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Abstract 
 

The cross-shore sediment transport in a coastal region causes the important changes in beach morphological 

properties. The accurate estimation of the cross-shore sediment transport is important for the designing of the 

marine structures such as seawalls, jetties, breakwaters etc, and the preventing coastal erosion and accretion due to 

on-off shore sediment transportation. In this study, the experiments on cross- shore sediment transport carried out 

in a laboratory wave channel for initial beach slopes of 1/8, 1/10 and 1/15. Using the regular waves with different 

deep-water wave steepness generated by a pedal-type wave generator, the geometrical characteristics of beach 

profiles under storm conditions and the parameters affecting on-off shore sediment transport are investigated for 

the beach materials having medium diameters of d50=0.25, 0.32, 0.45, 0.62 and 0.80 mm. The experimental results 

obtained from this study compared with previous experimental work and found to be of the same magnitude as the 

experimental measurements and followed the expected basic trend. 
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1. Introduction 

Cross shore sediment transport in the coastal 

regions causes important variations in beach 

morphology. It is very important to estimate the 

sediment movement in the onshore-offshore di-

rection correctly for designing, filling, scouring 

and prohibiting particular types of structures on 

the coast. Many theoretical and experimental 

studies have been carried out by researchers 

working on sediment movement in the onshore-

offshore directions, coastal features consequential 

of diverse factors [1-5].  

There are many attempts to determine parame-

ters classifying beach profiles, such as by [6-9]. 

Watanabe et al. [10] developed a three-

dimensional numerical model to estimate cross-

shore sediment transport. The results of the mod-

el show a good agreement with those obtained by 

the formulate for sediment transport caused by 

waves and currents. A model was presented to 

describe onshore-offshore sand transport in the 

surf zone by Sunamura and Horikawa [11].  

The model was based on the physical consid-

eration that when the net transport attains a state 

of equilibrium. They proposed beach classifica-

tion based on displacement of topography from 

the initial beach slope. Using this parameters the 

direction of onshore-offshore transport and the 

beach profile in the surf zone expressed. Mono-

tonic beach profile has defined as d(y)= Ay
2/3

 in 

which this the water depth at a distance, y, off-

shore and A is a scale parameter depending on 

sediment characteristics by Dean [12].   

An attempt was made on the states concerned 

with the geometrical features of the bar parameter 

which occur in the winter by evaluating the in-
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ventions from studies another investigators per-

formed [13]. Hsu [14] carried out experimental 

and theoretical works to determine the geometry 

of offshore bar. In his experiments, he studied the 

effects of cross-shore waves traveling with varia-

ble angles in three-dimensional wave basin. He 

concludes that cross-shore waves traveling with 

variable angles make the beach profile be in equi-

librium. Günaydın and Kabdaşlı [15] an experi-

mental study carried out by studied characteris-

tics of coastal erosion using a model in which the 

mean diameter of particles.  

Their investigation mainly focused on erosion 

length, erosion depth, the peak of erosion posi-

tion and total erosion area.  Celikoğlu et al. [16-

17] experimentally studied cross-shore and long-

shore sorting on a beach under wave action. 

Kömürcü at al. [18] investigated the cross shore 

sediment movement by laboratory experiments. 

However, onshore-offshore movement of sedi-

ment beaches has been studying since the begin-

ning of 1950’s both in the laboratories and fields, 

the physical process have not been fully unders-

tood. In this study, the experiments on cross- 

shore sediment transport carried out and the pa-

rameters affecting on-off shore sediment trans-

port are investigated for five different beach ma-

terials with medium diameter.  

 

2. Methods 

The experimental studies concerned in the 

cross-shore sediment transport under the storm 

conditions and the geometrical features of the 

beach profiles were carried out in a wave channel 

of 12m in length, 0.40 m in width and 0.60 m in 

depth with a glazed wall at Department of Civil 

Engineering, Cukurova University, Adana, Tur-

key.  

A series of laboratory experiments have been 

performed to investigate the variation of coastal 

profile under different scenarios (64 tests). The 

sloping beach and wave producer were located in 

the wave channel. Waves in the channel were 

produced by using the pedal type wave producer. 

Wave conditions chosen between maximum and 

minimum to originate erosion profile as would be 

in nature in order to examine considered parame-

ters. The characteristic features of the waves pro-

duced could be adjusted by the speed of the elec-

trical engine twisting the pedal and the crank 

length of the engine. Therefore, waves having 

periods between 0.47 and 0.76 seconds could be 

produced. In this work, three different beach 

slopes were used and values of these slopes both 

represent slopes in nature and make laboratory 

conditions easy. Bed slopes were 1/8, 1/10 and 

1/15, respectively.  

Determination of material properties in the 

proposed model was considered as a significant 

problem. There has been a certain method to 

choose model scaling of bed material, although 

several investigations have been carried out re-

cently. On the contrary to that material with dif-

ferent densities are proposed in experimental and 

theoretical works, but there is still an ongoing 

discussion about this approach [19-22].  In this 

study, five different materials in which, mean 

diameters (d50) are 0.25, 0.32, 0.46, 0.62 and 

0.80mm were used.  

 To investigate the sediment movement which 

occurs after the storm conditions and resultant 

geometrical features of the beach profiles, the 

experimental conditions were arranged. C para-

meter in equation (1) given by Sunamura and  

Horikawa [11] was taken greater than 8. 

 

  
  

  
           

   

  
 
     

                                        

                                                                                                

 where   is profile parameter.    is deep wa-

ter wave height,    is deep water wave length, 

     is bottom slope, d50 is grain size. It is clas-

sified in this form according to value of   as 

follows. 

 

  < 4            accretion-summer profile 

4 <   < 8       equilibrium profile 

8 <             erosion-winter profile 

 

 Wave heights produced with pedal type wave 

producer were acquired by the records of a video 

camera. Therefore, the scaling was made onto the 

glazed wall of wave the channel and the altitude 

of wave was determined by averaging the certain 

wave levels passing through this scaling. In simi-

lar way, passing time of waves on the vertical 

indicator located on the glazed wall of the wave 

channel was determined by a chronometer and it 
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was divided by the number of wave passing to 

determine the period of wave. This procedure 

was repeated in a certain amount. Consequently, 

period was determined for a particular wave. 

Experimental conditions are shown in Table 1 

Table 1.  Experimental Conditions 

*
E. N 

**
M. S. D 

d50 (mm) 

***
B. S 

(m) 

Period 

T (s) 

****
D. W. S 

   (H0/L0)
 

1 

0.25 

1/8 

 

0.83 0.070 

2 0.76 0.130 

3 0.69 0.127 

4 0.63 0.232 

5 0.60 0.181 

6 

1/10 

0.83 0.070 

7 0.76 0.130 

8 0.69 0.130 

9 0.63 0.232 

10 0.6 0.181 

11 

1/15 

0.83 0.070 

12 0.76 0.130 

13 0.69 0.127 

14 0.63 0.232 

15 0.60 0.181 

16 

0.32 

1/8 

0.52 0.214 

17 0.60 0.181 

18 0.63 0.232 

19 0.69 0.127 

20 0.76 0.130 

21 0.83 0.070 

22 

1/10 

0.52 0.214 

23 0.60 0181 

24 0.69 0.127 

25 0.69 0.158 

26 0.76 0.130 

27 0.83 0.070 

28 

1/15 

0.60 0.181 

29 0.63 0.232 

30 0.69 0.127 

31 0.76 0.130 

32 

0.45 1/8 

0.76 0.130 

33 0.69 0.127 

34 0.63 0.232 

35 0.60 0.181 

36 

1/10 

0.76 0.130 

37 0.69 0.127 

38 0.63 0.232 

39 0.60 0.181 

40 

1/15 

0.76 0.130 

41 0.69 0.127 

42 0.63 0.232 

43   0.60 0.181 

44 

0.62 

1/8 

0.76 0.130 

45 0.69 0.127 

46 0.63 0.232 

47 0.60 0.181 

48 

1/10 

0.76 0.130 

49 0.69 0.127 

50 0.63 0.232 

51 0.60 0.181 

52 

1/15 

0.76 0.130 

53 0.63 0.232 

54 0.60 0.181 

55 

0.80 

1/8 

0.47 0.261 

56 0.52 0.238 

57 0.52 0.262 

58 0.63 0.232 

59 0.76 0.130 

60 

1/10 

0.47 0.257 

61 0.52 0.263 

62 0.63 0.232 

63 
1/15 

0.52 0.263 

64 0.63 0.232 

*
E. N - Experiment Number    

**
M. S. D – Mean Sediment Diameter 

***
B. S - Base Slope         

****
D. W. S– Deepwater Wave Stepness 

 

In the current study, cross-shore sediment 

transport under the storm conditions was investi-

gated. The geometrical features of the beach pro-

file which came out in different sediment diame-

ters, coast slopes and parameters affecting the 

formation of profiles were investigated. The cha-

racteristics of the beach erosion geometry inves-

tigated are given in Figure 1. As seen, Xb is the 

horizontal distance between the original point of 

the shoreline and bar starting point, Xs is the hori-

zontal distance between the original point of the 
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shoreline and bar ending point, Vbar is the volume 

of the erosion. 

Fig. 1.  Wave Channel and Bar Parameters 

 

3. Experimental Results 

Results of winter profiles occurred under storm 

conditions show that when the deep water wave 

steepness increases, net movement to the direction 

of the sea and consequently the volume of the bar 

which comes out in the direction of the sea increas-

es. As well, increasing H0/L0 values positively cor-

related with the distance of the bar peak point from 

still water level, the horizontal distance to the coast 

line and the distance to the bar beginning and end-

ing points. If the sediment diameter decreases, the 

movement to seaside increases and therefore the 

volume of the bar increases. In other words, in the 

coastal regions having materials with finer sedi-

ment, the amount of sediment movement increases 

on account of more erosion being formed in the 

front of the coast. Furthermore, the horizontal dis-

tance from the coast line of the bar beginning and 

ending points increases. 

It was noticed from the experiments that break 

position also moved with the bar. On the other 

hand, sand outside the surf zone was shifted off-

shore. Due to this sand transport, water depth 

around the breaking position deepened progressive-

ly, and beach slope in the surf zone became steeper. 

Results of experimental studies carried out by Hat-

tori and Kawamata [9] indicates similar results 

 

3.1 Dimensionless Bar Beginning Distance -Xb/L0 

 

The dimensionless distance to the coast line of 

the bar which formed after the beach profile had 

reached the equilibrium position was investigated 

with deep water wave steepness for the bases which 

had medium diameters of 0.25, 0.32, 0.45, 0.62, and 

0.80 mm. It was noticed from experiments that 

breaking position also moved with the bar. When 

the migrating bar reached the beach face, shoreline 

advanced considerably and the beach profile trans-

formed to winter profile [5].  In Figure 2, this var-

iation was obtained for the 1/8, 1/10 and 1/15 coast 

slopes. With the increasing of the deep water wave 

steepness for each three slopes in the entire sedi-

ment diameter, the dimensionless bar beginning 

distance increases. 

 

3.2 Dimensionless Bar Ending Distance - Xs/L0 

 

After the dimensionless bar ending distance 

reached the equilibrium position of the beach pro-

file, its variation with the deep water wave steep-

ness is shown in Figure 3.  King [22] has pointed 

from results of experiments that bar moved shore-

ward gradually and breaking position also moved 

with the bar. Results of this study are compatible 

with the results of King [22].  The dimensionless 

bar ending distance increases as the deep water 

wave steepness increases for each three slopes. As a 

result of this coastal erosion increases with the in-

creasing wave steepness. 

 

3.3 Dimensionless Bar Volume- Vbar/L0
2
 

 

In Figure 4, the variation of the bar volumes 

which formed after medium sediment diameters had 

reached the equilibrium position in the 1/8, 1/10, 

1,/15 coast slopes with the deep water wave steep-

ness was offered. Watanabe et al. [11] have pointed 

out that winter profiles are formed for relatively 

large wave steepness conditions, showing systemat-

ic increase bar volume with the increase of wave 

steepness. Results of this study agree with their 

view. When the deep water wave steepness has 

increased for each three slopes, the dimensionless 

bar volume increases Vbar/L0
2
.  In other words, 

erosion in front of the coast increased in higher 

H0/L0 values. Moreover, in the wave conditions in 

which coast slope and deep water wave steepness 

are the same, more sediment movement to the sea-

side occurred and the dimensionless bar volume 

had a higher value. 
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Fig. 2.  Dimensionless bar beginning distances at the 

different base slopes for d50=0.25, 0.32, 0.45, 0.62 ve 0.80 
mm  

 

  

 

Fig. 3.  Dimensionless bar ending distances at the differ-
ent base slopes for d50=0.25, 0.32, 0.45, 0.62 ve 0.80 mm  
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Fig. 4.  Dimensionless bar volumes at the different base 
slopes for d50=0.25, 0.32, 0.45, 0.62 ve 0.80 mm  

 

5. Conclusions 

Cross shore sediment transport on the basements 

which had 1/8, 1/10, 1/15 coast slopes and the 

geometrical features of the beach profiles were 

investigated and the parameters affecting these pro-

files were explored. In this study, 64 tests were 

carried out in physical model. In the experiments 

carried out under the storm conditions, the sand 

material having five different medium sediment 

diameters were used as the basement material. The 

medium sediment diameter of the sands used in the 

experiments were 0.25, 0.32, 0.45, 0.62 and 0.80 

mm. The results of this study revealed the follow-

ing: 

When deep water steepness increased, the net 

movement to seaside increased. Therefore, the bar 

volume formed in the seaside increased.  In the 

increasing H0/L0 values the bars were moved to 

wide herewith the distance from still water level of 

the bar beginning (Xb) and ending (Xs) points and 

the horizontal distance to the coast line of the bar 

beginning and ending point increased. 

When the movement of the materials had differ-

ent sediment diameters on the same beach slopes 

investigated, the medium sediment diameter de-

creased with higher sediment movement to the sea; 

and material accretion from front of the coast was 

discussed. As a result, the bar volume (Vbar) in-

creased. When the behavior of the material having 

the same medium sediment diameters on the differ-

ent beach slopes was considered,  the bar begin-

ning (Xb) and ending (Xs) points increased horizon-

tal distances to the coast line with the decrease of 

the beach slope. Furthermore, the bar volume in-

creased with the decrease of the beach slope. 
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