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ABSTRACT
Generally, the grain size distribution and shear strength of landfill soils discharged
by dredge pumps greatly vary depending on its distance from the discharge point. At
the design stage, it is essential to assess the deposited granular materials formed by
the segregation of coarse and fine sediments. To determine the sedimentation
characteristics of the dredged soil, the one-dimensional column test and the horizontal
diffusion model test were carried out. The one-dimensional column test was performed
to determine the settling characteristics of the dredged soil. The incremental
sedimentation height, water content, and percent passing #200 sieve at horizontal
distances from the discharge point were determined by the horizontal diffusion model
test. Results show that segregation of fine and coarse particles took place in both tests.
Also, the sedimentary slope, the flow index, coarse and fine ground existed distinctly in
the model test.

1. INTRODUCTION
Recently, due to continuing population and economic growth, the demand for land
has been increasing not only for industrial complex construction but also for harbor and
airport construction (Kim, 2015). As a result, large scale coastal dredging and landfilling
projects, such as land reclamation or land expansion, and seawall construction, are
being done. As the 4th Industrial Revolution arrives, it is required to develop efficient
technology for complex infrastructures. Among these are the creation of waterfront
spaces, wherein citizens can freely enjoy sightseeing, relaxation, and leisure. Hence, it
is important to apply efficient dredging and landfilling methods in constructing these
waterfront spaces. Volume change prediction of dredged soils were mainly studied by
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Yano and Imai (1977) and Imai (1981). However, due to recent changes in the
environment, the depth of dredging have greatly increased. Consequently, soils
obtained at these depths contain large amounts of fines. In this case, dredged soils
pumped or discharged into landfill sites, form sediment layers with different particle size
distributions depending on the pipe diameter, pumping rate, sedimentation distance,
landfill area, and the type of soil (Jeon, 2007). In order to utilize the dredged soil from
Saemangeum near Gunsan city, which has large amounts of fine granules in the rias
coast, the dredged sediments deposited inside the slope and the bay, are used as
landfill through dredged pumping. The horizontal diffusion sedimentation model test
was conducted to predict the consolidation characteristics, the presence of soft ground,
grain size distribution, and the relative density.

2. DEPOSITION CHARACTERISTICS OF DREDGED SOIL AND TEST MATERIALS
2.1 Deposition and volume change of dredged landfill
Fig. 1 shows the status of deposition of a dredging reclamation project. When the
soil particles do not flow out of the landfill, the mass (Ms) of the soil particles contained
in both sides is the same. If the volume of the dredged soil (Vd) is put into the landfill
and the volume of the soil becomes Vf after completion of self-weight consolidation, the
rate of volume change is 𝜁, given by Eq. (1). Since the density of the landfill after the
completion of consolidation is determined by the thickness of the landfill layer and the
nature of the soil, a convenient real soil mass Hs is defined using Eq. (1). Therefore,
the volume change (shrinkage settling rate) at the site can be obtained through the
relationship between the interface height H and the actual soil height Hs through the
self-weight consolidation test.
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Where Gs and Gf are the specific gravity of the soil and the fluid (sea water),
respectively, ̅𝜔̅̅̅𝑟 is the average water at the end of consolidation and ̅̅̅̅
𝜔𝑑 is the initial
water content of the dredged soil.

Fig. 1 Horizontal diffusion at discharge outlet and status of deposition by
sedimentation

2.2 Fill material properties
The dredge soil sample used in the test was taken from Saemangeum. The
physical and mechanical properties of the dredged soil are as shown in Table. 1. Figs.
2 and 3 show the grain size distribution and the result of the compaction test,
respectively. From the compaction test, the maximum dry density was 15.46 kN/m3,
and the optimal water content was 16.5 % .
Table. 1 Dredged Soil Properties
Property
Unit
Natural water content (ωn)
%
Specific gravity (Gs)
N/A
Plasticity index (PI)
N/A
Percent passing #200 seive
%
Minimum dry unit weight
kN/m3
Maximum dry unit weight
kN/m3
Optimum moisture content
(%)
Soil classification (USCS)
N/A

Fig. 2 Grain size distribution curve

Quantity
24.8
2.652
NP (Non-Plastic)
19.1
11.34
15.46
16.5
SM (Silty-Sand)

Fig. 3 Compaction test result of
Saemangeum dredged soil

3. SELF-WEIGHT CONSOLIDATION TEST AND SETTLING CHARACTERISTICS
An acrylic cylinder, 80 cm high and 20 cm in diameter, was used in the self-weight
consolidation test. The initial water content of the test specimen was 600 %. Fig. 4
shows the settling curve of the Saemangeum dredged soil. The flocculation stage is
observed within the first 10 minutes. Thereafter, the specimen transitioned into the
settling stage, where a sharp interface is formed between the aggregate of flocs and
clear water. In this stage, the interface settles at a constant rate. At 25 minutes, the
interface velocity slowed down, and transitioned into the consolidation stage. Fig. 5
shows a photograph of the deposition status after the self-weight consolidation test. It
can be seen that segregation took place. As a result, the water content (ω) at the upper
layer due to segregation was 659 %, which is higher than the initial water content of
600 %. The water content at the lower layer, containing coarser particles, was around
32.3~134.8 %.

Fig. 4 Settling curve of Saemangeum
dredge soil

Fig. 5 Deposition status after self-weight
consolidation test

4. HORIZONTAL DIFFUSION SEDIMENTATION MODEL TEST
3.1 Sedimentation characteristics by horizontal diffusion sedimentation model test
The horizontal diffusion modeling system, as shown in Fig. 6, consisted of an
injection station, a sedimentation tank, and an outlet. The dimensions of the
sedimentation tank are 100 cm (W) × 100 cm (H) × 150 cm (L). Table. 2 shows the
horizontal diffusion model test properties. The dredged soil sample was mixed in the
injection station at a water content of 600 % and was injected via a transfer hose with a
diameter of 3.0 cm. The filling discharge rate and total filling volume was 0.0128 m3/min
and 0.45 m3 respectively. The dredged soil was discharged in 8 filling phases.

Filling water
content
(%)
600

Table. 2 Horizontal diffusion model test properties
Filling
Filling
discharge
Filling
Salinity ratio
volume
rate
phases
(%)
(m3)
3
(m /min)
0.0128
0.45
8
0.025

USCS
SM

Fig. 7 shows a photograph of the deposition characteristics of the dredged fill after
the 8th filling phase and Fig. 8 shows the sediment distribution at each filling phase. As
shown, the boundary of the sedimentary slope can be found at a horizontal distance of
about 22.5~110 cm. Within a distance of 0~22.5 cm, wherein minimal slope change
was observed, the sediment height continuously increased at each filling phase due to
the sedimentation of granular soil. The slope, which was formed by separation and
deposition, became steeper with each filling phase due to particles being carried away
as the water flowed out from the outlet. After the 8th filling phase, the angle of the slope
formed by the sediments was 17.93°. The retained volume in the tank was 0.39 m3, and

the retention ratio was estimated to be 86.7 %, which meets the construction and
harbor design standard of 70~95 %.

Fig. 6 Horizontal diffusion
model test setup

Fig. 7 Deposition
characteristics of dredged
fill after 8th filling phase

Fig. 8 Sediment
distribution at each filling
phase

3.2 Distribution of water content, percent passing #200 sieve, and density with
respect to horizontal diffusion distance and depth
After the 8th filling stage, the supernatant was removed, and soil samples at the
surface of the deposited sediments were directly extracted at different locations for
water content and sieve analysis. Table. 3, Fig. 9, and Fig. 10, show the results of
water content and sieve analysis. As shown, the water content at distances of 0~80 cm
from the discharge point range from 35.8 to 42.3 %. However, along the soft
sedimentary boundary, at around 110~140 cm, the water content reached up to 190 %.
From the sieve analysis, the values for percent passing #200 sieve range from 12.4~
21.0 % at distances of 0~80 cm from the discharge point. At distances of 80-106 cm,
the values range from 21~50 %. At distances farther than 106 cm, the values of percent
passing #200 sieve were greater than 50 %. Therefore, based on the results, the water
content and percent passing #200 greatly increase at the end of the slope (110 cm). In
general, the farther the distance from the discharge point, the higher the water content
and the finer the soil becomes.
Table. 3 Deposition result after 8th filling stage (sediment surface only)
Item
Location
20 cm
50 cm
80 cm
110 cm
140 cm
Left side

36.9

38.7

39.5

175.8

188.7

Center

35.9

37.0

41.1

176.7

189.4

Right side

35.8

37.8

42.3

177.0

190.1

Percent
Left side
passing
Center
#200
sieve (%) Right side
Final soil height (cm)

16.6

14.7

19.3

58.1

66.3

12.4

18.2

16.2

50.4

59.1

14.2

15.6

21.0

54.1

70.4

40.4

31.1

21.9

16.3

15.1

Water
content
(%)

Fig. 9 Water content distribution directly
after 8th filling stage and drainage

Fig. 10 Percent passing #200 sieve
directly after 8th filling stage and drainage

After a day, soil samples were extracted again at different locations and depths for
water content and sieve analysis. As shown in Fig. 11, the density of the horizontal
diffusion sediment layer ranges from 14.20~14.90 kN/m3 and the relative density
ranges from 75.5~89.5 %. The average dry density and average relative density of the
dredged soil are 14.50 kN/m3 and 81.6 %, respectively. At distances farther than 80 cm,
testing was impossible due to the depression of the test site during excavation. Fig. 12
shows the distribution of water content with respect to depth after the 8th filling stage.
The water content values at the upper part of the sedimentary layer are between
33~64 %, 30~40 % at the middle part, and 34~39 % at the lower part. Also, the farther
the distance from the discharge point, the higher water content.

Fig. 11 Dry density and relative density
with respect to horizontal diffusion
distance

Fig. 12 Distribution of water content with
respect to depth after 1 day

5. CONCLUSION
The results of this study are summarized as follows:








Segregation took place in the self-weight consolidation test. As a result, the
water content (ω) at the upper layer due to segregation was 659 %, which is
higher than the initial water content of 600%. The water content at the lower
layer, containing coarser particles, was around 32.3~134.8 %.
The slope angle formed by the separation and deposition of the soil gradually
increases with each filling phase. After the 8th filling phase was completed, the
angle of repose of the sedimentary slope was 17.93°.
The required retention rate for silty sand is 70~95 % based on the construction
and harbor design standard. After the completion of the test, the ratio of the
retained volume (0.39 m3) and filling volume (0.45 m3) was 87.7 %, which
satisfies the design criteria.
The water content of the sediments at the surface was between 35.8~42.3 % at
distances of 0~80 cm from the discharge point at the end of the 8th filling phase.
The water content increased up to 190 % along the sedimentary boundary.
At the end of the 8th filling phase, the percent passing the #200 sieve at the
surface of the sediment layer was between 12.4~21.0 % at a distance of 0~80
cm. At distances of 80~106 cm the values were between 21~50 %. In addition,
at distances farther than 106 cm, a weak sediment layer was formed in which
the percent passing #200 sieve was between 50~70 %.
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