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ABSTRACT

carthquake observatld 'y dee : - '
Earthquake ODSE ition of deeply embedded building structures in the suburbs of

r~lbvo NAas neen cont inued on a large scale \
G e 8 large seale 1or the purpose ol 1nvest) * _
1 -structure interactlon behavior M: b e 1“:'*&;'(.‘,]_%3\}1{]{1 of dvﬂamlf’l

2 - el any earthquake records have been obtalned

"his pdpETilstFﬂdﬁ:ESlthe outline of our earthquake observation system and the
. : d # 1-1 | .' | | . o
31N€ om the investigation of earthquake records observed in and around

model for dynamic soil-structure interaction behavior sub jected to
thg ground motions is estimated Dby an identified technique which mlnimlze
quare sum of the residuals between the observed records and a simulated
nodel. This soil model presented herein, closely simulates the observed records.
(2) 1L 18 found that by comparison between the normalized spectra of the dynamlc
1ateral pressure and those of the velocities at approximately the same depth, the
+h shapes of the spectra closely coincide.
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INTRODUCTION

| been carried out at many building structures to
te the dynamic soil-structure interaction behavior 1n Japan(Tsubokura et al.
etc). Up till now, however, there has been little ~research related to the
of dynamic lateral pressures acting on the basement walls of deeply embedded
structures. In thils paper, the authors wish CTO introduce the investigation

arthquake observatlon nas

OUTLINE OF EARTHQUAKL OBSERVATION SYSTEM

the building and observation system

section of building are as

around the building and Crogss
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Geologiﬂal structure consist
underlying diluvial deposits
gliepe extals a firp 4
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alluvial deposits abo
forty CWO meters
depoﬂit,generally ca
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inside the bullding and tho«.
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valls (See Fig. B
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1(b)ﬂ Dynamic €2 (20 components) installed on the

Observed earthquakes

y earthquakes have been observed since Junpe 1985 .,

The locations of the epicenters of these carthquay.
urposes of thils study, 21 earthquakes (Sakai Sy
kes with an intensity of 2 or above in Tokyo(jap.. .

- ' Japan%ﬁi
imum peak acceleration value of AR

As of March 1990, man
earthquake observation began.

as shown in Fig. 2. For the p
1989) were chosen from earthqua

Meteorological Agency Scale) and a max
more observed at GL-142Zm.
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ANALYSIS OF OBSERVED RECORDS AND DISCUSSION

Observed records and maximum velocity distribution

The example of observed records of the East Off Chiba Prefecture Earthquake whio
occurred on December 17,1987 is as shown in Fig. 3. The records observed in gm:;i
show a tendency that the velocity is hardly amplified between GL-142m and GL-U2q o

1t 1s amplified near the ground surface Little amplification is
: ob
B6F and 1F of the building. P

On the basis of observed records, the ratios of the maximu
Lo the maximum velocity at GL-1uop

obser;ation point in the soil and in the building
W | ”
ere determined. The mean values and standard deviations of the ratios obtained :r;

as Shoyn in Fig. 4. Both the horizontal and | ' | :
25.9m in the ground about 12 m I

times on dverage. B
- 'BY ‘contrast . - 3
the ground surface. b+ they were more amplified above this leve] Also,
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dverage, respectively,

g

) ¢

S € building
orrelation anaj
at two point 1alysis was copg
8 in ik ucted on o :
he mean Spectra e R Omb%natlons Of° observed values obtained

Yeéd in this analysis. Fig




while

- f shows that the primary freaguencv wsz
e ' e Was -ka[ -__TH frequency was predominant at around 0.71 RZ No
redomlnanc > ‘:a-l.._-l l::' J.__jerv'[-i‘fj ]_'[’] t‘_’hr-; .:.](_-’(.‘r]r fj': ool T - e o # L 2 | ! P
P ~edominance was observec f'“”f'ﬁ'“ry or higher mode of oscillation. In - Fig.
b > was observed at frequencies 0.71 Hz, 1.6 Hz, 2.56 Hz and 3.2 Hz
y A i A ’ J » b= i a4 9

5(b)
Jhich indicated that predominant frequencies in higher modes of osc! tior Y
frequeﬂcy of 160HZ or above were pr"i_‘jf'iui’jerj in shallow wlayprS"uﬂTJ (‘[ij_fjjj;jll[—a "’1(2"1. .
[n order e lﬂVﬁStl%ete cransfer eharaeterietleereteee; fﬁz ;Zei;ngnd the
the spectral ratio at each level was calculatead using dete Sheerﬁed 1in ;h;
groUﬂd at 16V€l$ roughly corresponding to those observed at B6F and }F {He ¢ 1t Jr}
thls celeuletlon are as shown 1n Flg 6 (a) and (b) res PC‘C_:L‘J‘El‘ 3 reru 5\;;
~omparison between.the spectrum at basement (B6F) and thet znpghe eoiljia esmgi thi
o5 Gm, it is found that in the frequency range higher than the fi;ét eatu;ai
f the structure, the amplitude in the structure decreases to about half of

and is accordance to the frequencies. 1he spectral ratio of 1F to

eimiler tendeeey as estimated above. These phenomena indicated that

building:

of the residuals between rhe observed
in which the shear Wave velocities and
cordance to the parameters,

~hnique CO minimize the square Suf

A tec
records and the simulated model 1S employed,
the frequency*depentant damping factors are selected 1n ac
d the layer thickness are set in accordance

and the density an

In the apnalysls, O the assumption that Lhe SOoid
horizontal formaktion, the amplituae characteris
iimensional wave propagat1on theory. The soil constants for the initial soil model and

rhe soil model estimated by the identified technique areé as shown in Table 1.
Example of the transfer characteristics obtained from the identified soil model and

sbserved records are as shown in Fig. T. As shown in the figure, predominant
frequencles and amplitude ocharacteristics of tne soil model estimated by tne

identified technlque showed close agreement with the observed ones.

f the resultls of observation and simulation

Comparison O
e] estimated by the identified
s, the wWave

of waveform

byeof - the soil mod
In the simulatlon analysil

as input. 1nhe example of comparlsons
the observed and simulated

re oreerobserved at GL-14Z2m We
In these f1gures, the

and response spectrum(witn a damping factor of 5%)

waveforms are as shown in Fig. 8(a) and (b), respectively.
simulated wave showed good agreement With the observed one. Although response spectrum

values of the simulated wWave at about 1.0 second were greater than the observed One,

the simulated response spectrum showed good agreement with the observed one. Similar

simulations were carried gut: Pop.-phe remaining 20 earthquakes, and the ratios of

response spectrum values of the simulated wWaves to those of the obsereed ones Were
calculated. The mean values arl Pig. s L% M

eviations are as :
A ve
confirmed that the average value O the ODSEX

£ the simulations well agreed with
ones, despite greater «tandard deviatlons for periods of rwo seconds and more.
FUNDAMENTAL CHARACTERISTICS OF DYNAMIC LATERAL PRESSURE ON RASEMENT WALLS

eral pressure

Distribution of maximum dynamic lat
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o thE maximum dynamic lfﬂﬁrﬁl Pres
sﬂmid9V1aP“mj1O in which the dynamic lateral pp._ .

: . ’ Ty N I.

hown 1nFH§n of earth pressure duQ to €arthquake |

lJuctuatiol Fig. 10 are normalized by the

n - T gl

i tion coefficients between the

g Eiﬂd Staﬁd
are as =

- he [
fies C s

The mean value
on the basement walls

hereln described s1gnl

: ressu :
maximum dynamlc lateral P 11 shows varia

i
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. : itlies and D th fﬁﬁﬂm
Fl . XImum VElOO y % 'm.:" VY w
velocl ssures norma 1 The variation COE€ S of the e |
dynamic lateral Prf:?—?u2m respectiVElb’- Aximum velocitles are lower th%-ﬁqllml,ﬂ?
accelerathMﬂaeﬂ:(HJ e; normalized by the T variations in the vertica] dj“"ﬂﬂﬂ@
. lateral preSSUI’" ; g and the LFEfjtii_
dynamlc the maximum aCCEIerathﬂ ’ 0,
normalized by CnNE
smaller.

cs of dynamicC lateral pressure

characteristl

Time history and fregquency

ney characteristics of dynamic lateral pressype .

=~ WhN A
The time history and f‘requee investigated. The examples of dynamjoc 7.. -°N

acts on the basement wiélspgﬁgl A side and GL-3.7m on the panel D side. Which | s
g [l Ehe ;
pressure at GL .20 0

, thquake on December 17,1987

| Off Chiba ‘Prefecture: Cal ‘ ,

observe_d C;Lirmg]gt(h;) ‘EaS;he time history of dynamlcC lateralbprg?sure 1; as
;hown]‘;(”b) gm which the time history Was passed through a and=pass filter (
11%.%) ha’ving a frequency bandwidth close to the predominant ff‘eque_ngy

Fourier spectra of dynamic lateral pressures as showh 1n Big. 13. The s

i :_l!‘lq
h‘_J.

obtained above (20-40 second in Fig. 12(a)) and an example of particle Orbits

|r.r
. SEabe
shown in Fig. 12(b). Some phase difference was observed 1n the changes ip .y

lateral pressure acting on panels A and D. |

Fourier spectra was normalized by the maximum values. These spectra consist -
dynamic lateral pressures acting on panels A and D at the ground surface leve] a.ﬁ
the foundation level, and of observed velocities at the corresponding levels o 5

soil. Their mean values and standard deviations are as shown in Fig. I3Ral), (b) :h
(c),respectively. Spectra determined from observed dynamic lateral pressures Sh@-ﬁ:;;
good agreement with spectra of velocities observed at almost the same leve]l g

S. This
result indicates that observed dynamic lateral pressures and velocities y
interrelated, Chough qualitatively.

CONCLUSIONS

Analysis on the f'undamental

around deeply embedded building

characteristics of earthquake records observed ir
nave been obtained.

Structures was carried out and the following resu]
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(1)

The amplification factor o

I' the ground agaj - ~

B s | gainst GL-142m was as low as 1.5
Surfaczagleev(etiotwhashorgzontal and vertical) at GL-25.9m, while that aiqthefgm..,,
AMPLLF Toat fon oo o0 23" thordzomtal) and 3.7 (vertical) o
_ N ractor of the building at t T il LM;

€L was about 1.:
t floor level, about 1.5 on average.
embedment of the building.

O
/)

r

O

the building at the levels of (1F/GL-1.5m)

basement .

that ; B6F) ang that in the Soon comparison between the spectrum at
11 a frequeng © S01l layer at th e BTN

Stmxxuretjm; i fange hlghep than th : c depth o3 g2.9m, it is found

801l | Amplitude ip the stryet ° {irs

L natural frequency of the
Lo about half of that in the
The Spectral ratio of 1F to GL-
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that dynamic aoil-structure interaction occurred.
~onfirmed that the soil model ostimated by an identified technigue

agsuming 4 frequency-dependent damping factor closely simulates the oD
Therefore, 1T Was confirmed that the soill model could De& applied Ior

tigation of dynamic soil-structure interaction behavior.

served

(3) [t was
record. f°
Further 1nves

imum dynamlc lateral pressure requlres a smaller variatlon coefficient

rtical variation when normalized by the maximum velocity than DY
Examination of the time history and frequency

Characteristics of dynamic lateral pressure acting on basement walls revealed
that there Was some phase difference in dynamlc lateral pressure acting on
panels A and D at the ground surface level. Spectra determined from observed

lateral pressures showed good agreement with spectra of velocities
icates that observed

(L) The max
and a smaller V€

the maxlmui acceleratlion.

dynamic

obsbserved at almost the same levels. This result ind

dynamlc lateral pressures and velocitlies Were interrelated, though
qualitatively.
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Table 1 Data of soil profile

———

D T 5
Observation Thickness!Density Initial model Identified model
points(m) (m) |(g/em®) |V s (m/s) h(%) |V s (m/s)ihe® (h)| &«
15 1. 80 102. 0 5.0 102. 0 Q.1 0. 48
GL-1.5 @& = T
i 1. 80 180 0150 147. 0 Q.1 0. 48
1
l EE 1. 30 k250 | 3.0 126. 0 Q1 0: 44
= | 5L
[ .8 e 100. 0 5.0 ISEO Q.1 0. 48
l 3. 1 1.64 170. 0 5. 0 192. 0 a1 0. 48
’ 4.9 ]. 68 225. 0 5.0 233. 0 Q. 1 0. 48
GL-25.9 @& i
T B3 Fse 620 |50 | 230.0 g1 1048
Y,_
‘ 9.9 1. 80 490. 0 5.0 410. 0 T3
GL-42. 0 AR 3
s Lagr | omeg F 50 S8R0
GL-142. 0@— T E |
| e 2. 00 500. 0 5.0 500. 0 10. 5

® Ohservation points

where, a :Constant expressing the degree of dependence On frequency
he :Damping factor at. t-Hz. £ :Frequency (Hz)
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