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Sediment transport induced by wave motion with and without superimposed by currents is one of the most important 
factors affecting coastal morphology and cross-shore profile evolution. Ih addition, an accurate prediction of sediment 
transport rate is of utmost importance in morphological studies ofriver, coastal and marine enviroument. Shape ofthe 
near-bed wave orbital velocity is a key parameter governing cross-shore sediment transport under breaking and 
near-breaking waves. Realistic waves in nature often have a shape of saw-tooth or skew waves and asynunetric waves 
when propagating in the nearshore. Their height increases and length decreases, during this process. Moreover, both 
wave velocity skewness and asymmetry reach their maximunl value at the onset ofbreaking. The wave asymmetry and 
skewness play an important role for the occurrence of the net onshore-directed transport rate (accretion) and that of the 
net offshore-directed transport rate (erosion) of the beaches. 
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Many studies have been published on wave boundary layer and bottom friction associated with sediment movement 
induced by sinusoidal wave motion. These studies have shown that the net sediment transport over a complete wave 
cycle is zero, In reality, however ocean waves often have a strongly non-1inear shape with respeet to horizontal and 
vertical symrnetry axes. The skew wave represents the asymmetric acceleration along wave cycle related with the 
skewness parameter, whereas the asynllnetric wave depicts the asymmetry of the near-bottom velocity between wave 
crest and trough and is expressed by the asymmetry parameter. It is envisaged that velocity profile, bottom shear stress 
and sediment transport behaviors having the effect of acceleration in the asymmetry and the skewness of the wave are 
different from those in sinusoidal waves. Therefore, the asymmetric and skew waves cause a net cross-shore transport 
of sediment over a complete wave cycle. 
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Bottom shear stress estimation is the most important step, which is required as an input to all the practical sediment 
transport models. Therefore, the estimation of bottom shear stress from a sinusoidal wave is of limited virtue in 
counection with the sediment transport estimation unless the acceleration effect is incorporated therein. Moreover, for a 
predictive near-shore morphologieal model, more efficient approach to calculate the bottom shear stress is required 
rather than a complex two-phase model. Thus, an understanding of the turbulence structure under asymmetric and skew 
waves motion, accurate estimation of bottom shear stress are vital factors to accurately predict sediment transport rate 
and resulting morphological changes in estuarine, coastal and marine environments. 

Structure of turbulent wave boundary layers with asymmetry about horizontal and vertical axes under sawiooth and 
cnoidal wave, respectively were investigated in this study. Therefore, experiments were conducted in an oscillating 
tunnel over rough bed with air as the working fluid and smoke particles as tracers. The velocity distributions were 
measured by means of Laser Doppler Velocimeter (LDV). The measured flow velocity record was collected by means 
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waves at phases A and E. It emphasizes tha:t the SST h-a) model lead to major improvements in the prediction of, 
adverse pressure gradient flow in which this pressure dictates the boundary layer flow to reverse. 

All turbulence models prediction ofturbulent intensity far fiom the bed is generally good, while near the bed is not so 
much in good agreement. However, the prediction model qualitatively produces very good indication ofthe pattem of 
turbulence generation and it mixing. Moreover, the BSL k-a, model shows as the most superior prediction model 
followed by the k-6model, the k-a, model and the SST k-a,model, respectively. 

Because the velocity distribution near a rough bed for steady flow is logarithmic. It may be therefore assumed that 
10g-law can be used to estimate the time variation of bottom shear stress T.(t) over rough bed as shown by previous 
studies (Jonsson and Carlsen (1976) and Hino et al. (1983)). Bottom shear stress under saw-tooth and cnoidal waves 
produced an asymmetric shape on both crest and trough. The asymmetric of bottom shear stress are caused by wave 
skewness effect corresponding with acceleration effect but for that of cnoidal waves are caused by wave non-linearity 
effect corresponding with acceleration effect. Both increasing of wave skewness and wave non-liinearity are followed 
by increasingly the asynunetric of bottom 'shear stress, otherwise for the wave without skewness and asymmetric is 
close to a symmetric shape, as seen in Case SK4 for oe = 0.500. 

Moreover, due to wave non-1inearity, the wave-induced the bottom shear stress distribution is charaeterized by a large 
peak over a very short time interval preceding the wave crest. These characteristics are much more obvious for the 
higher non-Iinear wave case. As seen that Case CN I produced a largest peak over shortest time interval preceding the 
wave crest than others cases. On contrary, CN3 produced smallest peak over longest time interval preceding the wave 
crest than others cases. 
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In order to fmd a more reliable bottom shear stress calculation method under non-1inear waves a new calculation 

method (Method 3) is proposed incorporating both velocity and acceleration terms, that is given through the 
instantaneous frietion velocity, U'(t) as given in Eq. (1). Both velocity and acceleration terms are adopted from a 
calculation method proposed by Nielsen (1992, 2002) (Method 2). But that method could not give a good agreement 
with experimental data as shown by Suntoyo et al. (2004) for sawtooth waves. In the new calculation method is 
therefore proposed a new acceleration coefficient, ac expressing both the wave skewness effect on the bottom shear 
stress under sawiooth waves and the wave non-linearity (asynunetric) effect for cnoidal waves, that are determined 
empiricaily from both experimental and BSL k-a) model turbulent model results. The instantaneous bottom shear stress 
can be calculated proportional to the square of the proposed instantaneous friction velocity, as shown in Eq. (2), 

()-J7~7~{ ( ~1) 7 at) (1) 

!
 

(
 

U*t - fw/2 U t+q' +a eUt 

To(t) PU * (t~U*(t~ (2) 
Here, ac is the value of acceleration coefficient obtained from the average value of a.(t) calculated from experimental 
result as well as the BSL k-a, numerical model results ofbottom shear stress expressed in Eq. (3). Hereafier, an equation 
based on regression line to estimate the acceleration coefficient a. as ftinction of a (the wave skewness) as well as 
fimction ofNi (the wave non-1inearity) was proposed. The increase in the wave skewness or decreasing the value of a as 
well as the increase in the wave non-linearity (increasing the value of N, brings out the increase of the value of 
acceleration coefficient, a.. It was observed that for the symmetric wave without skewness and non-linearity which has 
a= 0.500 and Ni = 0.50, the value ofa* is equal to zero. 
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a'(t)= U ' (t)~ 1/TT7~lU[1+ q'] ~ 
~jT7~ aU(t) 

(3 ) 

CT at 

The physical meaning of a. indicates that the increasing the wave skewness and the wave non-linearity will give the 
higher value of a* that will produce the higher value of acceleration term on the bottom shear stress. Otherwise the 
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to Eq. (5). 

(~~=AF= 
qnet (6) 

(ps / p - 1)gd503 

IT F--JOsignr*(t)~1r*(t 05 T*(t) T dt 
}
 - { ~'I - *
 

cr T 

(7) 

Here, v is kinematics viscosity, ep is the dimensionless net sediment transport rate, F is the function of Shields 
parameter and qnet is the net sediment transport rate in volume per unit'time and width. Moreover, the integration ofEq. 
(7) is assumed to be done only in the phase 11:'(t)1> 1; ** and during the phase 1lr'(t)1< T .* the fimction of integration is 
assumed to be O. 

First of all, the wave velocity profile. U,.(t) which was obtained from the time variation of acceleration of cnoidal wave 
theory frrst order by its integrating at the time as provided in the experimental ofWatanabe and Sato (2004) are applied 
to calculate the bottom shear stress by using Method I and Method 3. The relation between the dimensionless net 
sediment transport rate (c) of experimental results and the function ofbottom shear stress F, which has been averaged 
by one wave cycle is further examined by Method I . Method I could not explain the net sediment transport rate over a 
complete crest and trough cycle, because the integral value of F for a complete one cycle is zero. In other word, it can 
be concluded that the bottom shear stress calculation method, which only consider the velocity term (Method 1) may 
not be applied for calculating the net sediment transport rate under skew waves. Because of the acceleration effect has 
been included in Method 3 , it then causes the bottom shear stress at crest and trough part beeame the asymmetric one 
for example calculation, and therefore the integration value F defmed by Eq. (7) was not zero. Moreover, the obtained 
relation has given a good linear relation between F and the dimensionless net sediment transport rate c was seen. Thus, 
a constant A shown in Eq. (6) was obtained as the result of 1 1 . 
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The new calculation method of bottom shear stress (Method 3) has been applied to the net sediment transport 
experimental data intended for sheet flow by Watanabe and Sato (2004) and empirical formula was obtained. Moreover, 
the characteristic of the net sediment transport was also examined and good agreement between calculation and 
experimental results have been obtained. In addition, incorporating the acceleration effect in calculation of bottom shear 
stress also has given a significant effect on the net sediment transport calculation under cnoidal waves. Therefore, the 
new calculation method of bottom shear stress and bed load sediment transport rate proposed in the present study may 
improve the accuracy of sediment transport model for non-linear waves according to the beach morphological change 
model. 
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