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Extended abstract

Introduction

The construction of various structures for coastal protection is one of the strategies for dissipating wave
energy in coastal areas. Permeable and floating protective structures are among the new coastal protection
designs proposed to address the shortcomings of previous structures. In the design and construction of such
structures, piles and pipes are used as their foundations. Evaluating the pattern and extent of erosion around
piles caused by wave interaction is essential for designing such structures. Therefore, in addition to
structural design, hydrodynamic loading on the coastal protection structure and its foundation due to wave
impact must be considered as a key criterion for foundation design in shallow waters. In coastal areas,
waves undergo various processes such as wave refraction, wave shoaling, and wave breaking, which result
from nonlinear interactions with the seabed. Moreover, energy transfer between different wave frequency
components during the breaking process is highly nonlinear. Understanding the hydrodynamics involved
is considerably more complex compared to breaking waves in deep waters. This complexity becomes
particularly significant when wave breaking occurs exactly at the pile foundation, as the stability of
permeable coastal structures depends on the stability of their foundations against erosion caused by marine
currents.

Materials and methods

To evaluate the scour depth around cylindrical piles of coastal protection structures under impact pressure
caused by wave breaking, an experimental study was designed. The experiment aimed to analyze how
variations in wave characteristics such as wave height and period affect the research objectives. It is
important to note that this study focused on breaking waves impacting the structure. The experiments were
conducted in a two-dimensional wave channel at the Coastal Engineering Laboratory of the Soil
Conservation and Watershed Management Research Institute. To create shallow water conditions and
ensure wave breaking at the pile location, as well as to assess the resulting scour depth, a sloped surface
and sediment reservoir were constructed in the central part of the main channel. The sediment reservoir,
with a depth of 0.35 meters, was installed upstream of the sloped surface and filled with sand sediments. A
cylindrical pile was placed at the center of the sediment reservoir. The wave channel was filled with water
to a depth of 0.4 to 0.5 meters, and waves with varying heights and periods were generated using a wave
paddle system. Trial and error was used to determine the exact location of wave breaking in relation to the
pile. A total of 34 experiments were conducted under initial water depths ranging from 0.4 to 0.5 meters.
Wave heights ranged from 0.05 to 0.14 meters, with wave periods between 2 to 7 seconds. After each
experiment, the scour depth at the pile location was measured.

Results and discussion

In this study, wave characteristics, including wave height, breaking wave velocity, wavelength at the
breaking point, breaker crest distance from the structure, and water depth at the breaking zone, as well as
the maximum scour depth (S), were measured. Based on the measured values, the Keulegan—Carpenter
number (KC) and the S/D ratio were determined. The results showed that as the KC number increases, the
S/D ratio and scour depth also increase. Specifically, with increasing KC, the length of lateral vortices along
the sides and behind the base of the cylindrical structure extends, exposing a larger portion of the seabed to
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scour and erosion. A regression analysis was established between these parameters, and the findings were
compared with previous studies. A comparison of 34 experiments in the present study with the results of
Sumer et al. (1992) indicated that the scour depth under wave-breaking conditions near the coastal
protection structure was approximately 1.14 to 8.46 times greater than the scour depth caused by regular
waves passing through the structure’s vicinity. On average, the scour depth due to wave breaking at the pile
location was 2.4 times greater than that under normal wave conditions (Sumer et al., 1992). Additionally,
comparing the results of this study with Dogan (2021) revealed that the scour depth under wave-breaking
conditions near the coastal protection structure was approximately 1.31 to 2.85 times greater than the scour
depth caused by regular waves. On average, the scour depth due to wave breaking at the pile location was
2.03 times greater than under normal wave conditions (Dogan, 2021).

Conclusions

In general, when coastal currents interact with waves, if the waves do not break, the depth of scour
decreases. However, if the wave in question propagates in the direction of the coastal current and breaks,
the increased turbulence and resulting shear stress near the seabed at the breaking zone lead to an increase
in scour depth. If wave breaking occurs at the site of the coastal structure, the extent of erosion and scour
will exceed the values reported in previous studies. The results of the present study indicate that wave
breaking causes approximately a 2.4-fold increase in scour depth compared to the passage of regular, non-
breaking sea waves around a cylindrical pile structure. Therefore, marine structure designers must carefully
consider this issue. An inaccurate estimation of the scour depth at the foundation of coastal protection
structures based solely on the theory of regular wave passage near a cylindrical pile may lead to incorrect
foundation depth calculations, affecting the overall stability of the structure. If the findings of this study are
not taken into account, instability conditions could arise for the marine structure, especially when wave
breaking occurs near the foundation.
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Fig. 5. Laboratory channel plan and display of the position of level and velocity measuring equipment
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Table 1. The most important technical, legal, social and environmental factors evaluated in the research

Row Parameter Parameter name Dimension
1 0 Density M/L3 or ML-3
2 u Viscosity ML'T!

3 Um Speed at the wave breaking point L/TorLT-1
4 T period T
5 Lb Wave length at the wave breaking point L
6 D Pile diameter L
7 Hb Wave hight at the wave breaking point L
8 hp Water depth at the wave breaking point L
9 Xb Wave breaking distance from pile L
10 dso Mean sediment particle dimeter L
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Table 2. Dimensionless groups or variables
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Fig. 8. Before and after images of wave breaking near the cylindrical pile location
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Table 8. The values of the main parameters measured in the experiments

Test
No. h(m) T(sec) H(m) hy(m) Ly(m) Up(m) Hp(m) Xp(m) S(m)

1 0.45 7.04 0.09 0.1 0.113 0.266 0.105 0.67 0.05
2 042 500 013 007 0085 0649 0.5 06 007
3 045 500 01 009 0087 0339 012 06l 0047
4 0.43 5.00 0.08 0.08 0.086 0.46 0.09 0.54 0.053
s 046 100 008 0106 0019 039 0098 065 005
6 041 204 005 0063 0037 0457 006 042 0023
7 0.49 2.00 0.11 0.135 0.040 1.024 0.13 0.7 0.05
§ 045 254 013 0095 0046 0387 015 0665  0.026
9 045 25 012 0104 0048 0446 0145 0458 004
10 0.44 2.99 0.085 0.092 0.054 0.252 0.087 0.75 0.02
11 046 248 013 0105 004 055 0142 06 0045
12 046 147 0075 0105 0028 035 009 055 002
13 0.45 223 0.08 0.097 0.043 0.382 0.093 0.37 0.021
14 046 215 011 0113 004 0464 0127 0415 003
IS 045 241 0087 0095 004 0303 0105 0725 002
16 0.40 2.79 0.045 0.045 0.047 0.712 0.06 0.8 0.048
17 046 240 0083 0114 0046 0862 0095 065 005
1S 049 240 0086 0135 0045 0542 009 06 0045
19 0.51 2.82 0.12 0.163 0.055 0.432 0.145 0.55 0.042
20 0.45 2.00 0.128 0.1 0.038 0.43 0.145 0.38 0.025
21 0.46 2.04 0.08 0.105 0.038 0.449 0.09 0.35 0.03
22 0.45 2.00 0.076 0.103 0.038 0.484 0.086 0.55 0.03
23 0.45 1.80 0.08 0.1 0.034 0.465 0.092 0.506 0.03
24 0.45 1.83 0.103 0.103 0.035 0.517 0.115 0.67 0.035
25 0.46 221 0.104 0.112 0.042 0.495 0.11 0.63 0.035
26 0.47 239 0.113 0.115 0.045 0.513 0.132 0.52 0.04
27 0.46 2.20 0.115 0.114 0.043 0.458 0.148 0.21 0.025
28 0.48 2.24 0.11 0.132 0.044 0.415 0.145 0.11 0.024
29 0.48 223 0.106 0.125 0.042 0.487 0.12 0.508 0.025
30 0.50 2.20 0.131 0.152 0.043 0.475 0.177 0.61 0.028
31 0.51 2.20 0.145 0.155 0.048 0.456 0.205 0.575 0.026
32 0.51 2.40 0.138 0.157 0.048 0.471 0.16 0.63 0.03
33 0.50 2.40 0.14 0.153 0.048 0.486 0.17 0.606 0.04
34 0.42 2.20 0.06 0.067 0.040 0.463 0.07 0.53 0.025
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Fig. 9. S/D vs. Wave number (KC) for 34 experiments conducted in this research



VFe0 Y O)Lo..i:‘\/\dl? )m"@ﬁd.ajwue,a/\)\v

0.80
O present study, Eq. (2)
0.70 ~ X Sumer et al., (1992) , Eq. (3) Q
A Dogan, (2021), Eq. (5)
0.60 -
¢ Dogan, (2021), Eq. (6)
A
0.50 - .
L X
(@]
S 0.40 - o0 X
X
A AA
0.30 - i <
<o (o4
0.20 - <o
g
0.10 4
0.00 T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Kc

iz 500 =L ol jiagh d;._ltnj Yt o] Cawody OWEIE GO | Gos pSTas anlio -V JSCU
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Table 4. The minimum, average, and maximum values of the erosion depth ratio in the present study compared to other researchers'
studies

S Present Study/ S Other Researchers

Statistic Eq. (2)/ Eq.0) Eq. 2)/Eq.(5) Eq. (2)/Eq.(6)
Minimum
(Min.) 1.14 1.31 2.40
Average
(Ave.) 2.40 2.03 204
Maximum
(Max.) 8.46 2.85 2.93
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