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The construction of large-scale coastal structures in any coastal area may not only have direct effects on the coastal environment
in that vicinity but also cause severe property damage. In order to prevent this problem, probable effects should be appreciated
before any construction and the mechanism that may cause any probable damage must be accurately analyzed along with the plans
to minimize damage. This study sought to analyze the cause and mechanism of damage inflicted on coasts by artificial structures
through reviewing beach erosions that have occurred on beaches on the east coast of Korea after the large-scale construction of
artificial structures, for which wave heights were measured in the vicinity of those structures, and the correlation between the mea-
surements and the analysis data of waves and coastal erosion on the surrounding beach was analyzed. In addition, the correlation
between coastal erosion and wave data was applied in order to understand what impact large waves have in relation to sand loss.
Accordingly, a movable-bed physical model test was employed to appraise the factors that cause coastal erosion to take place.

1. Introduction

The Korean east coast is about 223 km long and the coastline
is fairly uniform in character, with pine forests and sandy
beaches together forming a pleasant environment. However,
large-scale harbor facilities and power generation sites are
constructed through the coastal development promoted by
the national or a local government, causing adverse effects on
beautiful coastal environments. The wave diffraction occurs
due to a newly constructed or extended coastal structures
[1] and beach erosion occurs on a place where waves are
concentrated, resulting in coastal erosion. Various studies
regarding the coastal erosion are being carried out by many
researchers, and among them, Liou [1] and Kim and Shim
[2] installed a wave height meter on the target area, ana-
lyzed annual wave distribution, and studied the relationship
between incident abnormal waves and coastal erosion. Klaus
[3] and Kim [4] carried out research on sand loss caused
by seawall construction and sought to devise and establish
measures to reduce such loss. Kim [5] established plans
to decrease sand loss by reviewing the appropriateness of
construction methods through monitoring the environment
after construction. It is also necessary to clarify the causes and

countermeasure for beach erosion by measuring, collecting,
and summarizing specific and diverse data regarding incident
wave and topographical change on each target area. In this
study, one location where erosion is taking place as a result
of the large-scale construction of a harbor facility on the
east coast of Korea was selected and field investigation was
conducted to understand how the construction of artificial
structures brings about changes in the coastal environment.
The heights of waves were measured in the observation field,
and the correlation between the coastal erosion taking place
in the surrounding beaches and analyzed data on waves was
estimated. From the correlation between coastal erosion and
wave data, the significant wave data that cause sand loss were
derived, and a hydraulic model experiment was carried out
on the target coast. Also, the causes and reduction method
for currently occurring coastal erosion were examined.

2. Field Investigation

2.1. Target Area. The research area was Wolcheon Beach in
Samcheok where a large-scale breakwater measuring 1.8km
in length has been constructed in the 28m depth of seawater
to promote the smooth operation of a gas production facility.
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Table 1: AWAC specifications.

Items Value
(1) Water Velocity

(i) Range ±10m/s horizontal,
±5m/s along beam

(ii) Accuracy, Resolution ±1% of measured value ±0.5 cm/s
(2) Echo Intensity

(i) Range (Dynamic) 90dB
(ii) Resolution 0.45dB
(iii) BeamWidth 1.7∘

(3) Wave
(i) Maximum Depth 100m

(ii) Accuracy, Resolution < 1% of measured value/1 cm (Hs),
2∘/0.1∘(dir)

(iii) Period Range 1-50sec
(4) Water temperature

(i) Range -4 to 40∘C
(ii) Accuracy, resolution ±0.1∘C, 0.01∘C

(5) Others
(i) Dimension 175 H (mm) × 210 𝜑
(ii) Weight 7.3kg
(iii) Sample interval 7Hz

There was sand loss during construction in the area where
wave concentration was caused by waves diffraction. After
the completion of the construction, there has been damage
caused by wave overtopping onto coastal roads and residen-
tial areas at the time of high wave attacks. Concrete blocks
have been put in place as an emergency measure to protect
rear-areas and reduce waves. The loss of sand has negatively
impacted the beach and harmed its image as a beach resort,
leading to a marked decrease in the number of visitors.

2.2. Wave Observation. In order to investigate the coastal
environment, analyze the erosion situation, and anticipate
future scenarios, waves were measured at 2 points (W1,
W2) as seen in Figure 1. Data from W1 were collected for
73 months from December 2011 to December 2017 while
data from W2 was collected for a short period from March
2012 to September 2012. The collected data were employed
for the analysis of changes by season and the frequency of
abnormal high waves caused by typhoons and formation of
abnormal atmospheric pressure troughs.The devices used for
wave measuring were different by location. AWAC (Acoustic
Wave and Current profiler, Table 1) that was installed for
W1 measurement is a memory wave height meter using

Table 2: Wave Hunter-301 specifications.

Items Value
(1) Water Velocity

(i) Range ±3m/s
(ii) Accuracy, resolution 1%/FS, 1 cm/s
(iii) Response Speed 40msec

(2) Water Pressure
(i) Range 0 to 5 kg / cm
(ii) Accuracy, resolution ±0.5% / FS, 1 g/cm2

(3) Azimuth
(i) Range 0 to 359∘

(ii) Accuracy, resolution ±3∘, 1
(4) Water temperature

(i) Range -5 to 40∘C
(ii) Accuracy, resolution ±0.1∘C, 0.1∘C

(5) Others
(i) Dimension 445 H(mm) × 120 𝜑
(ii) Weight 15 kg
(iii) Sample interval 1.0, 0.5, 0.2, 0.1 sec

Area-A

Area-B
W2

W1

Area-C

Figure 1: Study Area (Wolcheon Beach, Korea).

ultrasonic waves that enable the simultaneous observation
of wave height, wave direction, flow direction, and flow
velocity [6, 7]. The observations were carried out for more
than 10 minutes every hour and the time interval between
observations was set at 0.5 sec.

Wave Hunter-301 (Table 2) employed forW2 is a pressure
type, which enables the simultaneous observation of wave
height, wave direction, flow direction, and flow velocity [8].
Tables 1 and 2 show the performances of the two wave height
meters.
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Fast Fourier Transform

Inverse Fast Fourier Transform

p(n)

p(t)

(n) = p(n) · Hp(n)

(t)

Figure 2: Flow of wave data analysis.

Since the hydraulicwave heightmeter can get the pressure
variation data by wave energy, it is needed to convert the
pressure variation data to water-level fluctuation so as to get
the time series water-level fluctuation waveform. Figure 2
shows the process of converting the pressure data from
the pressure sensor to wave height data. Here, p(t) is time
series hydraulic pressure variation data, p(𝜔n) is hydraulic
pressure variation data in the frequency domain, 𝜂(𝜔n) is
sea-surface variation data in the frequency domain, 𝜂(t) is
time series sea-surface variation data, and Hp(𝜔n) is pressure
response function by frequency. At Figure 2, the method
of FFT (Fast Fourier Transform) is a general method for
converting the pressure waveform to the time series of
water-level fluctuation, and if irregular waves overlap linear
regular-waves, the pressure waveform can be expressed as the
overlapping of component waves in the frequency domain by
Fourier Transform. If the time series of pressure is p(t), the
component waves in the frequency domain can be described
as in (1).

p (𝜔𝑛) = 𝜌𝑔
∞

∑
𝑛=0

𝐴𝑛 cos (𝜔𝑛𝑡 − 𝜑𝑛) (1)

Here, 𝜔𝑛 and 𝜑𝑛 are frequency and phase angle, respec-
tively. 𝐴𝑛 (amplitude) of 𝜔𝑛 is determined by FFT, when
the value of the pressure response function from the linear
response function is the function of each frequency, and
the value of the response function of each frequency can be
obtained by (2).

𝐾𝑝 (𝜔𝑛) = cosh 𝑘𝑛 (𝑧 + ℎ)cosh 𝑘𝑛ℎ (2)

Since the sea-surface waveform also can be described as the
sum of component waves in the frequency domain, the sea-
surface waveform can be estimated as in (3).

𝜂 (𝜔𝑛) =
∞

∑
𝑛=1

𝐻𝑝(𝜔
𝑛
) ∙ 𝐴𝑛 cos (𝜔𝑛𝑡 − 𝜑𝑛) (3)
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Figure 3: Time series data on W1 (2017.09∼11).

Here,𝐻𝑝(𝜔𝑛) can be calculated as in (4).

𝐾𝑝 (𝜔𝑛) = 1𝐾𝑝 (𝜔𝑛) =
cosh 𝑘𝑛ℎ

cosh 𝑘𝑛 (𝑧 + ℎ) (4)

The time series of water-level fluctuation can be obtained
from (3) based on Inverse FFT.

2.3. Wave Observation Results. The analysis results of the
data measured at W1 revealed that in autumn (September-
December) andwinter (January-March) highwaves occurred
frequently toward the target area. The data for autumn with
regard to the greatest frequency of high waves are organized
in Figures 3–5. Figure 3 shows the time series classified into
each class of waves height during the measurement period.
The analysis results revealed thatmost of the significantwaves
(H1/3) occurred with an average height of 1m-2m for the
average significant period (T1/3) of 6-8 sec.

The maximum wave height and period were 2m-3m and
6-8 sec on average, respectively. The significant wave height
and period and the maximum wave height and period were
employed to describe the appearance rate of waves (Figure 4).
The analysis results show that waves with a height less than
1.5m occurred most often (over 80%) when the wave periods
were less than 7 sec. Most of the maximumwave heights were
0.5m-2.0m when the period was 5-7 sec.
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Figure 4: Appearance rate of wave height and period on W1
(2017.09∼11).

The wave directions were found to be mostly distributed
in NE∼ESE, and among themwaves with ENE direction were
found to occur the most. These outcomes are related to W1.
The data from W2 were obtained for about 3 months from
July 01, 2012, to September 25, 2012.The analysis revealed that
the high waves that occurred on the fifteenth of July and in
September were thought to be the result of the influence of
typhoons; other significant waves had heights of 1m and sig-
nificant wave period of less than 3 sec. These results are sum-
marized in the time series data with descriptions in Figure 6.

As seen from the observation results, the waves with
the highest appearance rate are those that occur in ordinary
times. However, while strong diffraction waves and high run-
up of waves do not occur frequently, they not only cause large
amount of sand loss and some other serious damages as a
result of wave overtopping but also become a factor behind
the acceleration of the erosion phenomenon.
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Figure 5: Appearance rate of wave height and direction on W1
(2017.09∼11).

3. Physical Model Test

3.1. Experiment Setup. The analysis of short-term and long-
term observations revealed that the incidence of significant
waves occurs more often in autumn in comparison to the
annual average.

As Figure 5 indicates, since the incidence of abnormally
high waves is also marked by longer periods of duration, the
coastal environment changes with the large amount of sedi-
ment transport when there is any direct influence exerted by
enormous wave energy on a beach [9–11].Moreover, since the
increase of duration time causes more serious beach erosion,
the prediction of high waves must be accurately anticipated
and proper countermeasures should be established [12, 13].

While there are various methods for investigating topo-
graphic changes, physical model test is known to draw the
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Figure 6: Time series data on W2 (2012.07∼09).

result which is most similar to an actual phenomenon.There-
fore, the target area was reproduced at a laboratory using the
1/80 scale, and the location and size of the coastal structures
were reproduced identically to the on-site condition. The
model was intended to examine the physical phenomenon in
the area behind the structures due to sediment transport by
creating an erosive wave drawn from the observation result.
The boundary of the model experiment is Area-C at Figure 1,
where X is 3.6 km, Y is 2.5 km, and water depths up to -35m
are reproduced.The conditions applied to the experiment are
shown in Table 3.

3.2. TestMethod. Theexperiment was conducted after setting
up the sea bottom in a fixed condition, and it was confirmed
whether the waves were reproduced to correspond to those
observed in the field. The condition of abnormal high waves
was selected among those observed at W2 (Figure 1) for the
calibration of waves to be reviewed. The reason for selecting
and reproducing the abnormal waves for the test is that the
amount of sand in the target area moving to the north to
be deposited at Area-A (Figure 1) is gradually increasing
and the movement of sand is caused mostly by typhoons or
abnormal high waves; this is because the sediment transport
phenomenon clearly happens in autumn and winter season.

Regarding the sediment transport study, extensive
research on movable tests has been conducted and is well
known through the literature. While diverse empirical

Table 3: Test conditions.

No Items Contents

1 Scale 1/80 (△X=△Y)
Froude law

2 Test Area 35km × 25 km
3 Depth Up to -35m

4 Bottom condition Fixed bed: −12m ∼ -35m
Movable bed: +5m ∼ -12m

5 d50(sand) 0.1mm

6 Wave
Hs: 2∼3m, Ts:8∼10sec
on the -20m of depth

(ENE dir.)

7 Measurement Item Wave deformation
Sediment transport

Table 4: Wave conditions.

Case Hs Ts Structure C F0 Remarks
(cm) (sec)

Case 1 2.50 0.89 × 6.07 2.63

Accretion
or

Erosion

Case 2 3.13 1.01 × 6.99 3.29
Case 3 3.75 1.12 × 7.83 3.95
Case 4 2.50 0.89 O 6.07 2.63
Case 5 3.13 1.01 O 6.99 3.29
Case 6 3.75 1.12 O 7.83 3.95

equations for the criteria on beaches eroded and sand
deposited that have been suggested by Nayak [14], Dean [15],
Sunamura and Horikawa [16], Hattori and Kawamata [17],
and some others, (6) established by Dean and Sunamura
and Horikawa, like (5), was employed in this study for the
experiment to investigate whether any erosion occurred.

F0 = H0
(Vt × T) (5)

F0 is the DeanNumber, H0 is the deep-water wave height,
Vt is the settlement velocity, and T is the wave period. When
F0 < 1, accretion occurs, and when F0 > 1, erosion takes place
[18].

C = H0
L0
× (tan𝛽)0.27 × (d50

L0
)
−0.67

(6)

In (6), the value of C is a nondimensional coefficient
determining erosion or sedimentation. H0 is the deep-water
wave height, L0 is the deep-water wave-length, tan𝛽 is the
foreshore slope, and d50 is the median diameter of particle.
In the condition of model experiment, when C < 4, the
sedimentation takes place; in the section of 4 ≤C ≤ 8, erosion
and sedimentation occur repeatedly; and when C > 9, the
erosion occurs [16].

Table 4 shows the modeled values considering erosive
or accretion characteristics according to the condition of
each wave based on the empirical equation. Also the current
beach condition with emergency restoration completed was
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regarded as ‘no structure’ and the condition with an erosion-
preventing facility installed for the purpose of protecting the
relevant section was considered as ‘structure’. When applied
to (5), all cases are predicted as an erosion type while in
(6) erosion and accretion were found to be taking place
repeatedly.

In the target area, the waves approaching perpendicularly
toward the beach have effect on the sediment transport.
However, the fact that wave and current coexist to result
in more sediment transport since the area has a long-shore
current developing along the long shoreline, Hs: 3.75 cm, Ts:
1.12 sec, in the Table 4 which is the most similar to the erosive
wave, was employed for the movable-bed test.

The experiment results are representatively summarized
by Cases 3 and 6which have large amount of sandmovement.

The 3D laser scanner is generally used for an on-site
topographical survey [19–21], and topographical data is
obtained by using a laser sensor and a wide-angle camera
that were recently installed on the drone [22, 23]. However,
up until now, no 3D scanner has been used for measurement
in relation to movable-bed tests, and there has been little
research to suggest that any accurate analysis results have
been obtained.

In this study, a change in the sediment transport due
to wave action was measured every 0.5 hour using the 3D
laser scanner (Topcon, GLS-2000). It was judged that an
accurate result would be obtained in comparison to the
previous geographic survey result that was obtained by using
a measuring pole. Table 5 shows the specifications of the 3D-
laser scanner used for this experiment.

3.3. Test Result. The experiment regarding wave deformation
was conducted on the basis of the data obtained from the
observations atW1 andW2.Wave calibration was performed
with abnormal waves (erosive wave; Hs: 3.75 cm, Ts: 1.12 sec)
among various conditions. Measurements were carried out
on each point of the foreshore area of the entire beach;
however, this paper shows only the values reviewed at the
spot of W2. Capacity type wave height meters (CHT6-
60E) were used for calibration with target wave heights
and periods. 8192 data items of the wave with direction
concentration ratio of 25 (Smax, peak value of spreading
parameter) at the interval of 20Hz were collected to conduct
the analysis. The analysis results of Cases 3 and 6 out
of experimental plans are shown in Figure 7, when the
modified Bretschneider–Mitsuyasu type was employed for
the spectrum.

When a wave propagates from offshore to near-shore, the
wave energy changes according to the nonlinear interaction
between water particles due to the shape of breakwater and
change of water depth [24–26]. A relatively large energy
distribution was established in a short-period area as shown
in the experiment result. However, as the peak value and
overall energy density of the spectrum were similar to the
target values, the analyzed result was set as the wave signal. A
total of 6 conditions were applied for the topographic change
experiment. This paper describes the conditions of Cases 3
and 6, both of which show a distinct tendency of sediment
transport. The target area was reproduced with the sand of

Table 5: 3D-laser scanner specifications.

Items Value
(1) Size (mm) 228(D)×293(W)×412(H)
(2) Scan data rate 60,000∼120,000

(Max. point per sec.)

(3) Max. Point No. V:15,202 Pt/Line (270∘)
H:20,268 Pt/Line (360∘)

(4) Field of View V:270∘/ H:360∘

(5) Angle Accuracy H: 6/V: 6

(6) Field Angle Wide : Diagonal 170∘

Tele. : 8.9∘(V) × 11.9∘(H)
(7) Number of pixels 5mega pixels
(8) Operating Temperature -5 to +45∘C
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Figure 7: Wave calibration result of Cases 3 and 6 condition on the
W2.

d50: 0.1mm from the water depth of -10m, where the range
applied to the experiment is described in Figure 8.

Before the experiment, to organize the same condition
with real sea bottom condition, waves were generated for
10 minutes to make the sand ripple. After the application
of the waves, tests were carried out every thirty minutes to
assess out how much the topography had changed until 4.5
hours had elapsed. The camera mounted on the head of 3D
scanner used for the movable-bed experiment was utilized
for scanning of the area targeted for measurement, when the
topographic changes were measured at the interval of 3mm
of dx and dy and, taking into consideration the shadowed
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area which the laser did not reach, the measurement was
conducted at S1 ∼ S3. The measured data of three location
were integrated with Analysis Program (Recap 2018). This
process was repeated at each time interval and for each test
case. For the confirmation of the variation of sandmovement,
the difference was analyzed between the initial condition and
the measured data Figures 9 and 10 show the analysis results.
The experiment conducted in the condition when there is
no structure led to erosion over the entire beach, and the
long-shore sand was transferred toward the northern coast
and the seaside to be deposited; the maximum erosion height
was 40mm. In the condition where there was a structure
in place to reduce erosion (Case 6), the sand movement on
the southern beach was not much different compared to that
of Case 3. However, erosion on the north was found to be
much reduced, which indicates that the facility for preventing
erosion is very effective for controlling the degree of sediment
transport.

4. Conclusion

The erosion mechanism, which occurred due to the wave
concentration and the long-shore current change in the back
side of the structure when an erosive wave was deformed by a
coastal structure, was analyzed. As seen in Figure 1, annual
wave data was collected using an ultrasonic sensor and a
pressure type sensor at 2 spots (W1 and W2) for test waves.
The data analysis revealed that the incident waves toward the
coast increased in autumn and winter compared to spring
and summer, and the appearance rate of wave heights over
3m also increased. In addition, the increased duration time

Figure 9: Scan data with camera of 3D scanner before bottom
measurement (after ScanMaster program conversion).

of high incident waves was found to have effects in relation to
the deformation of beaches.

The results of the sediment transport test indicate that
erosion occurred over the entire beach and that the eroded
sand moved toward the sea to form sand-bars.

Meanwhile, the shoreline regression was reproduced due
to erosion in Area-B (Figure 1), where residential areas
were highly congested. The experiment result showed that
the corrosion that occurred in the target area was mainly
caused by the wave concentration due to a large artificial
structure installed on the shoreface and the strong long-shore
current from Area-B to Area-A. As a countermeasure, an
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Figure 10: Topography change results after 4.5 hrs (up: no structure
condition, bottom: structure installation condition).

erosion control facility was installed in order to control the
wave concentration on Area-B and the long-shore current
facing north. From the experiment result, the topographical
change in Area-B (Figure 1) was mitigated and the amount of
sediment transport that moved to Area-A was also reduced.
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