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SUMMARY

Dynamic response of the three-story reinforced concrete school building with fo-
undation isolatinn counstructed in Skopje is presented and discussed. The idea of
foundat.jon isnlation has been achieved by applying rubber cushions between the
strip foundation and the ground fleoor slab of the supper-structure.

Full-scale studies were carried out in order to determine dynamic properties of

the ilding,and the response of the building with foundation isolation effect
igs analysed.
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1. INTRODUCTION

Foundation isolation is one of the oldest attempts to isolate the structures from
the influence of the ground earthquake motions. In the past few years new ideas
in modern construction bave been theoretically and experimentally investigated
and developed by engineers and scientists (L4,6), for practical application.

The results presented in this paper concern the dynamic response of three-story
reinforced concrete school building, constructed in Skopje in 1969. The building
was designed and developed by Swiss engineers (6). The main idea of foundation
isolation has been achieved by applying rubber cushions between the strip foun-
dation and the first floor slab of the supper-structure. The btuilding is constru-
cted as reinforced concrete walled structure in both orthogonal directions.

Ambient vibration tests were carried out in order to determine dynamic properties
of the building. Simple cantilever beam model with interactive stiffness parame-
ters has been used to model building-foundation system. Using experimental re-
sults the formulation of the mathematical model has been performed. A good cor-
relation between the experimental and analytical results for both rezonance fre-
quencies and the mode shapes have been obtained and typical results sre presented.

2. DESCRIPTION OF THE BUILDING

The building of the classroom wing of the "H.Pestalozzi" school is designed and
built as monolithic walled structure with base isolation applying rubber cushion
elements over the strip foundation. The "H.Pestalozzi" school was designed by
Swiss engineers (6) and built with the funds provided by the Swiss people and
authorities in organization of the Swiss Group of the Inter-parliamentary Union,
as a contribution in the gigantic programme of rehabilitation and reconstruction
of Skopje after the catastrophic earthquake of July 26, 1963.

The supper structure of the classroom wing is monolithic three story reinforce
concrete walled structure with thickness of the walls of 20-33 cm, and 20 cm
depth of the monolithic reinforce concrete floor slabs. Typical floor plan and
cross section of the wing are shown in Figs 1 and 2.
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Fig. 1 Plan of a typical floor of the building
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Fig. 2 Cross-section of the building

Fig. 3 (a),(b),{c). The supper structure was built on a reinforce concrete gri-
de and continuous slab at the ground floor. After completion of the supper stru-
cture rubber elements were inserted in their position and fixed. Then each of
the rubber elements was put under prestabilized pressure lifting their bearing
beam to the determined level, With two groups of hydraulic presses in the cor-
responding secquence the rubber elements were put under stress constituting them
as bearing supports of the supper structure.

3. AMBIENT VTBRATION TESTS

The objective of performing the ambient vibration study was to obtain dynamie
properties of the building and then to compare them with those obtained from the
analyses of the mathematical model response. The ambient vibration method of tes—
ting full-scale structures is based on wind and microtremor-induced vibrations.
It is o fast and relatively simple method of field measurements without inter—
ference in the normal building function. Although this method of dynamic testing
of full-scale structures is based on small levels of exitation, compared to
strong earthquake ground motion, the derived dynamic properties of the structu-
ral systems are invaluable since they offer a sound basis for rational improve-
ments of the formulation of the mathematical models in the elastic range of be-
haviour of the structural systems {5,7). In this specific case of the c¢lassroom
building of the school in Skopje, the response of the building is practically
controlled by the rubber cushion elements, thus the application of this method
is quite efficient.

The microtremor-induced vibrations were measured using Kinemetries Ranger Seisg-
mometers, Model 8S5-1. Gingle Conditioner, Model SC-1 was used to amplify and
control simultanecusly four seismometer signals. The amplified analogue signals
were recorded on a four-channel HP magnetic tape recorder and converted into a
digital form using LPS (Lab periferial system) of the PDP 11/45 computer system.
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Fig. 3 (a) Partial foundation plan with
~p03ition of rubber cushions

(b) Detail of rubber cushions position
in the foundation structure

{c) Cross-section of the foundation with
isolation elements

The effective rate of the recorded data from the horizontal vibrations was 60 sec.
The signal before recording had passed through a low pass filter set at LO Hz,
Twenty seconds of data from each channel were used in the calculations of the
Fourier amplitude spectra. The standard Fourier amplitude spectrum was smoothed .
by 1/4, 1/2, 1/4 weights.

In the experimental study of building vibration whiech is based on the linear mo-
del, it is assumed that the resulting motions can be expressed as the superposi-
tion of models associated with the discrete frequencies. This approach then requ-
ires a simultaneous measurement of motion in a given direction for at least two
different floors to obtain their relative amplitude and phase, the two quantities
required to determine mode shapes. For that reason the first field measurement
was & calibration run et the ground floor. All four seismometers were placed at
the centre of the ground floor identically oriented. To obtain translational mode
frequencies two pairs of seismometers were located at the ground floor centre,
oriented in south and west direction, respectively. For this location were carried

out several tests. The smoothed  Fourier amplitude spectrum for the ground floor
is shown in Fig. L.
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Fig. 4 Fourier amplitude spectra on the ground floor
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Similar measurements were carried out at the foundation level of the building un-
der the rubber cushions and the Fourier amplitude spectrum for this level is

shown in Fig.

5.
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For measurement of the translational mode shapes two seismometers were placed in
the centre of the ground floor and oriented south and west, repsectively. The ot-

her two seismometers were relocated for each test in the centres of the first and
second floor. The measured vertical mode shape is shown on Fig. 6
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Fig. 6 (a) Cantilever beam model with interactive
parameters

(b) Comparison of the theoretical and

experimental mode shape

L., FORMULATION OF THE MATHEMATICAL MODEL

Simple Euler cantilever beam model was chosen to model the behaviour of the buil-
ding-foundation system. In Fig. 5(a) schematic presentation of the cantilever be-
am model, with the interactive parameters representing flexibility of the rubber

elements is given.

The partial differential equation of the motion for this case of the beam model
may be written
2 2 2
ey s X0o= e (1)

ax” °ox at,
This equation neglects the influence of the deformations due to shear forces and
the inecrtinl resistance to rotational acceleration of the beam cross section. In
equation (1), E is the modulus of elasticity; I is the moment of inertia of the
beam; m  is the mass per unit length of the beam; and L is the length of the beam.

The methods used for solution of this equation is separation of variables which
leads to the well known characteristic function:

®(x) = A, sin ax + A2 cos ax + A

1 sin h ax + Ah cos h ax ... (2)

3

where ‘
a--'é_]'—- .. (3)

Four constants A, in the equation (2) define the shape and amplitude of the beam
vibration and they are evaluated by consideration of the boundary conditions at
the ends ot the beam segment.. Substituting the shape-function expression or its
derivatives into these boundary conditions leads to the following matrix form:
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Setting the determinant of the square matrix equal zero provides frequency equ-
ation from which a could be obtained. After the modal value of a is obtained

from frequency equation it is substituded into the shape-function expression to
obtain the corresponding mode shape.

The aim of this analytical presentation is to construct a model of the building
in N-5 direction that would closely match the dynamic characteristics measured
by ambient vibration tests. For this analysis it was assumed that the supper
structure is very rigid.. Values of the interactive parameters k, and k, were

determined from the geometrical and mechanical properties of the rubber cushions.
A slight adjustement in the initial value of k, was required.

The experimental and theoretical mode shapes for the translational direction
(N-S) of the building at the first resonant frequency of 3.20 cps are compared
in Fig. 6{(b). A comparison of the experimental and analytical results for the
resonant frequencies and the mode shapes show very good agreement and approves
the counsistency of the formulated mathematical model.

5. DISCUSSION OF THE RESULTS

From the Fourier amplitude spectra at the foundation level under the rubber cus-
nion (Fig. 5) it could be seen that the spectra is of about the same amplitude
content for the wide frequency range. The Fourier amplitude spectra at the gro-
und floor (Fig. 4) for the same conditions of microtremor-induced vibrations
shows dominant peaks at frequencies 3.20, 4.50 and T7.50 cps. It is evident that
at these frequancies are possible resonances of the considered building. The
shape difference between two amplitude spectra at the ground floor and foundation
level is evident, and it could be concluded that the vibration amplitudes for the
frequencies larger than 3.20 cps are significantly damped.

In order to predict the dynamic propeeties of the building a simple mathemati-
cal model was formulated. The super structure is taken as relatively rigid with
dominant bending deformations.

Most important part in the mathematical model formulation is determination of the
interactive parameters. Experimental results are showing that for this system the
dominant effect is of the horizontal deformations of the rubber cushions. Based
on the mode shape evaluation for the resonant frequency at 3.25 cps the transla~
tional spring (k,) controlles about 80% of the total amplitude of vibration. The
rest 20% of the amplitude of vibration are controlled by the rotational stif-
fness of the rubber cushions and the super structure flexibility.

6. CONCLUSIONS

The dynamic properties of the building with base isolation on rubber elements as
obtained from ambient vibration tests and as predicted from analytical model are
in good correlation. The effectivness of base isolation is evident in the wide

range of frequencies before and after 3.20 cps. More detailed inyestigations of
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the building are needed by performing forced-vibration tests for several diffe-
rent levels of excitation. The building is instrumented with four strong-motion
accelerographs, two at the foundation level under rubber cushions and two at the

ground floor level, respectively. Expected strong-motion records will give data
for faal verification of the isclation effect of the system.
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