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SYNOPSIS

The vibration tests using shaking machine were carried out on 18 tall
buildings and their natural periods and damping coefficients were investi-
gated. From these results, the relation between fundamental natural period
and stories, fundamental natural period and 2nd one,fundamental natural
period and 3rd one, each natural period and fraction of critical damping and
others were obtained.

On the other hand, the observations of dynamic behavior during the re-
gional earthquakes were performed on 11 tall buildings to obtain their natu-
ral periods, distribution of maximum acceleration of each building and so onmn.
From the acceleration records of these buildings, the authers tried to
estimate fraction of critical damping of each building.

INTRODUCTION

The objective of the vibration tests on buildings is to recognize the
appropriateness of building design and to get the useful data for seismic
design of other buildings in the future.

A lot of useful data have been stored by the vibration tests before the
completion of the buildings. At present, after the completion of the build-
ings,the earthquake observations are being carried out on not less than 10
buildings. The building response amplitudes observed during earthquakes are
smaller than the design values analyzed by the dynamic response of strong
motion, but are far larger than the examined values by vibration tests.

In view of the above facts, it is very important and will be useful to
clarify the difference between the design values and the results of vibra-
tion test and earthquake observation.

VIBRATION TEST

The authors have carried out the forced vibration tests on 18 tall
buildings and the microtremors were observed on 4 tall buildings. Table.l
shows the results of the vibration tests on 11 tall buildings with a summary
of certain important building characteristics where the earthquake observa-
tions are now being carried out.

The outline of the discussion about the dynamic characteristics of these
tall buildings made clear by means of the vibration tests is as follows:

(1) As shown in Fig.l, the relation between fundamental natural period
Tl(sec) and stories above ground N can be expressed as follows:

T1 = ( 0.06'~0.10 ) N (s)
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T, = ( 0.03 ~ 0.06 ) N ( RC , SRC )

where (S) denotes steel frame structure, (RC) reinforced concrete structure
and (SRC) reinforced concrete steel composite frame structure respectively.

(2) The relation between T1 and eaves height H (m) is obtained as

follows: = (0.018 ~ 0.028 ) H (s)

i ( 0.010 ~ 0.018 ) H ( RC , SRC )

(3) Fig.2 shows the relation between fundamental natural period T, and
2nd T 3rd T, (sec) ones. It makes little differrence between (S) and (RC,
SRC) . The foilow1ng relation is obtained:

T (0.3 ~ 0.4 ) Tl

12 = (0.15 ~ 0.25 ) Ty T

3 3
(4) The relation between fundamental natural period of transverse or
longitudinal direction T, (sec) and fundamental torsional natural period T
(sec) can be obtained as follows:

TT = (0.06 ~1.0) T1 and average is TT = 0.8 T1
(5) Fig.3 presents the relation between each modal natural period and
its damping coefficient h (%) on each building in each direction. Damping

coefficients obtained from the vibration tests are given by:

h=0.5~2 _ - (s)
h=1.5~6 ( RC , SRC )

The larger the values of T, are, the less the values of h are. The higher
order damping coefficients from these data are not so large as to prove that
the assumption of internal viscous damping holds good.

when averaged T2

[

0.33.T
0.19 T l

]

EARTHQUAKE OBSERVATION

The earthquake observations are being carried out on 11 tall buildings
located in Tokyo and Yokohama where the vibration tests were carried out
before completion. Fig.4 presents their building sites and seismographs loca-
tions. Twenty-one earthquakes that occurred from 1968 to 1974 in these areas,
ranging from II to IVin the Japanese Seismic Intensity scale (J.M.A.), are
summarized in Fig.5 with their epicenters, dates and J.M.A.. The authors
discuss about the data obtained from those earthquakes.

Relation between the intensity scale and the acceleration level is as
follows:
Intensity scale ( J.M.A. ) o T 17 v
Acceleration level ( gals ) 2.5 -8 .8 -~ 25 25 - 80 80 - 250

The main results obtained directly from the time-histories of recorded
seismic waves are pointed cut in brief as follows:

(1) The vertical distribution of the maximum amplitude of acceleration
in the building is presented in Fig.6, which shows that the maximum values
of acceleration were not necessarily observed on the tops of tall buildings.

(2) The amplitude of acceleration where fundamental natural period is
predominant is calculated from the recorded seismic waves on the top of the
building. The calculated values are 10 to 50 times larger than the amplitude
of acceleration by the vibration tests.
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(3) As is indicated in Fig.7, the relation between fundamental natural
period T (sec) obtained from the vibration tests and fundamental natural
period T N (sec) observed during earthquakes or the relation between funda-
mental na%ural period TlD (sec) calculated in structural design and TlN is
expressed as follows:

PR
iN i :

The maximum acceleration level of most of the earthquake records is
less than 30 gals on the base of each building, but some of the fundamental
natural periods observed are comparatively close to the designed ones.

(4) Buildings vibrate by earthquakes in every order natural period. An
evidently simple and predominant wave foam was chosen from the earthquake
acceleration records of the building in which the maximum amplitude of accel-
eration occurred, and its period is named "the main period". The relation
between this main period and observed fundamental natural period is shown
in Fig.8. The buildings having a short natural period vibrated principally
in their lower order natural periods; on the contrary, the buildings having
a long natural period were mainly in motion in their higher order natural
periods.

Next, in order to seize accurately the 2nd and 3rd natural periods dur-
ing earthquakes, the authors computed the Fourier spectra of the seismic waves
recorded at the base and the top of each building and calculated their trans-
fer functions. The Fourier amplitude spectra and the transfer functions were
smoothed by using the Hanning window.

(5) These results obtained from the transefer functions are added in
Table.l, which shows that each natural period during earthquakes is compara-
tively close to the designed one.

(6) Each modal damping coefficient was estimated from the peak value of
the transfer function. The relation between each modal natural period and
its damping coefficient of each building is presented in Fig.9, where the
damping coefficients of 2nd and 3rd modal numbers obtained are slightly
larger than the examined ones. On the other hand, the estimated fundamental
damping coefficient is large as compared with the examined one. One of the
reasons considered is that the time-~domain analyzed is not so long as to
estimate the fundamental damping coefficient.

CONCLUSION

(1) Each modal natural period during earthquakes is smaller than‘or
equall to the designed one, and is larger than that obtained by the vibra-
tion tests.

(2) The maximum values of acceleration are not necessarily observed on
the top floor in the case of tall building. Building having a longer natural
period shows a tendency to vibrate in its higher order natural periods.

(3) The value of the 2nd modal damping coefficient obtained by the vibra-
tion tests is larger than that of the fundermental one, and is smaller than
or equall to that of the 3rd one. The values of damping coefficients of
buildings of steel frame are smaller than those of buildings of reinforced
concrete and reinforced concrete steel composite frame.
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(4) In regard to the buildings of steel frame, the values of the 2nd
and the 3rd modal damping coefficients during earthquakes are apt to be

larger than those obtained by the vibration tests, besides the value of
fundamental damping coefficient by earthquakes is remarkably larger than the

one by vibration tests.
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