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EXTENDING THE H& R WAVE OVERTOPPING MODEL TO VERTICAL STRUCTURES

M.T. Reig, T.S. Hedges S. Neve§ M.G. Neve§ K. HW®, H. Masé

Abstract

The H&R wave overtopping model, originally developed for sloping structures, is employed in
a number of operational coastal flood forecasting and warning systems. This paper describes
the first step in a project to extend the model to encompass vertical structures. Use is made of
the CLASH database for the purpose of checking whether it is appropriate to simply
extrapolate the existing formulae for the model's empirical coefficients beyond their strict
ranges of applicability. The outcome is encouraging. Despite the fact that, in general, the
model tended to underestimate the higher wave overtopping rates, it was reasonably accurate
in describing the lower overtopping rates which normally trigger flood warnings, suggesting
that it may be worthwhile pursuing the task of calibrating and validating the H&R model for
vertical structures.

1. Introduction

Since 1998, Royal HaskoningDHV (RHDHV) has been developing coastal flood forecasting and
warning systems in the UK for the Environment Agency (EA) and the Scottish Environment
Protection Agency (SEPA) and in the Republic of Ireland for Dublin City Council (DCC). The
latest development was the new Firths of Forth and Tay coastal flood warning system for SEPA,
which has been in operation since November 2012. These systems aim to give those at risk
valuable time to protect their families, homes and businesses, by providing advance warning of
flooding.

In developing all systems, RHDHV has analysed the suitability of several methodologies/tools for
predicting wave overtopping (Laret al, 2008; Naysmitret al, 2013), such as the AMAZON
numerical model (Hu, 2000; Red&t al, 2011), empirical formulae from the EA Manual (Besley,
1999) and the EurOtop Manual (Pullehal., 2007), and the H&R semiempirical model (Hedges

& Reis, 1998, 2004; Reist al, 2008). The H&R overtopping model, designed especially to
predict low wave overtopping rates, proved to be the most robust and reliable, since AMAZON
was not as efficient, resulting in higher development costs, and the other empirical methodologies
significantly overpredicted low overtopping rates. Overprediction would lead to false warnings
being issued and result in a warning system that the public would soon distrust. AMAZON was
chosen only for more complicated defence/beach profiles.

Since the H&R model was found to suit the nature of flood forecasting practice, it was
recommended by RHDHV to extend this model to vertical structures, not included in its
calibration and validation. The CLASH database (Van der Meeal., 2009) was used for this
purpose. It consists of more than 10,000 tests, each described by means of 31 parameters. Many
types of coastal structures are included, such as dikes, rubble mound breakwaters, berm
breakwaters, caisson structures and combinations. Some of the tests were performed within the
CLASH project to cover missing parameter values. Other CLASH tests were undertaken both at
prototype and model scales.

This paper describes the first step in extending the H&R model to vertical structures and the
further developments which are planned. Following this introduction, Section 2 describes the
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original development of the H&R model. Section &ldewith the extraction of datasets from the
CLASH database for analyzing the current H&R maqplsiformance for vertical walls, which is
covered in Section 4. The paper ends with the maitlusions drawn so far.

2. TheHedges and Reis (H& R) Model
2.1 ltsdevelopment

Hedges & Reis (1998) introduced a semiempirical ehitie H&R model) based on an overtopping
theory for regular waves developed by Kikkaetal (1968), who had assumed that a seawall acted
as a weir whenever the incident water level exadetiee seawall crest level and that the
instantaneous discharge was described by the aveiufa. The H&R model extended the concept to
random waves. It can be written as follows:

B
q=A\/gRﬁan{1— R } for o{ R, }<1
ymeax ymeax 1
= 1)
g=0 for [ . }21
ymeax

where ¢ is the mean wave overtopping dischargaipiilength of seawall, A and B are empirical
coefficients, g is the gravitational accelerati®.y is the maximum run-up on a smooth slope
induced by the random waves during a stoymis the reduction factor to account for slope
roughness/permeability, and. B the crest freeboard of the structure. The pecgilue of Rax
during any particular storm cannot be knoavpriori: an estimate of its value has to be made. Unless
Rmax> R/Y:, there is no overtopping apart from wind-blownaspiFigure 1 shows a diagrammatic
representation of the model.
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Figure 1. A diagrammatic representation of the H&Bdel (Hedges & Reis, 2004).

Coefficients A and B have been evaluated usingréiselts of hydraulic model tests. Hedges &
Reis (1998) originally used Owen’s data for thatgmse (Owen, 1980), in which overtopping had
been evaluated for runs of 100 waves acting on 8nwopesy; = 1) of 1:1, 1:2 and 1:4. In this case,
the most probable maximum run-up during each ren, the value not exceeded in 37% of the cases
assuming a Rayleigh distribution of run-ups) was

(Rimax)379,100=1.52R; (2

where R is the significant wave run-up, which was initfallvaluated using the equations given in
the CIRIA/CUR (1991) manual. The value of the maximrun-up not exceeded in 99% of the cases
for runs of 100 waves was expected to be deschipéthuation (3):
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(Rmax)99%,100= 2- 1R 3)

More recently, Maset al. (2003) modified and extended the H&R model tooact for Japanese
data on run-up and overtopping. The new data fexleio later as the Kansai data) covered front
slopes as shallow as 1:20. Furthermore, insteasiofy the expressions given in the CIRIA/CUR
(1991) manual to estimate,Raseet al (2003) used a modified version of Hunt's equatioet
incorporated wave setup:

025+110¢, for 0<¢g,<22

R¢/H=1300-01%, for 22<¢&,<90 (4)
1.65 for 90<§,

where H is the incident significant wave height aggd=tana /(H,/ Lop)o'5 is the surf similarity
(or breaker) parameter, with the angle of the seawall front slope measured fitwenhorizontal,
Lop :ng2 /2mtand T, the wave period corresponding to the peak of tis&gléent wave spectrum.
The question of where the incident waves shoulsigeeified is dealt with in the next section.
Combining Equations (2) and (4) gives Equations (5)

038+167¢, for 0<¢g,<22

(Rimax) 3me00/ Hs =1 456—02%, for 22<&,<90 (5)
251 for 90<§,

Equations (3) and (4) give Equations (6).

054+ 237¢, for 0<§,<22
(Rinax) agei00/ Hs =1 645-032%, for 22<&, <90 (6)
355 for 90<¢g,

Furthermore, if the Rayleigh distribution appliegtin-ups, then:

(Rmax)379,100= R (7)
in which Ry, denotes the value exceeded by n% of all the iddalirun-ups.

A value such as (Rys7e.100Simply provides an estimate of the actual maximumup during a
storm (i.e., it provides an estimate of the minimineeboard needed for zero overtopping).
However, this estimate should ensure, at the veagt] that any overtopping that does occur
remains negligible. In this connection, it is wontleting that, in the past, sea defences in
continental Europe were often planned with a freeth@qual to R, under design wave conditions.
(Rmax379,100 IS @about 8.5% greater thamn,Raccording to the Rayleigh distribution. It is also
interesting to note that if (Rys37%,1001S & satisfactory estimate of,) then there should be no
evidence of overtopping of seawalls having>Rt.1H, regardless of the front slope or of the
incident wave steepness because Equations (5)(Bivg)s7%,100= 4.1H (approximately) as the
maximum value. In this regard, Van der Meer & Jandd.995) record no overtopping discharges
for cases in which R Hs > 4.1. Even so, for a more conservative approdesigners can choose
to estimate Rax With (Rnaoo% 100 (= [Rmad37910,000= Ro.o109. This choice would accept the
possibility of overtopping, for certain combinatomf slope and wave steepness, whenever
R. < 5.8H, (approximately). Both the Owen (1980) and Van Meer & Janssen (1995) models,
being of exponential form, predict some degreevefrimpping, regardless of how small the waves
might be, for all finite values of R

Reanalysis of Owen’s data and the Kansai data tmsded updated values of coefficients A and
B in Equations (1). The new analysis has also pexvicoefficients for the shallower slopes
covered by the Kansai data (with slopes as shaliewl:20). Using (Ru)37e% 100 pProvided by
Equations (5), the values of A and B are now dbedrby the following expressions:
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A= {0.0033+ 0.0025cota for l1l<cota<12

0.0333 for 12<cota <20 (8)
B= 2.8+ 065cota for 1<cota<8
~1102- 0275cota for 8<cota <20

Equally, with (Rnax)99e,100provided by Equations (6), the values of A and@&described by:

A= 0.0016+ 0002cota for 1<cota <10
~10.0216 for 10<cota <20

B= 534+ 115cota for l<cota<7
" 11661~ 046c¢cota for 7<cota<20

Equations (8) and (9) have subsequently been vatidasing the data of Hawkesal (1998) for
uniform seaward slopes of 1:2 and 1:4 and the SHAD@ata (Bayet al, 2004) for relatively
high discharges over slopes of 1:2, 1:10, and Ifable 1 shows the range of conditions covered
by the calibration and validation tests carried prviously. Note that h is the water depth
immediately in front of the toe of the structure.

(9)

Table 1. Range of conditions covered by the cdiitineand validation tests (Reds$ al, 2008).

Sse@VSZ‘" Limits Tests £, RJ/H. hiH,
1:1 Min calibration 4,71 0.57 1.65
Max 6.20 2.40 5.06

1:1.333 Min calibration 3.69 0.06 3.88
Max 8.25 2.24 21.30

1:2 Min calibration 2.35 0.57 1.69
Max 3.13 2.60 5.19

Min validation 2.12 0.85 0.93

Max 6.52 7.65 26.31

1:3 Min calibration 1.64 0.06 3.88
Max 3.67 2.24 21.30

1:4 Min calibration 1.19 0.58 1.65
Max 1.55 2.42 5.13

Min validation 1.13 0.86 0.95

Max 2.38 2.86 4.29

1.5 Min calibration 0.98 0.06 3.88
Max 2.20 2.24 21.30

1.7 Min calibration 0.70 0.06 3.45
Max 1.57 2.24 21.30

1:10 Min calibration 0.55 0.16 3.45
Max 0.78 1.00 15.50

Min validation 0.51 0.69 2.80

Max 2.55 6.29 14.80

1:15 Min calibration 0.32 0.06 3.88
Max 0.73 2.24 21.30

Min validation 0.34 0.52 2.93

Max 1.71 4.63 14.79

1:20 Min calibration 0.22 0.13 2.76
Max 0.38 0.75 15.51

2.2 Where should the incident waves be specified?

Clearly, in applying overtopping models, it is im@mt to be aware of where the input wave
conditions should be specified. The most common @ffehore, at the toe of the foreshore slope
(Owen, 1982; Hedges & Reis, 1998, 2004) and atahef the structure itself (Pulleat al, 2007).
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The input wave conditions are the same at the tloesions if the toe of the structure is in deep
water.

If the wave conditions are specified offshore othat toe of the foreshore, then the foreshore and
structure may be treated as a single entity inmadihg overtopping. If the wave conditions are
specified at the toe of the structure, then itngpadrtant to be aware of the influence of wave
breaking over the foreshore, particularly as waeaking will induce a set-up of the water level in
front of the structure. Wave breaking becomes igumarif the ratio of the depth of water, h, to the
incident significant wave height,sHs less than about 3.

Finally, note that Owen’s and the Kansai datasagajnst which the H&R model was calibrated,
related overtopping rates to wave conditions atakeof a foreshore sloping uniformly seaward to
a depth unaffected by wave breaking. The relativatew depths at the toes of the model
embankments were in the ran@5<h/H, < 520 (see Table 1). Consequently, use of the H&R

model is currently limited to the specificationwéve conditions at the toe of the foreshore within
the above range of relative water depths.

2.3 Extension to vertical structures
Extending the H&R overtopping model to verticalstures is planned to encompass:

1. Athorough review of the data for vertical walls@aother steep slopes) in the CLASH database
(Van der Meeret al, 2009) to check if: i) the H&R model needs furtlsalibration; and ii) if
there are sufficient data for both calibration aatidation of the model;

2. Areflection on any additional wave conditions amdtructure geometries, beyond those already
in the CLASH database, which might need testing;

3. Composite (numerical and physical) modeling of tattil wave conditions and structure geometries;
4. Final H&R model calibration.
The next sections report on the work carried othiwithe scope of step 1i) and on its outcome.

3. Extraction of Datasets from the CLASH Database
3.1 Datasets

As noted earlier, the CLASH database includes uaritypes of coastal structures, from simple

vertical walls to complex rubble-mound breakwatddatasets were extracted only for vertical

structures with smooth, impermeable faces. ExclUdeah these selected datasets were data for
vertical structures with toes, berms, re-curvedisvahd broad crests, as well as data for oblique
wave incidence. Data for zero overtopping ratesewsed in the analysis.

The extraction provided 602 overtopping resultsrfr® datasets, all obtained from small-scale
tests. Table 2 lists the dataset names and, fdr @ataset, the number of tests and the ranges of
some of the parameters considered. In this tableo deepiS the deep water wave period obtained
from the O and the -1 moments of the spectrumdnmd my); T, ¢eepiS the peak wave period in
deep water; Ji.is the peak wave period at the toe of the strectdg, qeepiS the significant wave
height determined at deep water from spectral g, e iS the significant wave height
determined at the toe of the structure from spketnalysis; m = cd is the cotangent of the
foreshore slope, where m = 1000 represents artestfilume with no foreshoreyda, is the deep
water depth; and, as mentioned earlier, h is themgepth in front of the structure toe.
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Table 2. Characteristics of extracted CLASH datgmtvertical walls.

Dataset 028 106 107 224 225 351 402 502 802

Number of tests 173 30 56 35 18 2 37 4y 209

Tr10deep | MiN 1.102 0972 | 1.070 | 1.291 | 1.273 | 1.311 | 0.690 | 0.965 | 1.613
(s) Max 2.313 1.962 | 7.500 | 3.000 | 2.373 | 1.695 | 1.069 | 1.517 | 2.656

Tpdeep | Min 1.212 1.069| 1.020] 1.42( 1400 1442 0.769 1.04%.774
(s) Max 2.544 2.158| 5.114 3300 2610 1.864 1.376 1.70Z.922

Totoe Min 1.222 1.069 | 1.020 | 1.420 | 1.419 | 1.442 | 0.759 | 1.045 | 0.000
(s) Max 2.607 2.158 | 5.114 | 3.300 | 2.637 | 1.864 | 1.176 | 1.707 | 2.971

Hmo deep | MiN 0.050 0.054| 0.047] 0.125 0.114 0.084 0.080 0.050.051
(m) Max 0.210 0.262] 0.247 0201 0194 0.115 0.091 0.148.179

Hmote | Min 0.030 0.054 | 0.047 | 0.119 | 0.114 | 0.084 | 0.030 | 0.031 | 0.000
(m) Max 0.166 0.262 | 0.247 | 0.197 | 0.173 | 0.115 | 0.091 | 0.099 | 0.168

m=cob | (-) | 10,30,100 1000 1000 50 20 1040 1000 10j 5, 30

Naeep Min 0.700 0.700 | 0.600 | 0.670 | 0.567 | 0.276 | 0.700 | 0.700 | 0.580
(m) Max 0.700 0.775| 0.800 | 0.970 | 0.809 | 0.286 | 0.700 | 0.700 | 0.580

h Min 0.050 0.700| 0.600] 0.20( 0.16f/ 0.296 0.700 0.09@.100
(m) Max 0.200 0.775| 0.800 0500 0.409 0.286 0.700 0.240.225

R. Min 0.035 0.025 | 0.000 | 0.130 | 0.165 | 0.117 | 0.070 | 0.085 | 0.065
(m) Max 0.200 0.200 | 0.200 | 0.400 | 0.400 | 0.127 | 0.150 | 0.150 | 0.264

3.2 Wave conditions

As noted earlier, wave conditions should be spedtifit the toe of the foreshore when using the
H&R model. However, wave conditions in the CLASHalmse are specified in deep water and at
the toe of the structure, only. For the 9 datasstsacted from the CLASH database, wave
conditions in the database were obtained from measents (“Meas”) or calculatesl posteriori
(“Calc”), as shown in Table 3.

Table 3. Determination of wave characteristicsxtfaeted CLASH datasets.

Number T H T T T
Dataset m = coe m-1,0 deep mo toe p toe m toe m-1,0 toe

of tests (s) (m) (s)

28 173 | 10,30, 100 Calc Calc Calc

106 30 1000 Calc (equal to conditions at the to

107 56 1000 Calc (equal to conditions at the to

224 35 50

225 18 20 C
351 2 1000

402 32 1000

502 47 10,50

802 209 10, 30

In this table, T, qeep@nd Tn e are the mean wave periods obtained either frorotsgeanalysis or
from time-domain analysis in deep water and attdleeof the structure, respectively, andib e
is the wave period at the structure toe obtainewhfm, and ny,.

Details of the methodologies used for calculatiagameter values (“Calc”) can be found in Van
der Meeret al (2009). As noted by these authors, if wave charestics were only measured at
the toe of the structure and not in deep waten thehe case of relatively deep water at the foe o
the structure, it was assumed that the wave clarsiits in deep water were the same as at the toe.
In this case, it would also be reasonable to asdhatethe wave characteristics at any foreshore
toe would be the same as the values at the tobkeo$tructure and in deep water. Obviously, if
there was no foreshore slope (denoted m = 100@eimatabase), the wave conditions at the toe of
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the foreshore were the same as those at the tbe sfructure. For the spectral wave perigg;
a fixed relationship between, &ind T,.1,cwas accepted for single-peaked spectya: o Ty/1.1. It
was also assumed that ¥ 1.2T,.

In this study, it was assumed that the wave camfitiat the toe of the foreshore are not very
different from those in deep water. Wave transfdmomabetween deep water and the structure toe
was checked for breaking and shoaling: i) if h/kle,™> 3, no significant breaking is expected
(Hedges & Reis, 2004); and ii) if hffdeep> 0.05, no substantial changes in the significeane
height are anticipated due to shoaling (Goda, 200@hese conditions are met at the structure,
then this will also be the case at the foreshore.

Table 4 presents the range of values for.plt,and h/lp geepfor the 9 datasets considered. Since
both Owen’s and the Kansai calibration data weredusvith h/H> 1.65 in the original
development of the H&R model (see Table 1), theddem 1.65 < h/H qeep<3 was also
considered here. As a result, the data have bdénrgp bands in this study, according to the
following conditions:

e Condition I h/Hy geep™ 3 and h/lp geep™ 0.05;
e Condition Il:  1.65 < h/lo geep< 3 @and h/lyp geep™ 0.05;
« Condition I:  h/Hyo geep™ 3 and h/lgp geep< 0.05;
e Condition IV: 1.65 < h/lo geep< 3 @and h/lyp geep< 0.05.

Table 4. Range of values for h{kheep@nd for hilg, geepfor the extracted CLASH datasets.
Dataset 028 106 107 224 224 351 402 502 802
h/Hmo deep | Min | 0.357 2.703 2490 1.006 1.006 2482 7.692 0.809.752
() Max | 3.725 14.352| 17.021 3.023 3.103 3.266 23.332853| 2.941
¢)
3

h/Lop geep | Min | 0.005 0.107 0.018] 0.01p 0.01 0.063 0.324 0.p20.020
() Max | 0.087 0.434 0.462] 0.124 0.12 0.085 0.178 0.14%046

4, Performance of the Current H& R Model for Vertical Walls

Figures 2 to 7 compare the values of measured roeartopping discharges provided in the
CLASH database for the 9 datasets considergdgsg with the values estimated by the H&R
model, ger, Dy extrapolating the formulae for A and B (Eqaas (8) and (9)) outside their strict
ranges of applicability, taking awt= O (for a vertical structure). Note thafefs79%,100 iMmplies the
use of Equations (5) and (8) with Equation (1), [8thilersss, 100 implies the use of Equations (6)
and (9). The figures on the left, with logarithrsicales, show most of the data but cannot display
zero overtopping rates. These are presented imighehand figures, using linear scales. The 9
different datasets are colour-coded for identifarat

The figures for Condition | show that the H&R modeth values of A and B extrapolated to

cota = 0 underestimates the higher overtopping ratea fgctor of about 4; but in the range of

very small degrees of overtopping, the extendedenizdreasonably accurate. The model using
(Rmax)37%,1001S Marginally better than that employing &9 100

For Condition II, the under-prediction at higherawopping rates is less than that for Condition |
but the scatter is generally greater.

There are few results for Condition Il (not showere) and those for Condition 4 are generally
unsatisfactory, an unsurprising outcome given thet that the values of hflgeep imply the
possibility of significant changes in the wave citinds due to shoaling between the deep water
values assumed and those at the toe of the forshor
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Figure 6. Relationship betweeg g+ and Gier(res,100)f0r 1.65 < h/Hg geep< 3 @and hiky, geep< 0.05 (Condition 1V).
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Figure 7. Relationship betweeg g+ and Giereges100)f0r 1.65 < W/ geep< 3 @nd h/l, geep< 0.05 (Condition V).

5. Conclusions

The H&R wave overtopping model, originally develdpfer sloping structures, is employed in a
number of operational coastal flood forecasting wadhing systems. This paper describes the first
step in extending the H&R wave overtopping modeledtical structures. For this purpose, use
was made of the CLASH database for simple, smdothermeable, vertical walls acted on by
waves approaching normally. The main aim was tesssshe validity of extending the H&R

model by simply extrapolating the values of its @mpl coefficients outside the range for which
they had previously been established.
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In general, the model tended to underestimate thbeh overtopping rates. However, it was
reasonably accurate in predicting the lower oveitog rates, suggesting that it may be
worthwhile pursuing the task of calibrating andidating the model for vertical structures, as it is
the lower overtopping rates which normally trigfjeod warnings.

Acknowledgements

The financial support of the FCT project HIDRALERFAFlood forecast and alert system in
coastal and port areas, ref. PTDC/AAC-AMB/120702/20s acknowledged.

References

Bay, I., Hedges, T., Shareef, M., Pullen, T., 2004ve overtopping of shallow sloping seawalls: egien and
refinement of empirical prediction metho@soc. 29" ICCE, Lisbon, Portugal, ASCE, pp. 4417-4429.

Besley, P., 1999%0vertopping of Seawalls: Design and Assessment MaR&D Technical Report W178,
Environment Agency, Bristol, UK, 37p.

CIRIA/CUR, 1991.Manual on the Use of Rock in Coastal and Shoretingineering Special publication 83,
Construction Industry Research and Information Aisdimn, London.

Goda, Y., 2000Random Seas and Design of Maritime Structu@&Edition. Advanced Series on Ocean
Engineering: Volume 15, World Scientific, 443p.

Hawkes, P.J., Coates, T.T., Jones, R.J., 189&act of Bi-Modal Seas on Beaches and Controlcgiras.HR
Wallingford, Report SR 507, 22p.

Hedges, T.S., Reis, M.T., 1998. Random wave ovpigpof simple seawalls: a new regression modeler,
Maritime and Energy Journall30(1), pp. 1-10.

Hedges, T.S., Reis, M.T., 2004. Accounting for mmdwave run-up in overtopping predictiomMdaritime
Engineering Journall57(MA3), pp. 113-122.

Hu, K., 2000 High-Resolution Finite Volume Methods for Hydrad#low Modelling Centre for Mathematical
Modelling and Flow Analysis, Manchester Metropalitaniversity, Doctoral thesis, 194p.

Kikkawa, H., Shi-lgai, H., Kono, T., 1968. Fundart@rstudy of wave over-topping on levedsurnal of
Coastal Engineering in Japadl, pp. 107-115.

Lane, A., Hu, K., Hedges, T., Reis, M.T., 2008. Nemth east of England tidal flood forecasting sgstProc.
FLOODrisk 2008, Flood Risk Management: ResearchRuadtice Oxford, UK, CRC Press, pp. 1377-1387.

Mase, H., Hedges, T.S., Shareef, M., Nagahashi2®3. Wave overtopping formula for gentle slopes
incorporating wave runujProc. Coastal EngineeringSCE, 50, pp. 636—640 [in Japanese].

Naysmith, L., Cranston M., Hart, P., Whitlow, Cowi#s, C., Hu, K., 2013. Firths of Forth and Tay €&
Flood Warning Improvemerieroc. Coasts, Marine Structures & Breakwafé&3eptember (abstract accepted).

Owen, M.W., 1980Design of Seawalls Allowing for Wave OvertoppiRgport EX 924, Hydraulics Research
Station, Wallingford, UK, 39p.

Owen, M.W., 1982. The hydraulic design of seawatffifes. Proc. Shoreline Protectioninstitution of Civil
Engineers, London, pp.129-136.

Pullen, T., Allsop, N.W.H., Bruce, T., Kortenhaus, Schuttrumpf, H., Van der Meer, J.W., 20&urOtop:
Wave Overtopping of Sea Defences and Related @&acAssessment Manualr8p.

Reis, M.T., Hu, K., Hedges, T.S., Mase, H., 200&aofparison of empirical, semiempirical, and nugcwri
wave overtopping modeldournal of Coastal Researc®4(2B), pp. 250-262.

Reis, M.T., Neves, M.G,, Lopes, M.R., Hu, K., SjNaG., 2011. Rehabilitation of Sines West Brealexat
wave overtopping studiaritime Engineering Journall64(MAL), pp. 15-32.

Van der Meer, J.W., Janssen, J.P.F.M., 1995. Wavaip and wave overtopping at dikesVilave Forces on
Inclined and Vertical Wall Structurd&d. Kobayashi, N. & Demirbilek, Z.), ASCE, Newrko

Van der Meer, J.W., Verhaeghe, H., Steendam, BD9. The new wave overtopping database for coastal
structuresCoastal Engineerings6, pp. 108-120.

10



