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ABSTRACT

As important methods to guide the field soil compaction, the standard and modified Proctor tests for
laboratory compaction have remained unchanged for decades, which should be improved to better
understand the compaction process and the properties of soils. In this study, an accelerometer was
installed on a Marshall impact compactor to capture the dynamic response of three types of soils during
compaction. The experimental test results indicated that the acceleration curve for each blow gradually
evolved to a stable pattern following the progress of compaction, and the impact and gyratory locking
points were linearly related with coefficient of determination R? equal to 0.59. The impact compaction
curve could be further constructed by filtering the structural resonance, which can be used to quantify
the compactability of soil materials. Although each type of soil had a unique set of compaction curves, the
slope and value of compaction curve altered accordingly as the moisture content changed for the same
soil. In addition, the average acceleration value at the final compaction stage could serve as the target
value of soil stiffness.

© 2022 Institute of Rock and Soil Mechanics, Chinese Academy of Sciences. Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

As the most common and important material encountered in
infrastructure system, soil serves as an engineering medium for
construction of roadbeds, foundations, dams, and buildings. Before
it can be used for such applications, a vital part of the construction
process is soil compaction to improve its engineering properties,
such as stiffness, compressibility, and permeability (Cetin et al.,
2007; Caicedo et al., 2014). To achieve this, there are several
compaction methods which can be classified as static, impact,
vibrating, gyrating, rolling, and kneading (Ito and Komine, 2008;
Feng et al., 2013; Vukadin, 2013). Different compaction techniques
may be suitable for different soil types. The vibrating compaction is
more applied in sands and gravels to cause re-orientation of the soil
particles, whereas a sheepsfoot roller could be used in silts and
clays to drive air out of the soil (Das and Sobhan, 2013).

However, regardless of the type of soil, the most commonly and
currently used laboratory tests for soil compaction, the standard
and modified Proctor tests, can be explicitly classified as impact
compaction, since both tests are performed by dropping a large
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mass onto the surface of the soil (Virgil Ping et al., 2002). These
tests offer the maximum dry density and the optimum moisture
content of the tested soil to guide the field compaction, but without
the ability to offer additional information such as the compactibility
of soil. As a similar engineering material, the laboratory compaction
of asphalt has undergone a conversion from the impact compaction
to the gyratory compaction. The traditional Marshall compaction
for asphalt mixture is similar to the standard and modified Proctor
tests utilizing the same impact method, which was gradually
replaced by the Superpave gyratory compactor with the ability to
apply a vertical load and a self-adjusting kneading action simulta-
neously (Khan et al, 1998). One key advantage of gyratory
compactor lies in that it can monitor the specimen height after each
gyration, thus a densification curve can be obtained to evaluate the
compactability of asphalt materials (Jia et al., 2019). Attributed to
this advantage, Anderson et al. (2002) utilized the slope of densi-
fication curve to describe compactability with a higher slope indi-
cating higher resistance to compaction. Another concept used to
evaluate compactability is the locking point, which defines a
threshold on the densification curve, and beyond that further
densification seems impossible (Vavrick et al., 2002; Mohammad
and Al-Shamsi, 2007).

Similarly, the concepts of densification curve and locking point
can benefit the soil compaction by indicating the effort needed for
the field compaction, and benefit the laboratory impact compaction
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by offering more useful information. A potential approach to ach-
ieve this is the utilization of accelerometer. For example, at the
initial development of Clegg impact tester, a standard Proctor-type
hammer was equipped with an accelerometer and utilized to
measure the deceleration of the falling hammer mass (Clegg, 1976).
By dropping a hammer four times in the same place and identifying
the highest deceleration value, it can be used to determine the
hardness of compacted soil with a higher value indicating a stiffer
material. Previous studies revealed that it can be correlated well
with a California bearing ratio (CBR) value (Clegg, 1979). However,
the design of the Proctor hammer and its compaction process make
the Proctor compactor not the ideal candidate for accelerometer
installation. The Proctor hammer has a cylindrical outer sleeve, and
the impact force is applied manually on different locations of
specimens, making the installation of accelerometer and con-
struction of densification curve challenging. As a comparison, the
Marshall compactor can apply the impact force automatically on
the whole surface of specimen, and an accelerometer can be easily
placed on the falling mass. There have been several attempts to
utilize accelerometers on Marshall compactor as a calibration
method for the Marshall hammer (Siddiqui et al., 1988; Shenton
et al.,, 1994; Sebesta et al., 2008). It was found that the high level
of noise in the signal from the accelerometer impaired the ability
for calibration, which may also affect the potential of using
Marshall compactor to monitor the compactibility of soil. However,
recent studies overcame this difficulty by identifying the change
pattern in acceleration curve during the asphalt compaction, and
therefore obtained the impact locking point which correlated well
with the gyratory locking point for several types of asphalt mix-
tures (Polaczyk et al., 2018, 2019a, b). Based on the previous studies,
it is possible to adopt the Marshall compactor as an alternative to
the Proctor compactor to capture the change of soil dynamic
properties using accelerometers.

The objective of this study is to evaluate the feasibility of
quantifying the laboratory impact compacting process for soil
materials by utilizing dynamic-based methods. To achieve this goal,
a treated limestone aggregate and two types of soils which
commonly serve as paving materials were utilized, and the change
of this dynamic soil-impact compactor system during the
compaction was monitored by using an accelerometer. The Proctor
test and Superpave gyratory compaction were also performed to
obtain soil volumetric properties.

2. Materials and test methods
2.1. Materials

The selected soil materials in this study include two types of
subgrade soil and a treated limestone aggregate collected from
paving and construction projects in Tennessee, USA. Based on the
American Association of State Highway and Transportation Officials
(AASHTO) classification system, the treated limestone aggregate
was classified as A-1, which contained 80% of aggregate and 20% of
fly ash. The first type of clayey soil (Soil 1) was classified as A-6 with
a liquid limit (LL) of 35%, a plastic index (PI) of 14%, and a group
index (GI) of 3, whereas the second type of clayey soil (Soil 2) was
classified as A-7-6 with an LL of 42%, a Pl of 15%, and a GI of 10. Fig. 1
shows the gradation of the treated limestone aggregate and soils.

2.2. Test methods

The standard Proctor test was performed to obtain the moisture
content and dry density curves of the soil materials. Then by using
the same moisture contents, the soil specimens were compacted by
a Marshall compactor with a total of 100 blows of impact
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Fig. 1. Gradation of the treated limestone aggregate and soils.

compaction in a 100 mm diameter mold. The mass of Marshall
specimen was 1200 g for aggregate and 800—950 g for clayey soils.
In addition, the soil specimens in a 150 mm diameter mold were
compacted by a Pine Instrument company AFGC125X Superpave
gyratory compactor. The gyratory compaction was performed with
a rate of 30 gyrations per minute, a confining pressure of 600 kPa,
an angle of gyration of 1.25°, and a total number of 150 gyrations.
The mass of gyratory specimen was 4500 g for the aggregate and
3000 g for clayey soils.

The Marshall compactor adopted in this study is a Humboldt
Marshall mechanical compactor. With a 4.536 kg compaction
hammer dropped from a height of 457.2 mm, the Marshall hammer
offers a heavier impactive effort than the standard Proctor hammer,
which has a 2.5 kg hammer and a drop height of 305 mm. It should
be noted that the modified Proctor method uses the same 4.536 kg
hammer with the same 457 mm drop height as the Marshall
compactor. To monitor the dynamic responses from impacting, a
PCB Piezotronics 5000g (1g = 9.81 m/s?) accelerometer was
installed on the compaction hammer, as shown in Fig. 2. The
accelerometer was connected to the National Instrument data
acquisition system with a sampling rate of 10,000 Hz, and a Lab-
VIEW system design software was used to record the acceleration
data.

3. Test results
3.1. Moisture-density curves from impact and gyratory compaction

Fig. 3 illustrates the relationship between dry density and
moisture content from the impact and gyratory compaction for
different soils. Since the gyratory compactor could offer the highest
compactive effort, the specimens achieved the highest dry density
for the same soil at the same moisture content compared to the
impact tests. For the clayey soils, the gyratory compactor specimens
also showed a lower optimum moisture content compared to the
impact tests due to the difference in applied energies. As similar
impact methods, the moisture-dry density curves from the
Marshall compactor shared similar patterns and values compared
to that from the Proctor test for the same soil. The optimum
moisture content determined by both impact tests was 7.5% for the
limestone aggregate, 23% for clayey soil 1, and 28% for clayey soil 2.
The difference between the maximum dry density from two impact
tests was 0.12 g/cm® for the limestone aggregate, 0.09 g/cm? for
clayey soil 1, and 0.05 g/cm? for clayey soil 2. Based on the results, it
could be concluded that the Marshall compactor can serve as an
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Fig. 2. The impact hammer with an accelerometer: (a) The Marshall compactor, (b) The data acquisition system, and (c) Hammer diagram.

alternative for the Proctor test to demonstrate the impact com-
pacting process for soil materials.

It should be noted that the 10% moisture content specimen for
the limestone aggregate was not prepared for the gyratory
compaction due to moisture extrusion. During the compaction
process, the moisture content may change from the initial targeted
value to the lower final as-compacted value, especially for the gy-
ratory compaction. Despite this, the targeted value of moisture
contents was utilized for the dry density-moisture content curve
construction.

3.2. Impact locking point

After the Marshall compaction, the acceleration data from the
high-g accelerometer were collected and analyzed. The interval
between two consecutive hammer impacts was around 0.975 s,
whereas a duration of one impact was about 0.05 s. To illustrate the
dynamic pattern during the compaction, the acceleration curves for
the first blow, the 20th blow, and the 80th blow for each soil at its
lowest moisture content are presented in Fig. 4.

Fig. 4 presents the tendency of acceleration curves during the
compaction. For each blow, there will be a main acceleration pulse
after the initial impact. As shown in Fig. 2, the Marshall hammer
drops on a steel plate instead of the specimen surface, which arouse
resonance or noise. Therefore, the main pulse was followed by
oscillations of a much higher frequency, which kept the same
pattern for the same specimen but varies among different mate-
rials. When focusing on the main pulse, it changed from a fluctu-
ation among positive and negative peaks at the initial stage as
shown in Fig. 4a, d and g, since the specimen was compressed
significantly at this time, then to a stable pattern with one or two
main peaks as shown in Fig. 4c, f and i following the progress of
compaction, since the specimen became incompressible and stable.
For all the soil materials and all the moisture contents, eventually
the acceleration main pulse would reach a stable pattern at a
certain blow number, after that the acceleration curves were
similar without significant changes. It is reasonable to assume that
as the density of the soil material increases, the stiffness of soil also
increases causing changes in the acceleration response. At a certain
point, the density and stiffness of soil cannot be further increased,
indicated by the stable pattern of acceleration curve. Similar to the

gyratory locking point which is defined as a threshold on the
densification curve beyond which the mix structure starts to resist
further compaction and aggregates can be fractured, the blow
number upon which the acceleration curve reaches the stable
pattern could be defined as the impact locking point. To accelerate
the identification of locking point, the trendline of five-period
moving average was utilized to smooth the acceleration curve.
Fig. 5 shows the five-period moving average trendline for the first
and the last five blows for the aggregate with 5% moisture content.
The data between two consecutive blows were deleted so as to
accommodate five blows into one figure. It could be observed that
the trendline evolved from multiple peaks to a stable single peak.
Based on this, the impact locking point was decided as the first
blow when the trendline evolved to a stable single peak. Fig. 6
shows the relationship between impact and gyratory locking
point based on five-period moving average trendline. For the gy-
ratory compaction, the locking point of soil materials is determined
as the first gyration of three consecutive gyrations at the same
height (Vavrik and Carpenter, 1998).

It can be observed that the locking points from different
compaction methods share a similar trend. For all the soil materials
included in this study, both the impact and gyratory locking point
decreased with the increase of moisture content, indicating that
less compaction effort was needed for the material to reach its
stable compaction stage at high moisture content. However, unlike
the gyratory locking point which could be easily identified from the
height record, the identification of impact locking point was not
easy since there were no clear transitions in acceleration curves for
some specimens.

3.3. Compaction curve construction for impact compaction

Unlike the conventional Marshall compaction, one advantage of
the gyratory compaction lies in its densification curve through
which the compactability of soil can be visually identified. By
adopting the accelerometer on the hammer, there is a potential to
construct the compaction curve for the soil impact compaction.
However, there are two characteristics in acceleration data for the
Marshall compaction. When the interval between two blows is
around 1 s, the actual acceleration peak curve for each blow could
only last 0.002 s if excluding the structural resonance. Second, as
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Fig. 3. Comparison of moisture content-dry density curves: (a) Limestone aggregate,
(b) Soil 1, and (c) Soil 2.

shown in Figs. 2 and 4, the oscillations of a much higher frequency
following the main pulse is mainly resulting from resonance of the
hammer which is not indicating the soil stiffness. To build the soil
compaction curve, the noise between two consecutive blows
should be filtered. To achieve this, the acceleration data were cut off
to include only one blow for each section, and then the data among
certain range were deleted to filter the noise, for example, between
10g and —10g. After that, the peak value data for each section were
averaged to obtain the average value for each blow indicating the
soil stiffness at this point. Finally, a three-order polynomial trend-
line was built to serve as the compaction curve. Fig. 7 shows the
compaction curves for the same aggregate specimen at 2.5%
moisture content when various filtering range was adopted.

As shown in Fig. 7, applying +50g filtering range was not effi-
cient enough to filter the noise. The average value for each blow
was small and no clear pattern could be observed. Increasing the
filtering range to +100g could improve the results, but the data

points were relatively scattered. Using the filtering range of +150g
or +£200g could filter the noise effectively. The stiffness of specimen
increased from close to O to a plateau after around 40 blows. A
further expansion of the filtration range resulted in loss of effective
peak value. Based on trial test results, the filtering range of +200g
was adopted to build the compaction curve for the aggregate and
soil 1 specimens. As shown in Fig. 4, the structural oscillations after
the peak curve is relatively small for soil 2, therefore the filtering
range of +100g was enough to filter the noise for soil 2 specimens.
Fig. 8 compares the impact and gyratory compaction curves for
three types of soils at varying moisture content.

For the impact compaction curve, the vertical axis represents
the average acceleration value for each blow, indicating the stiff-
ness of specimens, and the horizontal axis is the number of impact
blows. For the gyratory compaction curve, the vertical axis repre-
sents the specific dry density of specimen, when the horizontal axis
is the number of gyrations. In general, each type of soil had a unique
set of compaction curves. However, a lower moisture content
usually resulted in a higher acceleration value and a higher slope of
compaction curves for all the types of soils. Following an increase of
moisture content, less compaction effort was needed to reach the
target stiffness or density of the specimens. Therefore, the impact
compaction curve tended to fade into a straight line when the
moisture content is high, since the highest stiffness could be ach-
ieved just after a few blows. Similar results could also be observed
on gyratory compaction curves. With high moisture contents, the
specimens reached the locking point swiftly and the total densifi-
cation curve behaves like a flat line. For soil 2, although the highest
impact compaction curve belonged to the specimen with the
lowest moisture content like other soils, the rest of the impact
compaction curves overlapped each other and did not change
proportionally with the change of moisture content. This clayey soil
was classified as A-7-6 and characterized as poor quality as sub-
grade materials. Due to its inferior strength, the specimen may be
unstable during the compaction when the moisture content is high,
and no meaningful compaction curve could be constructed. It
should be noted that the stiffness and dry density are two different
properties of soil. As an indicator of stiffness, the highest impact
compaction curve usually corresponded to the lowest moisture
content, whereas the highest gyratory compaction curve had the
optimum moisture content for the same soil. As the dynamic
compaction method, the dimension and weight of specimen may
affect the test results with the fixed impact force for all the speci-
mens. To investigate this, the same soil 2 specimens at 18% moisture
content were compacted with different sample masses, i.e. 800 g
and 900 g. Fig. 9 shows the two compaction curves based on the
test results. It can be observed that they shared similar patterns, but
the 800 g specimen had a higher peak value than the 900 g spec-
imen due to the fact that its lower height resulted in a weakened
damping effect.

As shown in Fig. 8, most of the specimens reached the plateau of
impact compaction curve before 60 blows. If assuming that speci-
mens reach a stable density and stiffness at the final stage of
compaction, the average value of the last 40 blows was calculated
as shown in Fig. 10. The limestone aggregate had the highest value
of acceleration which changed significantly according to the change
of moisture content, whereas the soil 2 had the lowest value of
acceleration which reached its second peak at the optimum mois-
ture content.

4. Discussion of results
The soil laboratory compaction is important since the field

compaction criterion is established on it. Currently, the dry density
and moisture content from the Proctor test are still used exclusively



620 W. Hu et al. / Journal of Rock Mechanics and Geotechnical Engineering 14 (2022) 616—624
1000 1000 1000
& 500 5 500 5 500
& & & o
= = Oscillations
- - [Oscillations|
£ 0 0 g 0
2 2 2
Q [ L5
2500 2500 2500
-1000 -1000 -1000
4.386 4.391 4.396 4.401 21.934 21.939 21.944 21.949 81.446 81.451 81.456 81.461
Time (s) Time (s) Time (s)
(a) (b) (©
1000 1000 1000
800 800 800
~ 600 ~ 600 ~ 600
= 400 2 400 2400
2 200 2 200 £ 200
5 0 g o0 5 o0
£-200 8-200 $-200
<-400 <400 <-100
-600 -600 -600
-800 800 800
5.12 3:125 5:13 5.135 23.644 23.649 23.654 23.659 81.21 81.215 81.22 81.225
Time (s) Time (s) Time (s)
(d) (e) ®
1000 1000 1000
800 800 800
3600 3600 S 600
2 400 S 400 £ 400
g g g
5 200 200 5 200
g g g
< 0 < 0 < 0
-200 -200 -200
-400 -400 -400
5.04 5.045 5.05 5.055 22.632 22.637 22.642 22.647 82.361 82.366 82.371 82.376
Time (s) Time (s) Time (s)
(9) (h) 0}

Fig. 4. Acceleration curves during the compaction: (a) Aggregate, 1st blow; (b) Aggregate, 20th blow; (c) Aggregate, 80th blow; (d) Soil 1, 1st blow; (e) Soil 1, 20th blow; (f) Soil 1,

80th blow; (g) Soil 2, 1st blow; (h) Soil 2, 20th blow; and (i) Soil 2, 80th blow.

as criteria for field compaction. However, following the develop-
ment of intelligent compaction (IC) technology, a shift is occurring
towards the use of soil stiffness as an alternative parameter for
compaction control (Hu et al., 2017, 2018). Correspondingly, the
traditional laboratory impact compaction should be evolved to
monitor more soil properties as an integral part of the improved
soil compaction system.

By using the high-g accelerometer, the impact dynamic pattern
of hammer was identified from the Marshall soil compaction,
which was changing constantly for each blow following the change
of the property of underlying soil. Through examining the accel-
eration pattern for each blow, it is feasible to identify the locking
point at which further impact efforts are not helpful. Although
structural oscillations existed after each blow, it can be filtered so
that the impact compaction curves could be built for varying
moisture contents. As shown in Fig. 8, the impact compaction curve
changed for both the peak value and the slope following the change
of moisture content for the same material. A previous study
investigated the effect of moisture content on IC soil compaction, in
which the field IC compaction curves changed significantly corre-
sponding to a change of moisture contents (Hu et al.,, 2020). The
laboratory impact compaction curve in this study share similar
trends to that study, indicating the specific compaction force
needed for different moisture contents. On the other hand, a po-
tential application of compaction curve is to evaluate the change of
soil moisture content based on the change of compaction curve,
which is vital for a successful field compaction.

Although soil response to high energy impact is complex, ac-
celeration measurement of the hammer on the ground shows
promise for the evaluation of soil improvement due to dynamic
compaction. Chow et al. (1990) simulated the interaction of the
pounder and the soil with a simple one-dimensional wave equation
model, in which the soil beneath the hammer is modeled as a
laterally confined elastic soil column and with only an axial mode of
deformation. Despite the simplifications of the model, the calcu-
lated results were in reasonable agreement with the results from
the field and laboratory. Clegg (1976) used the Clegg impact tester
for evaluation of pavement base courses, which offers a desirable in
situ strength evaluation for quality control purposes. Based on test
results from various soil materials, he suggested that an impact
value of below 400g would be considered “fair to poor subgrade”
and above 600g as “good flexible base materials”. Another previous
study in Indiana also evaluated the Clegg impact tester for quality
control of roadway compaction and construction (Kim et al., 2010).
In this study, the soil specimen was in a laterally confined mold
with only axial deformation. Although the boundary conditions are
not the same as in the field Clegg impact testing, the average ac-
celeration value of the last 40 blows in the laboratory compaction
as shown in Fig. 10 still reveals the different strengths among
different materials and moisture contents. It is interesting to note
that in general, the soil stiffness decreases while the dry density
increases initially with increasing moisture content before reaching
the optimum value, and the stiffness of limestone aggregate shows
a more significant decline during this stage compared to the other
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two soil materials, which demonstrates the separate contributions
of matric suction versus dry density to the unsaturated soil stiff-
ness. A previous study investigated the effect of matric suction on
resilient modulus of compacted aggregate base courses (Ba et al.,
2013). It was found that the limestones were more sensitive to
changes in matric suction compared to the other aggregates, and
resilient modulus was more correlated with matric suction than
with compaction moisture content. The soil materials could be
better quantified in laboratories by the average acceleration value,
densification curves, locking points, and their relationships with
matric suction, dry density, saturation degree, etc.

The difference between the Clegg impact tester and the Marshall
compactor should be noted. The Clegg impact tester drops a
hammer directly on the soil surface, whereas the Marshall hammer
drops on a steel plate, not the specimen surface, which arouses
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more resonance or noise. Therefore, the Clegg impact tester uses
the highest deceleration value to indicate the hardness of com-
pacted soil, whereas the highest value for each blow did not show
any trend for the Marshall compaction in this study. The Clegg
impact tester also contains filter to remove unwanted frequencies
resulting from resonance of the accelerometer and hammer.

The impact test is usually performed to determine the energy
absorbed or the energy required to fracture a specimen. Therefore,
the cumulative input compaction energy is important. However,
the absorbed energy into the specimen for each blow is compli-
cated in this study. The hammer hits the plate base resulting in a
deformation of specimen, which is neither elastic collision nor in-
elastic collision. To calculate the absorbed energy, the average
impact force and the distance traveled after impact should be ob-
tained. However, distance estimation is not a simple task due to this
complicated impact system. Shenton et al. (1994) used a spring-
mass device with force transducer for calibration of the Marshall
compaction hammer. By analyzing the force time histories from
multiple hammer blows, the average peak force, peak energy, cu-
mulative energy, impulse and cumulative impulse could be deter-
mined. It is interesting to note that the typical force-time curve in
that study is very similar to the acceleration-time curve in this
study. The impulse is the integral of the force with respect to time. If
assuming that the average acceleration is proportional to the
average force and the impact duration keeps the same for each
blow, the compaction curve with the average acceleration value in
this study indicated the change of impulse during the compaction
process.

5. Limitations
As a preliminary study, the attempt in this paper demonstrated

that the potential of using accelerometer for laboratory impact
compaction is promising. This study can serve as a basis for
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developing a simple laboratory test to obtain the target stiffness
and a “spectrogram” among stiffness, density, and moisture content
for a stiffness-based soil compaction control. However, there are a
few limitations which should be improved in the future. First, as a
compactor designed for the asphalt compaction, the impact force of
the Marshall compactor is significantly stronger than that of the
Proctor test. When the specimen moisture content was low, the
compaction curve pattern was easy to identify; however, when the
moisture content is high, the specimen reaches its highest stiffness
so fast that the compaction curve pattern is hard to discern due to
this heavier impact force. Future studies should lighten the
hammer weight or remodel the Proctor test. Second, as shown in
Fig. 8, unlike the precise measuring system of the gyratory static
compactor, the acceleration data used to build the impact
compaction curve were quite scattered, which is partially due to the
design of Marshall compactor. During the compaction, the hammer
does not contact to the specimen directly but to a steel plate be-
tween them, which results in inevitable structural oscillations and
noise. Future studies should design a laboratory compactor to avoid
this and improve the data consistency. Third, as shown in Fig. 7, the
actual impact compaction curve should be similar to the gyratory
densification curve in Fig. 8 with a rising curve connected to a flat
line. However, none trendlines including the three-order poly-
nomial trendline could reflect this characteristic. More studies are
needed to better describe the impact compaction curve. In future
studies, various types of soil materials should be tested both in the
laboratory and the field to establish the connection and the
threshold for laboratory and field impact values.

6. Conclusions

Although new soil compaction technologies such as IC continue
to emerge, the Proctor test for laboratory soil compaction has
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Fig. 7. Building compaction curve using various filtering range for limestone aggregate: (a) +50g, (b) £100g, (c) +150g, and (d) +200g. R? is the coefficient of determination.
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remained unchanged for decades. It is necessary to improve the
laboratory compaction method to better understand the compac-
tion process and the properties of soil for guiding the field
compaction. In this study, a high-g accelerometer was installed on a
laboratory impact compactor to monitor the compaction process of
three types of aggregate and soils.

Based on the test results, the acceleration curve for each blow
evolved to a stable pattern following the progress of compaction,
and by identifying the occurrence of this pattern, the impact lock-
ing points for varying soils and moisture contents could be ob-
tained, which had a similar trend to the gyratory locking points
with R? equal to 0.59. By filtering the structural oscillations, the
impact compaction curve could be constructed with the average
acceleration value. Although each type of soil had a unique set of
compaction curves, for the same soil, as the moisture content
changed, the slope and value of compaction curve altered accord-
ingly, which can be used to quantify the compactability of soil
materials. Since a specific moisture content corresponds to a spe-
cific compaction curve for the same soil, a potential exists as using
the compaction curve to predict the moisture content during the
compaction. In addition, the average acceleration value of the final
stage in the laboratory compaction could serve as the target value
of soil stiffness. Therefore, besides the maximum dry density and
optimum moisture content, the laboratory impact compaction has
the potential to offer more parameters including locking point,
compaction curve, and target stiffness of soil to guide the field
compaction.
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