
  

 

Abstract—Coastal sedimentation is a crucial topic in the field 

of modern coastal engineering. In general, coastal 

sediment-transport mechanisms are changing because 

large-scale coastal engineering projects have blocked coastal 

sediment transport, regional coastal development has destroyed 

natural protective barriers, and climate changes and global 

warming have caused sea levels to rise and changed wave flow 

fields. This study used Stokes 2
nd

 theory as the theoretical basis 

for nonlinear waves in nearshore non-breaking regions. In 

addition, in nearshore wave-breaking regions, flow velocity at 

the bottom approximates sawtooth waves. If the difference in 

the wave steepness or the water depth parse obtained the surf 

similarity parameter is larger, the smaller the asymmetry 

parameter. 

 
Index Terms—Sawtooth waves, surf similarity parameter, 

asymmetry parameter. 

 

I. INTRODUCTION 

The continuity of coastal sand flow may be blocked by 

artificial structures, giving rise to difficulties for coastal 

protection during the process of coast reconstruction within a 

coastal dynamic system. Such system is subjected to the 

principles of conservation of energy. Littoral drift, known as 

two-phase flow, is a phenomenon resulted from the 

interaction between tidal wave flows and the seabed substrate. 

Analysis of the dynamics of flows and substrate particles is 

therefore crucial to understanding the mechanism of 

two-phase flows. As one of the driving forces for seabed 

sediment drift, breaking waves, when typical and incident, 

generate underwater countercurrents, causing vertical sand 

movement offshore; when the waves penetrate at diagonal 

angles, the breaking waves generate littoral currents, driving 

flows and sands within the surf zone to move parallel to the 

shoreline. These tidal wave derived agents are the main 

driving forces for littoral drift. However, the seabed 

morphology and shifting effects after the initialization of 

littoral drifts, and the interaction between drift initialization 

and wave flows, remain unclear. Consequently, current 

estimation of sand drift volume is still based on empirical or 

semiempirical equations. 

Given the complexity and irreversibility of the dynamic 

process of coastal topography, which is subjected to impacts 

of climate and marine conditions as well as artificial 

structures, coastal flows and wave propagation caused by 
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nearshore topographic changes must considered. During 

wave movements, waves undergo changes in height, 

wavelength, and waveforms while water depth decreases. 

When the water depth is reduced to a certain extent, breakers 

may arise, resulting in littoral currents, which in turn may 

impact littoral drift and coastal topography. On the basis of 

the height and period of the incident deep sea waves, and the 

floor slope, [1] and [2] have categorized breakers into three 

types, namely spilling breaker, plunging breaker, and surging 

breaker. 

Because the peak amplitude of the waves is greater than 

their trough amplitude in shallow water, and that the seabed 

is a slope of a nonfinite length, the velocity of particle 

transport varies by section and elevation, creating what is 

known as the asymmetry of waves. By drawing on research 

findings from related literature for future marine 

topographical monitoring and reconstruction, this study 

examined the parameters of agents such as littoral drift and 

coastal transport mechanics within surf zones. This study 

anticipated providing a reference for estimating littoral drift 

trends in practical coastal topography and parameter 

computation. 

 

II. BASIC ASSUMPTIONS AND THE COORDINATE SYSTEM 

A. Control Formula 

To compute the hydrodynamic conditions at the surf point 

of the coast profile, this study employed the Galerkin finite 

element method to calculate the variable defined in the 

structural grid by using the Boussinesq equation with 

improved mixed interpolation, which is used to simulate 

waves propagating from deep-water toward the shore. The 

water depth and wavelength ratio (h/L) were required to be 

less than 0.5. The continuous equation and momentum 

equation are as shown in Eqs. (1) to (3): 

The continuous equation: 
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The momentum equation on the x direction: 
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The momentum equation on the y direction is: 
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Here, discreet factors 1  and 2  are: 
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The horizontal direction of the pressure gradient 

relationship, such as Eqs. (6) and (7): 
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In addition, this study in order to obtain the hydrodynamic 

conditions on the coast sectional of introducing the Eqs. (8) 

which auxiliary variables displayed, and into the 

higher-order derivatives terms, instead of lower-order, such 

as shown in Eqs. (9) and (10). After due consideration of the 

spatial derivative of the Second Order, and was replaced with 

standard Galerkin finite element method, discrete items using 

Boussinesq divergence theorem, this equation can be inserted 

within the functional form of continuous performance. 

Therefore, the auxiliary variables are: 

w d
x x
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The continuous equation is 
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And the momentum equation is 
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B. Breaker Index 

In general, breaker indices can be expressed using 

parameters of water depth at the breaking point, wave height, 

and cycle. Alternatively, they can be expressed using 

parameters of deep sea wave height and cycles. Previous 

studies have noted that breaker indices are related to seabed 

slope. The [3] proposed an approximate expression as shown 

in Eq. (11) 
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The [4] proposed a breaker index equation as is shown in 

Eq. (12) 
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The [5] introduced a simplified empirical equation as is 

shown in Eq. (13) 
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Considering the effect of floor slope, [5] and [6] have 

observed the relationships between wave height, offshore 

wave steepness, and seabed slope, and have expressed this 

relationship in Eqs. (14) and (15), respectively: 
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To determine the water depth and height of breaking 

waves, this study used the breaker indices introduced by [3], 

which are commonly used in coastal engineering worldwide 

and in Eq. (11). Combined with Eq. (14), which was 

introduced by [6] for estimating the relationship between 

wave height, offshore wave steepness, and bottom slope, the 

relationships between water depth at the surf point, deep sea 

wave steepness, and floor slope can be expressed as Eq. (16): 
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III. ASYMMETRIC WAVE ANALYSIS 

A. Basic Assumptions 

Based on the [7] and [8] transmission of sequential waves 
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toward the coast, the time-dependent velocity of one wave 

period (T) near the seabed was calculated and is shown in Fig. 

1. The wave period and its velocity near the seabed are 

divided into positive and negative half-cycles Tc and Tt; c 

represents the crest half-cycle, and t represents the trough 

half-cycle. Therefore, T=Tc+Tt. The highest amplitude wave 

half-cycle is denoted by umax; the time between zero and the 

upper tangent is denoted by Tpc; the difference between the 

highest flow and lowest flow speed in the wave period is 

denoted by û ; and the time between zero and the lower 

tangent in the negative flow speed half-cycle is denoted by 

Tpt. Among these variables, u represents periodic velocity 

components and steady flow. 

 

 
Fig. 1. Time-dependent velocity of one wave period near the seabed [9]. 

 

Because [7] and [8] based their results of the phenomenon 

and the coefficients of asymmetric wave model theory on 

observational data, they are usable only under certain 

conditions. To broaden the applicability of the overall 

sediment formula, nonlinear wave theory was incorporated 

and analyzed. [8] performed a series of observations and 

defined the following asymmetric wave variables: amplitude 

of wave trajectory and velocity (Uw); the ratio between the 

highest flow rate in a crest half-cycle and the difference 

between the highest and lowest flow rates in a wave period 

( uu


/max ); the appearance time of the highest dimensionless 

flow rate (2Tpc/T); and the flow speed of a steady flow (U0). 

By using nonlinear wave theory, the primary observed 

asymmetrical parameters can be solved theoretically, and can 

be directly applied to an appropriate sediment-rate formula 

for analysis. These nonlinear wave theories are each 

applicable to different water depths. However, using multiple 

nonlinear wave theories to describe sediment-transport rate 

models, which must be developed from coastal 

landform-change models, increases complexity.  

Water particle velocity: 
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Maximum water particle velocity: 
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B. Current Velocity Analysis 

To obtain the velocity near the sea bed, this study followed 

the suggestion by [9] and used Stokes 2nd theory as the 

theoretical basis for nonlinear waves in nearshore 

non-breaking regions. Stokes 2nd theory can be applied to 

entire nearshore regions; although flow velocity at the bottom 

can be over or underestimated, the error margins of average 

wave velocity are within an acceptable range. In addition, in 

nearshore wave-breaking regions, flow velocity at the bottom 

approximates sawtooth waves. Using Stokes 2nd theory ([10]), 

the bottom trajectory velocity can be expressed as: 
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Fig. 2. Sawtooth wave time-dependent velocity. 

 

Although inconsistencies remain in this theory ([11]), the 

calculations are convenient to use and the error margins are 

within an acceptable range. Therefore, sawtooth wave theory 

was adopted in this study to explore the time-dependent 

velocity distribution of asymmetrical flow velocities in 

wave-breaking regions. Time-dependent flow velocity in the 

breaking region can be described using sawtooth waves (Fig. 

2), 

 

( ) ( )w wu t U f t                    (22) 

 

where Uw represents the velocity amplitude of linear seabed 

waves, H denotes the ripple height, h represents the water 

depth, and k denotes the ripple number. After obtaining the 

dispersion relationship  2 tanhgk kh  , the result is 
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And in equation (22): 
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Asymmetrical parameter coefficient sk in Eq. (24) can be 

expressed as follows: 
pc

k
c

T
s

T
 . 

Therefore, the root mean square of the velocity of the wave 

trajectory is 
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The velocity components of waves in crest and trough 

half-cycles on the x-axis are 
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The dimensionless crest and trough half-cycles are 
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IV. COMPREHENSIVE DISCUSSION 

In order to calculate the hydrodynamic conditions on the 

coast sectional wave breaking point, this study uses Galerkin 

finite element method, it is definitions of the variable 

structure of the grid in the mix for solving differential to 

calculate the improvement Boussinesq equations, and the 

input data shown in Table I. Since the coastal wave breaking 

caused by current changes may affect the coastal sediment 

transport and terrain changes, so by different deep-sea 

incident height, period, and the bed slope, [12] proposed surf 

similarity parameter, aimed at determining the type of wave 

breaking. Different types of wave breaking are shown in the 

Table II. In this study, in order to simplify the subsequent 

solving, using deep sea in this incident conditions is 

calculated: 
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By substituting Eq. (29) and Fig. 3, the surf similarity 

parameter indicators related primarily to breaker index: 
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This study followed [8] stokes second-order theory as the 

theoretical basis to examine nearshore seabed current 

velocity distribution although the theory may yield over- or 

underestimations when applied to a particular area of 

nearshore bottom current velocity. The potential errors are 

nevertheless within an acceptable range from an average 

wave energy perspective. Regarding the bottom current 

velocity in nearshore surf zone approximated sawtooth 

waves, to simplify the problem, this study applied [11] 

sawtooth theory for the bottom current velocity analysis. To 

describe the asymmetry parameter (Sk) of the trajectory 

velocity ( )wu t  regarding sawtooth waves, comparison were 

made in relation to breaker indices, as shown in Fig. 4. 
 

TABLE I: INPUT CONDITIONS 

Simulation slope 

1/20 1/40 1/60 

Input wave height, H0 

0.5 1.0 1.5 2.0 2.5 3.0 

Input period, T0 

5 6 7 8 9 10 11 12 

 
TABLE II: BREAKER TYPES 

Breaker Type 
0  b  

Spilling 
0 <0.46 b <0.4 

Plunging 0.46< 0 <3.3 0.4< b <2.0 

Surging 
0 >3.3 b >2.0 

 

 
Fig. 3. Comparison of surf similarity parameters and breaker indices. 

 

 
Fig. 4. Comparison of surf asymmetry parameters and surf similarity 

parameters. 

 

Indicated by Fig. 4, the input conditions in effect under 

consideration slope, used in this study include spilling 

breaker and plunging breaker. And the distribution of the 

overall trend is that when the surf similarity parameter is 

larger, the smaller asymmetrical parameter: 
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00.482 0.559ks               (32) 

 

By substituting Eq. (31) into Eq. (32), the slope parameter 

of the parties within the surf zone of coastal waters is 

described by the sawtooth: 
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On the basis of the aforementioned assumption that the 

current velocity sequence in the surf zone is described 

regarding sawtooth waves, the determination of the surf 

asymmetry parameters may facilitate the resolution of the 

root mean square velocity within the surf zone, and the 

equivalent current velocity of the wave crest and trough 

half-cycle in the moving direction. Furthermore, 

characteristics that are computationally convenient with 

acceptable errors can be applied. 

 

V. CONCLUSION 

This study investigated the asymmetry parameters of 

bottom current velocity on the basis of the stokes 2nd theory, 

which, although susceptible to over- or underestimation 

when applied to general coastal areas, yields an average error 

derived from wave energy that is nevertheless within an 

acceptable range. The current velocity of the bottom coastal 

waters within the surf zone was computed with the sawtooth 

wave theory because of its computational convenience and 

acceptable error range. From the perspective of wave 

steepness or water depth variances, a trend was observed that 

the greater the breaker similarity parameters were, the 

smaller the surf asymmetry parameters became. The 

application scope and accuracy of the results may be further 

improved if other theories or numerical analyses such as the 

equivalent shear stress and bed friction could be considered 

in future studies. 
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