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Tsunami simulations are carried out by the integrated numerical model named STOC which includes a non-hydrostatic and

three-dimensional model of STOC-IC. Applying STOC to the area suffering damages by the 2004 Indian Ocean Tsunami, the

effect of coastal buildings is discussed. To investigate the mechanism of destruction of land structures due to the tsunami

force, the large experiments were conducted with the wooden wall of a wooden house.
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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. However, many people do not evacuate immediate-

ly even when they feel earthquake motion in a tsunami prone

area, because they misunderstand characteristics of tsunami

and vulnerability against tsunamis in their living-areas. 

On the other hand, many people evacuated in Indonesia at

the tsunami event on March 28, 2005, because they had the

experience of tsunami disaster caused by the Indian Ocean

Tsunami on December 26, 2004. This suggests that we need

to predict and understand disasters realistically which will be

caused by tsunamis in the future. 

In this project, numerical and physical simulation has been

investigated. Macro-Micro scale interlocked tsunami simula-

tor named STOC (Storm surge and Tsunami simulator in

Oceans and Coastal areas) has been developed. For the valid-

ity of numerical models, large physical tests were conducted.

This paper described the briefly explanation of numerical

simulation system and results of large physical tests.

2. Numerical simulation system
2.1 Outline of tsunami propagation analysis

The tsunami propagation simulation system, named

STOC, is composed of three different sub-models: STOC-

ML, STOC-IC and STOC-VF, in order to calculate the

tsunamis interacting with structures as well as propagating in

the oceans (see Fig. 1, Tomita et al., (2006) [1]).

STOC-ML is a multi-level model in which water bodies

Fig. 1  Outline of STOC simulator.
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Fig. 2  Calculation domain.

Fig. 3  Snap shot of the water profile.

Fig. 4  Relation between DEM and STOC-VF.  

Fig. 5  Result of destruction due to waves.

are divided vertically into some horizontal layers. The gov-

erning equations are Reynolds-Averaged Navier-Stokes

equations, although the assumption of hydrostatic pressure is

applied in each layer. No calculation of Poisson equation of

water pressure results in reduction of computational effort

and then STOC-ML is applied to wide areas such as the

oceans.

The governing equations of STOC-IC are Reynolds-

Averaged Navier-Stokes equations and continuity equation

for incompressible fluid in three dimensions. Free water sur-

faces are detected by the vertically-integrated continuity

equation to reduce computational effort. The governing

equations are solved by the finite difference method with

SMAC algorithm.

The governing equations of STOC-VF are Navier-Stokes

(Reynolds) equations and the continuity equation for three-

dimensional incompressible fluid modified by the porous-

body method. The VOF method is adopted to analyze the

free surface boundary.

2.2 Coupling system

The connection between STOC-ML and STOC-IC is

made in overlapping zones in which the physical quantities

such as the water surface displacement, velocities, pressure,

etc. in each computational area of STOC-ML and STOC-IC

are adjusted using the interpolation technique.

STOC-VF is made weak connection with STOC-IC, that

means data of velocities and water surface displacement is

send to each other. Figure 2 shows the area of test calcula-

tion and small waves are given. The snap shot of the water

profile is shown in Fig. 3. It shows that waves are smoothly

transported in the area of STOC-VF, though there is a slight

difference between water profile in the STOC-IC domain

and that in the STOC-VF domain.

2.3 Outline of structure destruction analysis

Distinct element method, called DEM, is applied to the

structure destruction analysis. DEM can calculate large

deformation and destruction. The DEM domain is set in the

STOC-VF domain (see Fig. 4). Wave pressure is given to

DEM from STOC-VF and the porosity is given to STOC-VF

if the structures are deformed. Figure 5 shows the test results

of wall destruction due to waves. 
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3. Large Model Tests
3.1 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. 6). The size of walls is 2.5 m high

and 2.5 m wide. The thickness of walls is changed from 

6 cm to 12.5 cm. Figure 7 shows a plan of reinforced con-

crete wall of 2 rigid sides. In the figure, G means the posi-

tion of the strain gauge and P means the position of the pres-

sure gauge. 

3.2 State of tsunami attack

Maximum height of tsunami above the still water level is

2.5 m and inundation depth in front of wall is 1.8 m. Figure

8 shows the time history of pressures at P1 and P2, which

position is shown in Fig. 7. It indicates that the impulsive

load, that exceeds 10 ton at P1, is attacking fast and the sus-

tainable pressure is attacking next. The state of tsunami

attack is shown in Photo 1. The very big splash is occurred

in a moment of attacking tsunami.

3.3 State of destruction

Photo 2 shows the failure of the reinforced concrete wall

with 6 cm and 10 cm thickness from the front. It is found

that the concrete wall is broken in the instance of tsunami

attacking at the lower part of wall.

3.4 Result of numerical simulation

The wall destruction simulation is calculated by using

coupling system of STOC-VF and DEM. Figure 9 shows the

results of simulation of weak wall. It is found that the walls

are broken in punching shear mode similar to physical

experiment results. 

4. Conclusion
The coupling system from tsunami propagation to struc-

ture destruction is developed. The validity of this model is

verified by using the large physical model tests. To apply

this system to the field data is the final step.
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Fig. 6  experimental set up.

Fig. 7  Plan of reinforced concrete wall.

Fig. 8  Time history of tsunami pressure on the wall.

Photo 1  State of tsunami attack.
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Fig. 9  Calculation result of wall destruction.

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