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Abstract
In previous major earthquakes, the damage and collapse of structures located in lique�ed �eld which
caused by site failure a common occurrence, and the problem of evaluation and disscusion on site
liquefaction and the seismic stability is still a key topic in geotechnical earthquake engineering. To study
the in�uence of the presence of structure on the seismic stability of lique�able sites, a series of shaking
table tests on lique�able free �eld and non-free �eld with the same soil sample was carried out. It can be
summarized from experimental results as following. The natural frequency of non-free �eld is larger and
the damping ratio is smaller than that of free �eld. For the weak seismic loading condition, the dynamic
response of sites show similar rules and trend. For the strong ground motion condition, soils in both
experiments all lique�ed obviously and the depth of liquefaction soil in the free �eld is signi�cantly
greater than that in the non-free �eld, besides, porewater pressure in the non-free �eld accumulated
relately slow and the dissapited quikly from analysis of porewater pressure ratios(PPRs) in both
experiments. The amplitudes of lateral displacements and acceleration of soil in the non-free �eld is
obviously smaller than that in the free �eld caused by the effect of presence of the structure. In a word,
the presence of structures will lead to the increase of site stiffness, site more di�cult to liquefy, and the
seismic stability of the non-free site is higher than that of the free site due to soil-structure interaction.

Introduction
As early as 1964, during the Alaska earthquake in USA and the Niigata Earthquake in Japan, the
foundation bearing capacity reduction, uneven settlement and lateral spreading caused by soil
liquefaction lead to the overturning and collapse of structures observed in the post-earthquake
investigation. In previous major earthquakes, foundation failure due to liquefaction of sand and soil was
observed, resulting in the destruction of buildings caused by then. Lique�ed soil-structure dynamic
system damaged under seismic loadings is not only related to the dynamic characteristics of soil or the
structure, but also related to the change of mechanical properties of sand soil after liquefaction, the
deformation behaviors at the contact surface of soil and structure as well as the transfer mechanism of
interaction forces. Therefore, the problems of soil-structure dynamic interaction under seismic loadings
should be more complicated involving the liquefaction of saturated sand. Study on soil liquefaction
under seismic loadings is still an important research topic in geotechnical earthquake engineering [1], and
many scholars have carried out a large number of studies on the liquefaction possibility discrimination of
saturated sandy soil, lique�ed soil-structure dynamic interaction and foundation failure of lique�ed site
by means of numerical calculation model [2–5], various experimental techniques [6–11] and theoretical
method an analysis [12–16], and the seismic responses of various structures in liquefaction site were
discussed in detail.

The evaluation of liquefaction possibility and risk as well as the discussion of soil-structure dynamic
interaction are the main aspects of scienti�c problems related to liquefaction. In the aspect of
liquefaction identi�cation, global numerical models of lique�able site-structure system are established by
using �nite element method, �nite difference method and other numerical analysis methods, and it is an
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e�cient method to evaluate the liquefaction possibility of saturated sandy soil via the simulation results
of the numerical analysis model. The numerical analysis model can consider soil-structure interaction,
and the development of porewater pressure, stress and strain as well as dynamic responses of soil
liquefaction process. However, liquefaction probability analysis of site soil from the numerical model
depends on the choice of lique�ed soil dynamic constitutive model and the reliability of various physical
parameters in this model also have high requirements.

In the liquefaction discrimination method based on the �eld investigation data, the liquefaction
possibility analysis is generally not considered for the free site (i.e. the site without any structure) and the
in�uence of structures to be constructed or the buildings and structures nearby is not considered [17]. In
fact, when there is any building in sites, due to soil-structure interaction, the dynamic stress state and
drainage conditions of soil under dynamic loadings are obviously different from those in a free site.
Therefore, it is di�cult to proceed with accurate assessment of the liquefaction possibility and to predict
seismic responses of saturated sand in the non-free site. Actually, the accurate assessment of the
liquefaction possibility of saturated sand is related to the following analysis and correct understanding
on the site stability of the building foundation under seismic loadings. In previous studies, most dynamic
catastrophe process studies involving lique�ed soil-structure dynamic system under seismic loadings just
focused on the earthquake response of superstructures as a research expatiates [18–22], or analyzed and
discussed soil liquefaction mechanism and site failure as well as liquefaction spreading problems only
from the perspectives on the soil liquefaction features or seismic responses of the free site [23–28].
There are few experimental studies on the in�uence of the existence of structures on the evaluation of
liquefaction possibility and seismic stability.

As a reliable research method of geotechnical engineering, shaking table test technology has been widely
used in studying on the problems of soil-structure dynamic interaction, seismic response of liquefaction
site, etc. Especially involving the problem on sandy soil liquefaction, using the use of shaking table test
technology can effectively avoid the problems of any in�uence on seismic response of lique�able �elds
from the selection of constitutive model of lique�ed soil and the simulation of soil-structure interface in a
numerical model analysis. In this paper, two groups of large shaking table tests are carried out for
discussing on the in�uence of the structure on the seismic stability of lique�able sites. By comparing the
experimental results from the free �eld and non-free �eld experiments, such as the dynamic
characteristics, acceleration response, the rules of porewater pressure ratios in saturated sand layer, soil
lateral displacements, etc., the in�uence of the existence of the structure on the dynamic characteristics
and seismic stability of the lique�able site is analyzed and summarized.

1 Description Of Shaking Table Test
The contents of experimental design scheme, include the chosen shaking table, similar ratio design,
laminar shear soil container, etc., have been introduced in Reference [29, 30] in detail. In order to facilitate
understanding of the test results analysis in this paper, in the following introduction of the test scheme,
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only the model system setting, sensor layout, loading conditions and other contents are introduced as
necessary.

Figure 1 presents a schematic drawing of the whole test package for the pile group-superstructure in
either the free �eld or the non-free �eld on the shaking table. In this series of shaking table experiments,
the model sites are all consisted of the same strati�ed soils, with 0.5m dense sandy soil layer, 1.2m loose
sand layer (i.e. saturated sandy soil layer) and 0.3m clay crust layer, successively from bottom to top. The
pile group consisted of four piles placed in a 2×2 con�guration, and the superstructure is a simpli�ed
structure composed of two lumped masses. The natural vibration frequency of the structure is
approximately 0.7s.

Live-action on shaking-table in Experiment-NF is shown in Fig. 2. Figure 3 is layout of test package and
instrumentation in both experiments.

In this series of shaking table experiments, a sine beat wave with the acceleration amplitude of 0.05g and
the Wolong seismic record in Wenchuan Earthquake with the amplitude of 0.3g are selected as the
ground motions. White noise is chosen to obtain the dynamic characteristic of model system before and
after tests. The sine beat wave curve and the time history and corresponding Fourier spectrum of Wolong
seismic record are displayed in Figs. 4 and 5.

2 Dynamic Characteristic Of Model Systems
Before and after inputting seismic records, white noise with the amplitude of 0.05g was inputted to sweep
the frequency of model system, and the natural frequencies and damping ratios of model systems in
both experiments were obtained as listed in Table 1. It should be noted that the dynamic characteristic of
soils in both experiments were paid attention to, so the frequencies and damping ratios are all calculated
from the data measuring by SAA2.

As shown in Table 1, the natural frequencies of the model system obtained from the second white noise
sweep (before the test) were smaller than that from the �rst white noise sweep (after the test), while the
damping ratio is increased after the end of ground motions exciting.

The dynamic characteristics of non-free �eld and free �eld are different to some extent: due to the
existence of structures made of materials with large stiffness, the natural frequency of free �eld is lower
than that of non-free �eld, while the damping ratio of free �eld is higher than that of non-free �eld. The
natural vibration frequency of the non-free �eld is large, but the damping is small, which indicates that
the stiffness of the �eld will be increased and the energy dissipation capacity will be decreased to some
extent in the presence of the structure.
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Table 1
Dynamic characteristics of model system in Experiment F and Experiment NF

Test events Basic frequency Damping ratio

Free �eld Non-free �eld Free �eld Non-free �eld

White noise (before shaking test) 4.85Hz 5.43Hz 4.2% 3.9%

White noise (after shaking test) 4.52Hz 4.84Hz 5.4% 4.2%

3 Soil-structure Interaction In The Non-free Field
In the non-free �eld experiment, SAA1 and SAA2 were used to measure the acceleration response of the
pile and soil, respectively. Actually, the soil-structure dynamic interaction re�ected in acceleration
responses is that there are the differences in peak values of acceleration waveform and corresponding
response spectrum. Figure 6 and Fig. 7 display the acceleration time histories and corresponding spectra
of 0.3g Wolong ground motion record measuring by SAA1 and SAA2. It can be seen from the �gures that
the time-history waveforms and amplitudes of acceleration response of pile and soil at the same depth
are different, and the response spectrum curves of corresponding measuring points are also obviously
distinguishing. That is, the vibration of pile and soil is not consistent, and there is a phase difference
between them, which indicates that the soil-structure dynamic interaction is very strong.

4 Porewater Pressure Responses
4.1 Porewater pressure development

According to the porewater pressure data obtained from each measuring point, all of the porewater
pressure ratios(PPRs) at different positions can be calculated, and then peak porewater pressure color
nephograms were drawn in the software Surfer (Version 12.0). It's important to point out herein, that the
porewater pressure sensors at W3 and W6 is damaged in Experiment-F and the porewater pressure sensor
at W14 is damaged in Experiment-NF. Figure 8 and 9 display the peak porewater pressure color
nephograms of saturated sand layer for 0.05g sine beat wave and 0.3g Wolong seismic record in both
experiments.

As shown in Figure 8, porewater pressure ratios in saturated sand layer are all very small in both
experiments for the test case of 0.05g sine beat wave. The porewater pressure ratios in the upper of
saturated sand layer are maximum and reach or close to 0.3. In fact, except the area near measuring
point W7, the values of porewater pressure ratio at different positions are very close, and that is, the
presence of the structure has little effect on the overall pore pressure reaction under the weak seismic
loading.

Figure 9 illustrates the peak porewater pressure color nephograms 0.3g Wolong seismic record, and the
areas with pore pressure ratios greater than 0.8 has been circled by the dotted line. In both experiments,
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the peak porewater pressure ratios at measuring points W1 and W2 in the saturated sand layer are all
smaller than that at other measuring points with the same height, which is caused by the gaps between
soil and the container. By comparing Figure 9a and b, it can be seen that the peak porewater pressure
ratios at the same depth in the free �eld is slightly higher than that at the corresponding depth in the non-
free �eld, and the lique�ed soil area in the free �eld is signi�cantly larger, that is, the liquefaction depth of
the saturated sandy soil layer in the free �eld is deeper. The main reason for the differences is caused by
the gaps due to the detachment and slippage between soil with piles and the cap during the strong
vibration process, and the next section will continue the analysis at the viewpoint of pore pressure time
history. In fact, the detachment and slippage should be caused by the vibration phase difference between
pile-structure system and soil as the rule summarized from Figure 9.

There are so many porewater pressure sensors embedded in the saturated sand layers, that the data
measuring by the sensors located in the area with high porewater pressure ratios were analyzed herein,
i.e. at the measuring points W4, W5, W7, W8, W12 and W13. The time histories of porewater pressure ratio
at the six measuring points were illustrated in Figure 10, 11 and 12.

From the porewater pressure responses at measuring points W4 and W5 far from the structure or the
center of soil as shown in Figure 10, the time history waveforms and amplitudes of PPRs in this area are
similar, and it shows that the pore pressure development of the non-free �eld is similar to that of the free
�eld in fact. For the porewater pressure responses at the others measuring points as shown in Figure 11
and 12, in the non-free �eld test, porewater pressure accumulation at the measuring points W7, W8, W12
and W13 close to the structure in the period from 5s to 13s were at a low level and did not reach the peak
porewater pressure ratio around the tenth second respectively. In the free �eld, the accumulation rates of
porewater pressure are all faster than that of each pore pressure measuring point near the soil center.
Compared with the pore pressure ratios at the same positions in the non-free �eld, the pore pressure ratio
in the free �eld was generally higher at about 12s. That is, during the period with strong shaking, the
developments of pore pressure ratio are obviously affected due to the existence of structure, and it is
di�cult for the pore pressure ratio to reach a higher level in a short time.

For the time histories of pore pressure ratio after 35s at each measuring point, it can be seen that the
dissipation rates of pore pressure near the structure in the non-free �eld is obviously faster than that at
the same positions in the free �eld, and the pore pressure ratios in the free �eld will stay at a very high
level for a long time without obvious dissipation. Quantitative analysis of this is carried out in the
following section.

 It should be noted that the " waterspouts and sand boils " phenomenon was exhibited at the upper part of
the measuring point W7 during the test, so the time-history curve of the pore pressure ratio at the
measuring point W7 suddenly decreased obviously to a smaller value when it was 10s-20s.

On the whole, in the Experiment-NF, the pore water pressure ratios near the structure is relatively small,
and there is no rapid accumulation of porewater pressure due to soil-structure dynamic interaction. The
main reasons should be that there are gaps in the interface between soil and structure since they are
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separated and slipped during the strong vibration process. In this series of shaking table tests, the
structure system includes a pile-group foundation, so the pore water near the structure can dissipate
upward through the contact surface between soil and the pile foundation and the pore water pressure is
di�cult to accumulate rapidly in the period of strong vibration. In fact, a large amount of water began to
appear around the pile cap at about 15s in the tests. Furthermore, there is no structure in the Experiment-F,
and the upper layer is covered by a 0.3m thick clay layer, so the porewater pressure cannot dissipate in a
short time, even stays at a very high level for a long time after the end of the vibration loading.

4.2 Quantitative analysis on porewater pressure dissipation

Some studies [31-35] discussed the effect of the shaking duration and seismic energy on liquefaction,
and held the views that the duration of shaking should be an important and relevant parameter affecting
soil liquefaction and porewater pressure would accumulate with increase of the energy of ground
motions. In fact, for the duration of strong ground motion, many de�nitions of it based on seismic energy
have been elucidated in some previous literatures. The de�nition of the duration of strong ground motion
suggested by Trifunac and Brady [36] is called signi�cant duration, which de�ned by the time required for
the energy of the ground motion to reach 5% to 95% of the total energy. This de�nition is mentioned and
used herein for discussing the accumulation and dissipation of porewater pressure correlated with
shaking energy of seismic loadings. For the seismic ground motion record measuring at the shaking
table, i.e. at the measuring point X0t, the timing of reaching 5% total energy of the ground motion is at
7.55s and that of reaching 95% is at 21.29s as pointed at Figure 13, and the signi�cant duration is 13.74
seconds. As displaying in Figure 10, 11 and 12, the peak porewater pressure ratios at different measuring
points are all near the timings of acceleration peak amplitude or that of reaching 95% total energy of the
ground motion. In particular, porewater pressure ratios keep at a high level in the period of the signi�cant
duration. The porewater pressure ratios at different timings are listed in Table 2. It should be noted that
there are several speci�c timings were paid an attention to herein. The timing at the outset of strong
shaking marks the beginning of steep accumulation of porewater pressure and PPRs at each measuring
point increase obviously in the period from 7.55s to 21.29s as shown in Table 2. In addition, the
acceleration amplitudes and the shaking energy are all very small after 25s, so the porewater pressure
should show the of trend of dissipation from this timing. The dissipation rates of porewater pressure in
the period from 25s to the end of recording porewater pressure time-histories were calculated in Table 2
and discussed as following.

As listed in Table 2, in the free �eld, the PPRs at the end of the seismic loading are all close to the
corresponding peak PPR values at each mearing point. It shown that PPR dissipation rates at the
measuring points in the free �eld are all small, except at W4. PPRs at several measuring points such as
W8 and W12 increased slightly comparing with that at the time point 25s, and this suggests that the pore
pressure ratios in free-�eld soil still keep at a high level for a certain time after the strong shaking period
with high seismic energy and the development of porewater pressure even shows an accumulation trend.
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For the PPR dissipation rates in non-free �eld listed in Table 2, the porewater pressures at each measuring
point dissipated obviously from 25s to 60s, and except that at W5, all of PPR dissipation rates reach
around 20%. PPR dissipation at lique�ed area in non-free �eld are signi�cantly faster comparing with that
in the free �eld.

The distance between measuring points W4, W5 and the pile is about 6.5 times the pile diameter as
illustrated in Fig.3. In fact, it also shown that the range of in�uence of structure on PPR in the lique�ed
site is very large from the discussion on the rules of PPR at W4 and W5. In this series of shaking table
tests, it is no doubt that the PPR data measuring at W1, W2 and W3 were affected by the soil boundary,
on account of porewater pressure dissipated from the surface between soil and the rubber membrane
attached to the soil container. Therefore, the rules of PPR at W4 and W5 re�ect that the distance of the
structural in�uence on the lique�ed site was at least 6.5D away from the pile-group, from qualitative point
of view.

Table 2 Porewater pressure at different timings and PPR dissipation rate at upper measuring points

Test
scheme

Measuring
Point

Peak
PPR

7.55s
(5%)

21.29s
(95%)

25s
(97.8%)

80s (At the
end)

PPR
dissipation
rate

Free �eld W4 0.96 0.09 0.93 0.95 0.83 12.06%

W5 0.66 0.00 0.55 0.59 0.61 -3.62%

W7 1.00 0.13 0.80 0.77 0.81 -5.30%

W8 1.00 0.04 0.95 0.98 0.98 0.35%

W12 1.00 0.04 0.98 0.96 0.89 7.14%

W13 1.00 0.01 0.85 0.91 0.96 -5.82%

Non-free
�eld

W4 1.00 0.08 0.99 0.97 0.77 20.78%

W5 0.77 0.00 0.59 0.65 0.58 9.75%

W7 1.00 0.04 0.91 0.92 0.75 18.33%

W8 0.94 0.04 0.89 0.93 0.71 23.31%

W12 1.00 0.02 0.95 0.99 0.76 23.47%

W13 0.75 0.03 0.69 0.74 0.55 24.95%

 

5 Acceleration And Response Spectra
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The acceleration ampli�cation factor is the ratio of the peak acceleration at the measuring point to the
peak acceleration of inputting seismic record at the bottom of the soil mass. The magnitude of the
acceleration ampli�cation factor indicates the ampli�cation or damping effect of the soil on the seismic
loadings. The acceleration data measured at each measuring point of SAA2 were used to calculate the
acceleration ampli�cation factor of soil mass in both experiments. Figure 14a and b show the distribution
diagram of the acceleration ampli�cation factor of soil mass when 0.05g sinusoidal beat wave and 0.3g
Wolong seismic record were input, respectively.

For the test case with 0.05g sine beat wave, the acceleration responses of saturated sand layer and clay
layer in both experiments showed a trend of continuous ampli�cation from the bottom to soil surface and
the acceleration ampli�cation factor of the upper soil reached 2, which indicated the soil mass had an
obvious ampli�cation effect on the seismic loading. Moreover, the acceleration ampli�cation factor of
soil mass of the non-free �eld is slightly larger than that of the free �eld. But from the overall trends, the
acceleration ampli�cation factor of soil mass in both experiments differs little from each other. This
shows that the existence of the structure has no obvious in�uence on the acceleration ampli�cation
effect of the soil under the weak seismic vibration.

For the test case with the 0.3g Wolong seismic record, the soil in both experiments all had no obvious
ampli�cation effect on the earthquake loading except for the topmost clay layer, but the magnitude and
trend of acceleration ampli�cation factor were signi�cantly different. In the Experiment-F, the acceleration
response at the lower part of the saturated sand layer has a certain decrease, while the upper part of
saturated sand layer has a small ampli�cation effect on the earthquake loading. The acceleration
ampli�cation factor at the clay layer even reaches 1.52, which the acceleration response is signi�cantly
ampli�ed here. For the Experiment-NF, acceleration ampli�cation factor at each measuring point in soil
mass is less than 1, and it shows that the acceleration response has no ampli�cation at all positions in
soil. Moreover, the acceleration ampli�cation factor in the middle and upper part of saturated sand layer
and in the clay layer is obviously lower than that in the corresponding positions in the free �eld, which
indicates that the existence of the structure signi�cantly reduces the acceleration response of the �eld.

Figure 15 shows the acceleration response spectra corresponding to each SAA2 measurement point in
both experiments with the test case with 0.3g Wolong earthquake record. It can be seen from Figure 15
that the acceleration response spectra at SAA2-1 in the dense sand layer in both experiments are very
close to that of the input seismic record, and only part of the high-frequency components (which with
period less than 0.1s) are �ltered, which is due to the high stiffness of the dense sand layer and SAA2-1
measurement point is near the bottom of the soil. In addition to the measuring point in the dense sand
layer, the response spectra at the other measuring points in the free �eld are very different from that of
the input seismic record. Long-period components with a period greater than 0.15s will be ampli�ed to
some extent, especially the reaction acceleration ampli�cation near 0.2s (corresponding the frequency
5Hz) is obvious. Compared with the response spectrum of the input seismic record, the acceleration
response spectra of the measured points in the non-free �eld has almost the same, and the periodic
components have no signi�cant change.
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Combining with the analysis on acceleration ampli�cation factors, it can be summarized that the
structure obviously changed the characteristic of the seismic loadings propagating in soil, and the
amplitudes and periodic components of acceleration signals of the �eld change greatly due to the
existence of the structure. Soil mass of the free �eld may have a certain ampli�cation effect on seismic
load and will enrich the long period ground motion components. In the non-free �eld, due to the soil-
structure dynamic interaction, the peak values of acceleration decrease obviously in the �eld and its
periodic components have no signi�cant change. In the Experiment-NF, due to the far distance between
SAA2 and the structure, and the liquefaction of the soil, the �rst two natural frequencies of the structure
(corresponding to periods 0.7s and 0.09s) have no signi�cant in�uence on the acceleration response
spectra of soil.

6 Lateral Displacement Of Soils
The lateral deformation of the soil can be measured and calculated by the inclinometers in SAA.
Figure 16a and b respectively show the distribution diagram of the lateral earth displacement amplitudes
obtained by SAA2 for the test cases with 0.05g beat wave and 0.3g Wolong earthquake record in both
experiments.

As shown in Fig. 16a, it can be found that the lateral deformation rule of soil in the free �eld is consistent
with that in the non-free �eld, which is that the lateral displacements at the upper soil are all large and
lateral displacements at the lower part of soil mass are small and almost the same. In the free �eld, the
lateral displacement amplitudes of all of the soil are much larger than that in the non-free �eld. The
lateral displacements of the soil in the free �eld is 5mm-6mm larger than that in the non-free �eld. The
lateral displacement of the clay layer and the upper part of saturated sand layer in the free �eld is 12-
14mm, while the maximum lateral displacement at the same position in the non-free �eld is only 5-7mm.

Figure 16b shows the distribution of lateral displacement amplitudes of soil for the test case with the
0.3g Wolong earthquake record, and the soil displacements for the test case with the 0.3g Wolong
earthquake record was signi�cantly greater than that for the test case with the 0.05g beat wave as
illustrated in Fig. 16a and b. The lateral displacements of the non-free �eld soil are about 10mm to
15mm, and the lateral displacement amplitudes of soils, except at the measured point in the dense sand
layer, are all 40mm approximately. Due to the existence of structure in the non-free �eld, the lateral
displacement of the soil at each measuring point from top to bottom differs little. In the free �eld, the
lateral displacement of the soil in the dense sand layer is the smallest and that at the lower part of the
saturated sand layer is the largest, and it shows the rule with the amplitudes from the bottom up varied
from small to large and then decreased. It should because the stiffness of the dense sand layer is large,
so the deformation is small. The lateral displacement of the lower part of the saturated sand layer is large
due to the possible relative sliding at the interface of the soil layers as well as the small soil stiffness, and
the vibration isolation effect of clay layer and the upper part of saturated sand due to soil liquefaction, it
causes that the lateral displacements in the middle and upper soil layer is smaller than that in the lower
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soil. To sum up, the existence of the structure signi�cantly reduces the lateral displacement response of
the �eld soil.

Combined with the results of acceleration and porewater pressure response in both experiments above, it
can be seen that the existence of pile group-superstructure system reduces the dynamic response of the
surrounding lique�able soil and signi�cantly improves the aseismic stability.

7 Conclusions
It is no doubt that this series of shaking table experiments is qualitative one and proceeding precise
quantitative analysis based on the data from shaking table tests to re�ect the rules of any prototype site
is di�cult, and quantitative and further analysis on more problems such as the in�uence range of the
pile-group on the development of porewater pressure in lique�ed soil calls for re�ned numerical model to
research. The conclusions summarized from experimental results still provides important reference for
liquefaction analysis.

By comparing the experimental results of the free �eld and non-free �eld experiments, the differences of
soil acceleration, porewater pressure and lateral displacement between the test groups of free �eld and
non-free �eld were discussed and analyzed, and the experimental results shown that the dynamic
characteristics, seismic responses and aseismic stability of the soil are all obviously distinguishing
caused by the existence of structure. The existence of a structure actually will reduce the seismic
responses of the lique�able site and is bene�cial to improving the aseismic stability of the �eld with
lique�able sandy soil layer. In addition, it also suggests that substructure analysis method used in the
study of soil-structure dynamic response may underestimate the aseismic stability of the �eld soil, due to
the extracted free �eld response obviously greater than that of the ground around the actual structural
system, and cause that the calculated result will differ greatly from the real responses. The main
conclusions are as followings:

1. For the weak seismic loading condition, the rule of porewater pressure ratio is similar in both
experiments. During strong shaking process, the porewater pressure near the structure accumulated
more slowly and PPR is hard to reach a higher level in a short time in the non-free �eld. In the free
�eld, the saturated sand is more prone to liquefaction and the depth of liquefaction is also larger.
This rule indicates that soil-structure dynamic interaction have obvious in�uence on the development
of �eld liquefaction, and cause the lique�able sand layer harder to liquefy.

2. After strong shaking, the porewater pressures dissipate more rapidly in the non - free �eld, especially
that near the structure. The existence of the structure affects the dissipation rate of porewater
pressure signi�cantly, which also shows that the structure not only have an in�uence on the
accumulation of porewater pressure, but also big effects on the dissipation rate of that.

3. Compared with seismic responses of the free �eld, the acceleration response and lateral
displacement of soil in the non-free �eld are signi�cantly smaller, which indicate that the existence of
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the structure weakens the dynamic response of soil obviously. That is, the �eld is less likely to fail
and the aseismic stability is improved.

4. The in�uence range of the structure on the seismic response of soil such as acceleration and the
development of porewater pressure as well as lateral displacement of soil reaches 6.5 times the pile
diameter at least.
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Figure 1

Model systems in two experiments: a) Experiment-F; b) Experiment-NF
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Figure 2

Live-action on shaking-table in the Experiment-NF

Figure 3

Layout of test package and instrumentation: a) elevation view of free �eld; b) elevation view of non-free
�eld; c) plan view of free �eld; and d) plan view of non-free �eld
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Figure 4

Sine beat wave acceleration time history measuring by X0t

Figure 5

Acceleration time history and corresponding Fourier spectra of Wolong ground motion record in
Wenchuan Earthquake

Figure 6
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Acceleration time histories of pile and soil in NF Experiment for 0.3g Wolong ground motion record

Figure 7

Response spectra of pile and soil in NF Experiment for 0.3g Wolong ground motion record

Figure 8
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Peak porewater pressure color nephograms for 0.05g sine beat wave in: a) Experiment-F; b) Experiment-
NF

Figure 9

Peak porewater pressure color nephograms for 0.3g Wolong ground motion record in: a) Experiment-F; b)
Experiment-NF

Figure 10

Porewater pressure time histories at measuring points W4 and W5 (away from the structures or soil
center)
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Figure 11

Porewater pressure time histories at measuring points W7 and W8 (near the structures)

Figure 12

Porewater pressure time histories at measuring points W12 and W13 (at the soil center or under the cap)

Figure 13

Acceleration data measured at X0t and the corresponding Arias Intensity curve

Figure 14
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Ampli�cation factors of peak acceleration from SAA2 in both experiments for: a) 0.05g sine beat wave; b)
0.3g Wolong ground motion record

Figure 15

Acceleration response spectra at SAA2 measuring points and raw data for 0.3g Wolong ground motion
record

Figure 16

Amplitude of lateral displacements of soils at SAA2 measuring points in both experiments for: a) 0.05g
sine beat wave; b) 0.3g Wolong ground motion record


