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Physical Modeling of Horizontal Force on the Inland Vertical Structure
by Tsunami-like Waves
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Abstract : The tsunami flood the coastal cities and damage the land structures. The study on wave pressure and
force on land structures is one of the important factors in designing the stability of inland structures. In this study,
two - dimensional wave flume tests on the horizontal wave force and pressure of tsunamis on a simplified box-type
structure was conducted. Vertical distribution and wave power of horizontal wave pressure over time were measured
by pressure sensors and force transducer. Also, those were measured from the different wave breaking types. The
vertical distribution of horizontal wave pressure was uniform at the moment when the horizontal wave force to the
structure was maximum under the breaking wave condition. A surf similarity parameter was employed in order to
figure out the relationship between the maximum horizontal wave force on the structure as a function of various
incident wave conditions. As a result, the non - dimensionalized horizontal wave force tends to decrease
exponentially as the surf similarity parameter increases.

Keywords : tsunami-like wave, vertical structure, horizontal wave force, horizontal wave pressure, physical model
test
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Fig. 1. Cross-sectional view (top) and top view (bottom) of the
wave flume and instrumentation. (Park et al., 2017).
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Fig. 2. Structural configuration and instrumentation: (a) cross-sec-
tional view of the model setup and instrumentation; (b) top
view of the model setup and instrumentation (Park et al,
2017).
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Table 1. Input wave conditions for the wave flume tests

Wave height (A) Time duration of error function (Ts)

Case (m) (s)
X1 0.51 10.0
X2 0.34 15.0
X3 0.28 20.0
X4 0.21 25.0
X5 0.18 30.0
X6 0.16 35.0
X7 0.14 40.0
X8 0.13 45.0
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Fig. 3. Paddle displacement (S) as a function of time for all § cases.
The steepest curve is X1 and the mildest curve is X8).
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Fig. 4. Time variations of horizontal wave impact pressure on the
structure (Case X1).
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Fig. 5. Time history of horizontal wave impact forces on the struc-
ture under the different wave conditions.

vtk AlSsE 8 9hete] 4] s yER A Qi 3
o] Hufjglel 0]E7] XV]]—X]‘— Tjete] T?_(]'J—:r'—J | Akzra

7 o)l % wﬂ #z}g—y} EO} F2e 54
£ RS B 5 vk 75 2 59 sheo] Aut 5
7] A0l 491 SISHA 2ol b 2 Bl 285
© A8 % Sk e A A SAsh
L Ao AN o FASPI A8 At 5
SHelel 0l U5 9T T AL
Flg 7& Xl—rEi X4°

P

ol Sl 2 4 515l T
= oksps] 3, oo Ao 9T

% 5 shre] 4

_l>i
e
bl
r
_l

- Daniel Cox - A’d<]

9
4 S8
s 52
3 gg
us2 2%
Do
Qg
0
2 0 15
p (kN/m?)
Y Y ’
&7 &7
o6 o6
33 39
33 83
o5 L2
Q9 2
0 5 10 15 0 5 10 15
p (kN/m?) p (kN/m?)
9 4 9 5
&7 >/
o 6 — o6
S 5 — 59
7 4 IE— 34
=2 s 2
Q1‘ Qg
0 5 10 15 0 5 10 15
p (kN/m?) p (kN/m?)

Fig. 6. Vertical distributions of the horizontal pressure on the struc-
ture at the certain moments of the horizontal forces. The
numbers in the top left panel are the certain moments of the
horizontal force and the numbers in the left of panels cor-
respond to the number in the top left panel.
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Fig. 7. Vertical distributions of the horizontal pressure on the struc-
ture at the moments of the maximum horizontal forces (Top
left: X1; top right: X2; bottom left: X3; bottom right: X4).
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Table 2. Parameters for estimating the empirical formula (4,,,:
maximum water surface level at the wave gage 1; L: wave
length at the wave gage 1; & surf similarity parameter;
F;: Maximum horizontal wave force)

Ay (M) L (m) &r Fy(N)
0.51 87.8 0.53 3815
0.34 182.1 0.94 1792
0.28 360.7 1.52 1226
0.21 605.9 2.18 520
0.18 847.6 2.78 299
0.16 1,189.3 3.53 211
0.14 1,549.2 4.26 151
0.13 2,230.9 5.15 119
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Fig. 8. Normalized horizontal forces as a function of surf similarity
parameter (Dots: measured data; Solid line: fitted curve).
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