
Keywords: scour mechanism, tsunami, mound.  Contact address: 79-5 Tokowadai, Hodogaya-ku, Yokohama, 240-8501, 
Japan, Tel: +81-45-339-4038 
 

Experimental Investigation for Scour Mechanisms of a Breakwater Mound Caused by Tsunami 
 

Graduate School of Yokohama National University, Student Member, ○Mohammed Russedul Islam 
Graduate School of Yokohama National University, Student Member, Yan Zhao 

Yokohama National University, Regular Member, Kimitoshi Hayano 
1. Introduction 
Several countermeasures have been suggested to increase 
ductility of breakwater mounds against scouring induced by 
tsunami. However, the scour mechanisms can be sometimes 
complicated as pointed out by Imase et al (2012). For 
example, the effect of seepage flow together with the effect 
of overflow on the collapse of breakwater mounds has been 
demonstrated by Arikawa et al (2012). So far it has not been 
well clarified how these mechanisms on scours can be 
changed by countermeasures. Therefore, simple models of a 
breakwater mound with and without countermeasures under 
seepage flow and overflow conditions were prepared in this 
study. Then the changes of the scour mechanisms were 
investigated.  
 
2. Model test conditions and methods  
A physical model of a breakwater and a mound was prepared 
in a soil box with a scale of 1/200 of prototype size as shown 
in figure 1. Moreover, two mound models with 
countermeasures were prepared. The soil box contains all the 
experimental arrangement as shown in figure 1. The 
experimental conditions are described in table 1. For all the 
cases, breakwater mounds were prepared with silica sand # 2 
(D50 = 3.2mm, Uc = 0.9) with the target relative density Dr = 
70%. Four pore water pressure gauges (PP gauges) were 
installed in the mounds as shown in the figure 1. A caisson 
of breakwater made with cement mortar 12.5 cm in height, 
10 cm in width and 11.5 cm in length was used in each test. 
Tsunami overflow was produced for approximately 100 
seconds with using a Mariotte’s tube tank and a wooden 
channel. Here, the tank was used to keep the flow rate 
constant during the overflow. Moreover, another Mariotte’s 
tube tank and a pipeline were used to keep the sea-side water 
level stable. The flow rate q was set to be 8.5×10-3(m3/s/m), 
and the falling height zf was set to be 34.5 cm. This 
combination of q and zf made the whirlpool diameter R, 0.04 
m in each test. During overflow, the sea level at the landside 
was set to be 17.5 cm in all tests. 

In case A, the water head difference h between seaside and 
landside was set to be 0 cm, which meant that there was no 
seepage flow from the seaside during the overflow. On the 
other hand, in case B, h was set to be 5.0 cm during the 
overflow. Countermeasure experiments were conducted in 
case C and case D. In Case C, widening and raising of the 
mound was conducted with a thickness of 1.0cm at the 
landside. In case D, in addition to the widening and raising 
of the mound, a sheet pile made of a wooden panel was 
installed in the mound as shown in figure 2. The thickness of 
the wooden panel was 12 mm.  

 
3. Model test results 
(1) Deformation and scour of breakwater mounds 
Deformation and scour profiles for cases A and C can be 

 
Figure1 Model test arrangement. 

 
Table1 Experimental conditions. 

Identification  h(cm) Countermeasures 
Case A 0 None 
Case B 5.0 None 

Case C 5.0 Widening and raising of 
embankment 

Case D 5.0 Widening and raising of 
embankment + sheet pile 
 

 
Figure 2 Arrangement for case D. 

 

 
Figure 3 Change of longitudinal profile of the mound 

with time, observed in the cases A and C. 
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realized from the figure 3. According to figure 3, elevation of 
landside top edges of the deformed profiles of case C with 
dotted lines were significantly higher than those of case A.   
As a result, transportation of the scoured soils was more 
difficult for case C resulting in resettlement of the scoured soils. 
However, the deformed profiles in case A with smoother 
shapes will easily allow transportations of scoured soils. 
Change of transportation characteristics due to introduction of 
counter measure might be one of the reasons for reducing the 
maximum scour depths for cases C and D observed in figure 4. 
Photo 1 shows the scour progress for case D. Here installation 
of the sheet pile stopped the soil collapse.    
(2) Maximum scour depth and scour width  
Based on the time series of the longitudinal profile of the 
mounds, change of maximum scour depth SDmax that of scour 
width SWmax were evaluated as shown in figure 4. Here for all 
the cases, SDmax was defined vertically from the shoulder edge 
and SWmax was defined from the shoulder edge towards the 
caisson. It is to be noted that, shoulder level means excluding 
the counter soil layer used in countermeasures. 

As seen in the figures, SDmax for case A were less than those 
of case B by 0.5 cm. Case A and case B were conducted under 
the same condition except that case B has an additional effect 
of seepage.  

SDmax for case C and case D were significantly lower than 
that of case B. The difference is more than 1.0 cm which was 
the thickness of the counter soil layer. Focusing on the results 
of the two countermeasures, 45 percent of SWmax of case C was 
reduced by installing the sheet pile in case D.  
(3) Hydraulic gradient 
Figure 5 shows relationships between horizontal hydraulic 
gradients (ix) and vertical hydraulic gradients (iy) in the mound.  
For calculating ix  for CH1 - CH2 ,  difference of pore pressure 
was divided by the distance between them. Moreover, for 
calculating iy  for CH3 - CH2 , difference of pore pressure was 
divided by the distance between them. For sign convention, 
pore pressure gradients going down towards landside and down 
towards the surface were taken as positives for ix and iy 
respectively. 
 According to figure 5, case B had the maximum (iy)max of 
0.42 and minimum (iy)min  of 0.05 . On the other hand, case A 
had the (iy)max of 0.24 and (iy)min of 0.03. The hydraulic 
gradients’ differences between case A and case B might be 
resulting in the difference of SDmax seen in figure 4. The (iy)max 
of cases C and D was 0.33 and 0.30 respectively which were 
lower than that of case B. This also might contribute to the decrease of SDmax in cases C and D with respect to that in 
case B. The reason why the (iy)max of case D was not lower than that of case A might be attributed to some leakage of 
seepage water between the sheet pile and the soil box.  
 
4. Conclusions 
It was found that two countermeasures could reduce the scour depth owing to not only the physical reinforcement effects 
but also due to the change of hydraulic gradient and transportation characteristics of scoured soil in the mound.  
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Photo 1 Scouring progress for Case D. 

 

 
Figure 4 Relationships between scour widths and 

scour depths. 
 

 
Figure 5 Relationships between horizontal and 

vertical hydraulic gradients in the mound. 
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