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This study focuses on the ground vibration of a full-stone foundation treatment project. The single-point dynamic compaction test
was performed using a tamping machine at an energy level of 3200 kN-m. Time-history curves of ground vibration velocity were
recorded under 10 times tamping within 120 m distance. The effects of tamping times on the waveform of velocity and frequency
spectra were assessed, as well as of peak ground velocity (PGV), peak ground acceleration (PGA), and average frequency.
Furthermore, the attenuations of PGV, PGA, and average frequency were also analyzed in detail. It has been founded that
increasing tamping times of dynamic compaction can effectively improve PGV and PGA. For the frequency spectra, the increasing
tamping times contribute to a higher frequency range, more primary frequencies, and a larger frequency domain. However, the
three parameters, namely, PGV, PGA, and average frequency, remain stable roughly when they reach a threshold of test tamping
times. The attenuations of PGV and PGA with the proportional distance follow the power law with negative exponents.
Furthermore, the fitted equivalent factor increases while the damped exponential decreases persistently with the increase of
tamping times. The average frequency is negatively linearly correlated with the proportional tamping distances.

1. Introduction

Dynamic compaction is a widely used foundation treatment
technique which takes full advantage of huge kinetic energy
from dropping a heavy hammer to densify the foundation
and satisfy the settlement requirements in engineering. It is
well established that dynamic compaction can not only
effectively reduce the compressibility of foundation and
enhance its strength but also can improve the antivibration
liquefaction ability and eliminate the collapsibility. The
mechanism lies in generating a wave field in the foundation
under impact compaction, which consists of the body wave
(longitudinal wave and transverse wave) and surface wave
(Rayleigh wave and Love wave) [1]. Rock-soil skeleton is
disintegrated by the tension and compression of the lon-
gitudinal wave. Furthermore, the loose grains are

interlocked and compacted by the shear action of the
transverse wave that arrives later [2]. Normally, the drop-
ping of a hammer with a weight of 15~20 x 10> kg from a
height of 18~23 m can remarkably improve the mechanical
properties of soil foundation within a range of 9~12m [3].
However, the surface wave induced by the dynamic com-
paction may damage the surrounding buildings, precise
equipment, as well as affect the lives of residents. Therefore,
it is necessary to monitor the ground vibration in dynamic
compaction activity to evaluate the safety of the construction
scheme reasonably.

It is widely accepted that the ground vibration param-
eters, such as the peak ground velocity (PGV), peak ground
acceleration (PGA), and Fourier spectra are severely affected
by geological and topographic factors [4], while vibration
intensity is closely related to the energy of the vibration
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source and the distance from it [5]. According to statistical
data [6], the damages on ground structures are mainly
correlated with the vibration velocity, followed by acceler-
ation. As the tamping time increases, the ground vibration
velocity increases significantly [3], as well as the inertial force
on the ground structure induced by vibration acceleration
[7]. Hence, the vibration safe distance is generally de-
termined by controlling PGV and PGA. Vibration intensity
gradually attenuates with the increase of the distance.
Gutowski and Dym [8] found that ground vibration am-
plitude induced by Rayleigh wave and the tamping distance
follows a negative power function, which was validated by a
great number of engineering tests. Auersch and Said [9]
further investigated the attenuation of ground vibrations
due to different technical sources. Besides, the relevant
characteristics like frequency of the ground vibration are of
vital importance for response level and damage probability,
which may serve as an effective supplement in the evaluation
of vibration hazards induced by dynamic compaction [5].
The waves induced by dynamic compaction construction are
featured by low frequency and transiency, the principle of
which is basically identical to that of earthquake vibration
[10]. Soil field test results demonstrate that peak frequency of
particle velocity under dynamic compaction is around
2~20Hz [11-13]. For gray silty sand and silty clay foun-
dation, Hwang et al. [14] stated that radial vibration duration
is longer than vertical vibration duration; primary frequency
of vertical vibration ranges from 10 to 20 Hz, while radial
vibration contains two primary frequency range of 3~4 Hz
and 13~14 Hz. Therefore, the effects of vibration on the
nearby structures can be estimated by analyzing peak in-
tensity, Fourier frequency spectra, and vibration attenuation
comparing with the corresponding specified limits.

Generally, ground vibration induced by dynamic com-
paction exhibits different propagation rules under different
geological conditions [15]. In particular, the investigations
have been rarely devoted to the vibration rules of full-stone
foundation. Based on a foundation treatment project, this
study conducted single-point dynamic compaction tests on a
tull-stone foundation (mainly composed of andesites) at an
energy level of 3200 kN-m. The vibration velocity waveforms
in radial and vertical directions and the Fourier frequency
spectra were analyzed under 10-time repeated tamping in
dynamic compaction tests. Moreover, the effects of tamping
time on PGV, PGA, and average frequency, as well as the
amplitude attenuation with distance, were examined. The
results may provide insightful reference for ensuring safety
in dynamic compaction construction.

2. Description of Project and
Ground Conditions

The foundation reinforcement projects are located in a
mountainous area of China including blasting peak cutting,
depression backfilling, and dynamic compaction. The
complex geological and topographic conditions raise a
challenge for rock-soil and full-stone foundations’ com-
paction in this mountain area. After dynamic compaction,
the bearing capacity and deformation modulus of all
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foundations should be higher than 200kPa and 16 MPa,
respectively. In this test area, the engineering purpose
mainly aims at full-stone foundation reinforcement. The
project site was filled with the 5m-thick moderate weath-
ering andesite, originating from the blasting mountain. The
dry uniaxial compressive strength of the andesite is
73.07~155.54 MPa, the saturated uniaxial compressive
strength is 33.08~120.56 MPa, and the elastic modulus is
27.94~54.50 GPa. The diameters of filled stone are smaller
than 0.81 m and most are in the range of 0.14 m~0.42 m, and
the uniform coefficient exceeds 10. The bedrock is un-
disturbed andesite. In the tested region, a cast steel rammer
with a bottom diameter of 2.5m was used for dynamic
compaction. Figure 1 presents the layout in the tested region
and the surrounding construction. The distance between the
simple road and tamping point is 122 m.

There are many important facilities and precise devices
located in the range 80~130 m from the dynamic compac-
tion region; the ground vibration during dynamic com-
paction should be monitored to predict the damage
potential.

3. Vibration Monitoring

3.1. Instrument and Equipment. The equipment for mea-
suring ground vibration consists of three-component geo-
phones (CDJ-S2C), piezoelectric accelerometers (CA-YD-
159), recording and storing devices, and connectable electric
cables. The three-component geophone, developed by
Chongqing Geological Instrument Plant, China, was used
for monitoring ground vibration velocity with a frequency
range of 2~500 Hz, a sensitivity of 200+ 10% V/m/s, and a
harmonic distortion smaller than 0.2%. The measurement
range of acceleration is +1 g. The sensitivity and resolution of
the acceleration sensor is 10 V/g and 2 x 10~ g, respectively.
The resolution of the A/D interface is 16-bit, and the re-
cording precision can reach up to 0.01 cm/s with a sampling
frequency of 8000 Hz. The acquisition device can display lots
of information including waveform, maximum value, and
frequency immediately after sampling. The vibration sensors
were fixed by land plaster and an appropriate amount of
water in the monitoring test.

3.2. Arrangement of Measuring Points. In order to assess the
effects of single tamping of the dynamic compaction on the
surrounding facilities, six measuring points were arranged
on the ground for recording the vibration signal in the
distance within 120 m with a spacing of 20 m, as shown in
Figure 2. The measuring path was led out from the tamping
center and perpendicular to the road line. The dump-filling
thickness of stones is 4~5m in the test site. The foundation
ground of nearby facilities including E-1, E-2, and E-3 in
Figure 1 is generally consistent to that of the sensor ar-
rangement region. However, the region from the dynamic
compaction area to the facility F-1 was filled with 5~8.5m
moderate weathering andesite mixed with silty sand. Its
original foundation has complex topography with numerous
gullies, as well as different geotechnical conditions. Besides,
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FIGURE 2: Arrangement of dynamic compaction velocity sensors (unit: m).

considering the strong seismic performance of the facility F-
1 and long distance to the dynamic compaction area, the
impact of dynamic compaction on facility F-1 is much
smaller than that of other equipment, which can be
neglected.

4. Results and Discussion

4.1. Vibration Velocity Waveform. Figure 3 presents the
waveforms of three directions’ vibration velocity at V,
monitoring point (80 m distance) subjected to 9th tamping
with a standard energy of 3200 kN-m. As seen in Figure 3, the
initial oscillation time of radial velocity is similar to that of
vertical velocity, while the peak velocity in the vertical di-
rection appears first. The significant attenuations of radial
and vertical velocities take on at the time of 0.23 and 0.19s,
i.e., the peak velocity of —0.41 and —0.31 cm/s, respectively.
However, the tangential vibration velocity is in the range of
—-0.07~0.08 cm/s and that waveform is complex. In this
regard, this study only examined ground vibrations in the
radial and vertical directions.

Figures 4 and 5 show radial and vertical vibration ve-
locity histories at 80 m distance under different tamping
times. It can be seen from Figure 4 that the radial vibration
velocity gradually reaches its maximum value at 0.27 s after 9
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FIGURE 3: Waveforms of vibration velocity at 80 m distance.

tampings. The amplitude began to attenuate significantly at
0.47s, and the time of radial vibration lasts approximately
0.75 s. The radial vibration velocity keeps similar waveforms
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FI1GURE 4: Radial vibration velocity histories at 80 m distance under different times of tamping.

under different tamping times but only at slightly different
amplitudes. As shown in Figure 5, the vertical vibration
velocity reaches its maximum value at 0.2 s followed by the
periodic attenuation since 0.5s, and vibration lasts ap-
proximately 1s. Similarly, vertical vibration velocity wave-
forms are generally not affected by tamping times except for
slightly different amplitudes.

Table 1 lists the occurrence time of radial and vertical
PGV at an 80m distance. Overall, the radial and vertical
PGV appear earlier with the increase of tamping times.
However, after 7 tampings, the occurrence time of PGV
tends to be stable. After 9 tampings, the presence moments
of radial and vertical PGV are eventually shortened by
0.038s and 0.020s, respectively. The tamping energy is
mainly consumed by the compressive deformation of rock
foundation at the beginning of impact compaction, thereby
leading to smaller vibration velocity. As the tamping time

increases, full-stone foundation is gradually compacted. So,
the PGV increases continuously and the corresponding
occurrence time is shortened until the full-stone foundation
remains stable roughly.

4.2. PGV Monitoring

4.2.1. Effect of Tamping Time on PGV. Figure 6 depicts the
relationships between PGV and tamping time at different
directions and distances. As shown in Figure 6, both radial
and vertical PGV increase with the increasing of tamping
times but negatively correlated with the measured distance.
The radial PGV increases by 12.27% after 3 tampings at 20 m
distance, while the increasing amplitude of the vertical PGV
is as high as 67.80% after 4 tampings. Afterwards, both radial
and vertical PGV approximately remain stable despite small
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FIGURE 5: Vertical vibration velocity histories at 80 m distance under different times of tamping.

TaBLE 1: Occurrence time of PGV at 80 m distance.

Direction Ist tamping 3rd tamping 5th tamping 7th tamping 9th tamping
Radial direction 0.268 s 0.260's 0.231s 0.230's 0.230's
Vertical direction 0.214s 0.203s 0.200's 0.194s 0.194s

fluctuations. It is noted that the vibration velocity increases  vibration induced by 9 continuous tampings may impose the
slightly after 9 tampings. This lies in the fact that the stone  greatest damage to nearby structures.

foundation is crushed and re-interlocked in the impulse

wave field after multiple tampings. Overall, the increasing

tamping time plays a positive role in enhancing the foun-  4.2.2. Effect of Measured Distance on PGV. Vibration in-
dation characteristics. After 4 tampings, the mechanical  tensity generally undergoes attenuation with distance, which
properties of the rock foundation were significantly en-  is mainly attributed to geometrical damping and material
hanced. After 9 tampings, the vibration velocity of the  damping [5]. The geometrical damping means that while the
foundation basically remains stable. It is obvious that the = wave propagates far from the vibration source, the wavefront
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FIGURE 6: Relations between PGV and tamping times at different measured distances. (a) In radial direction. (b) In vertical direction.

expands and its energy density decreases with distance,
resulting in the decline of vibration amplitude. Geometrical
damping is affected by the vibration waveform and wave-
front shape. The material damping refers to the energy
dissipation as the wave travels through the rock-soil layer,
which depends on the soil type, moisture content, and
temperature, and so on [16].

Figure 7 illustrates the attenuation of radial and vertical
PGV with the proportional distance subjected to odd time
tamping. The proportional tamping distance is defined as
R = R/3/Q, where R denotes the distance from the tamping
pointand Q = 3.2 x 10°J. When the proportional distance is
smaller than 0.40, the PGV decreases rapidly with distance.
Specifically, the radial PGV decreases by 60.75%~69.23%,
while the attenuation of PGV in the vertical direction is as
high as 79.32%~83.67%. As the proportional distance ex-
ceeds 0.40, both radial and vertical PGV values become
relatively smaller. The attenuation law of the vibration in-
tensity with distance can be fitted by the following power
function with a negative exponent [17]:

{ PGV, =k, R,

1

PGV, = k,R *, W
where k denotes the equivalent factor and « denotes the
damped exponential. Subscripts 1 and 2 denote radial di-
rection and vertical direction, respectively. Table 2 lists the
fitted values of k and « in equation (1).

As shown in Table 2, the attenuation of PGV with the
increase of proportional distance is reasonably fitted by the
power function with negative exponents. As the tamping
time increases, the equivalent factor increases and damped
exponential decreases, which is on account of the energy
dissipation decreasing as the rock layer becomes denser.
Besides, the damped exponential of radial PGV is smaller
than that of the vertical direction, implying that more energy

is consumed during ground vibration in vertical vibration
than that in radial direction. For gray silty sand foundation
[14], the 9-time-tamping average of PGV in radial and
vertical directions decreases 93.91% and 88.26% at a distance
of 20 m to 80 m, respectively. The attenuation ratio of full-
stone foundation’s radial PGV, 67.10%, is obviously lower
than the gray silty sand foundation. However, the vertical
attenuation ratio of the two-type foundation is basically
within 88.26%~91.69%. It indicates that the radial energy
transmission capacity of the full-stone foundation is higher
than that of the gray silty sand foundation, which poses a
potential threat to buildings and people’s lives.

4.3. PGA Monitoring

4.3.1. Effect of Tamping Time on PGA. Figure 8 presents the
relations between PGA and tamping times at different
measured distances. The effect of tamping time on PGA is
similar to that on PGV. The relationship curves can be
divided into three phases. After 4 tampings, the PGA at a
tamping distance of within 40 m increased significantly. For
example, the PGA of ground vibration increased by 42.23%
at a tamping distance of 20 m. The PGA at a tamping dis-
tance below 100 m increased slowly during the next 4-5
tampings. After 9 tampings, the foundation was compacted
and the radial PGA was nearly doubled at 20m from the
tamping point. It is needed to point out that the PGA at
120m from the tamping point remained approximately
0.01g during the whole tamping process, which seemed
unaffected by the increase of tamping times. This suggests
that the point at the distance of 120 m has already exceeded
the effective tamping range.

Vertical PGA exhibits a similar variation rule with the
increase of tamping times except for far greater variation
amplitude. Additionally, the vertical PGA was more
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TABLE 2: Attenuation parameters of PGV under odd time tamping.

T Parameters
ime
Ky a, R? k, a, R?

1 0.13 1.02 0.98 0.09 1.53 0.97
3 0.17 0.96 0.97 0.11 1.49 0.99
5 0.20 0.90 0.94 0.19 1.42 0.97
7 0.21 0.90 0.93 0.21 1.40 0.96
9 0.23 0.90 0.92 0.21 1.40 0.95

dependent on the distance from the tamping point. After 10
tampings continually, the PGA at the tamping distance of
20m was up to 0.618g, while the PGA at the tamping
distance range of 100~120 m was consistently lower than
0.02g. Therefore, it can be concluded that the dynamic
compaction almost has no effects at the distance over 100 m
from the tamping point.

4.3.2. Effect of Measured Distance on PGA. In order to in-
vestigate the attenuation law of PGA with distance subjected
to different tamping times, the tested data under odd times of
tamping were selected for plotting the relations of radial and
vertical PGA with distance, as shown in Figure 9. It can be
observed that both radial and vertical PGA declined rapidly at
a proportional tamping distance below 0.4. Specifically, the
attenuation amplitudes of radial and vertical PGA were
62.13%~75.37% and 82.32%~86.75%, respectively. The at-
tenuations of both radial and vertical PGA may be fitted by

the following power function with negative exponents:
PGA, = kR,
3 3_70( 2)
PGA, =k,R ™,

where k denotes the equivalent factor and « denotes the
damped exponential. The subscripts 3 and 4 denote radial

and vertical directions, respectively. Table 3 summarizes the
fitted values of k and «a according to equation (2).

It can be seen from Table 3 that the fitted equivalent
factors increase with the increase of the tamping times, while
the damped exponents are negatively correlated with the
tamping times. Moreover, the damped exponential of ver-
tical PGA is greater than that of radial PGA, that is, the
vertical vibration decays more rapidly than radial vibration.
This is similar to the attenuation of PGV as described in
Section 4.2.2. The ground vibration along the vertical di-
rection consumes more energy than that along the radial
direction.

4.4. Fourier Spectra. The vibration frequency components
and frequency domain range may serve as important
bases for evaluating the safety of the equipment and
buildings. By performing Fourier transform (FFT) on the
records of ground variation in radial and vertical di-
rections at a typical tamping distance of 80 m under 10
tampings, the Fourier amplitude spectrum of vibration
velocities was calculated along radial and vertical di-
rections. Figure 10 presents the Fourier amplitude
spectrum at 80 m from the tamping point subjected to
odd time tamping.

It can be seen in Figure 10 that the radial and vertical
Fourier amplitude spectrums exhibit similar shapes. With
an increase of tamping times, the Fourier amplitude spectra
contain more wider frequency bands and higher ampli-
tudes. This is attributed to the decline in tamping energy
dissipation after multiple reflections and diffractions of the
stress wave among rock layers [16]. As shown in
Figure 10(a), the radial vibration frequency mainly ranges
from 3 Hz to 42 Hz, and the two primary frequencies are in
the ranges of 6~10Hz and 13~22Hz. Amplitudes at
13~22Hz are strongly influenced by the increase of



8
0.20
0.18
a— " —n
0.16 I -—"
0.14 |
0.12 | :
C __e— ¢
5 0.10 o o—° :
& 0.08 |- ./ ‘
0.06 /'/ A a—A—a
' L /A’_‘A/A’_’ T
_ v—vV—
0.04 A e v v
002F v «
OOO <I 1 1 1 1 1 I/I\<I 1

6o 1 2 3 4 5 6 7 8 9 10 11
Tamping time

—a— 20m —v— 80m
—o— 40m 100m
—A— 60m —<4— 120m

(a)

Shock and Vibration

0.7
0.6 | -/I—F—'
./
05| /./l/
@ 0.4 + /
S ‘
A 03+ o—* ¢
‘ ././0
02f — "
o/
0.1} ./ A A A——A—A—A—4
_—A— :
A/A w——wv—w—v—y— Y Y —Y
00 L e—=9=———8—3—9—9 ¢ L %

0 1 2 3 4 5 6 7 8 9 10 11
Tamping time

—a— 20m —v— 80m
—o— 40m 100 m
—A— 60m —<4— 120m

(®)

FIGURE 8: Relations between PGA and tamping time at different measured distances. (a) In radial direction. (b) In vertical direction.

0.20
0.18 |-
L 4
0.16 |- 4
0.14 +
o
0.12 +
oD A

Zol0} = Y.

o

A~ 0.08 | \
0.06 e 4

0.04 | X \

. — 1
0.02 s.§‘
0'00 1 1 1 1 1 1 1 1

—m— 1st tamping
—o— 3rd tamping
—A— 5th tamping

—v— 7th tamping
4 9th tamping

()

0.7
06 ¢
v
054 A
[ ]
C) 04 -
S
a 03 ®
V.
A
0.2
[ )
0.1 s
( ]
. _—
0.0 1 1 1 |\| \‘ ﬁ
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

—=— Ist tamping
—e— 3rd tamping
—A— 5th tamping

—v— 7th tamping
4 9th tamping

(®)
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TABLE 3: Attenuation parameters of PGA under odd time tamping.

) Parameters
Time 5 5
ks o R ky ay R
1 0.01 1.23 0.97 0.01 1.63 0.97
3 0.01 1.21 0.99 0.01 1.60 0.99
5 0.02 1.14 0.94 0.02 1.51 0.97
7 0.02 1.10 0.93 0.03 1.49 0.97
9 0.03 1.05 0.93 0.03 1.49 0.96

tamping times. Particularly, the amplitudes at 17~22 Hz
and 33~34Hz increase greatly when tamping times is
beyond 7. However, these increasing amplitudes are lower

than the amplitudes at 6~10 Hz; in other words, the highest
Fourier amplitude is in the range of 6~10Hz, which in-
dicates the low frequency vibration in dynamic compaction
construction of full-stone foundation.

As seen in Figure 10(b), the spectrum range of vertical
vibration is in the range of 5~50Hz, and the vibration
spectrum also possess two primary frequencies of 6~8 Hz
and 16~18 Hz, the amplitude of which increases with the
increase of tamping times. It is noted that the amplitude
corresponding to the frequency of 16~18 Hz is lower than
that of the frequency of 6~8 Hz within 7 tampings, but this
situation is reversed subjected to 9th tamping. Simulta-
neously, two higher vibration frequency bands (23~24 Hz
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FiGure 10: Fourier amplitude spectrum in radial and vertical directions at 80 m distance. (a) In radial direction. (b) In vertical direction.

and 33~34Hz) appear in the vertical Fourier spectra as
increasing tamping times are beyond 7. Based on the
aforementioned data analysis, increasing tamping times can
effectively expand the Fourier spectrum frequency range and
increase the number of primary frequencies, especially
vertical vibration.

It is reported by Hwang and Tu [14] that the primary
frequency of vertical vibration is in the range of
10~20 Hz, while the radial vibration has two primary
frequencies of 3~4 Hz and 12~13 Hz in a gray silty sand
and silty clay foundation. For this full-stone foundation
under dynamic compaction, the spectra may have 2~4
higher primary frequencies due to lower material
damping. Consequently, the Fourier amplitude spectra of
ground vibration velocity of the full-stone foundation are
featured by multiple primary frequencies and wider
frequency band compared to the gray silty sand and silty
clay foundation.

4.4.1. Effect of Tamping Time on Vibration Frequency. To
comprehensively analyze the law of blasting vibration
frequency and to consider the continuity of the propaga-
tion process, the average frequency was introduced for
describing the spectrum of vibration velocity by Trivifio
et al. [18]. Average frequency denoted as f, can be cal-
culated as

_SLAS,
YA,

where f; represents the individual frequencies in the
spectrum (Hz) and A4, is the amplitude associated with each
frequency f;.

The relations between primary frequency, as well as
average frequency, and the tamping time are displayed in
Figure 11. It can be observed that primary frequencies are

fe (3)
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FIGURE 11: Relations between primary and average frequencies and
tamping times.

maintained in the range of 6~9 Hz, except for the vertical
primary frequency under the 9 tampings. However, the
average frequencies present better positive correlation
with tamping times, which matches with the characteristic
of Fourier amplitude spectrum influenced by tamping
times in Figure 10. Therefore, the average frequency may
be used to preferably describe the effect of tamping times
and distance on the bulk characteristic of Fourier
amplitude.

Figure 12 presents the relations between average
frequencies and tamping times at various tamping dis-
tances. During the first 4 tampings, the average frequency
increases significantly with tamping, with an increased
amplitude of 2~5Hz. Average frequency at a closer



10

25

- m m—8—E—nm

20 e
‘ o—o— A

/O aA—A—A_ A

P e s e |

A / .
4—<q—<«

—

Average frequency (Hz)
o
T

—_
(=}
T

Tamping time

—m— 20m —v— 80m
—o— 40m 100m
—A— 60m —<4— 120m

(a)

Shock and Vibration
30
. |
e
B n—N - ././’

20 +

Average frequency (Hz)
"\\
4\\~

15 -
v
/<
0F “——
5 1 1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10 1
Tamping time

—m— 20m —v— 80m
—o— 40m 100m
—A— 60m —<4— 120m

()

FIGURE 12: Relations between average frequency and tamping times at different tamping distances. (a) In radial direction. (b) In vertical

direction.
30
25 +
é\ *\
=20 -
g S
: \,l}% .
g . \zsv
g5t — —
( ]
& \ \.
& -\ \
RO —
= L
<
5+
0 1 1 1 1 1 1 1 1

05 06 07 08 09
R

—a— lst tamping
—e— 3rd tamping
—A— 5th tamping

—v— 7th tamping
4 9th tamping

()

30

25 +

20 +

15 +

10 -

Centroid frequency/Hz

05 06 07 08 09
R

—m— 1st tamping
—e— 3rd tamping
—A— 5th tamping

—v— 7th tamping
4 9th tamping

(b)

FIGURE 13: Attenuation of average frequency with distance under different tamping times. (a) In radial direction. (b) In vertical direction.

distance from the tamping point increases more rapidly.
At a tamping distance of 20 m, both radial and vertical
average frequencies tend to be stable after 4 tampings.
More tamping times are needed if the average amplitude
is to remain constant at a further location. At a tamping
distance of 100m, the average frequency is stabilized
under 4~8 tampings. This threshold of tamping times is
generally positively correlated with the tamping distance.
In other words, the closer the distance, the easier it is for
the foundation to stabilize when the foundation is
subjected to dynamic compaction.

4.4.2. Effect of Measured Distance on Vibration Frequency.
Figure 13 presents the attenuation of both radial and vertical
average frequencies with distance under different tamping
times. Overall, the average frequency in the vertical direction
is greater than that in the radial direction. Apparently, the
attenuations of the average frequencies under different
tamping times are roughly similar, which decrease linearly
with the proportional tamping distance. The attenuation
curves of the average frequency are close to each other except
for the 1st tamping, which is due to the insufficient dynamic
compactness of the full-stone foundation.
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5. Conclusions

(1) The ground vibration of the full-stone foundation
under a standard tamping energy of 3200 kN-m lasts
approximately 0.75~1s, longer than the gray silty
sand and silty clay foundation. The duration of radial
vibration turns out to be the longest. The radial and
vertical waveforms are roughly similar under dif-
ferent times of tamping in each direction.

(2) At 80 m distance, the Fourier amplitude spectra
exhibit a similar shape under different tamping
times. The frequency domain of radial vibration
mainly ranges from 3 to 42 Hz, which contains two
primary frequencies of 6~10 Hz and 13~22 Hz. The
frequency domain of vertical vibration ranges from 5
to 50Hz, which has two primary frequencies of
6~8Hz and 16~18 Hz. Meanwhile, the amplitudes
corresponding to frequencies of 6~8 Hz turn to be
higher than that of 16~18 Hz. The frequency spectra
exhibit more primary frequencies, higher frequen-
cies, and wider domains with the increase of tamping
times. The frequency spectra exhibit more primary
frequencies, higher frequencies, and wider domains
with the increase of tamping times.

(3) The PGV, PGA, and average frequency of ground
vibration first increase significantly with an increase
of tamping time, and then remain roughly un-
changed due to the compactness of rock foundation.
Both PGV and PGA decay with the distance from the
tamping point in a negative exponential relation.
With the increase of tamping time, the attenuation
degree increases correspondingly. Generally, the
vibration frequency of the full-stone foundation
under dynamic compaction is higher than that of
gray silty sand and silty clay foundations, and the
average frequency exhibits negative linear correla-
tion with the proportional tamping distance.
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