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ABSTRACT: A base 1isolated building em
prefecture YACHIYO City

system during an earthquake. The buildin

1. Introduction

gince 1979 we have been repeatedly perfo-
rming model experiments using a vibrating
table and simulations by numerical
smalyslis A8 a part of our research into
base isolation systems. This research was
aimed at the development of a system which
effectively resists the long period
seismic waves peculiar to our country.
Simultaneously, the development of an
gctual size base isolator for use in a
building was begun, with a satisfactory
product being finally obtained in 198l.

In experiments and research 1into the
dynamic behavior of a building structure,
verification using scale models was consi-
dered to be inadequate, and thus became
absolutely necessary to perform full-scale
experiments. In line with this thinking,
we obtained special permission to con-
struct an actual size housing structure
where experiments to could be performed to
obtain the necessary engineering data.
Yachiyo City in Chiba Prefecture was
szlected as the location POr . EHAS
structure because of the relatively
frequent occurrence of earthquakes, and
with the most important aim of confirming
the validity of this system through obser-
vation during an actual earthquake.

The main items of examination at
building were as follows:

(1) Vibration characteristics of the
building ( microtremors, forced vibration,
free vibration)

(2) Abstraction of problems through
specific construction and acquisition of
tonstruction know-how.

(3) Relatively long-term seismic

this

obser—

. : phagizing seismometry was constructed at
n OFLCE Lo confirm the actual behavior of a

CHIBA

base isolation

g 1s a 2-story reinforced concret
| e SLru
has six rubber bearings between the base mat and first floor cture and

test, seismometry and dynamic response analysis on this buildin

In this paper,
g are described.

vibration

vation using a strong motion
(4) Habitability test (effect due to

strong wind, etc., necessity of stabili-

zing devices and quantification thereof)

seismograph.

Items (1) and (2) above were performed
between November 1982 and the end of
January 1983, and the habitability test

(4) between August 1983 and March 1985.
The observation of item (3) above is still
in progress. This report describes the
results of vibration experiments of item
(1) above and earthquake motion wave forms

observed un to the present, as well as
performing numerical analysis from the
following viewpoints and the  results
thereof:

(a) How closely the numerical calcula-

tion represents the actual phenomena, and
how strict the modeling should be to

obtain satisfactory analysis results?

(b) Define a simple model wuseful for
design.

(¢) Confirm the effectiveness of the
base isolation system using dynamic
analysis.

(d) Examine the condition of the super-
structure and interior.

2. Building outline

The building is fully equipped with the
facilities found in a conventional housing
development with specifications TO allow
actual habitation. In addition it was
designed to allow an {solator to Dbe
inserted between the foundation and the
superstructure, making the natural period
of the building longer. A vibration damper
was provided to reduce the seismic force
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(3) Friction type: makes USE -
friction force that acts between a stee

rod and the pressure bearing steel plate

(4) Pre-cast concrete (PC) plate type:
makes use of the friction force that acts
between the dry area shielding the PC

plate and the top of the side wall

o of the friction
1 rod fixed tO

3. Vibration experiments

3.1 Observation of microtremors

A high-sensitivity microvibration meter
was wused for measuring the microtremors
and the measured wave form was recorded on
4 data recorder through the integrator
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the period (obtained from the wave form of
the observed relative horizontal
JifzplfH:EHWW1L of the foundation and the 1F
Ft“t oor), and the displacement amplitude.
I}io tendency of change of the damping
tactor can be classified into the friction
type and the PC plate type (where it

increases as the displacement amplitude

becomes smaller), the elasto-plastic type
(where 1t inversely decreases), and the
sand and no damper type (where the damping

Fartnr st aAve 3 - 4 '
tactor stays almost constant irrespective

of the displacement). The period became
shorter as the displacement decreased,

rrespective of the type of damper used.

Although it is not shown in this report,
when the hysteresis curves of various
dampers were compared, the size of the
area surrounded by the curve was largest

in the cases of the friction type and the
PC plate type.

By combining the results of the variou
vibration experiments performed upon
completion of the structural work of the
building (January 1983), the foll
information was obtained:

i
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i -

|

without damper
elasto-plastic

sand
friction
PC plates

N
o

e e

displacement ( mm )

Fig.2 Dependence of damping factor and
period on displacement

(1) Regardless of whether or not a

damper was used, as the displacement
amplitude decreased the natural period
became shorter. Where an isolator only was
used. the period changed from the large
deformation amplitude to the microtremor
amplitude (i.e. 1.8 sec to 1.37 sec).

(2) Regardless of whether or mnot a

damper was used, no abnormalities were
seen in the loading capacity oOr t!

- o

restitutive force of the isolator agains
the maximum displacement of approximatel
16 cm.

(3) In the experiment using a damper,
the damping factor was Ly GRS for
elasto-plastic damper, 7 - 8% for the sand
damper, 10 - 50% for the friction damper
and 10 - 30% for the PC plate damper, as
compared with 5 5% in the case of the
isolator only. These results the
respective cffectiveness of each type of
damper. In all cases, the effectiveness
was clearly shown in view of a decrease 1in
the displacement amplitude and shortening
of the vibration convergence time.
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L. Observation of seismic motion
4.1 Outline of obgervation

Farthquake observation using strong motion
seismographs was performed in April 1983
by installing 3 sets of acceleration—type
strong motion seismographs (Lion, SM-10A
type: 1 sets; gM-10 type: 2 sets) on the
foundation, 1F floor, and rooftop (RF),
respectively. These were simultaneously
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sodel a8 close to actual size as possible)
3‘ is input into the vibration l'-ﬂl“)]{_‘, quali-~
| tative evaluation will be made clearer.

] reem (2) 1s being researched at present
5 put it is necessary for the floor response
to be obtained as accurately as possible
, through dynamic analysis. 1In particular,
_* places where priceless articles are
handled or vibration sensitive objects are

stored, (such as fine art galleries, TC
| plants, EEe.), models that take 1into
| account the higher order modes as desg-

cribed in this paper seem to be effective.

In view of the dynamic behavior of the
superstructure in item (3), idealization
of the model as close to the actual struc-
ture as possible 1s considered necessary.
However, from the viewpoint of the dynamic

analysis which 1s used as a reference
during the design phase, a simplified
model is more effective. If the correla-

tion between the model described here and
results of the simplified model can be
understood, a simple model could be used
in the design, allowing on easier under-
standing of the overall properties. For
the basic data, REreal duportant Lo
idealize the model as close to the actual
structure as possible.

The idealization of the isolator model
in item (4) above uses 8 elasto-plastic
Springs arranged in the horizontal direc-
tion at equal angles, as shown in Fig. 8.

This model attempts to represent the
loading-displacement relationship of the
isolator as accurately as possible, taking
into account the effects of the two direc-
tional shearing force.
Summarizing the above, the following

~ ldealization (Fig. 9) is provided in this

~ Teport to create phenomena as close to the
- 8ctual condition as possible.

superstructure 1s repreﬁented by

gid frame

& ey
| 8 elastic three-dimensional ri

§f = ‘&) The floor slab is represent€
1 "8ld floor in the horizontal plane.

d by 4
Three

b T2 SR

components
are

Horizontal displacements

and displacement components

of displacement x, v and v
considered for each floor.

(3) The idealization takes into account
the higher order modes caused by the
vertical vibration, mass points at each
column position that demonstrate the force
of inertia against vertical vibration.

(4) The isolator, as mentioned above,
used MSS springs. The mutual effect of the
two-directional external force is consi-
dered in the horizontal plane and the

elastic force in the vertical direction.

2.2 Establishment of each parameter and
the characteristics of the building

The superstructure 1is represented by an

elastic body which consider the bending

deformation of the frame work, deformation
in the axial direction, shearing deforma-
tion and rigid zone in beam column joints,
and the damping factor of 0.5%. Properties
of the 1isolator were established with

reference to the experiments performed
previously and each MSS spring of the
isolator was designed to have bi-linear

properties (Fig. 10).
Since the seismic input motion of three

earthquake waves (YC-840101, YC-840306 and

Q

2

Fig.l0 Shear spring
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' TS : Lot
paramel€l response of 1F compared with i

Based on the

- e above, the natural period was © acceleration 1in both the NS and FLM
5 shown in Table-2. tions decreased considerably) . Cirec
ting the effect of the isolaih;l;;mﬁﬁﬁ

Fig. 14 shows the results ofgmfﬁwﬁ.
cal study using a model ip whhh
superstructure 1s assumed to he . “
body where the isolator alone is dof, Bl
Although the maximum value mat(‘,h;;;i;?_”_
observed value, we cannot conclyde ...
this simple model reproduces the o

wave form since the higher order i+

—_——

btained; as

Step

Table-2 Natural period (sec)
vC840101 | YC851004
YC840306
2.536 5.072 0.634
0.634 0.634

Stiffness

=

tions cannot be represented. Gepera.
however, the Superstructure of the h
isolation structure 1is designed to
elastic and only requires the maxi:u;r
response value. Hence, this simple mod!
is considered sufficient from ¢

viewpoint of structural design.

6. Conclusion

dnalysis r AS the earthquake observation to date "
esults apd MOt yet included a large scale earthquake.

the evaluati it
(1) Yo~ on of the observed data cani
Fiss?c ??9101 Be - highly regarded. However, it may =
acceleratia ma 1 show ¢h g?CIUded that the results obtained
Ma. & 0 1in the §g dir " Tesponse €llective in considering the behavior °
a Shﬁws ectiﬂn of the ba
observatjon whil the records of 1F, i S€ 1solation system in response
2 this aMlY#iae T 1y shows *Ctual ‘u‘-m to small scale earthquakes. |
rEEUlts match Cl; It can be Sein trEBUIta d 30, we were able £ establlsh that th
¢ the o dnalysis is effective in °

anal “Sult &h S
Ysls of the S of obg a ol & | hat the roles played by e

Ehowing a EW co ! €rv _titm an Bimplj_f' g
- Cﬂrrelﬂ:f::ent ﬂf IF, alg: Were Veifddetfngg:é Bt :




. 3 ’
. , e | T e L e - R e T e g P r
i B T e e LI * - ol ——
Hﬂ - L o W e gy B

O s—

5 . » e = | . | -
-6 i T T T
""120 2 4 6 B 10 ] 14 R 1 VIS S W—
Pih. i) -a VO -Rab 18718 20 22 24 20 .28 38
L0l observed 1.FL NS (s )
- (gal) i = = Sosa ., ec
6 A A A4 A ] . i
g " R &) "" i GTS 1..lvd 'i|.wi‘_' I'..- A i'_l....“.u __._‘j_. ‘."
*120 B R 8 10 12 14 |
8- 18 e 2t 22 24 2% 2u " ay

Fig.l1l- .
ig.11-b YC-840101 calculated 1.FL NS (sec)

Lt S LA LAY A Sl
-12
. 6 8 10 12 14 16 .18 20 22.24 26
Eigdli-c Yo-<840101 observed 1.FL EW 52 (SEE)
12 (gal)
b

IV UV.W SR TN

0 2 4 B B 10 12 .04 16 AB 2t ek >4 A .28 ad
Fig.l11-d YC-840101 calculated 1.FL EW (sec)

8 T e -2 3D
Fig.l12-a vC-840306 observed 1.FL NS

8 3 12 A5
Fie1Z2=Db YC-840306 calculated

W B W
ATANAWAWAYWY
CiHYaTe RAA R

\

12(gal) -
- | . / 1"1.! ‘l"l"‘““'l
| e VI WA e v Ava A1

3 ' T Y A

.43|Iﬁllﬂﬂlﬂlﬂlﬁlﬂﬁﬂlllﬂ . :
-12L | >0 22 24 26 26
‘g 12 44 " 10 18

.-0_ < 4 - b F?gﬁlz.l_do YC-8&0306 calculated 1.FL EW

30

(sec)




6 et g ) AT LA AR

e Ll L LAY mil L

RN R e NS I8 20 22 24 25 5

0 ﬂ:}‘w‘mwnm.flsmﬁlmu

’l"m WL RIL
3 ILVAG
-18}—

3 =g s il L o -‘- ok ' ) o - -
] R TR e N SR
G T A T Vi - LT e
i b 4] = o Ly g (F 1 : . M

-:k-fl": e R SR Wt R S e r

ity _-_'q"'-...u ._'_—'_.I-_._ i R ‘..|..l..- e iE q

I T e e R e =11 =5
i gk 1 Wy 4 2
1 |I|..-\..§-:l:.i_||_-|- :. -I::'I; X - el e ey = I.|. E

i ;I.

Ty

TEe T : [

. = i |'l'..-l_.!¢.I

. | . e = e T E A, Y [

| | | I I S e L

I | | | ; A R e b L
l’-l?-'[- r;'.’k'ﬁ 5 ,r.'._-,.'_‘_r.-i.'_:_"u"i-_.:'-'__-‘;:..-1.i;l__.. r:-rl_ X : : -.,. y e . Y : -

e P R e L et “h . :



