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Bases of engineering analysis of elastometric seismic insulators

M.A.Dashevskiy & Ye.M.Mironov
TsNIISK, Moscow, Russia

ABSTRACT: Bases of engineering analysis of heavy-loaded layered seismic-and
~vibration insulators (SVI) have been developed, that allow for nonlineari-
ty, rheological effects, a form and number of SVI layers. Besides it allows
to determine deformations and frequencies of natural vibrations under load
and optimize SVI dimensions. Both good static and dynamic correlations bet-
ween the analysis and experimental results are observed.

I DISCUSSION AND OBSERVATION

The most effective means of seismic
and vibration isolation of highly re
sponsible structures and people in
them is the application of wvarious
structures based on high polymers,
rubbers, in particular, that are
placed between the structure and fo-
undation (Tajiran F.F. et al., I1990;
Derham C.J. et al., I985). Effective
computer-based engineering analysis
has been in parallel developed. In
comparison with sufficiently awkward
numerical methods, i.e. finite-—and-
-boundary elements methods, a propo-
sed engineering method of analysis
(Dashevskiy M.A., I987; Dashevskiy
M.A. et al., I990) still keeping
high accuracy espparently demonstra-
tes the effects of elastic rubber
constants, elements shape, and the
number of layers; also it permits

to consider nonlinearities in the
analysis and rheological effects un-
der high stress compression. Optimi-
zation of SVI dimensions may be pro-
.duced with an aid of the proposed
method based on simple relationsh-
ipse

2 METHODS OF ANALYSIS
2.1 Basic assumptions of phenomeno-
logical method of analysis:

I. The process of deformation is

considered one-~-domensional; shape
coefficient Kr =7+/mM Fs/Fu=/+4 is

used to take account of the pacial
character of stress state, providing

F=F"K. (1)

E - modulus of elasticity of a prod-

» uct;
£ - material modulus of elasticity.

2. As a measure of deformation va-
lue S=Ay/(Ho~Ae) is used, where (2)

Az is a settlement under
load at t moment, that allows to ma-
ke use of relationship of Hooke's
law type 6=&£°S for the doma-
in of nonlinear deformations (Grigo-
rjev Ye.T., I960).

2. Rheological rubber properties
with allowance for new measure of de-
formation S are described either by
the relation for Kelvin's standard
body .

CEMRG « KEL SR b6 5

or by exponential nucleus of creep-
ing by Rzhanitsin A.R.

-ﬁt‘
K(t) =W, £5 )
oy
where Ob is compression stress
Fe and F oo —~ an instanteo-—

us and equilibrium modulae of elast-
leity,, , &, = £37/ FL

Az" ="initial coefficient of
shape, N,;= N 6o/ &0 kF)

4. Frequencies of SVI natural vib-
rations under load are determined
for the compressed state of SVI with
corresponding shape coefficient k&f
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2.2 In the assumption that rheologi-
cal processes have ceased ( £—> e
SVI stiffness with vertical vibrat-
jons is defined by the expression:

2P e B
C=5z"~ % E@(/,/o—At)Z (5)

. l‘S"
where £1 = kLS KE =1+ A (51 K
Substituting (2), (5) in the expre-
ssion for natural frequency of one-
-degree~-of-freedom system vibrati-
ong Ma?2=C , we obtain the
formulation for the frequency of
free vibrations of SVI under load:

(2= 241 E1)5 1 A(5) 6
Hol¥ < 7+ 4

where Ho - an initial thickness of
the SVI layer
J = a number of layers.

2.3 Experimental loading both in
static and dynamic of rubber speci-
mens made of various grades of rub-
ber proved good correlation between
experimental data and theoretical
analysis. In tests with a stepped
loading with holding time (Fig. I)
experimental results for settlement
differed not much then %% as compar-
ed to the theoretical expectations
(see Table I)

Tyble I. Static loading rubber gra-
de 7=30-I4~I02

A 0 I 2 3
hgg”r 5.780 |5.28I 5.204 |4, 784
hexXP | 5.780 |5.281 B.204 [4.895
% er-
4 5 6 v 8
4o 6I4 | 44346 | 4.26I] 3.975 | 3.898
0,2 I,8 | 0;8 .65 | 1,02
£l = I.I44 WPa; L= = 6.4 MPas
E;"’ = I.72 MPa; £, = 9.6 MPa.

Creep in the process of stepped
loading was considered by means of
relationship (3).

© MPa
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Figure I.

2.4 Under dynamic loading of a spec-
imen theoretically deduced and expe-
rimentally obtained frequencies of
free vibrations compared. Results of
the comparison for rubber grade 7-30-
I4~I02 are shown in Fig. 2.
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Figure 2. Dynamic testing of rubber
grade 7-30-I4~I02

For the case of unfinished creep-
ing using the equation (3) solution
under constant load for
the expression for natural frequency
becomes more precise:

(2= 22 (5%r1) " 10 A ()
Ak St 1A

where
7/ [oo

—o
o) e Ay

2.5 Natural frequency of shear vibr-
ations of compressed SVI is defined
taking into account possible incre-
ase of support area and vibrations
in shape coefficient

(=L 1185 o O
HolV  Oo 7 KL
Reduction of horizontal vibration
frequency is governed by the coeffi-

cient

2 fl
o= [%/ = 3/7+ A773)" o)

(8
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3 LAMINATED SEISMIC~AND-VIBRATION
ISOLATION

3.1 The proposed approach permits to
estimate the advantages and scope of
application for layered SVI. As it
follows from (6) free vibration fre-
‘quency as a function of load has ex-
tremum (minimum), which position and
magnitude depends on the number of
layers and the relation of dynamic
modulus of elasticityt static

(Fige 3

Ly ]
16" Qx 2
“] By=45
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\O.
a = linear theory, b - N=I,
¢ = N=2
Figure 3.

Increase in bearing capacity at
the expence of rubber stiffening and
growing of E oo is unfourable as
value J4 grow goes up as well.
That is why it seems more advantage-
ous to make more numbers of layers
and keep Ja = I.2 + I.3%.

3.2 SVI optimization depends on spe-
cific engineering task.

If SVI dimensions are known than
the load at which natural frequency
is minimum is determined from condi-
tion

15
0.4 (s=1) + A (s#1)(5-04)=0 10y

In particular, for solid onelayered
SVI .gopt equals 0,535 at & =
030

The problem of determination of
SVI dimensions at a specified freg-
uency ¢&J and load P, being a vital
problem in practice, is solved by
either from the condition of minim-
um volume or non-excess of ultimate
deformation & =A4,/4o = 0.3, det-
ermined in the practice of structure

service life.

2.3 In the first case the folowing
system of equations is solved by me-
ans of iteration method:

=B8R, (s)¥7*T)  (1ny
/Qo—k/ 2
where B=f0 $7JK/Q<Q) /VVQ)
N - a number of layers, A= gzﬁﬁ
Kok P 22357 gisd T

For the second case design relation
has a form:

sy éj—/'/’“ﬂ(g’“/)/:] 7P

75 S (12)

where /g._za_,;7_/
77 K
S T ot EE

Design nomogramma for the first
case is shown in Fig. 4.
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Figure 4. N=2
CONCLUSIONS

I. The proposed method has been ap-
plied for analysis and realization
of the replacable vibration isolati-
on system for a multi-storeyed buil-
ding, being erected quite close to
the shallow subway line. The level
of vibration turned 25 times less,
that confirmed the validity of the
proposed method.

2. The fact that non-linear and
rheological factors may be consider-
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ed within the frame of a simple model
open broad prospects in the future
for application of the above method
in engineering practice.
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