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Abstract

Dynamic Compaction (DC) is a soil improvement method used to increase the bearing capacity and stability of soils. This
method is based on the principle of repeatedly dropping a weight into the ground from a certain height and compacting the
soil particles after the drops. This method offers higher efficiency in cohesionless soils such as sand and gravel, but is not
effective for water-saturated and cohesive soils. DC has a wide range of applications from motorways and airports to
coastal and harbour areas. In addition to its advantages, DC also has some disadvantages. The main disadvantages are noise
and the danger posed by the vibration effect for the surrounding structures. However, these disadvantages can be overcome
with proper planning, environmental precautions and working with expert teams. DC plays an important role in ground
improvement projects by providing a fast and economical solution.
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1. Introduction

The limited land resources are one of the main obstacles to the development of cities. Opening up more land for
construction is inevitable for socio-economic development (Wei et al. 2023). Opening up land for construction
is not only a matter of zoning planning, but also the structure to be built on it must be strong enough to meet the
design criteria. Ground improvement methods are used to make limited zoning lands suitable for design
criteria. Dynamic Compaction (DC) application is one of the ground improvement methods in civil
engineering. This method; It provides the removal of air in the ground by repeatedly releasing a certain weight
from a certain height, especially on weak and heterogeneous soils, and compaction of soil grains by positioning
them closer to each other with this impact energy.

Figure 1. (a) A view of the DC application process and the application site (b) crater width and (c) crater depth (Wei et al.
2023)

DC is an effective soil improvement method applied in the field of soil engineering to increase the bearing
capacity of soils and reduce the liquefaction potential. This method is based on the principle of reducing air
voids within the soil and compacting soil particles more tightly by applying high-energy impacts to the soff)
surface (Figure 1). The basic principle of DC is the rearrangement of soil particles by the impact effect of a
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heavy mass falling on the soil. This process leads to the reduction of voids within the soil and the densification
of the soil structure. DC is particularly effective in stabilizing cohesionless soils, but under certain conditions it
has limited effects on cohesive soils (Akan and Keskin 2018; Kundu and Viswanadham 2015; Pinarci, Tas¢i,
and Cetin 2017).

The DC method was introduced by Menard in the 1970s. Menard presented the healing depth as a metric
energy data and formulated it as follows: (Eq. 1) (Ménard and Broise 1975).

D= (W-H)°S (1)

Here; (D) represents the healing depth, (W) represents the weight of the dropped object, and (H) represents the
drop height.

After field tests carried out with this formula, it was stated in some studies that a coefficient defined by n in the
improvement depth formula expressed by Eq. 1 (Eq. 2) and selected gJording to the soil type would be more
representative in the calculations. It is stated that this coefficient can vary between 0.3 and 1.00 depending on
the soil type. (Table 1) (Sengezer 2010).

D=n-(W-H)S 2

Table 1. ailluilli()ﬂ of the relationship between soil type and n coefficient (Nashed 2005)

Reference N value Deposit
Menard and Broise (1975) 1.0 General
Leonards et al. (1980) 0.5 Dry fine to medium sand
Lukas (1980) 065-0.8 Miscellaneous fill
Bhandari (1981) 051 Saturated Sands
Charles et al. (1981) 035 Loose fills and alluvial soil
Bjolgerud and Haug (1983) BJ Sands
0.5 Soils v“i unstable structure
Smoltczyk (1983) 067 Silts and sands
1.0 Purely frictional soils
Mayne (1984) 03-08 Sands and miscellaneous fill
Rollins and Kim (1994) = Collapsible soils

0.586(W H)"S -~ 0,009 W H

DC is based on two main processes: instantaneous compression due to the effect of impact loads and
compression due to the dynamic effect of vibrations caused by the impact of the falling load on the ground (Jia
etal.2018).

When the literature on DC is analysed, 3 types of studies are encountered. These are field studies, model tests
in the laboratory and numerical studies. These studies can be evaluated individually or they can be used
together in some studies.

DC increases the bearing capacity of the soil and enables safer construction and utilisation of the structures. By
reducing the total settlement, it accelerates the consolidation process and prevents non-uniform settlements
during the use of the structure. It can be considered as a more economical option compared to other ground
improvement methods. It increases the building safety against seismic movements by reducing the liquefaction
potential of the soil.

DC is a soil improvement method that has a current literature from the 1970s to the present, and still has some
limitations that are waiting to be explained. The aim of this study is to discuss the advantages and limitations of
the DC method and its effects on geotechnical performance.




2. Application Areas and Technical Details of DC

Menard and Broise defined DC as the compaction of soils to a depth of 10-30 metres by repeatedly releasing
loads weighing tens of tonnes from heights of 15-40 metres (Ménard and Broise 1975). In DC, an energy is
transferred to the soil by releasing the weight from a certain height a certain number of times. This energy
brings the soil grains closer to each other, reduces the voids and compresses the soil over a large area. Repeated
impacts continue this compaction towards deeper layers of the ground. The water content in the soil is
dispersed with these impacts, accelerating the total consolidation and preventing non-uniform settlements
within the life of the structure. In addition, physical properties of the soil such as shear strength and free
compressive strength are also improved during DC. With these improvements, the soil becomes more resistant
to structural loads.

The processes of the DC application can be followed as follows: preparation phase, determination of weight
amount and drop heights, realisation of impacts, control and measurements. In the first stage, which is the
preparation stage, a suitable land is determined and the surface is prepared by drawing the grids of the points to
be dropped. Then, depending on the soil type of the land and the desired degree of compaction, the weight to be
dropped and the drop height are designed. On the determined grid, the soil is compacted by performing drops
from the weight and drop height in accordance with the design criteria. Finally, the efficiency of the
improvement is evaluated by comparing the measurements made in the initial state of the soil with the strength
values of the land after the falls.

DC applications have a very common usage area such as strengthening the infrastructure in constructions such
as highways and railways, strengthening the foundation soils of large structures such as industrial facilities,
improving the runway and apron areas of airports, ensuring the ground stabilization of areas such as coasts and
ports, and improving the pre-construction ground properties of residential areas.

There are some advantages and limitations in DC application. These limits, which will be discussed below,
determine the effectiveness and applicability of the method. The main limits are; soil type, depth of effect of
improvement, environmental factors, underground structures, control and measurements, weather conditions.
DC can generally be applied in granular and non-saturated soil types. Compaction efficiency decreases in fine-
grained soils and high water contents.
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Figure 2. Grouping of soils for dynamic compaction (Lukas 1995)




Zone 1, shown in Figure 2 consists of highly permeable granular soils which are considered to be the most
suitable for dynamic compaction. In this zone, as the load falls on the soil, the increasing pore water pressure
dissipates almost immediately and densification occurs very quickly. (Lukas 1995).

Zone 3, contains soil types unfavourable for DC. Since the permeability in this zone is lower than 1x10%* m/s,
the damping of excessive pore water pressures during dynamic compaction takes a very long time, which is not
practical for the application (Lukas 1995).

Zone 2, covers the area between the most favourable and unfavourable soils for DC. Silts, clayey silts and
sandy silts are located in this zone. The permeability in this zone is between 10~ and 10® m/s and time is
needed to stabilise the excessive pore water pressure between the drops. In some projects, wick drains are
installed for soils in this zone (Fig. 3) (Lukas 1995).

|
Figure 3. Example of DC with wick drain (Nashed 2005)

In previous studies, the depth of impact of DC was assessed as 10-12 meters. In places where deeper
improvement is expected, sufficient compaction cannot be achieved. As an environmental etfect, high noise
and vibrations occurring during DC can be disturbing for neighboring structures and people. In addition,
underground structures near the area where DC is performed can be negatively affected by the settlements and
vibrations. Regular control and expert opinion are required for the degree of soil compaction and strength
before and after DC. This may also require additional time and cost. In case of cold and rainy weather
conditions, the DC process may become difficult. It can be said that the application will be more efficient in
suitable weather conditions.

3. Results and Discussion

Studies on DC have revealed the following results. There are many factors affecting DC efficiency. The depth
of the ground improved with DC does not depend only on the load, drop height and soil type. The most
efficient improvement cannot always be achieved by dropping the heaviest load from the longest distance, and
ground properties, number of drops, time between two drops, distance between drop points, shape and size of
the dropped load, energy applied to the ground, ground water level and environmental conditions are also
considered as parameters that need to be taken into consideration (Taghizadeh Valdi et al. 2018; Kim 2023;
Kundu and Viswanadham 2018; Zhang, Wang, and Han 2021).

The parameters affecting DC can be summarized as soil properties; density (Dr), hydraulic conductivity (k),
fines ratio (FC) and damping ratio. Studies have shown that the improvement depth of soils with high initial
density decreases. Since it takes a long time to balance the excessive pore water pressure when the hydraulic
conductivity decreases, more effective improvement is possible in soils with high hydraulic conductivity. The
increase in the fines ratio will again create excessive pore water pressure, which negatively affects the




improvement. Since the high damping ratio of the soil may cause the effects of the reduced load not to be seen
at the desired level in the soil, it is one of the parameters that should be taken into consideration (Nashed 2005).

Since the number of falls increases the energy applied to the soil, it has a positive contribution to the
improvement. However, since the improvement in the soil will remain constant after a certain number of falls,
continuing to make falls is inefficient both in terms of time and economy. The effect of the time between two
falls is a parameter that becomes important especially in soils with fine grains. The reason for this is waiting for
the excessive pore water pressure to balance, that is, for the water to drain and for the settlement to be complete
(Lukas 1995).

In the DC application, the distance between the drop points is determined by the field grid. This is an
application made in order to ensure that the improvement is carried out homogeneously within the ground and
to prevent non-uniform settlements. Each drop is carried out in a certain number of times to the specified points
on this grid. Here, the drop distance, the weight of the falling object and the number of drops determine the
energy applied to the ground. Again, control tests are carried out at certain points determined on the grid (Feng
etal. 2013).

The shape and size of the dropped load also play a decisive role in the effectiveness of the DC process. These
two parameters establish the pressure that the weight of the load exerts on the ground (Arslan, Baykal, and
Ertas 2009).

In order to analyze the effects of groundwater level on DC, experiments were carried out on model tests at
different water levels and as the groundwater level deepens, there were increases in the improvement. However,
it is not suitable for compaction in completely dry soils. The optimum water content at maximum dry density
for DC was determined as the value that provides the most suitable compaction (Hamid, Al-Amoudi, and Aiban
2019; Jiaet al. 2021).

Another factor affecting the DC is the environmental conditions. The vibrations and sound that occur during the
DC application can have negative consequences for the environment. Especially in areas where underground
structures are located, vibrations can cause large lateral displacements and damage the structures. In order to
eliminate this problem, there are studies on the creation of vibration isolation trenches between the areas where
DC is applied and the surrounding structures (Wang, Yin, and Wang 2023; Zheng et al. 2023). At the same
time, the resulting sound can exceed the limit conditions related to noise. For this reason, the relationship with
the surrounding structures and people should also be taken into consideration in the area where DC will be
applied (Abedini, Rafiee-Dehkharghani, and Laknejadi 2022; Giirkaynak 2012; Hwang and Tu 2006).

4, Conclusion

In this study, the advantages, limits and factors affecting the efficiency of the DC method are discussed in
detail. It has been determined that DC has an important place in soil improvement projects and has a
widespread use. It has been determined that the method has high efficiency especially in cohesionless and
water-saturated soils, and that it contributes to the safer and more durable structures by increasing the soil
bearing capacity and reducing the liquefaction potential. The improvement method, which also has some limits,
has aspects that need to be clarified or resolved with the studies conducted. This study aims to shed light on
future projects by addressing various aspects of DC application.
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