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SUHMARY

The purpose of this paper iIs to describe the shaking table test results of 1/1000 scale
structure-soil medel and the simulation analyses using the computer code based on the Thin
Layered Element Theory.

In this study,.the dynamic characteristics of two soil layers and the structure-seil-
structure interaction problems were examined.

The outline of the vibration testing methods and computer code were already presented
in the previous report Part 1 in SMIRT & (1981).

1) Outline of Test Model:

The size of two soil layers model is 50 cm long and 530 cm wide. An upper layer was made
from congealed gelatine and 8 em thick. A lower layer was made from plywood and 3.2 cm
thick. The superstructure was a simplified one mass model made of a metal sheet spring and
a metal solid mass. Two superstructure models were produced for the structure~soil-
structure interaction study.

2) Results of Tests: .

Firstly, the free vibration tests of the structure model and the soil model were carried
out. The each fundamental natural frequency of the structure and the soil model cbtained
from resonance and phase lag curves were 11,0 Hz and 9.0 Hz respectively.

Secondly, the soil-structure interaction tests were conducted using a single structure
model and two identical structure models located at an interval of 2 em. In the structure-
soil-structure test, the model was shaken in two directions respectively which were trans—
verse and parallel to the direction aligning two structure models. The resonance and phase
lag curves of the single structure model and two identical structure models tests suggested
that their dynamic characteristics were nearly equal to each other. Two peaks of 9.0 Hz and
10.4 Hz were observed in the resonance curve of the structure.

3) Results of Simulation Analyses

The analytical method used in this study is based on the Thin Layered Element Theory
developed by Dr. Hiroshi Tajimi. In this analytical wmodeling of two soil layers, the upper
layer of congealed gelatine was divided into six thin sublayers and the viscous dashpot
boundary evaluated from the rigidity and density of the plywood was placed at the base sub-
layer. The transfer function and phase lag curves were calculated and these analytical
results were in good agreement with those of shaking table tests.

From the shaking table test and the simulation analyses, the following conclusions were
drawn.

i} The dynamic amplitude characteristic of two soil layers was influenced by the wave

impedance ratio.

ii) The Thin Layered Element Model could simulate fairly well the results of shaking

tests.
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1. INTRODUCTION

This paper describes the experimental studies of the dynamic characteristics of two
s0il layers and the structure-soil-structure interaction problems.

In the previous report (Part 1), the cutline of preliminarily experimental studies and
the computer program were presented. (1) The computational procedure of this computer pro~
gram is based on the Three Dimensional Thin Layered Element Theory developed by Dr. Hiroshi
Tajimi. (2)

2. SHAKING TABLE TEST
2.1 Model of Building and Soil

A reactor building of a PWR plant was reduced to 1/1000 of the prototype. The size the
model building and the thickness of the soil model were changed comparing the previous test
for the structure-soil-structure test. The structure model was fabricated with a phosphor-
bronze plate which was 10.2 wm wide, 0.3 mm thick and 4.5 cm high, a selid metal weighing
16.3 gr, and a wooden foundation. The wooden foundation was 8 cm long and 8 cm wide and
1.2 em thick. The whole weight of this model building was 63.8 gr. The size of the two
soil layers model is 50 cm long and 50 cm wide. An upper layer was made from the congealed
gelatine of the weight density 8% and was 8 cm thick. A lower layer was made from plywood
and was 3.2 cm thick. The properties of model materials are shown in Table I,

2.2 Test Procedure

Test were performed in four steps as follows:
1) The free vibraticn test of the structure model.

ii) The shaking table test of the soil model.

1ii} The shaking table test of the single-structure-soill interaction,

iv) The shaking table test of the structure-soil-structure interaction.

A small electro-magnetic shaking table was used in the vibrating test. This shaking
table could lecad 40 kg and could vibrate in the range between 0.5 and 100 Hz. The accelera-
tion of the shaking table was controlled to be constant at 10 gals and the vibration frequen-
cy range was from 3 Hz to 18 H=z.

In order to measure the displacement of the structure model, a target for a contactless
optical displacement meter and wire strain guages were attached to the solid metal and lower
plate metal. The relation between the displacement and the measured strain was calibrated

and the displacement of the structure model could be estimated correctly.

3. RESULTS OF TESI

From the free vibration test of two structure models, the fundamental natural frequen-
cies and damping ratios were 11.0 Hz, 0.5% (A2-1) and 11.2 Hz, 0.4% (A3-1) respectively.

The transfer and phase lag curves of the soil model test are shown in Fig. 2 and Fig.3.
The single peak of the transfer curve was appeared at 9.0 Hz and the phase lag angle was
90° at this frequency. The frequency of 9.0 Hz was considered to be the fundamental natural
frequency of the upper scil layer.

The transfer and phase lag curves of the single-structure-soil test are shown in Fig.4
and Fig. 5. Two peaks of the transfer curve were appeared at 9.0 Hz and 10.4 Hz. These
frequencies were considered to be the fundamental natural frequency of the soil layer and
the structure-soil interaction mode.

In the structure~soil-structure test, two identical structure models were located at an
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interval of 2 cm and the model was shaken in two directions. The test results of the paral~
lel and transverse direction to the aligning twe structure models are shown in Fig.6 ~ 7 and

in Fig.8 - 9 respectively.

4. SIMULATION ANALYSIS OF TEST
4~1 Analysis Model

Fig.l shows the simulation analysis model of the test, using the Three Dimentional
Thin Layered Element. The upper soil of 8 ecm in thickness was divided into six thin sub-
layered and the viscous dashpot boundary which was evaluated from the rigidity and the
density of the lower soil of plywood was placed at the bottom of the base sublayer. The
radius of inner irregular region was 4.51 cm, which was determined from the equivalent area
of the foundation. The superstructure was represented by the lumped mass model. A mass
point was made for the foundation and the superstructure was idealized as four mass points.

The properties of model materials used in the analysis were determined by the prelim~
inary test and they are shown in the Table I.

4-2 Results of Analysis

Fig. 2 and Fig. 3 show the transfer and the phase lag curves of the soil model analysis.
As for the fundamental natural frequency, the soil model analysis shows an agreement with the
results of the test because a peak appears at 9.0 Hz and the phase angle ¢ is -n/2 at this
frequency. The transfer ratio and the phase, showing some differences in the range of the
higher frequencies than the fundamental natural frequency, are generally similar to the
results of the test.

Fig. 4 and Fig. 5 show the transfer and the phase lag curves of the single-structure-
s0il analysis. They show an agreement with the results of the test, because the two peaks
in the transfer curve of the single-structure appear at 9.0 Hz and 10.4 Hz and that peak of
the soil model appear at 9.0 Hz. As for the phase, the results of the single-structure-
soil analysis shows well that the phases of the structure and the soil are the same in the
range of 0.0 Hz - 10.4 Hz but in the range of the higher frequencies than 10.4 Hz, botk

phases are different from each other.

5. CONCLUSION

The dynamic amplitude and phase lag characteristics found in the results of the soil
model and the single-structure-soil model test are arproximately equal to theoritical values
calculated by the computer program based on the Thin Layered Element Method.

The two soil layers model can be simulated fairly well by the viscous dashpot boundary.

The small shaking table test is useful for the fundamental study of the dynamic soil-~

structure interaction problem.
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Table .

Properties of Model Materials

YOUNG SHEAR SHEAR
IMATERIAL MODULUS | MODULUS_ |WAVE VEL
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LOWER SOIL Re=4.51
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Fig. 1.

Soil-Structure Model

~e 143 —

and Observation Points

K 9/6



(simionryg-jiog)

saainy 3Je aseyd ¢ 'B1g
{ZH) ADNANGI YA
ooz o5t 0oL o's 0
p— u-
_ RN ]
e, i
) i
| P
RS
= ¥ - —~ 0 3
o /._ \Wm
] ,. W
al =]
3 t.N_w W
ol
R _
Y -
(11eg) =aIiny 3deT 9sey g '81
{ZH)} ADNINDIYS
o002 o'stk oot os 4]
u-
® 8 ofe
¢ L
i ug-
ABOTHL
INIWIHIAXE  *
80 o P
e 3
2
z 2
1 < uy =
o6
!

(@inponryg-q10g) sudijdun JIJSUBILJ, ‘v Bug
(ZH) AON3NDIYA
00T osl os 0
I o Ew N e hd " 1
( ‘m os
.
ool
b=
- =
il ‘ 5]
!
B oyt 0s
Ll
om:H
00T
oSz
(1108) uonyoung JSfSUBIJ, T Bug
(zH) AONIND3YS
00Z o'sh oo os 0
o1
A¥OIHL
LNIWIE3dXT
%820 i 0z o
3
o
ot
L4

K 9/6

— 144 —



{asJoasuea],) s3ainy BerT ase(d B B

{7H} ADN3IND3INL

ooz st ool os 0
VW :
3
; . Z.
, U1
P ° 3
" Peg TR T
%aw Ei
b3
i 4 2
' w2
N \
(13ltedeg) soaainy Heq aseyq oA
(ZH) ADNIND3HA
ooz o5t oot os o
-
[ 1 /)_.
|
m oot
: ;
65 0 =
B, A ‘YIS o =
a* "o, kY .
o q}o 58:0 m
I b i e A~
i 12V -
¢ uLu h
} T
LEV,
,,,,, - u

(@s1aasuesy) suoijsung Iajsuel], e &g
(ZH) ADNaNDIHd
ooz os o
M -
W os
_,
i H -
w oo £
i B
i
_u o051
® a0z
(I9l[®IB J) sSuol1DUN ] I9]sSuel ], 9 31y
(ZH} AONINODIEA
ooz oSk oS o
mw...,.....nv..lll.f..a...d\b_
05
NOS «
OHLS e
%8: 0 o
oot 3
0% e}
2 051
=
ooz

K 9/6

— 145 —





