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1 ENTRODUCTIOHN

The laboratory tests were carried out on two ground models made of silicone
rubber (hard and soft ground modegls) and a foundation model made of aluminum in
order to confirm the embedment effects on soil-structure interaction system
experimentally. The detail of the procedure and the results of the test are
discribed in the companion paper (Shohara et al. 1991). Up till now, the
analytical studies on the embedment effect on seismic response of buildings
have been performed in recent years and the analysis tools have been used in
the seismic design procedure of the nuclear pover plant facilities. The
enbedment effscts on soil-strueture interaction system are confirmed by the
gimulation analysis and the verification of analysis tools are investigated
through the simulation anmalysis in this paper.

2 METHOD OF SIMULATION ANALYSIS

The simulation analyses were carried out by three analysis methods: (1) analysis
method by means of wave propagation theory (Shohara et al. 1991); (2) Sway-
rocking model (5-R model) employing the bottom springs, sway and rocking,
obtained by boundary element method (BEM) and the side 3prings, horizontal and
rocking, obtained by Novak et. al (Novak et al. 198%5); and (3) axisymmetric
finite element method (FEM).

2.1 Analysis method by weans of wave propagation theory (Tajimi et al. 1982)

Figure 1 shows the analysis model for the hard ground by means of wave
propagation theory. The impedance functions of the half space and the layerd
half space were calculated. The point-load solution in a thin layered medium was
used to sclve the problem and the excavatad portion of the ground was not taken
into consideration. The material propertieszs for the hard ground model used in
the analyses are shown in the table 1.

2.2 Sway-rocking model

Figure & shows the concept of S-R wmodel for the soft ground and the material
properties used in the analysis. The impedznce functions of the half space for
the half-embedded foundation were calculated. Sway and rocking springs of the
half space obtained from BEW were attached at the bottom of the model and the
zide soil springs evaluated by the Novak's theory (Novak et al. 1985) were added
to take the embedment effects into account. The material properties obtained by
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naterial test results were used cxcept for Poisson's ratio. The Poisson's ratio
used for the S-R model was assumed to be 0.L9.

2.3 Axisymmetric finite element method

Figures 2 and 7 show the axisyumnetric FEM models of the hard and soft ground
models respectively. The impedance functions and .the foundation input motions
yere calculated. B square foundation was modelled by a circular foundation with
game area. The eclement size of the axisymmetric FEM model was taken to be
smaller than 1/5 of the wave length of the maximum frequency calculated in the
analysis. The axisymrmetric FEM has a lateral energy transmitting boudary and a
viscous boundary or rigid bed rock at the bottom of the model. Since the FEM
has a tendency of evaluating the stiffness higher than actual value, the
smaterial constant of the ground modsls were determined beforehand to simulate
the ground model tests by axisymmetric FEM. The Poisson’'s ratio used for the
axiaymmetric FEM model of the soft ground model was set to be 0.49 to avoid
numerical unstability. The material constants used in the axisymmetric finite
element analysis of two ground models were shown in the table 1 and table 2
respectively.

3 NUMERICAL RESULTS
3.1 Effect of excavated porton of ground

Figures 3 and 4 show the impedance functions of test results and analysisa
results. The impedance functions of half space were shown in Fig. 3 and those of
layered half space were shown in Fig.l. The impedance functions of test results
were processed using transient response to eliminate the reflected waves (Mita
et al. 1989). The impedance functions of test results for a frequency range
lower than 10Hz are fairly small in comparison with those of analysis results
due to low 3/N ratio in low frequency range of the accelerometer. Although an
excavated portion of the ground was not taken into consideration, the results by
means of wave propergation theory correspond well to the test results. However,
a little difference in the horizontal impedance and in the coupling impedance
of the layered half space 1Is seen between the wave propergation theory and the
test results or the results of axisymmetric FEM. This difference is probably
because of the effect of the excavated portion of the ground.

Figure 5 shows a comparison between the test results and the results of
axisymmetric FEM of the foundation input motions of the half space. The
foundation input motions are refered to an average motion of the excavated
ground surface. If there was no excavated portion of the ground, the amplitude
of the horizontal component should be equal to 1.0 and no rotational component
of the foundation input motionm should arise. Therefore, the excavated portion
of the ground affect the foundation input motion significantly.

3.2 Effect of embedment depth

Figure 8 shows the impedance functions of the half space for no-embedded
foundation of the teat results and those calculated by the axisymmetric FEM and
the BEM. The impedance functions of the tests were also processed to eliminate
the reflected wave and had not enough accuracy due to the low 3/N ratio in low
frequency range of the accelerometer. Although the BEM did not account for the
excavated portion of the ground, the analysis results of the axisymmetric FEM
and those of the BEM showed good agreement with test results.

Figure 9 shows the impedance functions of the half space for the half-embedded
foundation of the test results and those calculated by the S-R model and the
axisymmetric FEM. The impedance functions obtained by the S-R model with Novak
springs indicate a different tendency from those of the test results. It is
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because, according to the WNovak's theory, the real part of the impedance
functions decresse rapidly when the poisson's ratio is close to 0.5.

By comparing Fig. 8 and Fig. %, it can be seen that the real part of the
impedance functions in lower frequency range ilncrease as the embedment depth
inereased and that the imaginary part of the impedance functions tends to
inerease also with embedment depth.

Figures 10 and 11 show the foundation input motions of the hal? space for the
no-enbedded foundaticn and those for the half-embedded foundation respectivly.
The rotational components are induced by the excavated pretion of the ground
and the embedment. By comparing Fig. 10 with Fig. 11, it can be seen that the
axisymmetric FEY simulates the test results well and that the foundation input
motions for half-embedded foundation have smaller amplitude than those for the
no-embedded feoundation and have a little phase lag in the horizontal component.

4 CONCLUSIONS

The following conclusions can be drawn from comparison between laboratory test

results and analysis results.

(1) The effects of smbedment, such as increase in the impedance funetions and
the retational component of foundation input motions, were olarified by the
simulation analyses and laboratory testas.

(2) The analysis results of axisymmetric FEM showed good agreement with
processed test resulis by means of the trensient response to eliminate the
reflected waves and the analysis tools were confirmed experimentally.

{3) The excavated portion of the socil affected the foundation input motion
rather than the impedance function since there was little difference
between the impedance functioms obtained by wave propasgation theory and
those obtained by the axisymmetric FEM eand the rotational component of the
foundation input motions incresed significantly.
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Table 7 Material Property Used in Simulation Analysis (Hard Ground)

Toung's Poisson's Shear wave Density Damping
modulus ratio velocity o Ratio
E(kg/en?) v Vs (m/sec) (g/em?) h
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Fig. 3 Impedance Function of Half Space (Hard Ground)
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Fig. U Impedance Function of Layered Half Space (Hard Ground)
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Table 2 Material Property Used in Simulation Analysis (Soft Ground)

Young's Poisson's Shear wave Density Damping
modulus ratio velocity o Ratio
E(kg/cn?) v Vs (m/sec) (g/cmd) h
2.82 0.49 9.7H 1.0 0.03%
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Fig. 8 Impedance Function of No Embedded Foundation (Soft Ground)
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Fig. 9 Impedance Function cf Half Embedded Foundation {Soft Ground)
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Fig. 10 Foundation Input Motion of No Embedded Foundaticn (Soft Ground)
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Fig. 17 Foundation Input Motion of Half Embedded Foundation (Soft Ground)

— 128 —



