemble is, thus, the elastic spectrum.

The last calculation serves to determine the displacements of the

overall structure and the stresses in the pads and the

infrastructure.

This necessity of using a twofold calculation does not result in

a very significant increase in the work required, particularly in

the simplified method. It is compensated by the gains in

material, which can be substantial in the superstructure.

7 - VERIFICATIONS

The verifications are carried out at the Ultimate Limiting State,

in an accident situation, the resistance checks are made with the

normal values of Y m (Jrm is taken as 1.5 for the elastomers).

An important verification is that of the buckling resistance,

which is expressed by the equation:

*s pu < pc

where Pc is the critical load, obtained either by a

representative calculation or by tests.

For the hooped elastomer pads, V s is taken equal to 3, and Pc

can be evaluated from the equation:

Pc = 4 GAS d
A

i

h

where A is the nominal area of the pad

G is the dynamic shearing modulus

d is the sum of the hoop thickness and the elastomer

thickness for one layer

h is the total height of the pad

S is a shape factor
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* In the case of circular pads:

S = D

4e

* In the case of rectangular pads:

S = ab

2e (a + b)

where:

D, a and b are, respectively, the diameter and the

sides of the hoops

e is the thickness of an elastomer layer.

This theoretical equation gives values in agreement with

experimental results.

For the hooped elastomer pads, a special verification is made of

the distortion : the tests show that the ultimate distortion

depends on the vertical load, and more specifically on p =

Pu/Pc. A safety range has been determined (<T, p) using a safety

coefficient of 2 with respect to Pu, and of 1.5 with respect to

du. The values of p above 0.25 are from the results of tests of

Mr. DELFOSSE (Fig. 5) and the low values of p from those of Mr.

COLADANT. In spite of its apparent complexity, this curve (Fig.

6) is a considerable simplification with respect to the use of

the experimental results.
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- Figure 5 - - Figure 6 -

Experimental results for ultimate Curve of the recommendations

distortion (DELFOSSE)

Obviously, analogous work has to be carried out for other types

of supports. For example, curves determined by GERB for its

spiral springs are given below.
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D average coil diaaeter

d wire diaaeter

i number of active tuz-ns

G torsion »odulus of the material

L - Lo - fp faeigr-.t of the spring under the load P

fp vertical deflection under the vertical load P

fq transverse displacement under the action of the

transversal force Q

cp • P/fP vertical stiffness

cq > Q/Fq horizsntal stiffness

Re • cq/cp stiffness ratio

- Figure 7 -

Stiffness and buckling safety coefficient (GERB reports)

It should be noted that the structures on aseismic pads, having a

fairly long period, can exhibit a response to the wind, and it is

necessary to thoroughly verify their behavior under the effect of

this loading. To avoid possible undesirable vibrations due to the

wind, dampers positioned in parallel with the aseismic pads can

be used.

8 - TECHNICAL VALIDATION FOR A SYSTEM OF PADS

As other designs of aseismic pads will be developed, a procedure

should be specified for the technical validation of any new

system. The chapter 22, therefore, specifies :
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a) The desired objectives, i.e. :

- to prove the conformity of the system with aseismic

requirements ;

- to prove the long-term reliability (with respect to the

resistance and the dynamic properties) ;

- to determine the validity range of the system and its

failure modes ;

- to define the rules of analysis which are representative of

the behavior.

b) The methods required :

- models which describe the physical phenomena and allow us

to reproduce the behavior ;

- tests for validating the behavior during an earthquake ;

- qualification tests.

From the ensemble of these procedures a validation file has to be

be established. This will also include a guide for the users

(construction details, calculation method...)

This purely technical procedure can possibly be used as a basis

for an administrative or contractual validation procedure, which

is outside the scope of the chapter (for example, the CSTB

Technical Note procedure).

9 - TESTS

There are two types of tests required :

a) the qualification tests, required for the systems with a new

design, or when the changes of material or dimensions of existing

systems do not allow extrapolation of the characteristics from

the previously determined values.

The qualification tests are used, in particular, to establish the

minimum and maximum values of the design parameters. They must,
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therefore, be carried out under conditions close to those for the

use of the pads (in particular, with respect to the vertical

loads and frequencies).

Annotations to the procedures are given for the statistical
treatment of the results.

b) The acceptance tests for checking the characteristics of the

pads before their installation.

- Figure 8 -

Shearing/distortion cycles at 1 Hz of an elastomer pad

(from EDF/SEPTEN)
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10 - CONCLUSIONS -

Regulations (Ref. 16 - 18) on earthquake resistant design of

buildings have so far been mostly based on experience.

It may therefore look premature to make an attempt towards

regulating base isolated structures for which experience from

actual earthquakes is currently very limited.

The discussions within the AFPS working group have shown that the

key issues for a safe aseismic design of such structures were

reasonably well identified, thus enabling the group to draft

recommendations which have been presented in this paper. It is

expected that these recommendations, even before their

transformation into an official French Standard, will provide

useful guidance for designers.
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