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Abstract

A seawall is one of the important structures for tsunami protection to prevent flooding in
the nuclear power plant site. In order to maintain the tsunami protection function, it is
necessary to well understand the characteristics of the tsunami wave force and evaluate the
structural integrity of the seawall.

Regarding design and evaluation of tsunami protection measures, Regulatory Guide for
Reviewing Design Basis Tsunami and Tsunami-Resistant Design, issued in June 2013,
requires to “confirm the technical basis to be considered on the loads due to tsunami such as
wave pressure and impact force, (for example, the interim guideline* of the Ministry of Land,
Infrastructure, Transport and Tourism (MLIT) and so forth) and its applicability”. Regulatory
Guide for Reviewing Tsunami-Resistant Design on Construction Plan also provides the same
requirement, and requires that the load of bore wave pressure and continuous wave pressure
on a structure, which changes with time, shall be paid attention to.

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

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

NRA Technical Report “Applicability of Water Depth Coefficient in Evaluation for
Tsunami Wave Force Acting on Seawall” (NTEC-2014-4001, in Dec., 2014) confirms that
MLIT’s interim guideline issued in 2011 can be applied to evaluation of continuous wave
when Fr <1, where Fr is the Froude number. According to the report, further consideration is
required to establish the method for evaluating the continuous wave pressure on the seawall
when Fr > 1, and to clarify bore wave pressure effects on structural integrity of the seawall.

NRA Technical Report “Effects of Bore Pressure of Tsunami on Seawall”
(NTEC-2015-4001, in Dec., 2015) confirms that the effects of bore wave pressure on the
seawall are generally smaller than those of continuous wave pressure. Even when the bore
wave pressure has larger effects than continuous wave pressure, the method provided by the
MLIT’s interim guideline can be used.

In this study, hydraulic flume tests and numerical simulations were conducted in order
to investigate the method for evaluating the continuous wave pressure on the seawall when Fr
> 1. The results demonstrate that wave pressure on the seawall can be evaluated by the Froude
number and water depth coefficient, which are related to a maximum specific energy of the
wave without consideration of the seawall effet.
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Figure 2. 1 Wave pressure acting on a seawall.
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Figure 4. 1 Schematics of the hydraulic flume for run-up and wave pressure tests.
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Figure 4. 5 Time histories of offshore wave height and inundation depth for tsunami run-up tests

(solitary waves for the zero slope cases: W01-W02).
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Figure 4. 6 Time histories of offshore wave height and inundation depth for tsunami run-up tests

(sine waves for the zero slope cases: W03—-W05).
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Figure 4. 8 Time histories of offshore wave height and inundation depth for tsunami run-up tests

(long period waves for the zero slope cases: W09-W12).
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Figure 4. 10 Time histories of offshore wave height and inundation depth for tsunami run-up tests
(sine waves for the 1/20 slope cases: W03—-W05).
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Figure 4. 11 Time histories of offshore wave height and inundation depth for tsunami run-up tests
(sine waves for the 1/20 slope cases: W06—W08).
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(long period waves for the 1/20 slope cases: W09—W12).
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Figure 4. 16 Time histories of inundation depth, water velocity, specific energy, and the Froude
number Fr at the seawall models (sine waves for the zero slope cases: W07—W08).
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Figure 4. 17 Time histories of inundation depth, water velocity, specific energy, and the Froude
number Fr at the seawall models (long period waves for the zero slope cases: W09-W10).
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Figure 4. 18 Time histories of inundation depth, water velocity, specific energy, and the Froude
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Figure 4. 30 Relationships between seawall model height and maximum continuous wave pressure
(sine waves for the 1/20 slope cases: W03—-W05).



N A REE ) AN TEL.25m BRAZ 2. 5m
0.60 0.60 0.60
- 050 § 0.50 | 0.50 §
N A 3 a8
Eg £0.40 £0.40 1 £0.40 L
YU A X0 A YU . A
T2 (00 a 1 030 a2 5 030 T 2
R € P € P € -
Mjgj 020 T pm 020 1 020 1
F:l A A MAA A A
2| o010 oY 0.10 P 0.10 vy
% 000 AL A A 000 A | AA A 000 AR A
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
77 [kPa] £7) [kPa] J£77 [kPa]
0.60 0.60 0.60
- 0.50 1 0.50 0.50 1
[N — — —
S [Eo4o £ 0.40 § £ 0.40
m o
Y0 A Y0 3 Y0 A
%E W 0.30 1 i 0.30 § i 0.30 o
}@% & a s - s ma
mﬁ 2 0.20 1 a2 020 {4 2020 1
@ Bl o0 {—=s 0.10 {24 0.10 =
~ A A . AL MMM A
* 0.00 = 0.00 st 1 0.00 pamy
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
77 [kPa] 77 [kPa] 77 [kPa]
0.60 0.60 0.60
- 0.50 1 0.50 0.50 1
[aN] — — —
S |E0a0 £0.40 £ 0.40
o
YU A XU . YU 4
T2 =030 g 0-30 i 0.30
E% ﬁ A ﬁ . ﬁ 4
mﬁgj W 0.20 1a 020 4 2 0.20 o
g&f{H 0.10 124 0.10 12 0.10 {2
~ . AMA . A . AM M
® 0.00 = 0.00 = 0.00 —24
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
£7) [kPa] £7) [kPa] J£/7 [kPal

4. 31 B & M ORKRFRHEIE (P, 00) DB
OKESIEEHEAAL 1/20, IEXEE : W06~W08)
Figure 4. 31 Relationships between seawall model height and maximum continuous wave pressure
(sine waves for the 1/20 slope cases: W06—W08).
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Figure 4. 32 Relationships between seawall model height and maximum continuous wave pressure
(long period waves for the 1/20 slope cases: W09—W12).
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Table 5. 1 Outline of the analysis.
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Table 5. 2 Physical properties of water.
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Figure 5. 1 Simulation model of the flume test for the zero slope case.
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Figure 5.4 Time histories of water depth, velocity, specific energy and the Froude number Fr
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Figure 5.5 Time histories of water depth, velocity, specific energy and the Froude number Fr

at the seawall positions: Casel-4.
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Figure 5.6 Time histories of water depth, velocity, specific energy and the Froude number Fr
at the seawall positions: Casel-5.



b 12 JKEHEANR (42 2 A1)

o o 10 — KEERER (F)
E | 08 —_— AT
B 02 * 06
= o T 13 04
o / oo
Roz —
0o 0o
10.0 110 12.0 120 14,0 150 16.0 10.0 110 120 13.0 4.0 15.0 16.0
B[] B [s]
P > N
=K ot )
50 12,0
10 10.0
., = a0
£ § 60
1
g R a0
10 ‘/"k % 20
0.0 | 0.0 = il
10.0 110 12,0 130 180 150 16.0 100 110 120 13.0 140 150 16,0
BHE [s] B [s]
iz T— N

(RARALETTHR)

04 1z TKEEERR (42 2 [|])
T 10 —_— KEEEER ()

03 £
= 77
< o i
BE 0.2 i 06
= vy
M f}_v( 0.4
o1

/<=f‘-— oz V
0.0 0o
0.0 110 12.0 13.0 14.0 15.0 16.0 100 110 12.0 13.0 14.0 15.0 16.0
B [s) Bl [s)
e > S
R K pre—

50 12.0

a0 10.0
T = 80
£ 30
= ’J? 6.0
& 20
Jre] e — = a0 N
o] (‘{_..—H_ 2

T—
1.0 e ~ 20 L—
0o 0o
100 110 12.0 130 14.0 150 16.0 100 110 12.0 13.0 14.0 15.0 16.0
B 5] B (5]

pimes 71— P
(L2 1. 25m)

04 12 FREREEA (42 2 [=])

N L — KRR (T4)
E Jd, 08 e ﬁi*ﬁ‘
% 0.2 X 06
e 104
o1
p,_p.a:ag-— E=lip) =
0.0 ; 00
10.0 110 120 130 14.0 150 16.0 100 11.0 120 13.0 120 150 160
B [s] B[]
N N N N
1=K L F—
50 12.0
10 10.0
= = 80
a0
£ £ oo
E 2.0 / D — Jg 2.0 A
Lo J’ [
0 f 0.0 L
10,0 110 12.0 130 14.0 150 16.0 100 110 120 13.0 100 150 16.0
B[] B [s]
iy T — B

(RIAALIE 2. 5m)

5. 7 RAKEM®) . Wil (v(t)), tbk=xr¥— (E(1)), 7/b— R (Fr(t)) (Casel-6)
Figure 5. 7 Time histories of water depth, velocity, specific energy and the Froude number Fr
at the seawall positions: Casel-6.
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Figure 5.8 Time histories of water depth, velocity, specific energy and the Froude number Fr
at the seawall positions: Casel-7.
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Figure 5.9 Time histories of water depth, velocity, specific energy and the Froude number Fr

at the seawall positions: Casel-8.
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Figure 5. 10 Time histories of water depth, velocity, specific energy and the Froude number Fr

at the seawall positions: Casel-9.
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Figure 5.11 Time histories of water depth, velocity, specific energy and the Froude number Fr
at the seawall positions: Case1-10.
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Figure 5.12 Time histories of water depth, velocity, specific energy and the Froude number Fr

at the seawall positions: Casel-11.
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Figure 5. 13 Time histories of water depth, velocity, specific energy and the Froude number Fr
at the seawall positions: Case1-12.
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Figure 5. 14 Time histories of water depth, velocity, specific energy and the Froude number Fr
at the seawall positions: Case2-1.
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Figure 5. 15 Time histories of water depth, velocity, specific energy and the Froude number Fr

at the seawall positions: Case2-2.
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5. 16 IR/AKEE M) HEHE (v(1)) b=k — (E(t)), 7/b— R (Fr(t)) (Case2-3)
Figure 5.16 Time histories of water depth, velocity, specific energy and the Froude number Fr

at the seawall positions: Case2-3.
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Figure 5.17 Time histories of water depth, velocity, specific energy and the Froude number Fr
at the seawall positions: Case2-4.
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Figure 5.18 Time histories of water depth, velocity, specific energy and the Froude number Fr

at the seawall positions: Case2-5.
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5. 19 IR/AKEMG)) HEHE (v(4)) b=k X— (E(t)), 7/b— R (Fr(t)) (Case2-6)
Figure 5.19 Time histories of water depth, velocity, specific energy and the Froude number Fr

at the seawall positions: Case2-6.
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Figure 5. 20 Time histories of water depth, velocity, specific energy and the Froude number Fr

at the seawall positions: Case2-7.
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Figure 5. 21 Time histories of water depth, velocity, specific energy and the Froude number Fr

at the seawall positions: Case2-8.
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Figure 5. 22  Time histories of water depth, velocity, specific energy and the Froude number Fr
at the seawall positions: Case2-9.
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Figure 5. 23 Time histories of water depth, velocity, specific energy and the Froude number Fr

at the seawall positions: Case2-10.
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Figure 5. 24  Time histories of water depth, velocity, specific energy and the Froude number Fr
at the seawall positions: Case2-11.
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Figure 5. 25 Time histories of water depth, velocity, specific energy and the Froude number Fr
at the seawall positions: Case2-12.
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Figure 6. 2 Time histories of water depth , velocity ,specific energy and the Froude number Fr
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Figure 8. 1 Evaluation examples for the water depth coefficient ag with two standard deviations,

assuming a lognormal distribution.
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Appendix Table 4. 1 Settings of tsunami pressure tests.
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Appendix Figure 4. 6 Relationships between height of the seawall models and

the maximum continuous wave pressure.
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Appendix Figure 5. 4 Schematic of the relationship between wave pressure on the seawall model

and the maximum run-up on the shoreline.
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and the water depth coefficient o™ (flume test).
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