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Applications of seismic isolation in the USSR

J.M.Eisenberg, A.M. Melentyev, V.1. Smirnov & A.N.Nemykin

Central Research Institure for Building Structures, Moscow, Russia

ABSTRACT:The program of analytical and experimental investigations of
a structural seismoisolation system is shortly desoribed.Speocifioc for
this seismoisclation system is that it is not -expensive,simple in oons-
truction and its elements are made of usual simple building materials:

concrete,steel a.a.

1 INTRODUCTION

In the beginning of the 70-th a
program of analitical and experi-
mental investigations of structu-
ral seismoisolation was initiated
in TsNIISK,Department cf Struotu-
ral Earthquake Resistanos, a.a.
institutes and the author of this
paper took part in these investi-
gations.

The mathematical mcdels used in
this program have taken in consi-
deration the uncertainty of the
predicted spectra and other motion
parameters of the future earthquakes.

Experimental,model and full-scale,
static and dynamic tests were full-
filled.Designs of different struc-
tures using seismoisolation were
developed taking into account the
investigation results.Some of the
seismoisclation systems were imple-
mented in constiruction of structures
in North Baikal City,Sevastopol,
FPrunze and other cities of the USSR.

In this paper some results of the
research program and descripticn of
the seismoisolation systems appli-
cated at Petropavlovsk-Kamchatka
are presented.

2 RESEARCH PROGRAM

Research program was fullfilled in
the last years to develop not ex-
pensive and safe seismoisolation
systems for buildings and other
structures.
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Figure 1. Parameter of expeoted
earthquakes definition.

<&= oonstruction site
1 - probably epicenter areas
M,h,A,P-seismological date (magni-
tude,depth of the fooi,
epicentral distance and
. probability of occurenoce)
T,y max,r,—parameters which are
caloulated(predominant
period,maximum aoccele-
ration and effective
duration)

2.1 Analitioal Research

The analitical part of the program
included:

1. Development of mathematioal
models of earthquake motion for
practical use,taking into aoccount
the uncertainty of seismologiocal and
geological data. The mathematiocal
models are sets of non-stationary
ramdom prooesses. The predominant
periods,speotra configurations and
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Pigure 2. Mathematical models of
SDOF (a) and MDOF (b) with system
reserve disengaging elements.

1- flexible support elements

2- reserve disengaging elements

3- energy dissipation (histeretic
or dry frioction)

4- stops (displacement limiters)

A- clearance between the flexible

elements and stops

duraticn filled a definite range of
values reflecting the above-mentioned
uncertainty of predicted earthquake
motion parameters. Any member of the
standard set of accelerograms could
be the next earthquake motion model
and therefore a designer has to take
into account all of them. Using this
approach a set of artificial acce-
lerograms was produced.

The parameters of the accelerograms
take acoount of epicenter locations
and foci nature in the region as well
as soil-geological conditions of the
building site (Figure 1.).

When determining quantitative cha-
racteristies of the earthquake being
forecast, a complex approach is used
whioh includes all available loocal
seismological information. Frequenoy
range of possible seismic ground mo—
tions, possible peak accelerations
for svery dominant period of ground
motions with considerations for re-
turn periods of every type of the
earthquake are determined.

To take into account the geological
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Figure 3.Full-scale dynamio tests.

a. A powerful exciter.Its inertia
force can be 200 tons and more.
b. The tested seismoisolated buil-

ding.

conditions of a given building site
it is necessary to do reocomputations
of regional artificial accelerograms
from a ledge rock base to a day sur-
face or else to interior point of the
medium. Soil conditions simulation
follows the thin-layer media method.

Six instrumental accelerograms of
strong earthquakes with different
predominant periods are also used.
They are accepted as representative
models for possible earthquakes.

2. Development of mathematical
models of seismoisolated structures
as non-linear,inelastic non-stationary
systemes (Figure 2.).

The general differential equation
of seismic motion is
)X + [C]X + R(X)=—[M]X, (1)
{M1,[C]- mass and viscous damping
. matrixes,

X,X- acceleration and velocity

- vectors of the system,

% .,— ground motion acceleration vecbkor
R?X)— vector of restoring forces.

The R-X loading curve is described
by the Eisenberg exponential expres-—
sion :
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Figure 4.Earthquake response base-
isolated structures

a.Response aceeleration (1-non-
isolated system,T=0.2sec,Gazli;
2- non-isolated system, T.. =1.5
seo,Bucharest; 3- seismoi%%Tated
system, T=0.2 sec, T.. =1.5 sen,
Gazli—above,Buchares%lmdown)

b.Acceleration response versus-
strength cof the reserve fuse
elements (calculated using 8
accelercgrams)

c.Response displacements versus
fuse elements strength (caloula-
ted using accelerograms El Cent-
ro 1940,N-S,above,Gazli, 1967,
W-E,Bucharest,1977,N-S,down)
1,2,3,4-systems with different
initial periods.

X
_ YKo
R, = Rpx[1 e~iXpi] (2)
Rpx'Ki’Xi' pi” are the values which

depend on the types of reserve ele-
ments.

The unloading dependency is model-
led as a straight line.

3. Development of optimal design
approaches for seismoisoclation system
using the earthquake motion models

which take into account the uncer-
tainty of seismological and geologi-
cal data.

The procedure of optimigzation
contained the minimax problem sol-
ving.

The first step is the definition
of the maximum seismic load parameter
combination for each element of the
set of design earthquakes.

The second step is the definition
of the probable minimum seismic load
of all maxima and the correspondent
set of structural parameters.

4. Cost-benefit analysis of the
seismoisclated structures.

The seismoisolation application
leads to:

-less expensive structure with the
same reliability as that of non-
isolated struoture

-more safe structurs with the same

cost as that of non-isolated
structures

-some combinations of the first and
seocond

2.2 Experimental research

Experimental part of the program
included:

1. Shaking table model and fragment

2. Full-socale building dynamic
loading of the structure by means of
an exciter corresponded to the design
load of 9 MM-intensity and more
( Pigure 3.).

Static and dynamic tests of the
elements of seismoisolation systems
(flexible supports,dampers,dry frio-
tion elements a.a.).

2.3 Results

Investigations included the paramet-
ric response analysis using the re-
sults of experimental studies. The
design and theoretical investigations
were carried out in two stadies:
identification of a design model and
prediction of the system behaviour
during strong earthquakes. For this
purpose above mentioned acoelerograms
of seismic motions were used as input
effects in the prediction of the
structural seismic behavior. The de-
sign set inoluded instrumental
accelerograms of several strong
earthquakes, their spectra are suf-
ficiently various: predominant fre-
quencies are 0.1 to 2.5 seo.,namely:
El-Centro,NS 1940,Gazli,EW,1976,

San Fernando 16 SW,1971,Bucharest,NS,
1977 ,Mexico,EW, 1985, Gukas jan,EW, 1988,
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Table 1. Response displacements
base~isolated DRES and non-isola-—
ted buildings.

Number of disengaging| PFundamental Periods, Reserve | Relation
reserve steps element| sec. element max, £lexibl
(1ines) tnttial [ finaly T system w—"‘nﬁs—’
poseiblef reallze TesTI] Bucha-
To rest
General Switched-
Number off
number
1 1 0,1 1,25 1,25 8,3 1,1 4,9
6 4 0,1 1,25 0,9 5,6 1,5 7,3
23 10 0,1 1,25 0,6 3,6 2,3 | 11,5

Table 2. Cost and material expense
comparison for 9-story large panel
Kamchatka buildings, non-isolated
and with different isolation sys-
tems (in percents).

DRES- Rocking | Sliding
isolation Suppots| belts

buildin‘q buil- | buildings| buildings|

rllon-
isolated

dings
TOTAL COST 88 96 97,5 100%
STEEL
TOTAL WEIGHT 87,8 79 81,2 100%
CELENT
TOTAL WEIGHT 78 82,5 82,5 1007%

a.a., and design sets of artificial
acoelerograms.

To select rationally parameters of
seismoisolation systems with dis-
engaging braces, the following para-
meter were varied:

- the value of the threshold level

of the disengaging braces failure

- the size of the clearance between

and the strength of reserve elements
for 8 different accelerograms are
plotted toc (Figure 3 b). The initial
fundamental period of the building
under consideration is 0.2 sec., the
limit state period, after reserve
elements disengaging, is 1.5 seoc.

3. Seismic displacements of struc-
tures with the system of disengaging

a stop( displacement limiter ) and braces are oconsiderably (2-6 times)

disengaging elemenents

- the ductility of disengaging ele-

ments

The studies showed that:

1. In structures with seismoisola-
tion system such as disengaging ele-
ments, the resonance does not develop,
irrespective of the kind of amplitude

less than those of flexible struotu-
res (Figure 3 o,Table 1).

Therefore the main bearing elements
can remain in almost elastic deforma-—
tion stage even during strong earth-
quakes. It is advisable to use dis-
engaging elements with sufficiently
large yleld capacity.

-frequency spectrum of seismic motion. As a result of the research prog-

2. Seismic loads on a structure re-
duce 2 to 4 times in oomparision with
loads on rigid non-isolated structu-
res. For example, the calculated res-
pons acceleration is shown for two
earthquakes: a. Gazli,1967 and b.Bu-
charest, 1977 (Figure 3 a). The de-
pendency of the acceleration response

ram different structural systems of
seismoisolation are designed and used
recently in constructions in Siberia,
Far PBast,Crimea,Cauocasus,Middle Asia
and other earthquake dangerous areas
of the USSR. Speciffioc for these sys-
tems is that they not only provided
seismic reliability of isolated buil-
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Pable 3. Seismoisclated structures

in USSR.
[ Type of seismoisolation The most active|Year of| Numbexr of
i organization or|const- |constructed
author buildings
1(Pendulum suspension and steel
springs (Ashabad-City) P.D.Zelenkov | 1959 1
2{Flexible ground story columns TsNIISK
plus sequens series of energy |[J.M.Eisenberg,
dissipation switching-off ele- |M.M.Deglina, 1972~ 128
ments plus rigid inelastic dis-|V.I.Smirmov, 1990
placement limiters(North-Baikal|A.M.Melentiev
city, a.a. ) a.a.
3|Pile-in-tube system with swit- [J.M.Eisenberg, | 1989 2
ching-off inelastic elements A.R.Rakhimov
4|Low-friction support TsNIISK, Poly-
(pairs "teflon.steel) between |technic Institu
the foundations and walls plus [te (Frunze) 1984~
rigid displacement limiters 8.v.Poljakov, 1990 25
L.S.Kilimnik,
L.A.Soldatova
S{Kinematic|rocking reinforce con
(rocking) |crete columns with Sevastopol-
reinforce|spheric ends plus stroy, 1972-
concrete |switching-off element |TSNIISK 1974 3
supports |plus dry friction V.V.Nazin,
elements J.M.Eisenberg
rocking lup;;ortl - Kazpromtro{-
"upside-down mush- NIIProject,(Al-| 1979~
roon" type ma-Ata)Y.D.Che-| 1989 55
repinsky
reinforce concrete
columns (rocking) with [TsNIISK 1987~
plane ends plus dis- |A.M.Kurzanov, 1990 4
placement limiters N.N.Skladnev
plus friction
6 {Rubber-steel laminated supports|TsNIISK 1985 1
7|Pnevmatic supports for special |V.Beljaev ,a.a.
non-building structures
TOTAL 182

dings but they also are simple in
sonstruction and not expensive.

4. Some results of the cost-benefit
analysis for a 9-story large panel
buildings with different base-isola-
tion systems constiructed in Petro-
pavlovsk-at-Kamchatka are given on the
Figure 4.

The caloulations have been made for
a given set of predicted seismic mo-
tion parameters.For other combina-
tion of paramesters, the results could
be different.

2.4 Principal demands to the Seismo-—
isolation Systems

As result of the research program,
the following main principles were
assumed as a basis of seismoisclation
structural design 1-6:

1. Considerable damping.

2. Considerable flexibility of
limit system and rigidity of an ini-
tial system.

3. Conservation of members bearing

vertical loads in the elastio stage,
completely or partially, under large
horizontal displacements.

4. Application of rigid stops-limi-
ters of very large displacements.

5. Cost of ordinary seismoisolated
apartment buildings should be not
hi%her and the reliability should be
not lower than that of non-isolated
buildings.

6. Reliability of some especially
significant seismoisdlated structures
(nuclear reactors estc.) should be
higher than the reliability of non-
isolated structures under reasonable
rise in prioe.

7. Parameters mentioned in points
1-6 should be speocified with regard
to prediotion of seismic motion
parameters.

3

APPLICATION OF DIFFERENT STRUCTURAL
TYPES OF SEISMOISOLATION (Table 2.)

About one hundred buildings with open
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relatively flexible qround stories
are erectsd in towns North Baikal,
Sevastopol, PFrunze, Petropavlicvsk-
Kamchtsky, Tbilisi. Vertical lcads
are perceiving by usual reiforced
concrete columns. Between columns
there are rigid slements perceiving
only horizontal earthquake loads.
These elements are plane R/C panels
or spatial elements. Energy absorp-
tion and variation of rigidity and
natural frequences appear as a result
of damages of panels themselves, ri-
gid stops, metalic plates or bolts
between elements. Natural periods

of such systems in limit state are
usually not exceeding 1.5 seoc.

The variety of such systems are
"pile-in-tube" systems with clearance
petween pile and tube up to 10 cm and
with inelastic dampers in the upper
part of the pile. Several such buil-
dings are built in town Tynda, BAM.

The adaptation to spectra is
reached by consecutively elements
disengaging, that results in smooth
rigidity decrease and energy dissipa-
ticn preserving main elements bearing
vertical loads in the elastioc stage.

The flexibility in seismoisolated
system under consideration is pro-
vided by using of elastic or rocking
(hinged) supports in the ground
floor. The isolated buildings funda-
mental periods are usually 1.0 to
3.0 sec. Damping is provided either
inelastic deformation of non-struc-—
tural elements (hysteresis damping),
or/and dry friction.

This type and other seismoisolated
buildings have been constructed in
earthquake dangerous areas of the
former USSR (see Table 2.).

4 CONCLUSIONS

1. About 200 seismoisclated struo-
tures are constructed last decades
in the former USSR.

2. Specific for seismoisolation
application in the USSR is that the
isolation system elements are pro-
duced of steel, conoreste and other
usual duilding materials. Thus, the
systems are comparatively simple
and not expensive.

3. Decision of parameters of
seismoisclation to be used in a
definite structure is depending on
two groups of parameters:

- demands of architects which neesd
or do not need open spaces in the
ground stories of the building,
or one and the same type of

structural system is preferable
for all stories including ground
story

- predicted spectral and cother pa-

rameters of future earthquake for
the site (predominant high-fre-
quencies, or low-frequenoies, or
both, narrow band or broad-band
spectira etc).

4. Further investigations are
necessary for better understanding of
the demands stated above in point 3
and also to analyse the safety and op-
timal design problems, to observe and
analyse the behaviour of seismoisola-
tion systems during strong earth-
quake.
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