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Abstract

A seawall is one of the important tsunami protection structures used to prevent flooding at
nuclear power plant sites. In order to maintain the tsunami protection function, it is necessary to
throughly understand the characteristics of the tsunami wave force and evaluate the structural
integrity of the seawall. For design of tsunami protection measures, Regulatory Guide for Reviewing
Design Basis Tsunami and Tsunami-Resistant Design, issued in June 2013, stipulates the needs for
confirmation of the “technical bases to be considered when setting tsunami loads such as wave
pressure and impact force (for example, the interim guideline* of the Ministry of Land,
Infrastructure, Transport and Tourism (MLIT) among others) and their applicability”.

*  “The interim guideline for the structural conditions of tsunami evacuation buildings

etc, based on the building damage from the tsunami follwing the Tohoku earthquake”,
MLIT, Nov. 17, 2011.

NRA Technical Report “Water Depth Coefficients for Evaluating Tsunami Pressure on
Seawall” (NTEC-2016-4001, published in Dec. 2016) demonstrated evaluation equations that wave
pressure on a seawall can be evaluated using the Froude number and water depth coefficient related
to a maximum specific energy of the wave without consideration of the seawall effect (herein after
referred to “run-up wave”) under the condition that the Froude number exceeds 1. Since the
evaluation equations were given as examples, it is necessary to justify them when they are applied
to check the maximum continuous wave presssure acting on the seawall as the design requirements.
It is also necessary to reconsider the method for deriving the evaluation equation, as the equation
was developed on the basis of a lognormal distribution while the the least-squares method was used
to derive the regression equation which was the base of the evaluation equation.

This NRA Technical Report aims to develop an evaluation equation for the maximum
continuous wave pressure acting on the seawall which can be applied to check the adaptability to

the design requirements. The evaluation equation was based on the previous hydraulic flume test
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results in NTEC-2016-4001. First, the regression equation was derived from test results considering
that the test results follow a normal distribution. Next, the evaluation equation was developed by
including the standard deviation+20 into the regression equation. Since, discrepancies were seen
between the regression equation and the theoretical formula derived from the Navier-Stokes equation,
the terms that were assumed negligible in the derivation process of the theoretical formula, such as
the time rate of increase of momentum, were reviewed and the cause of the discrepancies were
discussed.

As a result, an evaluation equation for the maximum continuous wave pressure acting on
the seawall was proposed based on evaluation of the relationship between the Froude number and
water depth coefficient at the time of maximum specific energy of the run-up wave. As for the
discrepancies between the theoretical formula and the test results, it was demonstrated that the test
results tend to exceed the theoretical formula when the Froude number is smaller than 2.5. It is
considered that a maximum continuous wave pressure mainly includes a falling water phenomenon
which causes a water mass to fly upward in colliding with a seawall and tends to add an impact force
to a continuous wave pressure when a water mass touches onto a water surface. As the Froude
number increases, the test results become smaller than the theoretical formula mainly due to increase
of the water splash effect. The water splash effect reduces subsequent additional wave pressure
induced by a falling water phenomanon when the Froude number is larger than 2.5 since an amount
of falling water mass breaks into droplets.

The hydraulic flume tests referred to in this study were conducted by the Taisei
Corporation under the auspices of the NRA. The test results were summarized in “The hydraulic
flume tests to develop the evaluation method for the tsunami design and the fragility of the seawall

(part 1), FY2015” by the Taisei Corporation.
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Fig. 6. 1 Difference between maximum continuous wave pressure and wave pressure when the
maximum specific energy of the run-up wave occurs

(solitary waves for the zero slope cases at shoreline: W02)
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Table. 6. 3 Other factors which are not included in the theoretical formula
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Table. 6. 4 Factors caused by the falling water phenomenon
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Fig. 6.5 Relationship between Froude number and difference of the specific energy
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Appendix Table 1.1 Scale ratios of geometry and physical quantities
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