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ABSTRACT

This paper tried to formulate the wave overtopping quantity by using a
model of overtopping mechanism., Namely, the author investigated the problem
by applying the "Calculation method for discharge of overflow weirs" l.e,

the method of Fuluil et al.(1963)%2nd Shi-igai et al. (1970)2)
INTRODUCTION

Actually it is very difficult to prevent perfectly the wave overtopping
caused by irregular waves. Therefore, the sea-wall must be designed based
on the conception of allowable wave overtopping quantity, on the premise
that a drain system is constructed behind the sea-wall.

The conventional metbod of determining the crest height of sea-walls is
based on the height of wave run-up. Recently, however, there is a tendency
to introduce the wave overtopping quantity as the design criteria of sea-—
walls. Therefore, it is urgently required to establish a method of calcu-
lating the wave overtopping quantity.

According to previous researches, it has been disclosed that the wave
overtopping quantity on a sea-wall has a close correlation with the spatial
profile of wave run-up and the time history of surface elevation on a verti-
cal sea~wall. At present, efforts are paid for finding out response func-
tions of the above-mentioned factors and the quantity of the wave over-—
toppingl)“’4

The author proposed the calculation formula of the wave overtopping
guantity by using the spatial profile of wave run-up at the 13th Conference
on Coastal Engineering in 19723). The said calculation formula comprise a
controversial problem in the determination of the spatial profile of wave
run-up for the complicated cross-sectional shape of sea-walls. IHere, as a
calculation formula that is free from any unreasonable point as a physical
model and involves general applicable features, the author investigated the
problem by applying the "CaIculation method for discharge of overflow weirs"
i.e. the method of Fukui et al.(l963f%ﬁu¥$hiwiﬂ&i en al-VLWTOf

Namely, overtopping waves on vertical sea-wallsg are regarded as com—
plete overflows at sharp crest weirs@ and the characteristics of the dis—
charge coefficient of overtopping waves to the vertical sea-walls were

investigated empirically.

WMis maper tried to formulate wave run-up heisght and wave
overtopaing cuantity on vertical sea-wolls in tie hHotton slowe
of 1/10.
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THE CALUCULATION FORMURA OF WAVE
RUN-UP HEIGHT ON VERTICAL SEA-WALLS

1. THE CLASSIF1CATION OF THE WATER DEPTH AT THE TOE OF SEA-WALLS

The experiments made so far show that the water depth at the toe of
sea-walls where causes the maximum run-up height corresponds nearly to the
breaking point of progressive waves are approximately given by Eq.{l) pro~
posed by Miche (1944)5).

(Hp/Lb)p = 0.142 tanh 27C(hb/Lb)P, (1)

for the sea-bottom slope of 1/10,

Where (hb)p is the water depth of breaking of progressive waves, (Lb)P
is the wave length at (hb)P and (Hb)P is the wave height at (hb)P.

The calculated values of Eq.(l) are shown in the solid line of Fig.l.
The so0lid line of Fig.l shows the relation between the equivalent deep-
water-wave steepness H3/Lo and (hy)p/Lo.

When the wave after breaking hits a vertical sea-wall, however, there
occur large amount of spray. The water depth at the toe of sea-walls where
the spray height of wave run-up become a maximum for a given Ho/L, value
may be given by experiments as Eq.(2).

H{/Lo = 0.21 tanh (27Thp'ngx/Lo), (2)
for the sea-bottom slope of 1/10,

Where Hy is the equivalent deep-water-wave height, Ly is the wave
length in deep water and bBR'max is the water depth at the toe of a sea-wall
where the spray height of wave run-up becomes a maximum,

The calculated values of Eq.(2) are shown in the dotted line of Fig.l.

2. THE CALCULATION FORMURA OF WAVE RUN-UP HE1GHT

By arranging the experimental values of wave run-up height with (hb)P
as boundary, the calculailional formula may be such as follows.

2.1 The region of h ;:(hb)P

In this region, the wave run-up height is thus nearly equal to the wave
crest height of the standing wave. The wave crest height of the second-
order approximation solution for finite amplitude standing wave is given by
Eq.(3) proposed by Miche (1944)5),

H
—}-% =[1 + {LT {3 coth3(27t%) + tanh(ZTt%)}:\S, (3)

Where R is the wave run-up height from the still water level, h is the
water depth at the toe of a sea-wall, H is the incident wave height at h,
L is the incident wave length at h, and S is the shoaling factor at h.

The S values are given by Eq.(4) from the small amplitude wave theory.
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(sinb4 TL) (coth2d)
{ L L., (4)

q =

|

1
o sinh47t-}Ll + 4%%

The other hand, the relation between Hy/L, and H/L, and the relation
between h/L, and h/L can be expressed as BEq.(5) and Eq.(6) by the small
amplitude wave theory, respectively.

1/2

h
sinh4 L= 3/2
i L . (coth27t%) I;‘o (5)
L sinha W3 + 4T o’
h/L
tamn (2 /D) = /Lo (6)

The calculated values of Eq.(3) either give wave run-up height close
to the experimental values, or values somewhat over the experimental

values3) %
2,2 The region of h = O’V(hb)p
(1) The essential run-up height of wave, R

In the region under researches, it is known experimentally that the R

values are almost proportional to the h values®/,
In consequence, if the R values on the vertical sea-walls are obtained,

the calculational formula in this region will then be given as Eq.(7) by
approximation,

R (Rglp Ro h R,
B “{ Hy H [ Tmp)p T HD ()

(4]

where (Rb)p is wave run-up height on vertical sea-walls for h = (hb)p
and Ry, is wave run-up height on vertical sea-walls for beach line (h = 0).

The experimental values of R/H& for the sea-bottom slope of 1/10 is
shown in Fig.2, The experimental values represented in the solid line, as
shown, by approximation, may be expressed by Eq.(8).

Ro/H = 0.18 (H)/Lo) /2, (8)

for the sea-bhottom slope of 1/10,

The (Rb)p/Hé values can be calculated by Eq.(9) from Rq.(3).

(Ry,) 7 h
P 2 3 on—2b
Hé = + y) ( Ty )p { 3 coth” 21 I, )p

h
+ tanh zn(fs)p} J(sb)p, (9)
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Vhere (Sp)p is the shoaling factor for h = (hp),, and can be calculated
by Eq.(4). The (Sp)p values are also obtainable w1t§ Eq.(10).

() (Hp/Lp) () p/Lo
(8p)p = H;)P = Hé/LoP (/L) p

(10)

(2) The spray height of wave run-up, R'
a) The region of h = hp'max~(hp)p
The calculated values of Eq.(3) were found to explain fairly well the

experimental R' values in the region, Calculation of the R' values may thus
be approximately by Eq.(11) from Eq.(3).

ﬁ: [1 + % = {300th3 2% ) + tanh(2 = )H s, (11)
0

b) The region of h = O~hR'pax

The results of author's experimental research show that in the region
the R'/HS values are obtainable approximately by Eq.(12).

R! R'max R'y
H(') ﬁ< Ho ><hR'max * Hp ’ (12)

Where R'pgx is the maximum spray height of wave run-up for the wave of
a given HO/LO value. R'payx can be calculated by Eq.(13) from Eq.(11).

R'nax [ I H { 3 h
—_— =1+ = (= 3coth?2 (=
Hp 4 (L)R'max (L)R'max
h
+ tanh27t(E)R'maXH SR pax (13)

where Sptpax is the shoaling factor for h = hpipax and can be calcu-
lated by Eq.(4). The SR values are also obtainable with BEg.(14).

ma,x
SR = _EEL$§§_ _ (H/L)R'max bR 1 max /Lo
max Ho Hy / L, (VDT (14)

where (H/L)R'max iS shallow-water-wave steepness for h = = hR'pays and
Ro/HS is the spray height of wave run-up on vertical sea-walls for beach
line (h = o).

The experimental values of Ré/Hg for the sea-bottom slope of 1/10 are
shown in Fig.2. The experimental values represented in the dotted line, as
shown, by approximation, may be expressed by Eq.(15).
-1/2

1

Ry/Hy = 0.22(Hy/L,) (15)

for the sea-bottom slope of 1/10,
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(3) Adaptability of the calculational formula

Fig.3 shows the comparison between calculated values and experimental
values4),6)~8), The solid line is the calculated values of R/HS and the
dotted line is the calculated values of R/Hé. As described, the calcula-
tional formula exhibits good fitness to the experimental results. It is,
therefore, well adaptable for actual problem.

In the region after breaking waves, the wave set-up has to be taken
into consideration., This was, however, neglected in the present research.
Taking account of the phenomenon, accuracy of the calculational formula
should be improved still further.

CALCULATIONAL FORMURA OF THE WAVE OVERTOPPING
QUANTITY OVER VERTICAL SEA-WALLS

1. APPLICATION OF THE WEIR DISCHARGE CALCULATIONAL METHDDD’Z>

As indicated in Fig.4, the discharge calculational method for a shar
crest weir will be applied to obtain the quantity of wave overtoppingl):Zg.
The quantity of wave overtopping Q of width B per a wave period is

represented by Eq.(16) by using the method of Shi-igai et al.

(1970)% ta , ta
0 =J awar =2 Eg e | ¢ o)
by 3 ty

x {{7(*(1:) + hy - HC}3/2 - (ha)3/2} at, (16)

where q(t) is the discharge of wave overtopping per a unit time at time
t, Ho is the crown height of a sea-wall from the still water level, C(t) is
the discharge coefficient of overtopping wave at time t, % *{(t) is the time
history of the surface elevation for a vertical sea-wall at the wave over-
topping time, (hg) is the water head of approach velocity, (ty) is time
when a wave of a given period start overtopping, (td) is the time when the
overtopping is terminated, and g is the acceleration of gravity.

Here, for convenienc' sake of practical use, (hg) is disregarded and
the time history of surface elevation " (t) on a vertical sea-wall for non-
overtopping wave is used instead of n*(t), and erros caused from above
assumptions are considered to be included in C(t). On the other hand,
assuming that an average value of times is used for C(t) which is defined
by a constant XK, Q is given by Eq.(17),88 proposed by Shi-igai et al.

(1970)% tq 3/2
2
0 = 3!\]2g BKJt {7((1:) - Hc} at , (17)

u

where K is the average coefficient of wave overtopping discharge.

Here, as shown in Fig.5, ﬂ(t) is assumed to have approximately a
trapezoidal profile, then O is further given by follows, &85 proposed by
the author (1972)%

t 3/2
Q:%@ BK [2jd{£°_:_’°u_)ﬂ_-ﬂc} dt

'tu (tR)u - tu

(tg)
+J B g 12 ay (18)
(tp)y
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Te ) (%o - trp)

4 3/2
=15 2g BK(R - H;) {
+ 24 (19)

2 BRE( >
(tgp) varies with H/L and h/L. Here, the values of (tgp) are assumed

to have approximately 0.05T, Therefore, the calculational formula of Q is
expressed by Eq.(20), as proposed by the author (1972)
He too

2'? 2g BK (R-Hc)3/2 {(1 -—R—)( T - 0.05)

+ 0.125} T, (20)

where T is a wave period, and (too) is shown in Fig.5.
The (ty,) Values are expressed by follows®

(1) The (t40) values for h>0

t()()/T = (tQ/T)d - (to/T)u ’ (21)
= 2(to/T), for —8l-<to/i[‘<% (22)

Here, the values of to/T are calculated from n(t). Eq.(23) is Q(t
by the second-order approximation solution of finite amplitude standing
wave.

N(+) = Heos2 T + -H(3coth%2 7t—£1—

T ' 4
I3
- coth2 o= )Cos47t—%~+ % —I];Il—Hcothéﬂt—I:— , (23)
with (t) = 0 in Eq.(23), the values of t,/T are calculated from
Eq.(24).
2 1/2
cos( ) = —-1——[{1 + it—— (i-)2 MNtanh27t£} - 1],
H L L
tsn
(24)
where

M = {3 coth?(2h/L) - 1 } coth (2% n/L) , (25)
N = 3 coth? (2% h/L) - 2 coth2(2T b/L) - 1 , (26)

The (t,,/T) values are then such as in Fig.6.
(2) The (tgo) value for beach line (h = 0)

too/T = 0.25 , (27)
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2. BXPERIMENTAL RESULTS OF THE K VALUES
(1) The classification of the h values

By the experiments performed, the K values are known to differ largely
with the (h) values?). The K values were thus studied forthree regions,
i.e. the region of h:>(hb)$, the region of h = (hb)PN(hb)s and the region
of h = O~(hp)ps as shown in Fig.7.

Here, (hb)s is the water depth of breaking for standing waves and can
be calculated from Eq.(28) proposed by Kishi (1959)10),

{Hy —coth27t(LT)-)s +Af coth 27E(LT)-)S + 0.350 cosech ZTC(LT)-)S

\Ip /S 0.5927TC cosech227t(hb/L«b)S

, (28)

where (Hb)s is the height of the incident wave which causes breaking
of standing waves and (Lp)g is the wave length for h = (hy)g-

(2) Experimental results and the discussions

The K values were calculated with Eq.(29) from the Qexp values and
Eq.(20).

Qexp (R — H) ™2
. A3 B{(l——HS)(M—OOS)+Ol25}T (29)
5N “& R T . . ’

where Qexp are experimental values of wave overtopping quantity.

Here, for the R and (tp0) values in Eq.{29), those by calculational
formula mentioned were used.

Fig.8 (a) shows the relation between Ky and H(;/L0 for the region
h>(hy)s. As in Fig.8 (a), the Kg values are not much influenced by Hy/Lg.
Though the experimental values are in considerable scattering, the average
value can be taken approximately as Ky = 0.38., Therefore, the Ky values
are smaller than the value of the discharge coefficient of sharp crest
weirs (K = 0.65). ,

Fig.8 (b) shows the relation between Ky and Hy/H, for the region of
h>(hb)So The Ky values are not much influenced by HC/Hg, as shown in
Fig.8 (b), and the Ky value in average is approximately 0,38,

Fig.9 (a) shows the relation between Kj and Ho/I, for the region of
h = OfV(hb)P. The K, values are not much influenced by the Hy/L, values,
as shown in Fig.9 (a).

Fig.9 (b) shows the relation between Kp and H¢/Hy for the region of
h = O”V(hb) o It is thus seen that, though the scattering in experimental
values are ¥air1y large, the KP values become smaller with larger HC/Hé
values. And the Kp values are generally smaller than the Ky values. If,
then, the Ky values are represented by a solid line as in Fig.9 (b), the
calculational formula for the Ky values is Eg.(30).

H
loglOKP = =(0.523 + 0.699 —ﬁi_ ) (30)
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(3) The calculation formula of the K values

From these experiment and the discussions, the K calculation formula
are obtained by the following equations.

a) The region of standing waves‘:h:>(hb)s]
Ky = 0.38 , (31)

b) The region of transition into breaking waves
waves [h = (hb)p"“(hb)s]

h - (hp)p |2
Kp = (Kg - Kﬁ){rigjgjzﬁg§;} + KP s (32)

¢) The region after breaking waves [h = Of»(hb)p}

He
logyg K, = =(0.523 + 0.699 o ) (30)

for the sea bottom slope of 1/10,
(4) Adaptability of the K calculational formulas

Fig.1l0 shows the comparison between calculated values and experimental
values3)s4),9), 1t is thus seen that, though the scattering in experimental
values are fairly large, the calculated values indicate fairly accurately
the tendency of the experimental values. However, it is for future study
to improve the accuracy of these calculation formulas,

CONCLUSIONS

The author could experimentally obtain the calculation formulas both
for wave run-up height and wave overtopping quantity on vertical sea—walls
in the sea-bottom slope of 1/10.

The result obtained by the present study may be summarized as follows.

(1) In the region of h:>(hb)p, the calculation formula of wave run-up
height is given by Egq.(3).

(2) In the region of h = 0~ (hy),, the calculation formula of wave run-up
height is experimentally given by Eq.(7). And the calculation formulas of
spray height of wave run-up are experimentally given by Eg.(11l) and Eq.(12).

(3) The calculation formula of the wave overtopping quantity is given by
Eq. (20).

(4) The average coefficients of wave overtopping discharge are generally
smaller than the average value of the discharge coefficient for a sharp
crest weir,

(5) The calculation formulas of the K values in Eq.(20) are given appro-
ximately Eq.(30)~Eq.(32).
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APPENDIXES

The method employed in this study is similar to those of Fukui et al.
(1963)1) and Shi-igai et al. (1970)2).

The method of analysing the wave overtopping by approximating it
with the steady weir overflow was originally presented by Fukui et al.
in their study "On the Tsunami Wave Overtopping" (1963)1),
Later, Shi-igai et al. (1970)2), by applying this method to their study
"On the Overtopping of Short-periodic Waves," investigated the character-
istics of the virtual wave run-up, in which the time history curve of
surface elevation of a triangular waveform and a constant discharge
coefficient of wave overtopping were assumed.
With all the results these studies have attained, some important pointis
still remain opened to further studies.

Namely:

1. The results are insufficient for the quantitative interpretation of
the characteristics of the height of run-up, the time histories of surface
elevation, and the discharge coefficient of wave overtopping.

2. A constant discharge coefficient of wave overtopping was assumed.
Actually, however, it varies significantly with several parameters such
as: the water depth at the toe of sea-walls; the crown height of sea-
walls; wave steepness; sea-bottom slopes; the slope of sea-walls and
others.

3. The formula for the wave overtopping calculation affords neither
enough accuracy nor wide applicability.

4.  The triangular approximation by Shi-igai et al. (1970)2) for the
time histories of surface elevation does not show good agreements with
observations. Besides, in this study, the fundamental wave form assumes
small amplitudes, which is inadequate for analysing such an involved
phenomena as wave overtopping.

5. Shi-igai et al. (1970)2) presented the virtual wave run-up concept
and studied the characteristics of this phenomena. However, this
approach could not permit positive utilization of the results of other
studies previously performed.
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Thus, intending to solve these problems, after examing extensive- experi-
m?ntal results{ the authors have presented the formula for the calcula-
tion of the height of wave run-up and the quantity of wave overtopping

on

10)

vertical sea-walls,
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WAVE OVERTOPPING QUANTITY 2009
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