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Earthguake Response Evaluation of an lsolated Building
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1  INTRODUCTION

There are many examples in the construction industry that painfully
jllustrate that problems occur when tachnologies are prematurely applied.
Before nuclear power plant structures are seismically isolated, it is,
therzfore, necessary that the performance of isolated structures during
earthquakes be documented and critically evaluated.

With a second earthquake recently expariencad by the Rancho Cucamonga Law
and Justice Building (LJB) in Southern California, an opportunity ewists to
evaluate the performance of this building in some detail.

2 BUILDING DESCRIPTION AND SEISMIC INSTRUMENTATION

Figure 1 shows a cross section of the LIB. The building is four stories
high with a full basement and sub-basement for the isolation system. The
isclation system consists of 98 isolators of multi-layered natural high-
damping rubber bearings reinforced with steel plates. The superstructure
has a structural steel frame stiffened by braced frames in some bays. The
building is located 25 km from the San Andreas fault and is designed for a
magnitude 8.3 earthquake. Tests of full-scale sample bearings demonsirated
that the expected maximum horizontal displacement demand of 15 in (380 mm)
can be accommodated (Kelly, 1991). Figure 2 shows the locations of the
acceleration sensors. Arrows show the location and positive direction of
the acceleromsters. Dots indicate the positive direction out of the plane
of the figure.

3 RECORDED EARTHQUAKES

Two earthquakes have been recorded since the completion of construction of
the LJB. The first earthquake (Redlands Earthquake, October 2, 1985) was a
small magnitude, M, = 4.8, event with its epicenter 30 km from the building.
The free-field peak ground acceleration (PGA) in the NS direction was only
0.045g, EW direction 0.035g, and vertical 0.03g. The second earthquake
{Upland Earthquake, February 28, 1990} was a velatively more significant
event. The magnitude was ¥ = 5.5 2nd was centered only 12 km from the
building. The free-field PGA in the NS direction was 0.26g, EW direction
0.25g, and vertical 0.19g. ¥Figure 3 shows a sample of the time-history
accelerations recorded in the building. The locations of the recordings are
shown in Fig. 1. Figure 4 compares the 2% damped spectra of the free-field
motions from these two events. For the Redlands event the free-field motion
is characterized by a very narrow-band high frequency signal, centered at
about 14 Hz, and with an energy span from 10 to 20 Hz. For the Upland
Earthquake the free-field motion energy has s much more broad band frequency
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content and spans from 3 to 20 Hz. The fre sgquency content of the Upland
earthavaks weu“d be mors “ep?eseniacive of the great e&thquake on the San
Andreas Pault for which the isclation system was desiguned. The 2% damped
spectral acceleration amplitude in this range is move than 1.0g as against
an avavage of 0.25g from the Redlands event.

Jespvte the blg"“mlcaHL differences in amplitude and frequency content,
the LIB responded to these two events very much the same way, except, of
course, in terms of the absclutes values of the response amplitudes,

4 RESPONSE EVALUATLON

Because of space limitations only the vesults from the Upland earthguake
will be presented. The evaluation is based on comparisons of respomnses, in
terms of the 27 damped vesponse spectra, at different locations.

In Fig. 3 the response spectrs of the free-field and the foundation center
are compared. Significant veduction of raspense occurs From the free-field
to the foundation level, which is 15%-5" (4.70m) below the zround surface.
This is primarily due to the excavated space of 110° = 4£14° (35.5m =
126.2m). It is to be notad that the reduction of the free-field motion is
blgn_:tcanLﬂy more in the EW than in the NS divectiomn. This 1s to be
expected. Assuming plan waves, and using a 2D finite element wmodel it was
shown (Hadjian et al, 1986) that, for an infinitely long trench, the ground
motion in the KC&VatlDE tends to the free-field ground surface motion as
the width of the excavation increases. As the width of an infinitely long
trench decreases, the ground motion tends to the free-field motion at the
depth level of the bottom of the trench. Because of free surface refleciion
of wavee, the latter motion is therefore expected to be significantly less
than that of the surface motion. In the case of the LIB, the cross section
in the N8 direction can be assumed to represent a 10ug infinite trench with,
relative to the denth, a large width (110° vs. 15°-5"). Thus, the reduction
of motion from the fres-field is only moderate. For the EW direction,
although the width of the "trench” is large, the "trench" is mot infinitely
long. Im fact, it could be considered to be a narrow slit in the ground
without significantly affecting the ground motion at the same depth level in
the free-field. Thus, a more significant reduction of motion occurs in the
EW direction. For freguencies above 3 Hz, the reduction is about 50%. If
the building was foundsd on the ground surfsce, the type of drastic
reduction of motion shown in Fig. 5 would not have occurrved. Consequently,
from the isolation viewpoinit, it is important to cousider the foundation
mocion rather than the free-field motion in resvonse evaluations.

In Fig. 6 the response spectra of the feoundation and basement, at three
locations in the NS direction, ars compzred. Below 0.23 sec {above 5 Hz)
the foundation motion is drastically filtered ocut. And above (.67 sec
(below 1.5 Hz) the foundstion moticn is enhanced. As will be discussed
later, this is due to the rocking of the building, which, as iz to be
expected, 18 more prouncunced at the east and west walls of the building.
Similar resulis are obtained in the EW direction {(not shown}).

Figure 7 is oprimarily intended as a comparison of roof and basement
responses. It is abundantly clear that the building rocked at sbout 0.75
sec (1.3 Hz) in both EW and NS directions during the Upland earthquake. The
basement to roof amplification is five fold. For the Redlands earthquake
this seme phenomencn occurred at 1.8 Hz with seven-fold amplification of the
2% damped spectral vesponss. The frequency difference (1.8 vs. 1.3) is due
te the softening characitsristics of the disolators with increasing response.
Using the vesponse specira peaks at 1.3 Hz, the response at the rocof in the
WS direction can be broken down to its comstituent parts as follows: 6%
rigid body swaying scrcess the isolators, 73% due to rocking and 21%2 due to
structural deformacion. These results ars shown in Fig. 8. Also from
Fig. 7, it can be comncluded that higher modes were alsc excited, e.g. an EW
translational mode at 0.32 sec (3.1 Hz).

In Fig. 9 the response specira in the W and NS directions ave compared
both at the basement and at the roof. The peak spectral amplitudes at 1.3
Hz zve plotted in Fig. 10, from which it could be deduced that the LJB
regponded as an inverted sphe:lcal pendulum during the Upland earthguake
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It can thus be concluded that the seismie respomse of the building was

simply shiftad from being a high freguency response to a lower frequency
response by inserting the isclators underneath tha structurse. Since the
input motion (Fig. 59 Foundation) was mnot stvong, structural demsge was not
experienced at LIJB. In Factg aeross the street from the LIB, stacked roof
tiles on the #eoof ridge of o two story struecture under construction did not
even fall off the vidge. Theresfore, to assess the level of isclation
provided teo this bullding, a survey of the personnel im the building during
ithe earthquake was condurtedo

5 GSURVEY OF BUILDIRG OCCUPANTS

The results of the survey sre summarized in Table 1. Gut of a total of 22
numberad gusstionnaires, 14 completed guestionmaives were returned. The

i 5
questionnairz first asked guestions shout the respondents’® environment
{eolumns 1-4). In the 2nd column, the numbers preceding the levters
& 9 k (=]
designate the number of the QLestﬁonnai"ec

The szcond part of the quesiioanaire 1 of
shaking (columns 5-11). Duration ﬂnt 1 in
columns 5 and 6. Responses to question pCfsnn91 b havior
during the earthqueke and what happened around them is summarized in columns

cs the Pezk Floor Accelerations as

19 and 11, vespectively., Column 9 gives n
obtained from the recorded date. Columns & and 7 need some explanations
The MMI scale descriptioms were edited to eliminate behavier descriptions
hwa, references to birds, i

=

outside in the onen- 8, Lrees, etc. were deleted.
Intensity levels I1X-3 Ue“e completely removed. The respondents were asked
to estimate the MM intensity level gccording to this edﬂucc ve?sbcnn T heir
responses are given in column §. The responses range -V1,

with a 5.2 averag=.

Column 7 dis 2 new scale of isclstion in*ensftyn A
commonly used cavtcoon to show the advantages of isol
two ends of a scale ranging from zers to fen. The def
ten scales were provided. The respondentes were ssked to deLGuLL
iecal value de sc*ﬂbﬂng their sitvation duvin ?he ea?LhOUﬂTe LeLwae these
two limits. These are given in column 7. i
under my desk {counter). I was very scared. L
One,” his characterization of the isolstion int
Eliminating it gives an ave?ﬂge isola ‘ion intensity
earthguake did not go unnoticad by the occcupants of
magnitude M, = 5.5, 12 lm from the building zund a basement peak accele
of 0.13g an 1uolaL101 intensity of 4 is wnot very encouraging.

3
=
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Q
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6 CORCLUSIONS

Based on the data and information summarized im Table 1, togeiher with the

evaluation of zespons 88 EES“L given in Figures 3-10, it iz concluded that

the isoclators under the LJIB dﬂd not fuﬂctiom as expected during the Upland
2

Earthquak@a The frequency range of 1-3 Hz seems to be particularly CflClCa1
for this structure. A lavge event on the San Andreas, 25 km away, or the
San Jacimto, 20 km away, may contalmn signiv'cant snergy in this range of

eguenciss. What the isolation system did was change a high-frequency
response problem to a lower [requency response 3?ob(en=
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