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The large tsunami has often the large impulsive tsunami force. It is possible that this type of force has three times or more

force compared with usual tsunami force. So, to develop the estimation tool for the impulsive tsunami force is important for

the prediction of failures due to the large tsunamis. In this report, the mechanism of destruction of concrete walls due to tsuna-

mi force was investigated with large hydraulic experiments and numerical simulations.
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1. Introduction
Many people recognized again that tsunamis had devastat-

ing forces and caused various damages such as destruction

of structures, beach erosion, etc. after the 2004 Indian Ocean

Tsunami. Especially, in the area where the more than 10m

tsunami was attacking, many houses in a place away from

coastline by about 1 km were broken. 

In the case of large tsunami attacking, the type of tsunami

force in the inundated is the surge front tsunami force. Surge

front tsunami force may qualitatively divide into the follow-

ing types (see Fig. 1) from past researches and the experi-

ments conducted so far. 

It seems to be classified according to the speed and wave

profile of inundated tsunami. Type 1 shows the case where

the overflow with slow speed acts on the structures.

Suppose that such a situation is called overflow type in this

paper. Type 2 shows the case where overflow with quick

speed acts. When the inundated tsunami carries out soliton

fission or becomes bore, it may be accompanied by the flow

quick in this way. It is called bore type in this paper. Type 3

shows the case where tsunami breaks in front of structures.

This type may cause when the structures are near the coast
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Fig. 1  Type of surge front tsunami force.
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line and slope of seabed is steep, which is called breaking

type. If the inundated height of tsunami is same, then it is

thought that the maximum force becomes large as it

becomes breaking type from overflow type. However, it is

not clear how large the force is and where a boundary line

of type is.

So, to develop the estimation tool for the impulsive

tsunami force is important for the prediction of failures due

to the large tsunamis. In this report, the mechanism of

destruction of concrete walls due to tsunami force was

investigated with large hydraulic experiments and numeri-

cal simulations.

2. Large Hydraulic Experiments
2.1 Physical experimental setup

The size of the Large Hydro Geo Flume is 184 m long,

3.5 m wide and 12 m deep at the maximum. This wave

flume has the 14 m stroke and can generate the 2.5 m height

tsunami. The concrete walls are set up from the edge to the

position in 1.8 m (Fig. 2). Figure 3 shows a plan of rein-

forced concrete wall of 2 rigid sides. In the figure, G means

the position of the strain gauge and P means the position of

the pressure gauge.

The size of walls is 2.5 m high and 2.7 m wide. The thick-

ness of walls is changed from 6 cm to 10.0 cm. Specifications

of concrete walls are shown in Table 1. 

2.2 The relationship between state of destruction and tsuna-

mi force

The time histories of tsunami pressure of case 2 are

shown in Fig. 4. The large impulsive tsunami force was

attacking at P1 to P3 around 43.9s. The state of destruction

at the time of point A and B in Fig. 4 is shown in Photo 1.

Photo 1 took from behind by hi-speed camera. The cracks

were occurred from bottom to top at the time of point A. It

was found that the concrete wall was broken in the instance

of tsunami attacking at the lower part of wall.

Fig. 2  Experimental set up. Fig. 3  Plan of reinforced concrete wall.

Table 1  Specifications of concrete walls.

Case No. Thickness of wall (mm) Compressive strength (N/mm2)

1

2

3

4

5

6

7

8

60

60

75

75

80

90

100

100

21

33

21

33

32.7

32.7

21

32.7

Fig. 4  Time histories of tsunami pressure. (left figure: wide range, right figure: detailed)
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Fig. 5  Difference of the state of concrete wall destruction.

Photo 1  The state of destruction at the time of A and B. (left: A, right: B)

Photo 2  Failure of concrete wall with 6 cm (left) and 10 cm (right) thickness.



234

Annual Report of the Earth Simulator Center  April 2008 - September 2008

Photo 2 shows the failure of the reinforced concrete wall

with 6 cm and 10 cm thickness from the front view. Figure

5 explains the difference of the state of destruction accord-

ing to the thickness of wall. Under this tsunami condition, 

if the thickness of wall is more than 10 cm, the column is

probably broken.

3. Numerical Simulations
3.1 Numerical scheme

The destruction of concrete walls was analyzed by

numerical simulations. The scheme of the numerical simu-

lation is PDS-FEM, which is essentially FEM with Particle

Discretization Scheme. This method is the fusion of FEM

and DEM. In this scheme, displacement filed has the same

accuracy of FEM with linear interpolation functions at

nodal points. Characteristic functions of conjugate geome-

tries are used to discretize conjugate variables, function and

derivative. Numerous discontinuities in the discretized dis-

placement filed can be used to model cracks, efficiently

3.2 Model

Figure 6 shows the concrete wall model of numerical sim-

ulations. Material properties of concrete are the followings;

Young's modulus is 30 GPa, Poisson's ratio is 0.2, density is

2400 kg/m3. Number of elements is 4.5 million, and number

of nodes is 1 million. Pressure distribution measured during

the real experiment is used as the input load. So, the pressure

between measuring points is interpolated.

3.3 Results of numerical simulations

Figure 7 shows the result of the cracking progress in the

case of 6cm thickness. Comparing with photo 2, the small

cracks are not so accurate, but the final broken area is almost

same. The result of 10 cm thickness is shown in Fig. 8. The

crack progress of the back side is different with that of the

front side. Radial cracking is shown stronger than the 6 cm

case. Photo 2 indicates that the punching sheer failure is not

so remarkable in the case of 10 cm. So, the material proper-

ties or the composite coefficient needs to be modified. The

Fig. 6  The numerical concrete wall model.

Fig. 7  The result of cracking patters with 6 cm thickness. (front view)
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Fig. 8  The result of cracking progress with 10 cm thickness.

comparison with photo 2 describes that the numerical con-

crete wall is weaker than the hydraulic concrete wall. So,

this is the future subject. However, potential in this numeri-

cal model can be able to predict the destruction of structures

due to impulsive tsunami force. 

4. Conclusion
The mechanism of destruction of concrete walls due to

tsunami force was investigated with large hydraulic experi-

ments and numerical simulations. The comparison with

experimental results indicates that potential in this develop-

ment numerical model can be able to predict the destruction

of structures due to impulsive tsunami force.
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STOC Storm surge and Tsunami simulator in Oceans and Coastal

areas

PSD-FEM

1 PSD-FEM


