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oY ic ai ivnamic tests were periormed on high damping steel-
13 g5 in var =1e in the frame-
W = 1o support seismic isclation deve-
1 allowed For the evaluastion of data
( izontal stiffnesses, damping, creep
& ompared to the FE”VL‘ of periments
o ock-ups and actual i ed buildings.

1

The advantages of seismic Isolation for application to thes in-
novative nuclea reactors appsar  such as  fo warrant  furthso
work ©o f:”o}ve some of the outstanding problems. This is the
reason for the large RED effort that was undertaken ENEA and
ISMES to support seismic isclation development.

Prasent activities are focussing on the high damping steel-
laminated elastomer bearings (Fig. 1); they include the prepa-
raticen of propesals for design guidelines (Martelli et al.
19903, as well as the development of numerical meodels and expe-
riments, for both individual isolators and isolated structures
(Martelli et al. 1991). Tests of isclated structures are repor-
ted separately {(Bonacina et al. 1991},

2 TESTE OF IMNDIVIDUGL. BEARINGS

Individual bearing experiments were carried out by use of the
SISTEM test machine (Fig. 2): SISTEN allows for testing both
single isolators and a pair of superpeosed isclators (Figs. 3 -
5) in varicus scales, with one-dirscticonal (1D} or 20, simulta-
neous, static and dynamic horizontal excitations ovnder vertical

Twent gel&hi (28} isolat the 300 mm diameter

=)

static load, up to large displacvemsnis {(Martelli et al. 1991).
Y 5 3

bearings used in the five bul £ Administration Cen-

ter of the 5IFP Telephone Compa AT : , which a2re the first
example of application of seismic isolation in Italy (Bonacina
ot 3 3 =1

@t al. 1991). Several alse testaed (22 wvere
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fabricated in 1/2 scale, 20 in 1/3 s
Quasi-static experimenis weare p
static vertical (k ) and horizontal
effects of vertical load variation on
te sustainaed compression, and failure
rizontal excitation tests were alsc
fraguencies, to evaluate damping and

3 SOME RESULTS

Figs. & and 7 show the static k  and k,_ valuas measured for

r the
variocus bearing scales, the lztfer at 100% o (¢ = shear strai in,
i.e. horizontal dl;plgwmmﬁn- over total rubber height?. The
agreament with formulae (Martelll et al. 19%C) is
satislfactory. S S5 _ntion of theoretical values is dus o
variations of the shear modulus of elasticity > static

e, in-
il

i
k, data at 50% o are 10% larger than b
il while it

creased considerably by further decreasi
raached a aonstant value at 100m g (Fi mic test data
were only slightly affected by vary
clogse to the static values at 50% o ] T o ﬂOO% u.

Equivalent viscous damping (8) excl-
tation, up to above 100% o (Figs. a. e on @
were small. Dynamic results are higher than the static, but =
largely non visceous energy dissipation mechanism is evident.
The comparison with the results of the SIP bearings acceptance
tests shows some difference ue to differsnt rubbsr characte-

T d
ristics (Martelli st al. 1$215.
In the failure test so far p
about 1460% o; howsv i i

er, in sp : e
nor gverturning churred even at 6"% o (Flg Eﬁ Increasing
displacement above 100% o led toe a slight k, increase, dus o

hardening, up to dnmage hoglnning (Fig. 812, For larger displa-
cements, k, started decreasing agsin, while 8 increased rapid-
1y, partly because of plastic deFormjtions of steel plates.

Crasp deformation due t©to design vertical leoad (V.) was small
(7 - B% of the dead load deflectionl; sifects of vartical load
variaticn on Kh ware lower than 10% in the range [0.5 Vg - 1-25
v.1.

d

& COMCLUSIONS

Test results have already provided useful information to under-
stand the isclators behavicour and to check and improve design
guidelines. Further tests are in progress to complete failure
and aging analyses, stidy the dynamic response at varying fre-
guency and to 2D excitation, and evaluate temperature efiects,

for koth the bearings of PlE 1T and others with improved TQb“
traint cenditions (dowelled and bolted) and materials.

REFERENCES

3 2 =9 3

Spadoni, B. (1991). Dynamic Experiments Performed in Italy on
Seismically Isolated Structure Mock - Ups in the Framework of

Bonacina, G., Pucci, G., Zola, ¥., Forni, ¥., Nartelli, A. and

— 200 —



ne R&D Studies for the Innovative Nucleer Reactors, Procee-
j ings of the 11th SHIRT Conference, Tokyo, Japan.
Martelll A., Masconi, P., Di Pasqual V., Band,

1.' »
Tv BOHJC na, G., Gluexlerﬂ E.L. a n, F.F. (19903

2

a
Proposal ;O~ Guidelines for Seismical
C

)
3 Isolated Nuclear
Power Plants (Horizontal Iseolation Systems Usil High Damping
Steel-Laminated ZElastomer Bearings), Energia Nuglears, Vol.
1, Pp. &7-95.
Martelli, A. , Forni, M., Indirli , M., Masoni, F., Spadoniu B.
and Bonacina, G. (19%1). Static and Dynamic Tests on High
Damping Steel - Laminated Elastomer Bearings, Proceedings of

the $th ASME-PVP Conference, San Disgeo, California, USA.

Fig. 1 High damping steel-laminated elastomer bearings used
for the SIP buildings a2t Ancona. Diameter = 500 mm or 400 mm;
overall height = 204 mm; total rubber height = 144 mm  {(eleven
inner shests 12 mm thick and two cover sheets ¢ mm thick);
total steal height = 50 mm (ten inner plates 3 mm thick and

two outer plates 15 mm thick).

he SISTEM test machine (cases of two horizontal
- i

£t
wators in “push-pull" positions).
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Fig. 6 Btatic vertical stiffness hv versus bearing diameter,
measured for the varicus scale bearings (== = average values;
--- = maximum and minimum wvalues). Comparison with the

theoretical data (o).
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Fig. 7 Stratic horizontal stiffness k, versus bearing diameter,
measured for the varlous scale bearings at the vertical design
load, in the range [~100% - +100%1 O (e— = mean valuss: ---
maximum and minimum values). Comparison with the theoretica
data (o).
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dynamic test of two su
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