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Summary

There is a chance that storm surges occurring in coastal areas cause overtopping over wide crested dikes.
The overtopping water results in a hydrodynamic load on the structures built on top of the crest. This is for
example the case at the Belgian coast where houses and hotels are constructed on top of the dike crest.

In this study, physical model tests were executed on a schematized model scaled 1/30. The aim was to
come up with a relationship describing the force on a vertical plane exerted by the overtopping water as a
function of wave parameters and geometrical characteristics. Due to time constraints the number of tests
had to be restricted so only a limited number of parameters could be varied. Despite these restrictions, the
experiments revealed the most important mechanism of the impact process under the two dike
configurations included: the dike side case with dike crest width of 0 m and the inland case with dike crest
of width 0.5 m in model scale.

The overtopping wave force could directly be related to the overtopping wave momentum flux, resulting in
a simple formulation for the prediction of the wave force. Thus, the overtopping wave force is proportional
to the overtopping wave momentum flux, obtained by integrating the maximum water depth in front of the
vertical plane for the inland case and the dike side case. The coefficients of these two cases are almost
the same, namely around 0.33.

When building the relationship between the overtopping wave force and the incident wave and dike
geometrical characteristics, three other approaches were also applied. Firstly, the concept of overtopping
wave tongue thickness was introduced into the relationship between the overtopping wave force and
incident wave characteristics; secondly, overtopping flow velocity and water layer thickness at the
beginning crest of the sea dike were also added into the analysis of overtopping wave force and finally, a
new dimensionless overtopping wave force was developed. This dimensionless overtopping wave force is
also proportional to the dimensionless freeboard: the least scatter for this parameter gave a rather good
potential suitability for force prediction, especially with the conditions of large incident wave height impacts
on the relatively low freeboard. The coefficient related to the two dimensionless parameters could also be
dimensionless with a form of crest width divided by wave length, however due to the limited configurations,

this dimensionless coefficient still needs to be explored further in future study.

The reduction effect for crest width of 0.5 m is about 65%. Due to the fact that only two widths crest were
tested in the present study, the relationship between the width and overtopping wave force could not be
presented. Therefore, in future study, variation of the width of the crest should be increased, and the effect

of the crest width could be further researched.
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1 Introduction

1.1 Background

1.1.1 Coastal flooding disasters and storm surge

Natural disasters such as earthquakes, tsunamis, and floods have occurred frequently in the past
decades. For example, the catastrophic flooding in Japan caused by a tsunami on 11 March 2011,
swept away boats, homes and cars along the north-eastern Japanese coast. In late August 2005,
flooding due to hurricane Katrina, the most damaging hurricane in U.S. history, also left more than
204,000 homes in Louisiana uninhabitable, damaged, or destroyed (FEMA, 2006). And in 2004, the
tsunami wave caused by an earthquake in Indonesia, one of the biggest natural disasters in recent
human history, killed at least 290,000 people and affected the livelihood of millions of people in over ten
countries. Coastal flooding caused by a storm surge is especially important for low-lying areas.

Storm surges are caused primarily by high winds pushing on the ocean's surface. The wind causes the
water to “pile up” higher than the ordinary sea level. Along the coast, a storm surge is often the greatest
threat to life and property. Figure 1.1 (a) shows the definition of a storm surge and its threat to
buildings. In the past high death tolls were the results from the rise of the ocean associated with many
of the major hurricanes that have made landfall (National Hurricane Centre, 2010). A five floor hotel
was destroyed in hurricane Katrina in 2005, refer to Figure 1.1 (b).

Existing building codes, design practices and disaster planning methods pay little attention to flood
impacts, related to earthquakes and wind loads acting on buildings. For example, ASCE/SEI 7-05
(ASCE 2005) introduces many building design methods for engineers for a variety of loading
conditions. In this publication there are 60 pages detailing wind loading and more than 100 pages on
earthquake loading, while only two pages deal specifically with wave loading (Wilson, et al, 2009).

Holiday Inn Storm Surge
Gulfport Beach, Mississippl

(a)

Figure 1.1 (a) Schematic of storm surge and (b) building damage due to Hurricane Katrina
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1.1.2 Sea dikes for low-lying area

Different types of coastal structures are built worldwide to protect inland areas from coastal flooding. A
sea dike is a common coastal structure found in low-lying land areas. The primary function of sea dikes
is to protect low-lying coastal areas from inundation by the sea under extreme wave conditions by a
separation of the shoreline from the hinterland with a highly impermeable structure. Figure 1.2 shows a
typical dike cross-section and a photo of a typical Dutch sea dike. It is a predominantly earthen
structure consisting of a sand core, a watertight outer protection layer, toe protection and a drainage
channel. These structures are designed to resist wave action and to prevent or minimize overtopping.

Mean High Water Spring Tide

Filter

Sand Core

Toe protection with
rocks and geotextile

Drainage Channel

Figure 1.2 (a) Typical sea dike cross section (Linham and Nicholls, 2010) and (b) typical dutch sea dike photo.

Dikes have been utilized as flood defenses in the Netherlands over the past several hundred years. As
such, the Dutch have extensive experience in their design, and many countries apply the Dutch design
practice in dike construction.

Typically, the Dutch practice employs the following design guidelines, extracted from Linham and
Nicholls (2010):

e Sloped seaward face at a gradient of between 1:3 to 1:6 — to reduce wave loadings

e Sloped landward face at a gradient of between 1:2 to 1:3 — to minimize land take and maximiz-
es stability

e Impermeable cover layer — this is usually composed of clay but is sometimes supplemented by
asphalt. It serves to protect the sand core.

e Toe protection — used as supplemental armor for the beach and prevents waves from scouring
and undercutting the structure.

e Dike core usually composed of sand to ensure that water that does enter can drain away. The
core provides support for the cover layer and gives the structure sufficient volume and weight to
resist high water pressures.

e Drainage channel — allows any water which does enter the structure to drain away, therefore
ensuring the structure is not weakened by water saturation.

1.2 Belgian coastal sea dikes

The Belgian coastal zone is 67 km long. It consists of a low-lying area, with an average width of 15 km
and located at an average level of 2 m below the surge level of an annual storm (Verwaest, 2006) as
shown in Figure 1.3. The natural sea defenses are sandy beaches and dunes. However, hard defense
structures, such as dikes and sea-walls, have replaced the dunes almost everywhere in coastal towns
and ports, and hence represent approximately two thirds of the Belgian coastal defense.



http://climatetechwiki.org/sites/default/files/images/teaser/teaser image.JPG
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Level difference with average yearly storm

Level difference
<m TAW>
<3
. s
— B
- >2

Figure 1.3 Level difference between the coastal land and the surge level of an annual storm (Verwaest, 2006)
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Figure 1.4 Coastal town, Oostende, Belgium (GKVP, 2011)

In the Netherlands buildings are not commonly constructed close to sea dikes. However, in the Belgian
region, coastal defenses typically exhibit a crest up to several tens of meters wide in front of apartment
buildings. The Belgian coastal sea dike has a wide crest which is often built on former dune belts.
Today the function of these dikes is not only used as coastal protection but also as a recreational
promenade of high importance for tourism (Verwaest and Vanpoucke, et al, 2010). This situation
generates a densely populated low-lying coastal zone in Belgium which is under a relatively high risk of
coastal flooding. Also, many buildings have been built very close to the existing dikes and are at high
risk from coastal flooding, as depicted in Figure 1.4.
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Figure 1.5 Picture of a typical Flemish coastal dike during moderate storm conditions with a little bit of
overtopping occurring (Verwaest, et al, 2010).

1.3 Research objectives and methodology

In the winter storm season, there is a risk that storm surges occurring in the Belgian coastal area may
cause overtopping of the dikes (refer to Figure 1.5). The overtopping wave may threaten buildings and
even lead to damage and casualties in extreme cases. The research related to overtopping waves on a
wide crested Belgian dike and the wave impact loading on buildings and structures on the dike is
limited.

Therefore, the primary objective of this study is to investigate the relationship between the overtopping
wave characteristics and its hydrodynamic loading on buildings set back from the edge of the sea dike,
using a 1:30 scale physical hydraulic model. In order to study the loading caused by overtopping
waves, the following processes relevant to wave run-up and wave overtopping flow on the dike crest
will be addressed:

e Wave parameters at the toe of the sea dike,

¢ Wave transformation on the seaward slope up to the breaking point,

e Wave run-up and wave run-down on the seaward slope,

e Wave overtopping on the dike crest,

e Wave overtopping loadings on the building.

These processes are described in more detail in the following chapters. Figure 1.6 gives an overview of
the objectives and the methodology of the present study, following a similar outline given in
(Schattrumpf and Oumeraci, 2005).
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1.4 Report outline

The current report contains the following chapters:

Chapter 2 is a literature study in which the existing methods and processes related to overtopping
waves are presented. In Chapter 3, the physical model set-up is described including a detailed
presentation of the scale model used in this study. In Chapter 4, the data processing methods are
discussed. Presentation and analysis of the results can be found in Chapter 5. In Chapter 6, a
discussion based on the findings of Chapter 5 is given. Finally, the report closes with Chapter 7 where
the main conclusions and recommendations are presented.
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2 Literature Study

2.1 Introduction

The following sections provide a review of the existing literature into wave overtopping of dikes
investigations. The physical dimensions and hydraulic parameters are defined in section 2.2. In section
2.3, a selection of recent research relating to overtopping behavior on the crest is presented. Finally, in
section 2.4, Tsunami wave force on the dike crest or inland induced force on buildings and the
behaviors of overtopping waves are explored.

2.2 Physical dimensions and hydraulic parameters

Crest.width i

Figure 2.1 Schematic of a typical sea dike for the Belgian coast

2.2.1 Physical dimensions

The following sections discuss and define the physical dimensions of a sea dike. A schematic of a
typical sea dike for the Belgian coast is given in Figure 2.1. The key geometric parameters for the dike
are explained as follows.

e Crest freeboard (R,)
The crest freeboard (R,) is defined as the height of the dike crest to the still water level (SWL)

e Crest width (B)
For this study, the crest width (B) is defined as the width for the crest of the dike to the edge of
buildings, sea-wall or other forms of structure.

¢ Roughness
Roughness can decrease wave run-up and consequently overtopping as it can dissipate wave energy.
Roughness is created by irregular shaped block revetments, artificial ribs or blocks on a smooth slope.
In common overtopping design formulae, it is characterized by the roughness reduction factor.
(Lioutas, 2010)

2.2.2 Hydraulic parameters

The following sections describe hydraulic parameters that characterize wave overtopping. Most of
these definitions are referred from EurOTop Manual (EurOTop, 2007).

e Wave height (Hno, H)

For irregular wave condition, the wave height used in the wave run-up and overtopping formulae is the
incident significant wave height H,,, at the toe of the structure, called the spectral wave height. Another
definition of significant wave height is the average of the highest third of the waves, Hys.
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For regular wave (in this study), H is used to describe the incident wave height of each waves.

e Wave period (T, T, T)

For irregular wave condition, various wave periods can be defined for a wave spectrum or wave record.
Conventional wave periods are the peak period T, (the period that gives the peak of the spectrum), the
average period T,, (calculated from the spectrum or from the wave record) and the significant period
T3 (the average of the highest 1/3 of the waves). The relationship T,/T,, usually lies between 1.1 and
1.25, and T, and T,;; are almost identical.

The wave period used for some overtopping formulae is the spectral period T,,.1,. This period gives
more weight to the longer periods in the spectrum than an average period and, independent of the type
of spectrum, gives similar wave run-up or overtopping for the same values of T, cand the same wave
heights. In this way, wave run-up and overtopping can be easily determined for double-peaked and
'flattened' spectra, without the need for other difficult procedures. Vertical and steep seawalls often use
the Tn,.10 OF T,, wave period. For regular wave condition, T is used to describe the incident wave period.

¢ Wave steepness (S)

Wave steepness (S ) is defined as the ratio of wave height to wave length. Wave length depends on
the used wave period, different wave lengths can be calculated resulting in different wave steepness.
This number can give some information about the wave's generation and characteristics. Generally a
steepness of 0.01 indicates a typical swell wave and a steepness of 0.04 to 0.06 a typical wind wave.
Swells will often be associated with long period waves where it is the period that becomes the main
parameter that affects the overtopping.

Wind sea conditions can also lead to low steepness waves if the wave breaks on a gentle foreshore.
When wave breaking occurs, the period does not change significantly (EurOTop, 2007), but the wave
height decreases resulting in lower steepness. Generally, low wave steepness in deep water means
swells while for depth limited conditions it often means broken waves on a gentle foreshore (Lioutas,
2010).

e Breaker parameter (&)
The beaker parameter (&) is also known as surf similarity parameter or Iribarren number. Originally it

was introduced as an indicator for whether a wave would break on a plane slope. Apart from whether or
not breaking will occur, it also describes the way a wave will break. It is widely used for the modeling of
many phenomena related to waves in shallow waters such as wave breaking, run-up and overtopping.
The breaker parameter is basically a ratio of the bed slope (& ) or wave steepness (S ).

Fe tan(ar)  tan(a)
=5 - \/ﬁ
L

Depending again on the used wave period (Tp va or Tm-l,o) and thus steepness (SOp + Som OF Sm10

2.1

), different breaker parameters can be calculated (§Op ,fom and §m71’0 ). The main types of breaking are
surging, collapsing, plunging and spilling. Figure 2.2 shows those different types of breaking for
characteristic values of é:m—l,O' The classification of breaker type in Figure 2.2 is robust, and

Schuttrumpf (2001) gives a breaker type limits table of &, (based on local incident wave height and

period in deep water) in which the classification is according to differernt dike slope (Figure 2.3). Note
¢, in Figure 2.3 has the same meaning with &, .
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Figure 2.4 Sketch definition of wave run-up height

e Wave run-up height (R,)
The run-up height R, is defined as the vertical distance between maximum wave run-up on an infinite,
smooth and impermeable slope and still water level (SWL), see Figure 2.4.

Granthem (1953), Saville (1955, 1956, 1958) and Savage (1958) contributed to the earlier
investigation of wave run-up. These researchers measured wave run-up caused by regular wave trains
impinging on various types of smooth and rough sloping structures, composite slope structures and
other variations (stepped, recurred, etc.) (Hughes, 2004).

Early practical formulas for regular wave run-up on smooth and rough plane slopes and composite
slopes were presented by Hunt (1959). Hunt recognized that different formulas would be needed to
differentiate run-up caused by non-breaking waves that surge up steeper slopes from run-up caused by
waves that break on milder slopes as plunging or spilling breakers (Hughes, 2004). Schuttrumpf
(2001) gives a hyperbolic function for regular wave (Equation 2.2) to have a smoother transition
between the different breaker types.

% =2.25tanh(0.5&,) 2.2

For irregular waves, the wave run-up height is given by Ry, This is the wave run-up level, measured
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vertically from the still water line, which is exceeded by 2% of the number of incident waves. The
number of waves exceeding this level is hereby related to the number of incoming waves and not to the
number that run-up. For the wave-up is not the research objective, therefore, here is just given a
general formula for irregular wave run-up by EurOTop Manual (Equation 2.3). Details about the wave
run-up theory can refer to other researcher’s findings such as Hughes (2004).

15

\/_f_o)

Rizse = Hpo(4— 2.3

2.3 Overtopping and overtopping wave bore

2.3.1 Overview

Wave overtopping occurs when the barrier (such as sea dike, breakwater, or other format structures)
crest height is lower than the potential run-up level; waves running up the face of a barrier reach and
pass over the barrier crest.

There are three physical forms of overtopping (FEMA, 2005):

e Green water overtopping occurs when waves break onto or over the barrier and the overtopping
volume is relatively continuous.

e Splash overtopping occurs when wave break seaward of the face of the structure, or where the
barrier is high in relation to the wave height, and overtopping is a stream of droplets. Splash
overtopping can be carried over the barrier under its own momentum or may be driven by on-
shore wind.

e Spray overtopping is generated by the action of wind on the wave crests immediately offshore
of the barrier. Without the influence of a strong onshore wind, this spray does not contribute to
significant overtopping volume.

The first type is the key objective of this study, so the literature investigation will be focused on green
water overtopping type. According to the objective of this study, little information is available on the
dynamic loadings of wave after overtopping; therefore, literature survey presented here is focused
primarily on behavior of post-overtopping wave, as represented by generation of overtopping bore, its
height and its bore front velocity.

2.3.2 Bore propagation

Cox & Machemehl! (1986) firstly interpreted the character of the bore of water propagating from a
green water overtopping wave. The preceding analysis was an extremely simplified approach to
analyzing the overland propagation of a bore. Figure 2.5 shows a sketch of overtopping wave bore
propagation, where hq is the initial bore height, which is also named as overtopping wave layer
thickness in other literature. For simplification, hy is named as overtopping wave layer thickness in this
study.

Schuttrumpf (2005) descript that at the transition line from the seaward slope to the dike crest the
wave run-up divides into two flow fields. The water passing this line flows over the crest of the dike
(overtopping wave bore is generated) and results in wave overtopping. The remaining water in the
wave run-up tongue flows on the seaward slope and runs back as wave run-down. During the model
tests, it was visually observed that some water flows back from the dike crest to the seaward slope.
Wave run-down is disregarded in his analysis of the layer thicknesses and overtopping velocities on the
dike crest. In his study, he proposed a mathematical form of the formula for the layer thickness (h) and
layer speed (V,) for narrow-crested dikes, see Equation 2.4 and Equation 2.5:

hhy=a-(R,-R.) 2.4
V0=b-\/§-\/(Ru—RC) 2.5

in which a and b are constants which can be determined by calibration in experiment according to
different exceedance probability for R,,.
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Figure 2.5 Bore propagation of overtopping wave (FEMA, 2005)

For exploring the overtopping wave layer thickness and velocity at the beginning of crest, Schuttrumpf
(2001) derived his formula by different breaker types, one is plunging breaker, and the other is surging
breaker. Figure 2.6 shows the definition sketches of two type breakers, where &, is the breaker number

in deep water (using local wave height near toe) and &, is the limit of breaker type, see Figure 2.3.

Note that the reason of applying different breaker type to estimate layer thickness is that Schuttrumpf
(2001) applied the wave run-up estimated method of Hunt (1959) which depends on the breaker type
to determine his mathematical formula then using experimental tests to verify his derivation. Here list
his main findings for regular wave condition, see Equation 2.6 and Equation 2.7, as for x,, which is the
remaining overtopping run-up length and can be determined by the formula in Figure 2.6, where cl1
equals 1 for regular waves, X, is the horizontal length between the crest edge and the interface point of
slope and still water level.

h, =0.071(x, —x,)-cos« 2.6
V, R,-R
(ﬂ—ﬁ'j:o.wn-gd NR 27
T
(a)Plunging breaker (£:<&g) (b)Surging breaker (§e>Eg)
X, X Xa P X=
“—bi“—" = E" _

c ggr 'HS
tan o

Figure 2.6 Layer thickness on the seaward slope for plunging and surging breakers (definition sketch)
(Schuttrumpf & Oumeraci, 2005).

Lowe (2006) used a numerical ANEMONE model which was developed to compute wave overtopping
in the highly energetic and nonlinear regime at and near to the shoreline to simulate height and velocity
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of the overtopping bore. The result showed that bore height was decaying quickly over the first 6 m, but
then much more slowly, the velocity had little change over relatively flat hinterlands, although more
complex methods may be needed to calculate down-slope velocities for the rear face of embankment
seawalls.

2.3.3 Wave overtopping discharge rate (q)

Wave overtopping is the mean discharge per linear meter of width, ( , for example in m®/s/m or in I/s/m.

Due to the complexity of overtopping processes and the wide variety of structures over which
overtopping can occur, wave overtopping is highly empirical and generally based on laboratory
experimental results and on relatively few field investigations (FEMA, 2005).

There are many methods that can describe overtopping discharge rates and for details we refer to the
EuroTOp manual for the calculation of overtopping discharges in m®s/m unless otherwise stated. It is,
however, often more convenient to multiply by 1000 and quote the discharge in I/s/m.

Schuttrumpf (2001) gives an estimation method to determine the maximum overtopping discharge rate
on the crest, using the overtopping wave layer thickness Equation 2.6) and its velocity (Equation 2.7),
see Equation 2.8.

qmax = hOVO 2.8

Verwaest and Vanpoucke, et al, (2010) give an experimental exploration for overtopping discharge on
the wide crest dike for a Belgian coastal town in a 1/30 scale model, which can be seen as the
preceding research for this study. In their study, the mathematical formulas are based on Equation 2.4
and Equation 2.5 by Schuttrumpf (2001), which they applied to a series of experiments to calibrate the
coefficients a and b in these two equations. q, in Figure 2.7 means the overtopping discharge with 0 m
width of crest while q is the discharge measured on 15 m crest width crest (prototype scale). Figure 2.7
shows that the wide crest in Flemish coastal towns can reduce small overtopping events to zero or
almost zero, but on the other hand very large overtopping discharges are only reduced in a relatively
limited way by the wide crest. It is obvious that both the width of the crest and the seaward slope of the
crest have an important effect on the reduction of the overtopping.

Reduction of overtopping discharge due to dike crest width 15m
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Figure 2.7 Reduction of overtopping discharge due to dike crest width with 15 m (Verwaest and Vanpoucke, et al,
2010)
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2.4 Overtopping wave loadings and Tsunami wave

As a wave overtops a berm it could be considered a breaking wave propagating across the dike. In
general, wave breaking occurs as the result of kinematic instability as the fluid velocity at the crest
exceeds the wave speed. On flat slopes the usual mode of wave breaking is by spilling. In spilling, the
breaker's turbulence is primarily contained between the crest-trough region, which at least qualitatively
resembles the processes of a bore (Cox & Machemehl, 1986).

There may be some common characters to a wave bore in an overtopping flow and the tsunami wave
bore. Compared with the little information related to overtopping wave loading on buildings, there are a
lot of studies done for Tsunami waves (refer to Figure 2.8). Therefore, within this section, the first part
concerns the literature study on Tsunami-induced forces which give a better understanding of the
behaviour of overtopping wave on the wide crest; in the second part limited research work about
overtopping wave loadings is introduced.

7,

Inundation depth Tsunami f/buildingﬁ
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Figure 2.8 Configuration of Tsunami wave approaching inland

2.4.1 Tsunami wave inland-induced forces on structures

A broken tsunami wave running inland generates forces which would impact structures in his path.
Nistor and Palermo (2009) listed three essential parameters for defining the magnitude and
application of Tsunami-induced forces: (1) inundation depth, (2) flow velocity, and (3) flow direction.
These three parameters mainly depend on: (a) tsunami wave height and wave period; (b) coast
topography; and (c) roughness of the costal inland. Figure 2.8 (b) shows a configuration of the tsunami
load on building.

The tsunami wave load on the building is assumed 9 times the hydrostatic force for non-breaking wave
where the hydrostatic force is determined by the inundate water depth, see Equation 2.9, where h is the
inundate water depth (USACE, 1990).

F =9-%pgh2 =4.5pgh’ 2.9

2.4.2 Overtopping wave loadings

Andreas (2010) and Den Heijer (1998) did similar studies under irregular wave conditions to explore
the relationship between the overtopping wave force and incident wave parameters but with different
test configurations, conditions and criteria. For example, Den Heijer's configuration was similar to the
inland case in the present study but with negative freeboard in front of the wall (Figure 2.9), while
Andreas did his experimental test using the same facility in Flanders Hydraulic Laboratory (see Section
3.2) and the similar configuration like the dike side case with 0 m crest width, but with a foreshore part
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in front of the dike. Figure 2.10 shows the results compared between Andreas (2010) and Den Heijer
(1998). From their test results, it can be concluded that the overtopping wave force on the building
depends on the incident wave height and water depth in front of the dike and that higher incident wave
height will give higher wave loads, while for the same wave height, deeper water depth will decrease
the overtopping wave impact on the wall.
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Figure 2.9 Configuration of test Den Heijer (1998).
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Figure 2.10 Compared the results with Den Heijer (1998) and Andreas (2010) (Andreas, 2010).
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3 Physical model set up

3.1 Introduction

In this chapter, the physical hydraulic model set up is described. Firstly, the test facility is introduced in
Section 3.2. Section 3.3 discusses the physical model, and in Section 3.4, the test program is
elaborated. Finally, Section 3.5 introduces the laboratory equipment and test instruments.

3.2 Test facility

The tests were performed in the 2-D small wave flume in the Flanders Hydraulics Research laboratory.
Figure 3.1 shows the wave flume. The wave flume has dimensions of 26.8 m long, 0.7 m wide and 0.86
m deep. The facility is equipped with a piston type wave generator with a stroke length of 0.3 m, which
can generate regular monochromatic and irregular random waves such as JONSWAP and Pierson-
Moskowitz spectrum. Figure 3.2 shows the wave generator and a water pump equipped with the flume.
An on-line computer is used for wave generation, data acquisition and data processing.

It is noted that the wave paddle in the flume (refer to Figure 3.2) is not equipped with an Active
Reflection Compensation (ARC) system. This might influence the results, so the selected data window
is used for data analysis. The detail of the data window is discussed further in Chapter 4.

Figure 3.2 (a) Wave generator and (b) pump.
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3.3 Physical model

The first requirement for the design of the scaled model is to represent a typical coastal defense in
Belgium coastal towns.

In this study, the scaled model is simplified to clarify the basic hydraulic characteristics. The simplified
model consists of two parts. One is a simplified wide crested coastal sea dike, and the other is a
simplified apartment building. Several aspects have been excluded in the model, such as the beach
profile, sea walls, and the slope of the crest and the bed roughness of the crest. Regarding the
hydraulic conditions, the influence of the wind and the existence of oblique waves are excluded in the
physical model.

The scale is decided based on various similarity requirements. The most important scaling criterions
are the Froude criterion, the Reynolds criterion and the Strouhal criterion. In the scaled model,
geometry, kinematics and dynamics of prototype model have to be scaled down properly. The physical
model of this study uses Froude’s similarity law. The similarity criterions result in the final dimensions of
the scale model (refer Table 3.1). In this study, the scale is decided as 1/30. The final scale factor
applied to the model was selected by considering the limitations of equipment and topography.

The test parameters have been decided based on Andreas (2010) as shown in Table 3.1. The
apartment building height is set as 6 m (only the first two floors of the whole building are considered) in
which there is no wave overtopping.

Verwaest (2010) gives the hydraulic boundary conditions for the Belgian coastal towns during extreme
storms (with a return period in the range 100 to 10000 years) as shown in Table 3.1.

Table 3.1 Final dimensions in scale model

Configuration dimensions
and Hydraulic parameters

Range for
Coastal Town

Belgain

Adopted Value for this
study

Range in 1:30 Scale

8.3~9.6s (Regular)

Elevation of dike crest (+TAW) 8.75m 0.625m

Still water level (+TAW) 6.5~8 m 6.5~8 m 0.55~0.6 m
Freeboard (R.) 0.5t03.0m 0.75~2.25m 0.025~0.075 m
Crest Width 10~30 m 15m 05m

Dike slope 1:2.35 1:2.35

Wave height near toe (Hmo) 0.5~3m 0.9~3 (m) 0.03~0.1 (m)

Wave Period (Tm.1,0) 7~10s 7.6~8.8s (Irregular) 1.4~1.6 s (Irregular)

1.54~1.8s (Regular)

3.4 Test Program

3.4.1 Test parameters

Two dike configurations (refer to Table 3.2 and Figure 3.5) were tested with regular and irregular
waves. In the each case, water level, free board, wave height and wave period were varied as shown in
Table 3.3. The details of the experimental matrix are provided in Appendix 1.
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Table 3.2 Two dike configuration

Dike configuration Seaward slope Crest level (m) Crest width (m)
Inland case 1:2.35 0.625 0.5
Dike Side case 1:2.35 0.625 0

Table 3.3 Range of parameters

Wave Configuration Water level Freeboard Wave Wave period
conditions Type WL (m) Rc (m) height* H T* (s)
(m)
Regular wave Inland 0.567~0.6 0.025~0.058 0.04~0.1 1.2,1.54s,1.8s
Dike Side 0.55~0.6 0.025~0.075 0.035~0.8 1.54s,1.8s
Irregular wave Inland 0.567~0.6 0.025~0.058 0.035~0.045 1.4s,1.6s
Dike Side 0.55~0.6 0.025~0.075 0.035~0.045 1.4s,1.6s

Note*: wave height for irregular test is using H,, wave periods is using T,.1, While for regular test,
input value of H equals Hyo, and wave periods T equals T,. All the parameters in Table 3.3 are the
values input to the computer.
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Figure 3.5 Tested two dike configurations
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3.4.2 Testcode

In order to identify the test cases, test codes were used as shown in.Table 3.4.
Table 3.4 Smaple of test code

Case name Wave type Water level crest width B H (m) T(s) Test
WL (m) (m) number
RB50_WLO6_H08 T180_1 Regular 06 05 0.08 18
RB50_WL06_H08_T180_2 Regular 0.6 0.5 0.08 1.8
IRBOO_WLO055_HO035_T140 Irregular 0.55 0 0.035 14
(Hio) (Tin-1,0)

3.4.3 Measurement

For each run, water surface elevation, overtopping wave surface elevations in front of the dike crest
and building, wave force and pressures on the wall have been measured, Table 3.5. The measurement
instruments will be introduced in Section 3.6.

Table 3.5 Measurement paramters

Measurement Parameters Measurement Instruments

Water surface elevation Wave gauges 1-6

Overtopping wave surface elevation at crest | Wave probe 1
edge (for Inland case)

Overtopping wave surface elevation in front of | Wave probe 2
the building (or wall)

Wave force 1 Load cell

Wave pressure 4 Pressure transducers

3.4.3.1 Test duration

In this study, regular wave conditions were preliminarily tested and irregular waves were also
investigated. The test durations are different for regular wave and irregular wave conditions. For regular
wave conditions, only 10 to 20 waves (depending on the wave period) are chosen for the analysis. In
order to avoid standing wave in the wave flume, the test duration is limit to 2-3 minutes. For irregular
conditions, more than 1100 waves were used for the analysis in order to obtain statistically significant
results.

3.4.3.2 Test procedure

The process of a test consists of three main phases: a preparation phase before the generation of the
waves, the phases of the actual test where waves are generated (duration is different between regular
and irregular conditions), and the last phase in which generation of the measurement data raw files,
data processing and analysis.

e Preparation

Before starting the test, all equipment is calibrated. Secondly, the appropriate input files with the correct
wave characteristics. In this phase, a steering file which controls the wave generator is created.

e Experimentation

When the steering file has been sent to the system, the wave generator starts to generate waves and
the measurement system starts to work. The wave data (from the gauges) and force data (from strain
gauge and pressure sensors) are stored to the on-line computer. After the wave generation, the wave
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generator and the pumps are turned off successively.

e Data Analysis

The obtained data are analyzed by WaveLab® and Matlab®. Incident wave height, wave period, wave
run-up height and overtopping flow surface elevation on front of wall and wave load impact are obtained
in this process. The details of the data processing are presented in Chapter 4.

3.5 Instrumentation

This section describes the instruments used in the experiment to measure incident wave height, the
water run-up, the overtopping flow surface elevation in front of the wall and the horizontal wave load on
the vertical plane. All details of the calibration process and working principles of these instruments are
not included in the present report.

3.5.1 Wave gauges

Wave gauges were used in order to obtain time series of water surface elevation. Due to the
displacement of water surface, the voltage will change. This voltage is converted into the water level
and thus the actual wave record is obtained. Two sets of three gauges (with specific distance between
them) were installed in front of the toe of the structure and in front of the wave paddle respectively
(refer to Figure 3.5).

The first three wave gauges are grouped in the deep water, with the distance of 3.2 m, 3.587 m and
4.200 m respectively from the wave paddle. The other three are placed respectively at 1.56 m, 2.138 m
and 2.468 m from the crest.

NI NI

© %| gless plate

wowe jpaddle

060

100 200 et

036

| T 0% 1as AR G
| =

A7

Figure 3.5 Two sets of wave gauges

In addition to the six wave gauges, two wave probes (smaller size of wave gauge) were used for
measuring the water surface elevation at the edge of the crest and in front of the wall. Wave probe 1
was fixed at the crest line of the dike in the inland case; while the wave probe 2 was fixed on the
surface of the rigid plastic board represented an apartment building in both dike side and inland case
models. Figure 3.6 shows the position of these two wave probes in the inland case. As for dike side
case, wave probe 1 was removed.

The sample rates of all the wave gauges and probes are 20 Hz.

3.5.2 Load cell

The load cell contains a strain gauge and is connected with a rigid plate with 0.2 m high and 0.1 m
wide, used for measuring the horizontal overtopping wave loads on the wall (refer to Figure 3.7). The
test range of this load cell is 3 kg, the sample rate is 200 Hz. Details about the working principle and
some physical characters can be found in Appendix 4.
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Figure 3.6 Wave probes for inland case.

Figure 3.7 Load cell used in all the model tests.

3.5.3 Pressure transducers

Four pressure sensors were also fixed on the surface of the rigid plastic board, the position of these
sensors are shown in Figure 3.8, and were placed respectively 1cm, 7cm, 13cm and 19 cm from the
surface of the dike crest, the sample rate is 200 Hz. Details about the working principle and some
physical characters can be found in Appendix 4.
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Figure 3.8 Photo of load cell, pressure sensors and wave probe as used in the model.
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4 Data Processing

4.1 Introduction

In this chapter, data processing methods are introduced for the regular wave tests.

As mentioned in the previous chapter, there were four kinds of measurement data. These are water
surface elevation, overtopping wave surface elevation, wave force and wave pressure.

4.2 Data processing methods

4.2.1 Incident Wave Height and Wave Periods

It was already mentioned in Section 3.2 that there was no Active Reflection Compensation (ARC)
System in the wave flume. In order to avoid the influence of the reflected wave from the wave
paddle, the surface elevation data measured by wave gauges should be analyzed between a
time at which a stable incident wave arrived to a wave guage until a time at which a reflected
wave from the wave paddle reached the wave gauge for regular wave (Suzuki, 2011).

Figure 4.1(a) and Figure 4.1(b) show examples of the time series of the water surface elevation for
the six wave gauges in one test for the case with H=0.065 m and T=1.54 s. It can be observed in Figure
4.1a that at the beginning part of the test, from around 27 s to 47 s, water surface elevation shows a
regular pattern. After approximately 47 s, the regular pattern is interrupted by the reflected waves.
Figure 4.1b shows that the patterns of the waves are stable from 45 s to 65 s, and after which the wave
patterns become unstable. Therefore, 45 s to 65 s was chosen as the data analysis time window. For
T=1.8 s, 11 waves were analyzed between 45 s and 65 s. For T=1.54 s and 1.2 s, 13 and 17 waves
were analyzed respectively.

The method of Mansard and Funke (1980) is used for the separation of incident and reflected waves
by using the data of three wave gauges. The method presented by Mansard and Funke (1980)
assumes that the wave elevation is a summation of regular waves travelling with different frequency
and phase. Hence, using the Fourier analysis, the amplitude of the incident and reflected waves for a
given frequency can be estimated and moreover, it gives the variation of the measured noise from
wave gauge to wave gauge. In this study, the cut-off frequencies 1/3f, and 3f, (default values) were
used for the reflection analysis, where f, is sampling frequency of the wave gauge. Figure 4.2 shows
the sample of incident wave time series after reflection analysis.

For each test, the average incident wave height and period was calculated based on the uniform part in
the time series (i.e., 11 waves for T=1.8s, 13 waves for T=1.54s and 17 waves for T=1.2s). The
average incident wave height (H,) and period (T,) were then used to derive further relationships
between wave characteristics and wave loads on vertical plane, as discussed further in Chapter 5.
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Figure 4.2 Incident wave time series (the time series start at 42s)

4.2.2 Overtopping wave flow layer thickness

In the test, two wave probes were used to measure overtopping wave flow depth in front of the vertical
plane and the edge of the dike crest as described in Section 3.3 and outlined in Figure 4.3. The
definitions of test parameters are shown in Figure 4.4. The instantaneous water surface elevation in
front of the vertical plane or crest is shown as d(t). The highest surface elevation to the top of crest is
defined as h and the trough of the time series defines as D. For convenience, the wave elevation
parameters d (t), h and D are given a subscript which corresponds to wave probe. d; (t), h, and D,
correspond to wave elevation surface measured from wave probel, and d; (t), h, and D, are from wave
probe 2. Figure 4.5 is an example of time series for h, (the dike side case with crest width B=0), while

Figure 4.6 is recorded h;, h, and D, for the inland case with B=0.5 m. H, is calculated as follows.

H, =h, —D, 41

Figure 4.3 Sketch of two wave probes
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Figure 4.4 Definition of test parameters (Hughes & Nadal, 2009).
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Figure 4.6 Time series sample of overtopping flow, inland case with crest width=0.5m
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4.2.3 Overtopping Wave Impact on vertical plane

Two kinds of instruments were used to test the overtopping wave impact on the vertical plane (building
model). One was a load cell and the other was a pressure sensor. Some details about these
instruments were introduced in Section 3.5 and more details about these instruments themselves such
as brand, type, working principle can be found in Appendix 4.

4.2.3.1 Force data measured by strain gauge

The following steps describe the force data processing methods
1. Event Definition

According to the PROVERBS project report (McConnell, 1997), the force time series is used for event
definition. The start time t, and end time t, of each event is derived from inspection of the record
above and the record below the threshold (refer to Figure 4.7).

2. Definition of Threshold

During each test, the first 20 seconds is used for warming up the equipment. In order to avoid the
influence of the variation in the signal of the stain gauge, these 20 seconds were used to determine the
threshold value of the strain gauges. For this study, the real “zero” value of the experimental data is
calculated as the maximum value of the first 20 seconds.

3. Maximum Force of One Event

The maximum force is the peak value of one defined event (refer to Figure 4.7). Therefore, for the
entire peak value was used, (e.g. for T=1.8s, there will be 11 maximum force for one test, T=1.54s,
there will be 13 maximum force and for T=1.2s, there will be 17 maximum force).

The processed data then are divided by the width of force platform (10 cm) to get the overtopping
maximum force per unit width. These maximum per unit width force is used as experimental results for
analysis in Chapter 5.

4.2.3.2 Pressure measured by pressure sensors

The data processing method for pressure is slightly different from that for force and is described as the
following steps.

1. Event definition

Horiz. force [kN/m]

L e E L AL L B oy

56 | . ‘Wave conditions
Irregular Waves
Wave height = 1.10m
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42 | Water depth = 4.11m
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Figure 4.7 Definition of event and threshold (McConnell, K.L, 1997).
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The step is as same as that of force data (refer to Section 4.2.3.1).

2. Definition of Threshold

The step is the same with that of force data (refer to Section 4.2.3.1).

3. Rectangular Integral method for the processed pressure data

There are four pressure sensors to measure the pressure at different position along the vertical plane
and the position of these sensors is described in Section 3.6. Figure 4.8 shows the time series of force
and pressure data.

As there were not enough pressure sensors distributed along the vertical plane, the integrated pressure
results depend on different rectangular integral methods, and noises associated with the signals of the
pressure sensors. Therefore, the data from strain gauges is only used for further analysis. More details
about the discussions on the pressure integrated method and their results compared with load cell
results are shown in Appendix 3.
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Figure 4.8 Time series signal of force and pressure
4.3 Summary
Here the summary of data processing method used in the present study is listed:
. Incident wave characters: raw time series data were analyzed by reflection analysis method,

then calculate the average value of one test (11~17 waves according to different wave periods) to
represent single event characters.

. Overtopping wave flow layer thickness: peak value of one event was used to present experi-
mental result and analysis.

. Overtopping wave loading: peak value of one event was used to present experimental result
and analysis. Only the time series data obtained from force gauge was applied into the results
present and analysis.
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5 Experimental Results and Analysis

5.1 Introduction

Different parameters were measured during the experimental study for two cases, i.e. the inland case
and the dike side case as referred to in Chapter 3 and the raw data has been processed as described
in Chapter 4. In this study, the main objective is to explore the relationship between the overtopping
wave force on the vertical plane and incident wave parameters under regular wave conditions (referred
to Chapter 1). Therefore, in this chapter, the main efforts are focused on analyzing the relationships for
the two cases between:

e The overtopping wave force on the structure and overtopping flow surface elevation;
e The overtopping wave surface elevation and incident wave parameters;
e The overtopping wave force impact on the wall and incident wave parameters.

Chapter 5 is divided into six sections. Section 5.2 gives a brief description of experimental observations
for regular waves. The experimental results of inland case and dike side case are introduced in Section
5.3. The analyses of these two cases can be found in Section 5.4. Finally, in Section 5.5, a short
summary was given. In Appendix 2, the analysis results in Section 5.4 were applied into the test results
under irregular wave conditions.

5.2 General observations

5.2.1 Inland case

For the inland case (refer to Figure 5.1a), the train of regular waves runs over the dike crest before
impacting the wall. The wave then collapses and returns seaward. As the wave returns seaward, it is
met at the crest of the dike by another incoming regular wave. Because the returning (or reflected)
wave meets the incoming wave at the dike crest, it causes a complicated space of the overtopping flow
before it reaches the vertical plane.

5.2.2 Dike side case

For the dike side case (see Figure 5.1b), there is no influence of return flow on the dike crest, and the
highest surface elevations occur in front of the structure. The highest water surface elevation recorded
in front of the structure is approximately the same for each wave in a regular wave train.

Figure 5.1 inland case (a) and dike side case (b) profile view
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5.3 Experimental Results

In this section, experimental data regarded overtopping flow height and wave forces are presented.

Figure 5.2 gives the plots of average overtopping flow highest surface elevation of different overtopping
events within one test and the average incident wave height for different wave periods. Figure 5.2a is
for the inland case,and Figure 5.2b is for the dike side case. It appears that there is a similar trend
between these two parameters for different wave periods with the same R,

In order to explore the behavior of overtopping wave force on the wall, it is useful to associate an
individual overtopping event with a corresponding overtopping flow surface elevation. Figure 5.3 shows
a plot of overtopping wave force (Fna) versus the highest surface elevation (h,) for all 786
overtopping waves for the inland case (Figure 5.3a) and 510 overtopping waves for the dike side case
(Figure 5.3b) for different freeboard and different wave periods which were identified from all
experiments regarded on regular waves. Larger freeboard appeared to have a slight influence with
decreased scatter and a steeper polynomial trend at larger values of R, but overall an ascendance
trend is clearly that higher h, has a larger F,,.,. Data points with smaller wave periods concentrated at
the head of the trend while data with larger periods mainly distributed at tail part of the trend. But they
are all following the same trend. Some of the observed scatters against the main trend are possibly
explained by spray of overtopping flow when it hits the vertical plane.

To reduce the scatter, average value of the identified events for each test were chosen to show the
results in the following paragraphs. From Figure 5.4, it can be seen that the relative lowest (or
remainder) surface elevation (Dy/h,) may influence the overtopping wave force (Fna). Force will
decrease with the increasing level of D,/hs.

Figure 5.5 and Figure 5.6 show the plots of dimensionless average overtopping force versus
dimensionless freeboard for different wave periods. For the inland case, there is a better correlation of
these two parameters than for the dike side case.

Here the finding summaries of data plots are listed:

e The lowest overtopping wave surface elevation has little relation with the incident wave charac-
ters.

e For overtopping wave surface elevation, it is proportional to incident wave height.

e Force has a relation with highest overtopping wave surface elevation in front of the building,
which does not depend on wave period

e The water layers in front of the wall have a certain influence on the final force on the building.

e Dimensionless overtopping wave force is a function of dimensionless freeboard, incident wave
height and breaker parameters for both dike side and inland cases.
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5.4 Experiment data analysis

In this section 5.4, the overtopping wave forces were analyzed by different spatial levels based on
regular test data. In Section 5.4.1, the analysis concerns zone 5: overtopping wave in front of the
vertical plane. In Section 5.4.2, the analysis concerns zone 3 & 4, overtopping wave on the crest.
Finally, in Section 5.4.3, the analysis concerns zone 1 & 2, the incident wave near the toe of the dike.

5.4.1 Overtopping wave force on the building

In the following subsections, the overtopping wave force on the building has been analyzed referring to
the concept of wave momentum flux parameter defined by Hughes (2004). Then, the measured force
was compared with the derived Equation. Figure 5.7 shows the analyses flow chart, the black arrow in
zone 5 means the incident overtopping wave, while the dash arrow means the reflected overtopping
wave by the vertical face of the building. In the present study, the reflected overtopping waves are not
considered in the force estimation but will be discussed in Chapter 6.
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Figure 5.7 Analysis of overtopping wave on the dike crest within zone 5 (adapted from Schuttrumpf and
Oumeraci, 2005).
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5.4.1.1 Conservation of momentum for overtopping wave

The definition of maximum wave momentum flux in Hughes (2004) is the maximum depth-integrated
wave momentum flux and has units of force per unit of wave crest and can be used for near shore
waves. According to Hughes (2004), the wave force that has “pushed” the water up the slope at the
instant of maximum run-up, the fluid within the hatched area on Figure 5.8a has almost no motion and
the weight of the fluid contained in the hatched wedge area A'B’C’ is proportional to the maximum
depth-integrated wave momentum flux of the wave before it reached the toe of the structure slope.

Following the argument by Hughes (2004), a similar derivation is performed for the overtopping wave
force for the inland case (refer to Figure 5.8b) and the dike side case (refer to Figure 5.8c). It can be
argued that the maximum overtopping wave momentum flux is integrated by water depth in front of the
building and is proportional to the weight of water contained in the hatched area abcd (W pcq) On Figure
5.8b for the inland case and ABC (Wgc)) on Figure 5.8c for the dike side case, i.e. where fis an
unknown constant of proportionality, W is the weight of water

Foax = BN 5.1

The weight of water per unit width contained in quadrangle abcd for the inland case and triangle ABC
for the dike side case shown on Figure 5.8b and Figure 5.8c are given by

pg 1 2
===__ (H*+2HD 5.2
(ebed) =9 tané’( )
pgihz 5.3

8% =5 tang

Where his the simplification format for h, which is the maximum vertical surface elevation from the
base of the wall, Dis the minimum vertical surface elevation from the base of the wall, His the
elevation difference between h and D . For the dike side case or the inland case, if there is no residual
water flow on the crest, D is0and H equals h_The @is an unknown angle between still water

level and overtopping wave surface (which is assumed to be a straight line). Substituting Equation 5.2
and Equation 5.3 into Equation 5.1 yield two new equations, i.e., Equation 5.4, where fg,is an

unknown constant relating the angle between overtopping wave surface and still water level. For
convenience, the “max” subscript has been dropped from the overtopping wave force.

F:ﬂzp—f(H2+2HD) 5.4
F =ﬂp—zgh2 5.5

For the inland case, compared with H, D is relative small; therefore, (H?+2HD) in Equation 5.4 can be

replaced by h*, then Equation 5.4 and 5.5 can use the same format, namely Equation 5.6, where C; is a
constant unknown coefficient.

F =C,pgh? 5.6




Hydrodynamic loads on buildings caused by overtopping waves

{a) Sketch of wave run-up (Hughes,2004)

(b) Sketch of overtopping wave for inland case

() Sketch of overtopping wave for dike side case

Figure 5.8 Sketches of wave run-up and overtopping waves in front of the building

5.4.1.2 Zone 5 data analysis
Figure 5.9 shows the plots of measured individual overtopping wave load obtained from load cell versus
pgh?for the inland case and the dike side case.

Figure 5.10a and Figure 5.10b give the relationship of average overtopping wave force versus pgh?for

the inland case and the dike side case. Note that from Figure 5.10b, decreased scatters can be seen
for longer waves. It can be explained that the estimated area ABC in Figure 5.8c is not triangular
anymore due to the relatively high surface level and weight of water which caused the line AC to be
curved instead of a line, so Equation 5.7 gives an overestimation for the force. This part will be
discussed in-depth in Chapter 6.

In summary, using the concept of wave momentum flux gives a good estimation of overtopping wave
for both the inland case and the dike side case.

F =0.33pgh’ 5.7
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54.2

Overtopping wave analysis within zone 3& 4

The transition of the seaward slope of the dike (i.e. zone 3 & 4, refer to Figure 5.11) separates the run-
up overtopping wave flow into two fields. One overtops the dike and will potentially hit the building (into
zone 4), while the other flow will go back to the wave flume (into zone 3). In this section, in order to
build a bridge from zone 5 to zone 1, a few parameters referred to in other literature were introduced to
help with analysis of experimental data.
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Figure 5.11 Analysis of overtopping wave on the crest within zone 3 & 4 (adapted from Schuttrumpf and

Oumeraci, 2005).
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5.4.2.1 Overtopping wave tongue thickness analysis

In order to connect zone 5 and zone 1, incident wave parameter near toe should be introduced into the
relation of overtopping wave load, i.e., Equation 5.7. A new parameter named water tongue thickness
at the crest level is introduced in Equation 5.8, based on work from Martin and Losada, et al, (1999).
Where S, is the overtopping wave tongue thickness at the beginning of the dike crest, H,, is the
average value of incident wave height near the toe of the dike, R, is the crest freeboard and R, is the
maximum wave-run-up on a smooth impermeable plane slope, Equation 2.2 is recommended by
Schuttrumpf (2001) (refer to Chapter 2). Note that there are many formulas which can estimate the
maximum regular wave run-up on an infinite slope which directly influences the result of S, in Equation
5.8. Therefore, in this study, all the formulas related to the regular wave R, are applied Equation 2.2.

S, =H, (1) 5.8
R,

Figure 5.12 plots the relation between the average highest water surface elevations in front of the
building (h) and the wave tongue thickness defined by Equation 5.8 for the two cases with the straight
best-fit line representing Equation 5.9 in Figure 5.12 (a), and with the straight best-fit line representing
Equation 5.10 in Figure 5.12 (b).Therefore, the overtopping wave force can be represented by
substituting wave tongue thickness parameter (Sy) directly into the Equation 5.7.and get two new
Equation 5.11 and Equation 5.12.

h=1.24S, 5.9

h=2.125, 5.10

F =O.51pg(Hm)2(1—&)2 5.11
R,

F =1.48pg(Hm)2(1—%)2 5.12

Therefore, the measured overtopping wave forces on the vertical plane were compared with those that
were estimated for all 784 overtopping events (the inland case) and 510 overtopping events (the dike
side case) using the formula given by Equation 5.11 and Equation 5.12. The results are shown in
Figure 5.13a is for the inland case, and Figure 5.13b is for the dike side case. From Figure 5.13a most
of the data follow the trend and are within the 95% confidence range, but some have much lower
values than estimated for T=1.54s caused by higher h recorded by probe 2, and the higher h is
probably caused by the spray of water. As for the dike side case (Figure 5.13b), though most of the
data are within the 95% confidence range, unlike the data from T=1.54s, the data from T=1.8s are just
from the test series under one water level condition and Equation 5.12 gives a lower estimation for
small overtopping waves.

Therefore, a uniform equation related average overtopping force can be shown as Equaion 5.13, where
C, is the coefficient relatted crest width, for the inland case, C, is 0.51 while in the dike side, C, is 1.48.
For regular waves, Equation 5.13 can give a good estimation for overtopping wave force, especially for
long wave in the inland case, and large wave for the dike side case.

F :Cng(Hm)z(l—%)z 5.13
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Figure 5.12 Highest water surface elevation versus wave tongue thickness, (a) inland case, (b) dike side case.
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5.4.2.2 Overtopping wave as a function of mean discharge rate and velocity

Propagation waves do not only carry energy across the ocean surface but momentum as well. Unlike
the method of integrating water depth in front of the building, the theoretical investigation will be
induced in the aspect of overtopping discharge rate first, after which this approach will be compared
with the test data.

According the principle of impulsive momentum conversation, we can apply Equation 5.14, where M is
the mass, V is the velocity and t is the impact time.
MY 5.14
t

Assuming that all the impact time of overtopping waves are the same, then overtopping wave force can
be easily rewritten as a function which includes overtopping wave flow velocity and the mean
overtopping wave discharge, i.e., Equation 5.15, where Q. is the maximum overtopping discharge
(referring to Equation 5.16 as already shown in Chapter 2) and C; is an unknown coefficient related to
the crest width which will be discussed in the following chapter.

F = C.00,V5 = CopheVy” 5.15
qmax = hOVO 5.16

In the present study, overtopping discharge and overtopping velocity are not the measurement
parameters, therefore these two parameters in front of the building are determined using the formulas
developed by Schuttrumpf (2010) at the beginning of the dike crest. Details related to Schittrumpf
equations can be found in Chapter 2 (referring to Equation 2.6, 2.7 and 2.8). The final equations for
both cases can be referred to Equation 5.17 and Equation 5.18.
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Figure 5.14 Average overtopping wave load versus phovoz.
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F =0.54phV,’ 5.17
F =1.49phV,? 5.18

Therefore, the overtopping wave force can be shown as a uniform format as Equation 5.15, where Cs; is
the coefficient related to crest width, for the inland case, C; is 0.54 while in the dike side, C3 is 1.49.

5.4.3 Overtopping wave force dimensionless analysis

In the previous two subsections (Section 5.4.1 and Section 5.4.2), the experimental data are analysed
directly or indirectly using dimensional method, though a series relationship can be built very well,
undeniably, dimensionless parameters can reduce the effect due to different test conditions. Therefore,
in this subsection, two new dimensionless parameters are defined based on the findings of the present
study; however, its validity should still be researched in the future study.

5.4.3.1 Direct findings from experimental data

In Figure 5.5 and Figure 5.6, two strong relation trends with least scatters were observed, and the
analysis in the following is based on these trends. Best-fit curves can be seen in Figure 5.15a for the
inland case and Figure 5.15b for the dike side case and the best-fit equations are showed below:

—F 00082 (&)‘Z'24 5.19
P9H R H.&

L =0.025- (&)72-15 5.20
PYH R, H.&

Compared with Equation 5.19 and Equation 5.20, the exponents of the term HRC§ in the right hand

m

side of the both equations are around -2.2, there is no big difference. For the inland case, the constant
is 0.0082, while for the dike side case, the constant is about 0.025. The ratio of the two constants
between the two cases is 3 which are in line with previous findings (Equation 5.11/5.12 and Equation
5.17/5.18). A uniform equation to describe the dimensionless parameters is named as Equation 5.22,
where C, is the undefined constant related to the width of the crest, for the inland case, C, is 0.0082;
for the dike side case, C, is 0.025.

_F =C,- (7Rc )22 5.21
PIH R Hng

5.4.3.2 Physical meaning of dimensionless overtopping wave force
The left hand part of Equation 5.21 is named as dimensionless overtopping wave force F”, referring to

Equation 5.22, where F is the average overtopping wave force, pgH,’is the average incident wave

RC

energy and is the freeboard divided by the wave used for determining the interaction between the

m

waves and dike crest height.

The use of the wave energy and the ratio of freeboard and wave height provide part of the incident
wave energy above the still water level; and this part of energy above the still water level could be
transmitted and contribute to the overtopping wave impacting on the structure.

. F

Free——
ngm2 (Cj
H., 5.22
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The right hand part of Equation 5.21 is named as dimensionless freeboard R, referring to Equation

5.23. Equation 5.21 can be rewritten as Equation 5.24.

R*= R, 5.23
H.&
F'=C,-(R))% 5.24

As mentioned in Section 5.4.3.1, the coefficientC,in Equation 5.24 is the undefined constant related to
the width of dike crest. In the present study, though only two configurations were explored, the
influence of dike crest width is obvious. As for C, for example, it is also a dimensionless form and it

. . B -
could also have the format of a crest width divided by wave Iengthf . However, the coefficient C, can

not be discovered in the present study due to the limited configurations. So in future study, the
relationship between crest width and wave length should be considered under a wide range of changes
of the dike crest.
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5.5 Summary

Within zone 5, the overtopping wave force is directly proportional to the overtopping wave momentum
flux obtained by integrating the maximum water depth in front of the vertical plane for the inland case
and the dike side case. The coefficients of these two cases are almost the same around 0.33.

When building the relationship between the overtopping wave force and the incident wave and the dike
geometrical characteristics, three different approaches were applied. The reduction effect of crest width
on the overtopping wave force is significant. From the ratio of the coefficients (the inland case is divided
by the dike side case) of each approach is always around 0.35. That means that with the same incident
wave characters, the overtopping wave force could be reduced by 65% due to the influence of the crest
width in the present study.
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6 Discussion

6.1 Introduction

In this chapter, the discussion is divided into two parts. In Section 6.2, the equations related to the
overtopping wave force obtained from Chapter 5 are discussed. Then in Section 6.3, a short summary
is given.

6.2 Discussion about the experimental results

Table 6.1 shows the four equations built based on the regular wave test data.

Equation 5.6 is built on the concept of maximum wave momentum flux defined firstly by Hughes
(2004), the least scatter for both cases shows that the method of integrating the maximum water depth
in front of the vertical plane is useful for the estimation the overtopping wave force. In Equation 5.6, h is
the maximum wave surface elevation in front of the plane.

Equation 5.13 is the extension of Equation 5.6 by the substituting the relation between the overtopping
wave tongue at the beginning of the crest dike and maximum surface elevation h.

Equation 5.15 is applied the momentum conversation theory by the assumption that the duration of the
overtopping wave loading on the plane is a constant for all the overtopping wave events. All the
parameters related to incident overtopping wave velocity and layer thickness is using the formulas
developed by Schuttrumpf (2010). In Equation 5.15, qq is the overtopping discharge rate, and V, and
h, are the velocity and layer thickness at the beginning of the crest.

Equation 5.21 is developed directly on the test data. It describes a relationship between the
dimensionless overtopping wave force and dimensionless relative freeboard. In Equation 5.21, H,, is
the average incident wave height, R is the freeboard and ¢& is the Iribarren number.

The discussion related these four equations are shown in the following subsections.

Table 6.1 Equations for overtopping wave force on the building

Equations for overtopping wave force coefficients Coefficient Ratios of
Inland / dike side

Equation 5.6 F .. =Cpgh’ C,=0.33 for both cases i

Equation 5.13 C,=1.48 with B=0 m 0.34

2

R,
Fox =C H, @-——= _
Zpg{ ( Ru) C,=0.51 with B=0.5 m

Equation 5.15 F o = CaPlomaVo = CoohV,2 C;3=1.49 with B=0 m 0.36
C;=0.54 with B=0.5 m
Equation 5.21 F ¢, ( R, )22 C,=0.025 with B=0 m 0.328
POHR. " THLE C,=0.0082 with B=0.5 m

6.2.1 The maximum wave momentum flux (Equation 5.6)

The argument related to the validity of the maximum wave momentum flux near shore to the
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overtopping waves in front of the vertical plane has been discussed in Section 5.4.1. In this section, the
finding will be discussed focused on the coefficient 0.33 in Equation 5.6.

In the present study, all the waves are non-breaking waves. Estimation of non-breaking wave forces on
vertical walls is largely theory with some empirical adjustments by many researchers.Theoretically, for
the wave force exerted on a vertical plane by non-breaking wave can be seen a kind of quasi-static
force. Its dynamic pressure is hydrostatic between wave through and wave crest, in the present study,
the dynamic pressure of the run-up wave along the vertical plane is pgh. The dynamic wave force has
the same format with hydrostatic force, refer to Figure 6.1a.

However, the test result shows the coefficient is not 0.5, but around 0.33 for average overtopping wave
force. The reason can be explained that during the process of the water runs up along the vertical
force, the highest vertical extent of the wave with much of thin jet-like crest, is almost in free fall and
thus contributing little or nothing to the horizontal force (ASCE,1995).

According to the knowledge of gravity centre of triangular, it can be assumed that the water weight
around the gravity centre would contribute to the horizontal force. In Figure 6.1b, the gravity centre
locates at the position 1/3 h from the base of plane, so its dynamic pressure should be 2/3 pgh. Using
rectangular integral method to estimate the force, the coefficient is about 0.44. Other methods in details
are shown in Figure 6.1c and 6.1d.

For the fourth method presented in Figure 1d, it has a similar coefficient with the experimental results.
The hatch area is within the surface envelop when the surface is a curve which is quite approaching to
the actual run-up wave situation.

Therefore, C, in Equation 5.6 might be a kind of contribution coefficient related the shape, surface
angle et al of incoming overtopping wave. However, the theoretical and experimental investigation still
need be done to explore the water run-up behaviour in front of the vertical plane without water depth
like the two cases in the present study configuration.
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Figure 6.1 Sketches for different overtopping force estimation methods
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6.2.2 Force and wave tongue method (Equation 5.13)

Based on Equation 5.6 which does not depend on the incident wave characters, the concept of
overtopping wave tongue was introduced to explore the relation between incident wave and
overtopping loadings. The R, in Equation 5.13 is a non-realistic parameter in the present study for the
dike slope is not infinite. Therefore the formula of R, is applied with the findings by Schuttrumpf
(2001). Note that different regular wave run up formula will cause different coefficient C,.

For dike side case with 0 m crest width, the C, is 1.48, while for inland case, C, is 0.51. The ratio
between them is about 3 which means due to the influence of wide crest, the overtopping wave force
on the building will reduce nearly 65%.

In Section 5.4.2.1, a relative lower level of correlation between the predictions and observations of the
individual overtopping wave loadings was found in inland case compared with dike side case, even for
average events. Though average value can decrease the scatters to obtain the least scatter tend, it can
be observed the difference among tends line with different periods (i.e., refer to Figure 5.13). And the
repeatability of inland case is also lower than that of dike side case; this can be seen from the test
matrix in Appendix 1.

In the inland case, for the shortest wave with T=1.2s, the overtopping wave will meet the returned flow
caused by the reflection of previous one on the vertical plain (refer to Section 4.2) on the crest, as for
T=1.8s, the longest wave would give enough time for the return flow on the crest flowing back to the
slope or wave flume, which caused the incoming wave and return flow meet below the crest (or on the
slope), whereas for the case T=1.54s, the convergent of the overtopping wave just between the
previous two wave condition.

The meeting of the two directional wave and return flow will cause the loss of overtopping wave energy
and reduce the velocity for the incoming wave landwards. This influence is more obvious for the short
wave which is in line with the test results. Therefore, for short waves, the overtopping wave loading is
smaller than longer wave. When the meeting occurs near the crest edge or on the slope, due the
influence of this return flow, the incoming wave will collapse on this flow layer, which cause lots of air
leakage or air content in water. This phenomenon might decrease the energy included in the original
overtopping waves.

Therefore, the reduction ratio 65% found by Equation 5.13 is not the entire influence caused by the
width of the crest, but also the reflected flows. As for this influence of reflected flow in detail, the present
study is not considered.

Equation 5.13 is based on the regular wave condition, but also has a good validity for irregular wave
condition tested in present study. The irregular wave test analysis can be found in Appendix 2.

In the future study, the water layer on the crest should be considered as an influence factor, not only for
its positive effect on the overtopping loadings for reducing the roughness of the dike, but also its
negative effect for interruption of the incoming waves. The response of overtopping waves to three
kinds of water layer behaviors should be discovered, one is the static water layer on the crest, one is
the relative small overtopping wave flowing to the wall (can be seen a moving landwards water layer)
which will be caught up by the next incoming overtopping wave, and the last situation can be modeled
as the meeting of the returning flows and the overtopping waves at the different positions on the crest.

In summary, Equation 5.13 could be seen as the rewritten format of Equation 5.6 and has certain
validity for irregular test. And more proof should be given in the future study.

6.2.3 Force and momentum change rate (Equation 5.15)

Unlike Equation 5.13, the relation between the overtopping wave loading and wave characters is only
based on momentum conservation theory by using overtopping discharge mass flux and its velocity.
The overtopping wave thickness at the crest edge and its velocity are determined by the empirical
formulas given by Schittrumpf (2001). The reduction ratio for these two cases is quite similar with
Equation 5.13 (refer to Table 6.1). In this equation, it is assumed that the velocity and water layer
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thickness is not changed on the dike crest when overtopping wave event occurs.

About the discussion of this finding, mainly effort is focus on the validity of formula applied from
Schuttrumpf (2001). There are obvious scatters observed for long wave, that's due to the different
waver layer thickness determination method according to the incoming breaker parameters and dike
slope. In this case, the calculation is based on the slope 1:3 in the findings of Schuttrumpf (2001). In
details can be seen the calculation method for overtopping wave thickness at the edge of crest in
Schattrumpf (2001). So the coefficient in this Equation should be recalculated when the dike slope is
smaller than 1:3.

6.2.4 Dimensionless overtopping wave force (Equation 5.21)

Correlations between dimensionless overtopping wave force and dimensionless freeboard in
experiments are obtained. In the present study, for the inland case, the test range of wave length is
larger than the dike side case, while for the dike side case, the test freeboard and wave height range is
larger than inland case. In Figure 5.15, for the inland case, most of the data give a least scatter, the R,
range is from 0.025 m to 0.058 m, wave periods is from 1.2 s to 1.8 s and the incident wave height is
changing from 0.1 m to 0.05 m. For the dike side case, the R, is from 0.025 m to 0.075 m wave period
is mainly on 1.54 s, incident wave height is changing from 0.08 m to 0.035 m. The low wave height
leads to scatters for the dike side case. It appears that Equation 5.21 is suitable for larger wave height.

For the dike side case, the sample capacity is small compared with the inland case, more tests should
be done with large range of wave period and wave height. As for the coefficient C, which is also a
dimensionless form coefficient, but should be determined in future study under more configurations.

6.3 Summary

Equation 5.6 and Equation 5.13 can estimate the overtopping wave force very well in the present study.
By supporting from the theoretical concept of maximum wave momentum flux, these two equations are
more suitable than Equation 5.15 and Equation 5.21.

For Equation 5.15, it also gives a method to estimate the overtopping wave force, but the coefficient
should be calibrated in the experiment for specific dike configuration, the calibration work didn’t done in
the present study, therefore the suitability should still be verified.

Equation 5.21 gives a dimensionless function to describe the relation between overtopping wave force
and freeboard. The coefficient could be dimensionless in the form of B/L; however this is still to be
determined further. In future study, more configurations with variation of the changes of the dike crest
width need to be tested.
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7 Conclusion and Recommendation

In this study, physical model tests were executed on a schematized model scaled 1/30. The aim was to
come up with a relationship describing the force on a vertical plane exerted by the overtopping water as
a function of wave parameters and geometrical characteristics. Due to time constraints, only two
configurations: the inland case and the dike case were explored and the number of tests had to be
restricted. So only a limited number of parameters could be varied. Despite these restrictions, the
experiments revealed the most important mechanism of the impact process.

The overtopping wave force could directly be related to the overtopping wave momentum flux, resulting
in a simple formulation for the prediction of it. A new dimensionless overtopping wave force parameter
is also developed; the least scatter for this parameter gives a rather good potential suitability for force
prediction especially with the conditions of large incident wave height impact on relative low freeboard;
From a theoretical point of view, it is important to increase the test range to investigate the parameters
and further research the physical meaning of the dimensionless parameters.,

The reduction effect for crest width with 0.5 m is about 65%. Due to the fact that only two widths crest
were tested in the present study, the relationship between the width and overtopping wave force could
not be presented. Therefore, in the future study, for the same scale model, variation of the width of
crest should be increased and the effect of the crest width could be found out.

Recommendation could include testing instruments for more than 8 pressure sensors to be distributed
on the surface of the vertical plane with small spaces between two sensors. The load cell and pressure
sensors should be sampled with a high sample frequency (~1 kHz), to be able to catch the peak values
during a very short time.

In order to investigate the overtopping wave crest elevation propagation on the crest, at least two more
wave probes should be equipped, or other, more accurate instruments such as laser could be used.
This is crucial to expand the findings of the present study in the future. The record for the water surface
on the wall should be measured more accurately and its time series should be measured with the same
sample frequency of pressure and force.

For other recommendations, the findings in the present study can be compared with other datasets,
and using the results to analyses forces on buildings and actual damage to buildings.
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Appendix 1 Test Matrix

Table A.1 Average event of a wave train for the inland case

Test code Rc Hn | To T L Ir ha h Fmax
RB50_WL_06_H08_T180_1 0.025 0073 1823 |18 | 5054 [3322 0075 009 [ 28611
RB50_WL_06_H08_T180_2 0.025 0074 | 1824 |18 |5054 |3314 [ 0077 | 0089 | 27.16
RB50_WL_06_H075_T180_1 [ 0.025 0069 | 1823 |18 |5054 [3433 [0067 |0085 | 23723
RB50_WL_06_H075_T180_2 [ 0.025 0069 | 1826 |18 |5054 [3435 [0067 |0084 [ 23272
RB50_WL_06_H07_T180_1 0.025 0064 1825 |18 |5054 [355 [o0065 [0075 | 19.802
RB50_WL_06_H07_T180_2 0.025 0064 1823 |18 |5054 3551 [0063 [0075 | 19.202
RB50_WL_06_H065_T180_1 [ 0.025 006 |[1796 |18 |5054 [3677 [0057 [0066 | 17.016
RB50_WL_06_H065_T180_2 [ 0.025 006 |[1796 |18 |5054 3677 0059 | 0068 | 16.95
RB50_WL_06_H05_T180_1 0.025 0044 | 1834 |18 |5054 4271 [ 0051 | 0046 | 8358
RB50_WL_06_H05_T180_2 0.025 0044 [ 1834 |18 |5054 4271 [ 005 | 0045 | 8391
RB50_WL_0583_H08_T180_1 | 0.042 0074 | 1.84 18 | 5054 [331 [0057 [0072 | 16.266
RB50_WL_0583_H08_T180_2 | 0.042 0074 | 1841 |18 | 5054 | 3309 | 0061 | 0074 |17.35
RB50_WL_0583_H065_T180_1 | 0.042 0059 [ 1844 |18 |5054 3707 0046 | 005 | 8792
RB50_WL_0583_H065_T180_2 | 0.042 0059 [ 1844 |18 |5054 371 |[0046 | 0051 | 9.025
RB50_WL_0583_H05_T180_1 | 0.042 0047 1798 |18 | 5054 | 4164 | 0036 | 0034 | 3.837
RB50_WL_0583_H05_T180_2 | 0.042 0047 1797 |18 | 5054 | 4167 | 0034 | 0032 | 3.687
RB50_WL_0567_H08_T180_1 | 0.058 0075 1816 |18 | 5054 | 3.285 | 0048 | 0.061 | 9.943
RB50_WL_0567_H08_T180_2 [ 0.058 0075 1815 |18 | 5054 | 3284 [ 0051 | 0061 | 9.509
RB50_WL_0567_H065_T180_1 | 0.058 0061 | 1.81 18 | 5054 | 3633 [ 0044 [ 0043 | 4938
RB50_WL_0567_H065_T180_2 | 0.058 0061 | 1801 |18 | 5054 | 3651 | 0045 | 0043 | 4.855
RB50_WL_06_H08_T154_1 0.025 0069 | 1544 | 154 |37 2934 (0074 [007 [ 17532
RB50_WL_06_H08_T154_2 0.025 0069 | 1543 | 154 | 3.7 2935 [ 007 [o007 |[17.603
RB50_WL_06_H065_T154_1 | 0.025 0055 | 1542 | 154 | 3.7 3.277 | 0.057 | 0.057 | 10.855
RB50_WL_06_H065_T154_2 | 0.025 0055 | 1542 | 154 |37 3275 [ 006 [0057 [ 10898
RB50_WL_06_H05_T154_1 0.025 0042 | 1539 | 154 |37 3754 | 0031 [ 0037 | 5138
RB50_WL_06_H05_T154_2 0.025 0042 | 153 | 154 |37 3753 [ 0.031 [ 0.038 [ 4941
RB50_WL_06_H95_T154_1 0.025 0081 | 1544 | 154 | 37 2702 | 0.065 | 0.082 | 25.48
RB50_WL_06_H95_T154_2 0.025 0081 | 1544 | 154 | 37 27 0.066 | 0.085 | 24.237
RB50_WL_06_H09_T154_1 0.025 0077 | 1546 | 154 | 3.7 2774 | 0.067 | 0.082 | 22.642
RB50_WL_06_H09_T154_2 0.025 0077 | 1546 | 154 | 37 2774 [ 007 [ 0086 | 21.965
RB50_WL_0583_H08_T154_1 | 0.042 007 | 1544 | 154 |37 2912 [ 0059 [ 0062 | 10.884
RB50_WL_0583_H08_T154_2 | 0.042 007 | 1543 | 154 |37 2.908 | 0.059 | 0.063 | 11.476
RB50_WL_0583_H065_T154_1 | 0.042 0056 | 1538 | 154 |37 3.242 | 0.036 | 0.042 | 5.632
RB50_WL_0583_H065_T154_2 | 0.042 0056 | 1538 | 154 |37 324 | 0035 | 0042 | 6.381
RB50_WL_0583_H05_T154_1 | 0.042 0043 [ 1539 | 154 |37 37 0023 | 0026 | 2.005
RB50_WL_0583_H05_T154 2 | 0.042 0043 | 1538 | 154 |37 37 0024 | 0026 | 1.68
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Continue from previous page

RB50_WL 0567 H08 T154 1 | 0.058 007 | 1.542 154 | 3.7 2899 | 0041 | 005 | 6.663
RB50 WL _0567_H08 T154 2 | 0.058 0.071 | 1.542 154 | 3.7 2.894 | 0042 | 0.053 | 6.437
RB50_WL_0567_H065_T154_1 | 0.058 0.058 | 1.538 154 | 3.7 3.209 | 0027 | 0033 | 271

RB50_WL_0567_H065_T154_2 | 0.058 0.058 | 1.543 154 | 3.7 3.202 | 0026 | 0.031 | 2.866
RB50_WL_06_H08_T120_1 0.025 0.062 | 1.207 1.2 | 2.246 | 2.412 | 0.038 | 0.051 | 8.56

RB50_WL_06_HO08 T120 2 0.025 0.062 | 1.207 12 | 2.246 | 2.406 | 0.039 | 0.05 | 8.744
RB50_WL_06_HO065 T120 1 0.025 0.05 | 1.207 12 | 2246 | 268 | 0.035 | 0.038 | 5.280
RB50_WL_06_H065_T120_2 0.025 005 | 1.207 1.2 | 2.246 | 2682 | 0.033 | 0.04 | 5.268
RB50_WL_06_HO05_T120_1 0.025 0.038 | 1.205 1.2 | 2.246 | 3.076 | 0.025 | 0.026 | 2.504
RB50_WL_06_HO05 T120 2 0.025 0.038 | 1.205 12 | 2246 | 3.077 | 0.025 | 0.026 | 2.418
RB50_WL_06_H10_T120_1 0.025 0.08 | 1.205 1.2 | 2246 | 2121 [ 0052 | 007 | 13.86
RB50_WL_06_H10_T120_2 0.025 0.079 | 1.205 1.2 | 2246 | 2137 | 0.051 | 0.067 | 14.67
RB50_WL_0583_H08_T120_1 | 0.042 0.064 | 1.204 12 | 2246 | 2.372 | 0.032 | 0.039 | 5.71

RB50_WL_0583_H08_T120_2 | 0.042 0.063 | 1.207 1.2 | 2246 | 2381 | 0.031 [ 0.04 | 6.175
RB50_WL_0583_H065 T120_1 | 0.042 0.053 | 1.202 1.2 | 2246 | 2615 | 0.027 | 0.029 | 3.39

RB50_WL_0583_H065_T120_2 | 0.042 0.053 | 1.202 12 | 2246 | 261 | 0.025 | 0.029 | 3.292
RB50_WL_0583_H05_T120 1 | 0.042 0.041 | 1.2 1.2 | 2246 | 2968 | 0.019 | 0.02 | 1.241
RB50_WL_0583_HO05_T120_2 | 0.042 0.041 | 1.2 1.2 | 2.246 | 2.967 | 0.019 | 0.019 | 1.112
RB50_WL_0567_H08_T120_1 | 0.058 0.066 | 1.202 1.2 | 2246 | 2329 | 0.027 | 0.032 | 4.696
RB50_WL_0567_H08 T120 2 | 0.058 0.067 | 1.202 1.2 | 2246 | 2323 | 0.026 | 0.032 | 4.879
RB50_WL_0567_H065_T120_1 | 0.058 0.053 | 1.202 12 | 2246 | 2601 [ 002 | 0022 | 2677
RB50_WL_0567_H065 T120_2 | 0.058 0.053 | 1.202 12 | 2246 | 2601 | 002 | 0.022 | 2.85
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Table A.2 Average event of a wave train for the dike side case

Test Code Hm Tm To Lo Ir R. Frmax h,

RBOO_WL0567_H08_T180_1 0.072 1.792 1.800 5.054 3.569 0.058 39.489 0.117
RBO0_WL0567_H08_T180_2 0.072 1.793 1.800 5.054 3.571 0.058 41.142 0.114
RB00_WL0567_H08_T180_3 0.071 1.791 1.800 5.054 3.583 0.058 39.680 0.112
RBO0_WLO0567_H08_T180_4 0.072 1.793 1.800 5.054 3.576 0.058 39.701 0.114
RBO0_WL0567_H065_T180_1 0.058 1.791 1.800 5.054 3.963 0.058 44,557 0.083
RBOO_WL0567_H065_T180_2 0.058 1.791 1.800 5.054 3.965 0.058 44,557 0.081
RBOO_WL0567_H065_T180_3 0.058 1.791 1.800 5.054 3.962 0.058 22.057 0.082
RBO0_WL0567_H065_T180_4 0.058 1.791 1.800 5.054 3.962 0.058 22.167 0.083
RBOO_WL0567_HO05_T180_1 0.046 1.790 1.800 5.054 4.462 0.058 8.122 0.044
RB00_WL0567_H05_T180_2 0.046 1.800 1.800 5.054 4.448 0.058 8.109 0.043
RBO0_WL0567_H05_T180_3 0.046 1.790 1.800 5.054 4.452 0.058 33.658 0.044
RBOO_WL0567_H05_T180_4 0.046 1.790 1.800 5.054 4.456 0.058 33.679 0.044
RB0O0_WLO06_H08_T154_1 0.073 1.539 1.540 3.700 3.027 0.025 19.021 0.123
RBOO_WLO06_H08_T154_2 0.073 1.540 1.540 3.700 3.026 0.025 19.053 0.121
RBOO_WLO06_H08_T154_3 0.073 1.540 1.540 3.700 3.025 0.025 9.569 0.121
RBOO_WL06_H065_T154_1 0.059 1.538 1.540 3.700 3.377 0.025 9.570 0.087
RBOO_WLO06_H065_T154_2 0.057 1.522 1.540 3.700 3.438 0.025 26.816 0.087
RBO0_WL06_H065_T154_3 0.059 1.538 1.540 3.700 3.377 0.025 26.761 0.088
RB0O0_WLO06_H05_T154_1 0.042 1.516 1.540 3.700 4.015 0.025 14.610 0.061
RBOO_WLO06_HO05_T154_2 0.043 1.538 1.540 3.700 3.936 0.025 14.613 0.061
RB0O0O_WLO06_H05_T154_3 0.043 1.538 1.540 3.700 3.935 0.025 30.860 0.061
RBOO_WLO06_H035_T154_1 0.030 1.538 1.540 3.700 4.757 0.025 30.834 0.035
RBOO_WLO06_H035_T154_2 0.030 1.538 1.540 3.700 4.753 0.025 19.666 0.035
RBOO_WL06_H035_T154_3 0.030 1.538 1.540 3.700 4.752 0.025 19.633 0.035
RBOO_WL0583_H08_T154_1 0.074 1.541 1.540 3.700 3.012 0.042 10.298 0.102
RB0O0_WL0583_H08_T154_2 0.074 1.541 1.540 3.700 3.010 0.042 10.246 0.105
RB0O0_WL0583_H08_T154 3 0.074 1.541 1.540 3.700 3.011 0.042 39.561 0.105
RBO0_WL0583_H065_T154_1 0.058 1.541 1.540 3.700 3.388 0.042 39.497 0.075
RBOO_WL0583_H065_T154_2 0.058 1.541 1.540 3.700 3.388 0.042 36.745 0.074
RBOO_WL0583_H05_T154_1 0.044 1.541 1.540 3.700 3.907 0.042 36.768 0.045
RBO0_WL0583_H05_T154_2 0.044 1.541 1.540 3.700 3.907 0.042 24.659 0.045
RBOO_WL0583_H035_T154_1 0.030 1.540 1.540 3.700 4.706 0.042 24,545 0.018
RBOO_WL0583_H035_T154 2 0.030 1.542 1.540 3.700 4.710 0.042 14.826 0.018
RB0O0_WL0567_HO08_T154 1 0.073 1.542 1.540 3.700 3.031 0.058 14.805 0.093
RB0O0_WL0567_HO08_T154 2 0.073 1.542 1.540 3.700 3.024 0.058 6.956 0.092
RBOO_WL0567_H065_T154_1 0.057 1.542 1.540 3.700 3.416 0.058 6.944 0.059
RB00_WL0567_H065_T154_2 0.058 1.541 1.540 3.700 3.413 0.058 18.614 0.059
RBOO_WL0567_HO05_T154_1 0.043 1.541 1.540 3.700 3.925 0.058 19.438 0.030
RBO0_WL0567_H05_T154_2 0.044 1.541 1.540 3.700 3.924 0.058 11.827 0.029
RBOO_WLO055_H08_T154_1 0.072 1.540 1.540 3.700 3.053 0.075 11.863 0.078
RBOO_WL055_H08_T154_2 0.072 1.540 1.540 3.700 3.054 0.075 17.707 0.080
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Continue from previous page

RB0O0_WLO55_H065_T154_1 0.057 1.539 1.540 3.700 3.443 0.075 17.593 0.043
RBOO_WL055_H065_T154_2 0.057 1.538 1.540 3.700 3.443 0.075 12.318 0.043
RB0OO_WLO55_H05_T154_1 0.043 1.538 1.540 3.700 3.947 0.075 12.333 0.011
RB0OO0_WLO055_H05_T154_2 0.041 1.539 1.540 3.700 4.056 0.075 7.480 X
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Table A.3 Individual event of awave train for the inland case, T=1.8s

| testcose |

RB50_WL_06_H08_T180_1 0.01529 0.08754 0.06788 0.07225 32.1143 0.3671
0.0161 0.09826 0.07175 0.08216 30.2792 0.3671
0.01692 0.09561 0.07547 0.07869 25.875 0.5506
0.01529 0.10918 0.08654 0.09389 32.2979 0.5506
0.01705 0.08591 0.06811 0.06886 36.3351 0.3671
0.01631 0.09181 0.07632 0.0755 28.4441 0.3671
0.01651 0.10382 0.09296 0.08731 33.9494 0.1836
0.01563 0.07852 0.0661 0.06289 25.508 0.1836
0.0138 0.08218 0.06765 0.06838 26.9761 0.3671
0.01407 0.08062 0.0733 0.06655 22.0213 0.3671
0.01312 0.07696 0.0767 0.06384 20.9202 0.1836
RB50_WL_06_HO08_T180_2 0.01692 0.08517 0.06354 0.06825 30.0957 0.3671
0.01658 0.0929 0.07601 0.07632 24.9574 0.3671
0.01651 0.10016 0.09165 0.08365 23.8564 0.3671
0.01502 0.09568 0.07608 0.08066 32.4814 0.5506
0.01481 0.1024 0.08584 0.08759 36.3351 0.5506
0.01427 0.08272 0.07175 0.06845 28.6276 0.3671
0.01488 0.10776 0.0791 0.09288 34.133 0.3671
0.0157 0.08707 0.06416 0.07137 19.2686 0.3671
0.01508 0.08177 0.08081 0.06669 25.3245 0.3671
0.01434 0.08306 0.07725 0.06872 22.3883 0.3671
0.01325 0.06413 0.07903 0.05088 21.2872 0.3671
RB50_WL_06_H065_T180_1 0.01413 0.06488 0.06385 0.05075 12.8457 0
0.01359 0.06583 0.0517 0.05224 19.6356 0
0.01359 0.06902 0.05928 0.05543 14.8643 0
0.01332 0.06461 0.05851 0.05129 20.3696 0
0.01461 0.08225 0.05456 0.06764 18.5345 0
0.01441 0.06583 0.05773 0.05142 17.4334 0
0.0142 0.06759 0.05533 0.05339 16.8829 0
0.01393 0.07017 0.05526 0.05624 20.7366 0
0.01325 0.06522 0.06974 0.05197 19.2685 0
0.01264 0.05816 0.05704 0.04552 13.7632 0
0.01224 0.05627 0.04767 0.04403 12.8457 0
RB50_WL_06_H065_T180_2 0.01319 0.06631 0.06339 0.05312 15.0479 0.1836
0.01393 0.07499 0.05425 0.06106 18.9016 0.1836
0.01366 0.07404 0.06617 0.06038 15.9654 0.1836
0.01386 0.06542 0.05472 0.05156 19.4521 0.1836
0.01447 0.07641 0.06834 0.06194 18.9016 0.1836
0.014 0.06983 0.06254 0.05583 17.984 0.1836
0.01502 0.06732 0.06207 0.0523 16.3325 0
0.01339 0.06875 0.05479 0.05536 20.0027 0.1836
0.01312 0.07587 0.06594 0.06275 17.4335 0
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0.01285 0.05464 0.05518 0.04179 15.2314 0
0.01359 0.05783 0.04674 0.04424 11.1942 0.1836
RB50_WL_06_HO05_T180_1 0.01129 0.05009 0.05696 0.0388 8.992 0
0.01162 0.04867 0.05185 0.03705 9.3591 0
0.01176 0.0467 0.05634 0.03494 8.8085 0
0.01156 0.04799 0.05866 0.03643 10.6436 0
0.01162 0.04792 0.05278 0.0363 9.3591 0
0.01149 0.04765 0.0541 0.03616 8.992 0
0.0121 0.05172 0.05572 0.03962 10.6436 0
0.01162 0.05253 0.04031 0.04091 9.1756 0
0.01068 0.0446 0.04 0.03392 6.6064 0
0.01068 0.03578 0.05038 0.0251 4.5878 0
0.00966 0.03327 0.03969 0.02361 4.7713 0
RB50_WL_06_HO05_T180_2 0.01129 0.04846 0.05386 0.03717 8.8085 0
0.01129 0.04446 0.05712 0.03317 8.4415 0
0.01061 0.04568 0.05293 0.03507 9.1756 0
0.01149 0.04853 0.0551 0.03704 9.5426 0
0.01101 0.04907 0.0558 0.03806 10.0931 0
0.01156 0.04697 0.0462 0.03541 8.625 0
0.01149 0.04996 0.05402 0.03847 11.7447 0
0.01142 0.05084 0.04132 0.03942 10.2766 0
0.01 0.04195 0.04031 0.03195 6.2394 0
0.00986 0.0353 0.04775 0.02544 4.9548 0
0.01034 0.03361 0.0407 0.02327 4.4043 0
RB50_WL_06_H075_T180_1 0.01251 0.07892 0.05967 0.06641 31.0133 0.3671
0.01434 0.09548 0.06424 0.08114 23.8564 0.3671
0.01373 0.09887 0.06811 0.08514 20.0027 0.5506
0.01549 0.09046 0.07221 0.07497 29.9122 0.5506
0.01413 0.10335 0.07926 0.08922 20.9202 0.3671
0.01468 0.08428 0.06331 0.0696 24.9574 0.3671
0.01522 0.09812 0.0654 0.0829 29.5452 0.3671
0.01481 0.07336 0.06323 0.05855 25.3245 0.1836
0.0138 0.07302 0.06563 0.05922 20.7367 0.3671
0.01224 0.07092 0.06741 0.05868 18.9016 0.3671
0.01407 0.06902 0.06377 0.05495 15.7819 0.1836
RB50_WL_06_H075_T180_2 0.01447 0.09378 0.06896 0.07931 23.6729 0.3671
0.0157 0.08333 0.06757 0.06763 20.7367 0.1836
0.01441 0.09188 0.06927 0.07747 23.6729 0.3671
0.01502 0.09873 0.07128 0.08371 22.7553 0.3671
0.01468 0.08958 0.07066 0.0749 24.5904 0.5506
0.01522 0.08456 0.06943 0.06934 24.4069 0.5506
0.01441 0.09663 0.07167 0.08222 34.3165 0.1836
0.01468 0.07709 0.07012 0.06241 24.0399 0.1836
0.01359 0.07194 0.0613 0.05835 22.3883 0.3671
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0.01366 0.07343 0.05797 0.05977 19.0851 0.1836
0.01312 0.06027 0.06021 0.04715 16.3325 0.1836
RB50_WL_06_H07_T180_1 0.01427 0.07594 0.0575 0.06167 22.5717 0.367
0.01468 0.07601 0.07291 0.06133 18.5345 0.367
0.01346 0.08225 0.06416 0.06879 25.3244 0.367
0.01407 0.08551 0.06672 0.07144 19.6356 0.367
0.01461 0.07451 0.06741 0.0599 20.3696 0.367
0.01373 0.07289 0.06161 0.05916 19.2685 0.1835
0.01468 0.08849 0.07454 0.07381 25.3244 0.1835
0.01373 0.06956 0.06277 0.05583 22.0212 0.1835
0.01359 0.07038 0.05983 0.05679 16.5159 0.1835
0.01291 0.06814 0.06029 0.05523 15.0478 0.367
0.01196 0.05925 0.06331 0.04729 13.2127 0.1835
RB50_WL_06_H07_T180_2 0.01427 0.08232 0.05262 0.06805 20.7366 0.1835
0.0142 0.0775 0.06633 0.0633 16.1489 0.367
0.01291 0.07892 0.05758 0.06601 22.2047 0.1835
0.01502 0.08625 0.07066 0.07123 22.2047 0.1835
0.01319 0.08517 0.07516 0.07198 20.7366 0.367
0.01468 0.07072 0.06284 0.05604 21.6542 0.1835
0.01386 0.07519 0.06323 0.06133 21.4707 0.367
0.01393 0.07533 0.07392 0.0614 20.1861 0.1835
0.014 0.07248 0.05487 0.05848 17.984 0.1835
0.01325 0.06529 0.05549 0.05204 15.0478 0.1835
0.01271 0.05443 0.06068 0.04172 12.8457 0
RB50_WL_0583_H08_T180_1 0.01529 0.08048 0.05549 0.06519 18.167 0
0.01325 0.0756 0.06641 0.06235 16.332 0
0.01454 0.07153 0.05735 0.05699 21.838 0
0.01481 0.08462 0.06424 0.06981 18.901 0
0.01427 0.0872 0.05866 0.07293 20.737 0
0.01312 0.08076 0.06826 0.06764 16.699 0
0.01278 0.07268 0.06315 0.0599 21.104 0
0.01373 0.06447 0.05588 0.05074 14.314 0
0.01271 0.07017 0.03846 0.05746 12.295 0
0.01359 0.05504 0.04666 0.04145 11.194 0
0.0119 0.04928 0.04906 0.03738 7.3404 0
RB50_WL_0583_H08_T180_2 0.01393 0.07506 0.0551 0.06113 19.269 0
0.01346 0.07655 0.08166 0.06309 16.7 0
0.01319 0.07797 0.05696 0.06478 22.205 0
0.01488 0.07933 0.06857 0.06445 18.168 0.1836
0.0157 0.07926 0.06803 0.06356 26.242 0.1836
0.01637 0.09487 0.07229 0.0785 18.718 0
0.01386 0.08863 0.06826 0.07477 18.168 0
0.01224 0.06631 0.06137 0.05407 16.883 0
0.01407 0.07309 0.04186 0.05902 11.745 0.1836
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0.01257 0.05966 0.04388 0.04709 13.763 0
0.01237 0.04799 0.05394 0.03562 8.992 0
RB50_WL_0583_H065_T180_1 0.01169 0.0581 0.0469 0.04641 10.2766 0
0.01217 0.05606 0.04117 0.04389 10.6436 0
0.0123 0.05878 0.04426 0.04648 10.0931 0
0.0123 0.0566 0.04295 0.0443 10.8271 0
0.01339 0.05565 0.04318 0.04226 10.2766 0
0.01285 0.05301 0.04837 0.04016 10.6436 0
0.01183 0.05844 0.05084 0.04661 10.6436 0
0.01122 0.0484 0.04953 0.03718 7.891 0
0.01115 0.03727 0.04457 0.02612 5.6889 0
0.01047 0.03951 0.04225 0.02904 6.4229 0
0.01034 0.03354 0.04945 0.0232 3.3032 0
RB50_WL_0583_H065_T180_2 0.01203 0.05694 0.05193 0.04491 11.5612 0
0.01217 0.05613 0.04194 0.04396 10.2766 0
0.01183 0.05911 0.04318 0.04728 9.7261 0
0.01264 0.05396 0.04209 0.04132 11.5612 0
0.01339 0.05633 0.04767 0.04294 11.1942 0
0.01298 0.05572 0.04806 0.04274 11.9282 0
0.01257 0.06278 0.05363 0.05021 11.1942 0
0.0119 0.04656 0.0541 0.03466 8.0745 0
0.01135 0.04059 0.04264 0.02924 4.7713 0
0.01088 0.0389 0.04047 0.02802 5.6889 0
0.00932 0.03042 0.04179 0.0211 3.3032 0
RB50_WL_0583_H05_T180_1 0.00979 0.0351 0.03729 0.02531 4.7713 0
0.01013 0.03659 0.03311 0.02646 4.7713 0
0.00986 0.03551 0.03861 0.02565 4.7713 0
0.01013 0.03869 0.03582 0.02856 5.1383 0
0.01027 0.037 0.03722 0.02673 4.7713 0
0.01013 0.03856 0.04039 0.02843 4.9548 0
0.01006 0.03815 0.03606 0.02809 5.5053 0
0.01013 0.03958 0.04256 0.02945 3.6702 0
0.00952 0.03082 0.04604 0.0213 2.0187 0
0.00891 0.02445 0.02793 0.01554 1.2846 0
0.00857 0.02085 0.01871 0.01228 0.5506 0
RB50_WL_0583_H05_T180_2 0.01 0.03754 0.03807 0.02754 4.5878 0
0.01013 0.03551 0.03853 0.02538 4.0373 0
0.00993 0.03612 0.03768 0.02619 4.4043 0
0.01027 0.03802 0.03582 0.02775 5.1383 0
0.01034 0.03673 0.03799 0.02639 4.5878 0
0.01006 0.03985 0.0359 0.02979 4.4043 0
0.01013 0.03951 0.04225 0.02938 5.5053 0
0.00993 0.0313 0.04705 0.02137 4.0373 0
0.00871 0.02472 0.02793 0.01601 1.8351 0
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0.00844 0.02173 0.02111 0.01329 1.2846 0
0.00769 0.01447 0.01716 0.00678 0.7341 0
RB50_WL_0567_H08_T180_1 0.01115 0.06169 0.03962 0.05054 10.2766 0
0.01298 0.08177 0.04248 0.06879 11.3777 0
0.01162 0.05504 0.0455 0.04342 11.0107 0
0.01169 0.07336 0.05007 0.06167 13.9468 0
0.01251 0.06006 0.0445 0.04755 11.1942 0.1836
0.0123 0.07031 0.04132 0.05801 16.1489 0
0.01407 0.05884 0.05363 0.04477 9.3591 0
0.0119 0.06047 0.05921 0.04857 7.1569 0
0.01068 0.04487 0.04821 0.03419 4.5878 0
0.01006 0.0484 0.05139 0.03834 9.7261 0
0.01257 0.05457 0.04697 0.042 4.5878 0
RB50_WL_0567_H08_T180_2 0.01196 0.06115 0.05626 0.04919 9.1755 0
0.0119 0.0716 0.05247 0.0597 11.3776 0
0.01224 0.05857 0.04813 0.04633 10.6435 0
0.01183 0.0619 0.05007 0.05007 12.6622 0
0.01285 0.06115 0.05131 0.0483 12.8457 0
0.01257 0.05898 0.04782 0.04641 11.9281 0
0.01264 0.06726 0.04659 0.05462 10.46 0
0.01169 0.06481 0.05789 0.05312 7.1569 0
0.01006 0.04935 0.05464 0.03929 4.9547 0
0.01061 0.05443 0.05115 0.04382 9.359 0
0.01068 0.05925 0.04868 0.04857 4.0372 0
RB50_WL_0567_H065_T180_1 0.00925 0.04399 0.05108 0.03474 6.7899 0
0.00945 0.04439 0.04953 0.03494 6.0559 0
0.01 0.04426 0.04984 0.03426 5.6889 0
0.00993 0.04731 0.04713 0.03738 6.4229 0
0.01027 0.0467 0.04906 0.03643 6.6064 0
0.01068 0.04636 0.05363 0.03568 6.6064 0
0.00993 0.05009 0.05077 0.04016 6.6064 0
0.01054 0.04812 0.03908 0.03758 3.3032 0
0.00891 0.0332 0.03606 0.02429 1.6516 0
0.0083 0.0296 0.02514 0.0213 2.7527 0
0.00932 0.03659 0.02831 0.02727 1.8351 0
RB50_WL_0567_H065_T180_2 0.01095 0.04412 0.05317 0.03317 6.2394 0
0.00993 0.04833 0.05038 0.0384 5.8724 0
0.01006 0.04778 0.05046 0.03772 5.6889 0
0.01115 0.0488 0.04945 0.03765 6.4229 0
0.01088 0.04365 0.05595 0.03277 6.6064 0
0.01088 0.04446 0.05061 0.03358 7.3405 0
0.01108 0.04575 0.05595 0.03467 6.0559 0
0.01122 0.0486 0.03962 0.03738 3.3032 0
0.01013 0.03313 0.0366 0.023 2.0187 0
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Table A.4 Individual event of a wave train for the inland case, T=1.54s

RB50_WL_06_H08_T154_1 0.01692 0.06542 0.06865 0.0485 19.2686 0
0.01658 0.07879 0.07864 0.06221 13.9468 0.3671
0.01753 0.06481 0.05773 0.04728 17.25 0.5506
0.01732 0.06542 0.07678 0.0481 19.6356 0
0.01644 0.0623 0.0798 0.04586 17.25 0.3671
0.01529 0.06868 0.07678 0.05339 15.2314 0.3671
0.01773 0.08842 0.08615 0.07069 21.2872 0.1836
0.01617 0.07953 0.08863 0.06336 15.5984 0.1836
0.01698 0.07302 0.06958 0.05604 15.4149 0.3671
0.01495 0.07017 0.07725 0.05522 17.984 0
0.01386 0.06447 0.06137 0.05061 13.0293 0.1836
0.01698 0.05966 0.06703 0.04268 17.617 0.1836
0.01753 0.07533 0.07012 0.0578 24.4069 0.5506

RB50_WL_06_H08_T154_2 0.0157 0.08015 0.06602 0.06445 18.1676 0.3671
0.01651 0.06563 0.07291 0.04912 16.3325 0.3671
0.01671 0.06916 0.05758 0.05245 14.3138 0.3671
0.01746 0.0642 0.07856 0.04674 19.8192 0
0.01603 0.07431 0.05913 0.05828 19.8192 0.1836
0.01719 0.06264 0.08228 0.04545 14.4974 0.3671
0.01807 0.06875 0.06292 0.05068 19.4521 0.1836
0.01651 0.06854 0.06873 0.05203 19.0851 0.1836
0.01807 0.07682 0.08189 0.05875 13.9468 0.5506
0.01753 0.06169 0.07779 0.04416 17.617 0

0.0159 0.06312 0.05239 0.04722 16.6995 0.3671
0.01502 0.07682 0.0743 0.0618 18.7181 0.3671
0.01624 0.07709 0.08127 0.06085 20.3697 0.3671

RB50_WL_06_H065_T154_1 0.01475 0.04962 0.05727 0.03487 9.3591 0.3671
0.01339 0.05789 0.05239 0.0445 12.2952 0.1836
0.01495 0.05247 0.06323 0.03752 9.5426 0.1836
0.01475 0.05674 0.05619 0.04199 11.3777 0.1836
0.01468 0.05504 0.06408 0.04036 12.8458 0.1836

0.014 0.05973 0.05936 0.04573 11.1942 0.1836
0.01475 0.06135 0.05603 0.0466 10.0931 0.1836
0.01447 0.06285 0.05952 0.04838 9.5426 0.1836
0.01447 0.05776 0.05626 0.04329 11.9282 0
0.01346 0.0642 0.05704 0.05074 13.0293 0.1836
0.01271 0.05342 0.06331 0.04071 9.3591 0.1836
0.01373 0.05219 0.04775 0.03846 8.8085 0

0.0142 0.06339 0.04883 0.04919 11.7447 0.1836

RB50_WL_06_H065_T154_2 0.01468 0.04677 0.06137 0.03209 10.6436 0.1836

0.01488 0.05857 0.05053 0.04369 11.1942 0.1836
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0.01427 0.05559 0.06192 0.04132 8.992 0.1836
0.01488 0.05145 0.05371 0.03657 12.6623 0
0.01366 0.05606 0.06896 0.0424 12.4787 0.1836
0.01441 0.06162 0.0582 0.04721 10.8271 0.1836
0.01576 0.05694 0.06517 0.04118 10.6436 0.1836
0.01556 0.05491 0.06308 0.03935 10.6436 0.1836
0.01393 0.06434 0.05936 0.05041 10.2766 0.1836
0.01393 0.05789 0.06037 0.04396 13.0293 0.1836
0.01393 0.05335 0.07066 0.03942 9.5426 0
0.01454 0.05803 0.05348 0.04349 9.1756 0
0.0159 0.05959 0.05216 0.04369 11.5612 0.1836
RB50_WL_06_HO05_T154_1 0.01149 0.03408 0.03002 0.02259 4.2207 0
0.01251 0.03747 0.03373 0.02496 5.5053 0
0.01224 0.03897 0.03242 0.02673 4.5877 0
0.01217 0.03673 0.02862 0.02456 4.5877 0
0.01251 0.03795 0.03064 0.02544 4.9547 0
0.01244 0.03964 0.03009 0.0272 4.4042 0
0.01224 0.03856 0.02824 0.02632 4.9547 0
0.01217 0.03822 0.03048 0.02605 5.3217 0
0.01264 0.03693 0.03133 0.02429 5.5053 0
0.01162 0.03693 0.03157 0.02531 6.2393 0
0.0123 0.03625 0.03435 0.02395 4.9547 0
0.01203 0.03137 0.02855 0.01934 4.5877 0
0.0121 0.04107 0.0328 0.02897 6.9733 0
RB50_WL_06_HO05_T154_2 0.01176 0.03646 0.03172 0.0247 4.0373 0
0.01224 0.03937 0.0287 0.02713 5.3218 0
0.01203 0.03903 0.02816 0.027 4.2208 0
0.01203 0.03734 0.03381 0.02531 4.4043 0
0.01237 0.03944 0.03319 0.02707 47713 0
0.01203 0.03876 0.02917 0.02673 4.4043 0
0.01251 0.04086 0.03381 0.02835 4.9548 0
0.01217 0.03802 0.03126 0.02585 5.5053 0
0.01298 0.03802 0.03164 0.02504 5.3218 0
0.01169 0.0408 0.03149 0.02911 6.0559 0
0.0119 0.03523 0.02986 0.02333 5.1383 0
0.01142 0.03157 0.03056 0.02015 4.0373 0
0.01271 0.04195 0.03149 0.02924 6.0559 0
RB50_WL_06_H095_T154_1 0.01705 0.06441 0.05967 0.04736 22.0213 0.1836
0.0178 0.06997 0.07229 0.05217 25.875 0.9176
0.02011 0.08015 0.06099 0.06004 23.1223 0.1836
0.01726 0.08306 0.05681 0.0658 22.2048 0.7341
0.01759 0.07051 0.05603 0.05292 25.141 0
0.01888 0.07567 0.08197 0.05679 28.0771 0.7341
0.01909 0.07804 0.06315 0.05895 24.0399 0.5506
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0.018 0.09697 0.06068 0.07897 22.0213 0.7341
0.01936 0.08476 0.06672 0.0654 25.875 0.7341
0.01563 0.08761 0.05332 0.07198 25.6915 0.5506
0.01719 0.07648 0.07051 0.05929 24,2234 0.5506
0.01651 0.08333 0.05456 0.06682 24,9574 0.3671
0.01644 0.1121 0.08429 0.09566 37.9867 0.9176

RB50_WL_06_H095_T154_2 0.01726 0.08584 0.05224 0.06858 21.1036 0
0.01692 0.07947 0.05928 0.06255 21.2871 0.5505
0.01963 0.07764 0.07268 0.05801 28.6276 0.5505
0.01753 0.09324 0.05448 0.07571 20.0026 0.9175
0.01732 0.08198 0.0599 0.06466 28.444 0.367
0.01624 0.08815 0.075 0.07191 24.4068 0.9175
0.01793 0.08449 0.06966 0.06656 28.444 0.5505
0.01536 0.08727 0.07152 0.07191 23.8563 0.734
0.01854 0.08625 0.08445 0.06771 27.5265 0.1835
0.01692 0.0872 0.05557 0.07028 24,9574 0.734
0.01861 0.08564 0.0637 0.06703 23.3058 0.5505

0.0157 0.07872 0.05557 0.06302 18.1675 0.5505
0.0161 0.08659 0.08267 0.07049 24.9574 0.5505

RB50_WL_06_H09_T154_1 0.01916 0.0659 0.05108 0.04674 17.4334 0.367
0.01875 0.0777 0.08096 0.05895 23.6728 0.5505
0.01678 0.09073 0.06648 0.07395 19.452 0.367
0.01739 0.09209 0.06215 0.0747 19.6356 0.367
0.01631 0.095 0.05386 0.07869 22.9387 0.5505
0.01726 0.08076 0.08507 0.0635 24,7738 0.5505
0.01495 0.07248 0.06873 0.05753 23.6728 0.734
0.01821 0.08727 0.07306 0.06906 23.1222 0.734
0.01597 0.0832 0.07082 0.06723 23.6728 0.5505
0.01746 0.08048 0.06633 0.06302 28.077 0.367
0.01461 0.08157 0.05874 0.06696 20.3696 0.9175
0.01658 0.06943 0.05657 0.05285 19.085 0.367
0.01726 0.08944 0.08267 0.07218 28.444 0.5505

RB50_WL_06_H09_T154_2 0.01705 0.0661 0.05201 0.04905 19.2685 0.1835
0.01827 0.07553 0.0863 0.05726 28.6276 0.5505
0.01692 0.08408 0.0637 0.06716 14.1303 0.734
0.01651 0.07628 0.06679 0.05977 26.0584 0.367
0.01719 0.09283 0.06223 0.07564 19.085 0.734
0.01658 0.10918 0.06718 0.0926 19.4521 0.5505
0.01739 0.09202 0.06842 0.07463 22.3882 0.367
0.01698 0.08191 0.06989 0.06493 19.8191 0.367
0.01787 0.07465 0.07384 0.05678 30.2792 0.5505
0.01583 0.10118 0.07508 0.08535 22.2047 0.5505
0.01658 0.07947 0.06192 0.06289 20.0026 0.367
0.01759 0.06576 0.07206 0.04817 13.9467 0.1835
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0.01759 0.11495 0.0942 0.09736 30.2792 0.1835
RB50_WL_0583_H08_T154_1 0.01468 0.05063 0.05998 0.03595 8.0745 0
0.01515 0.06644 0.05797 0.05129 10.46 0

0.01631 0.05219 0.0589 0.03588 10.277 0

0.01481 0.0623 0.05301 0.04749 11.928 0

0.0161 0.05314 0.06463 0.03704 9.1756 0

0.01624 0.06834 0.05727 0.0521 11.745 0

0.01475 0.06366 0.06052 0.04891 11.194 0

0.01461 0.06468 0.06524 0.05007 11.745 0

0.01495 0.06129 0.07005 0.04634 11.928 0

0.01481 0.07587 0.05998 0.06106 11.745 0

0.01502 0.05274 0.05363 0.03772 8.625 0

0.01468 0.06217 0.05022 0.04749 10.277 0

0.01556 0.07574 0.05712 0.06018 14.314 0

RB50_WL_0583_H08_T154_2 0.01529 0.05213 0.05975 0.03684 8.0745 0
0.01603 0.06271 0.0551 0.04668 10.093 0

0.01556 0.0526 0.06176 0.03704 10.827 0

0.01468 0.06291 0.05518 0.04823 14.13 0

0.01508 0.06834 0.05851 0.05326 11.745 0

0.0157 0.06156 0.06021 0.04586 10.827 0

0.0157 0.05979 0.0709 0.04409 10.827 0

0.01475 0.0659 0.06207 0.05115 12.112 0

0.01515 0.06203 0.06068 0.04688 12.295 0

0.01441 0.07194 0.06184 0.05753 12.295 0

0.01488 0.05457 0.05549 0.03969 8.4415 0

0.01427 0.06963 0.04736 0.05536 11.011 0

0.01515 0.07757 0.05781 0.06242 16.516 0

RB50_WL_0583_H065_T154_1 0.01251 0.03883 0.03211 0.02632 4.7713 0
0.01346 0.04738 0.03265 0.03392 5.1383 0

0.01373 0.04168 0.04031 0.02795 4.4043 0

0.01237 0.04107 0.03412 0.0287 4.4043 0

0.01346 0.04487 0.0335 0.03141 4.9548 0

0.01312 0.04134 0.03528 0.02822 5.6889 0

0.01407 0.04249 0.03923 0.02842 6.7899 0

0.01366 0.04229 0.03784 0.02863 6.7899 0

0.01366 0.0431 0.03629 0.02944 6.9734 0

0.01291 0.04256 0.04024 0.02965 6.6064 0

0.01291 0.03829 0.04256 0.02538 5.1383 0

0.0119 0.03625 0.03087 0.02435 4.5878 0

0.014 0.04962 0.03652 0.03562 6.9734 0

RB50_WL_0583_H065_T154_2 0.0121 0.03734 0.02777 0.02524 5.6889 0
0.01278 0.04466 0.03505 0.03188 6.6064 0

0.01203 0.03924 0.03737 0.02721 5.5053 0

0.01291 0.04215 0.03505 0.02924 5.6889 0
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0.01366 0.041 0.03575 0.02734 5.8724 0
0.01366 0.04215 0.03675 0.02849 6.4229 0
0.01312 0.04324 0.03536 0.03012 6.7899 0
0.01373 0.04317 0.0383 0.02944 6.0559 0
0.01346 0.04555 0.03962 0.03209 7.1569 0
0.01454 0.04195 0.03691 0.02741 6.9734 0
0.01386 0.037 0.03791 0.02314 5.5053 0
0.01264 0.03401 0.03025 0.02137 5.6889 0
0.01312 0.0526 0.03373 0.03948 8.992 0
RB50_WL_0583_H05_T154_1 0.01 0.02187 0.02189 0.01187 1.1011 0
0.00952 0.02614 0.0246 0.01662 2.0187 0
0.00911 0.02438 0.02088 0.01527 2.2022 0
0.00911 0.02485 0.02367 0.01574 2.2022 0
0.00945 0.02567 0.0232 0.01622 2.0187 0
0.00979 0.0273 0.02413 0.01751 2.2022 0
0.00945 0.02587 0.02367 0.01642 2.2022 0
0.00878 0.02682 0.02491 0.01804 2.0187 0
0.00952 0.02675 0.02444 0.01723 2.2022 0
0.00911 0.02913 0.02491 0.02002 2.2022 0
0.0085 0.0254 0.02142 0.0169 1.6516 0
0.00844 0.02228 0.02042 0.01384 1.2846 0
0.00925 0.03008 0.0256 0.02083 2.7527 0
RB50_WL_0583_H05_T154_2 0.01013 0.0216 0.01856 0.01147 0.9175 0
0.00945 0.02526 0.02297 0.01581 1.6515 0
0.00945 0.02533 0.02514 0.01588 1.6515 0
0.00945 0.0258 0.02065 0.01635 1.6515 0
0.00911 0.02574 0.02018 0.01663 1.6515 0
0.00986 0.02757 0.02676 0.01771 1.6515 0
0.00939 0.02648 0.02467 0.01709 1.6515 0
0.00945 0.02655 0.02243 0.0171 1.6515 0
0.00918 0.02608 0.02622 0.0169 2.0186 0
0.00925 0.02838 0.02754 0.01913 2.0186 0
0.00884 0.02526 0.02351 0.01642 1.468 0
0.00823 0.02295 0.02173 0.01472 1.2845 0
0.00918 0.02954 0.02692 0.02036 2.5691 0
RB50_WL_0567_H08_T154 1 0.01257 0.04338 0.03644 0.03081 7.1569 0
0.01305 0.04154 0.039 0.02849 7.891 0
0.01325 0.04616 0.04295 0.03291 5.1383 0
0.01224 0.04914 0.03977 0.0369 5.6889 0
0.01312 0.05084 0.03637 0.03772 6.2394 0
0.01352 0.05884 0.04302 0.04532 7.524 0
0.01461 0.04996 0.04511 0.03535 7.7075 0
0.01319 0.04765 0.04093 0.03446 7.3405 0
0.01325 0.05464 0.04047 0.04139 6.7899 0
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0.01346 0.05281 0.04728 0.03935 6.7899 0
0.01251 0.04405 0.0455 0.03154 4.9548 0
0.01278 0.05002 0.03629 0.03724 5.6889 0
0.01298 0.05674 0.04589 0.04376 7.7075 0
RB50_WL_0567_H08_T154_2 0.0121 0.04256 0.03877 0.03046 7.7075 0
0.01427 0.04833 0.03737 0.03406 8.625 0
0.01264 0.04453 0.0486 0.03189 5.6889 0
0.0123 0.05314 0.04031 0.04084 5.1383 0
0.01332 0.05518 0.04078 0.04186 5.5053 0
0.01271 0.06285 0.04209 0.05014 6.4229 0
0.01427 0.05396 0.04349 0.03969 6.4229 0
0.01352 0.05789 0.0414 0.04437 6.4229 0
0.01413 0.05477 0.04597 0.04064 6.7899 0
0.01475 0.04751 0.04643 0.03276 7.524 0
0.01291 0.0412 0.04628 0.02829 5.3218 0
0.01271 0.05647 0.03621 0.04376 5.1383 0
0.01312 0.06834 0.04271 0.05522 6.9734 0
RB50_WL_0567_H065_T154_1 0.01061 0.02662 0.02723 0.01601 2.3857 0
0.0102 0.03177 0.02359 0.02157 2.5692 0
0.00925 0.03191 0.02723 0.02266 2.2022 0
0.00925 0.0332 0.02452 0.02395 1.8351 0
0.00939 0.03354 0.02684 0.02415 2.0187 0
0.00952 0.03272 0.02816 0.0232 2.7527 0
0.00966 0.03456 0.02676 0.0249 2.3857 0
0.00918 0.03367 0.02653 0.02449 2.3857 0
0.00952 0.03293 0.02924 0.02341 3.1197 0
0.00966 0.03293 0.02707 0.02327 3.3032 0
0.00878 0.02981 0.02824 0.02103 2.3857 0
0.00857 0.02886 0.02467 0.02029 2.5692 0
0.00891 0.04019 0.028 0.03128 5.3218 0
RB50_WL_0567_HO065_T154_2 0.01034 0.02723 0.02622 0.01689 2.3857 0
0.00986 0.03048 0.02243 0.02062 2.3857 0
0.00952 0.03103 0.02707 0.02151 2.2022 0
0.00966 0.03089 0.02599 0.02123 2.3857 0
0.00918 0.03035 0.02297 0.02117 2.7527 0
0.01006 0.03137 0.02591 0.02131 3.3032 0
0.00966 0.03028 0.02483 0.02062 2.9362 0
0.00932 0.03137 0.02723 0.02205 3.1197 0
0.00966 0.03232 0.02692 0.02266 3.3032 0
0.00911 0.03232 0.028 0.02321 3.3032 0
0.00898 0.03008 0.02506 0.0211 2.2022 0
0.00891 0.02906 0.0222 0.02015 2.5692 0
0.00918 0.03666 0.03242 0.02748 4.4043 0
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Table A.5 Individual event of awave train for the inland case, T=1.2s

RB50_WL_06_H08_T120_1 0.01352 0.04751 0.02986 0.03399 11.7446 0.1835
0.01651 0.06142 0.03993 0.04491 15.5983 0.5505
0.02078 0.05538 0.04318 0.0346 17.2499 0.5505
0.01739 0.04948 0.05324 0.03209 8.4414 0.367
0.01746 0.04229 0.03729 0.02483 5.3217 0.1835
0.01909 0.04643 0.03745 0.02734 7.1569 0.5505
0.01712 0.04724 0.04209 0.03012 7.8909 0.5505
0.01719 0.04812 0.03962 0.03093 6.2393 0.5505
0.01827 0.05986 0.03637 0.04159 7.3404 0.5505
0.01624 0.05816 0.03884 0.04192 9.726 0.5505
0.01732 0.05029 0.04341 0.03297 7.5239 0.5505
0.01678 0.05111 0.03513 0.03433 7.5239 0.734
0.01888 0.05213 0.03729 0.03325 6.4228 0.734
0.01793 0.05335 0.03381 0.03542 6.6063 0.734
0.01712 0.04704 0.03621 0.02992 7.8909 0.1835
0.01814 0.05328 0.03528 0.03514 6.7898 0.1835
0.01766 0.05043 0.02808 0.03277 6.0558 0

RB50_WL_06_H08_T120_2 0.01278 0.04826 0.02909 0.03548 12,1117 0.1836
0.01766 0.06088 0.0407 0.04322 15.7819 0.7341
0.02004 0.06101 0.04279 0.04097 15.2314 0.5506
0.01956 0.05281 0.03846 0.03325 9.9096 0.5506
0.01793 0.04243 0.03815 0.0245 6.4229 0.3671
0.01692 0.04663 0.04767 0.02971 6.2394 0.5506
0.01787 0.04575 0.03698 0.02788 8.8085 0.7341
0.01793 0.04704 0.03218 0.02911 6.4229 0.3671
0.01719 0.04616 0.03691 0.02897 6.2394 0.7341
0.01495 0.05355 0.04357 0.0386 6.4229 0.7341
0.01753 0.04833 0.03908 0.0308 5.5053 11011

0.0159 0.05145 0.04078 0.03555 6.4229 0.5506
0.01631 0.04717 0.0479 0.03086 5.6889 0.5506
0.01624 0.05532 0.04651 0.03908 7.1569 0.7341
0.01929 0.0505 0.03931 0.03121 8.4415 0.5506
0.01515 0.04772 0.03218 0.03257 7.7075 1.1011
0.01861 0.05043 0.03211 0.03182 14,1303 0.3671

RB50_WL_06_H065_T120_1 0.00973 0.03313 0.02576 0.0234 58723 0
0.01312 0.04724 0.02808 0.03412 11.3776 0
0.01651 0.05192 0.03497 0.03541 10.46 0.1835
0.01644 0.03863 0.02847 0.02219 5.3217 0.1835
0.01481 0.03238 0.03489 0.01757 2.9361 0
0.01319 0.03184 0.03698 0.01865 3.3031 0.1835

0.014 0.03017 0.04217 0.02517 45877 0.367
0.01529 0.03849 0.04171 0.0232 5.5053 0.367
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0.01461 0.03564 0.03443 0.02103 4.4042 0.1835
0.01454 0.03422 0.02537 0.01968 4.2207 0.1835
0.01413 0.03659 0.03776 0.02246 53217 0.367
0.01319 0.03652 0.03311 0.02333 4.4042 0.1835
0.01407 0.03727 0.03598 0.0232 47712 0.367
0.01346 0.03612 0.0414 0.02266 4.2207 0.367
0.01339 0.03822 0.03737 0.02483 4.4042 0
0.01441 0.03774 0.03846 0.02333 4.4042 0
0.01352 0.03869 0.03002 0.02517 4.4042 0.1835

RB50_WL_06_H065_T120_2 0.01013 0.03361 0.02622 0.02348 6.6064 0
0.01339 0.04806 0.02878 0.03467 11,7447 0.1836
0.01644 0.04833 0.02893 0.03189 9.7261 0.3671
0.01508 0.04351 0.03327 0.02843 5.1383 0.5506
0.01597 0.03232 0.02793 0.01635 3.3032 0.3671
0.01373 0.03374 0.02047 0.02001 3.8538 0.5506

0.014 0.03958 0.0294 0.02558 5.1383 0.5506
0.01386 0.04032 0.0366 0.02646 4.4043 0.5506
0.01352 0.04066 0.03799 0.02714 4.2208 0.3671
0.01298 0.03856 0.03249 0.02558 45878 0.3671
0.01454 0.041 0.04295 0.02646 5.3218 0.3671

0.0142 0.0353 0.0287 0.0211 45878 0.1836
0.01488 0.03802 0.03435 0.02314 3.4867 0.3671
0.01332 0.04012 0.0383 0.0268 4.2208 0.5506
0.01366 0.03856 0.03412 0.0249 4.2208 0.5506
0.01332 0.041 0.03637 0.02768 45878 0.3671
0.01257 0.03951 0.03195 0.02694 4.4043 0.3671

RB50_WL_06_H05_T120_1 0.00681 0.02092 0.01802 0.01411 2.0186 0
0.00932 0.03055 0.0232 0.02123 5.1382 0
0.01162 0.0353 0.02615 0.02368 5.8723 0
0.01305 0.02886 0.0304 0.01581 3.3031 0
0.01101 0.02024 0.027 0.00923 1.101 0
0.01027 0.01902 0.01964 0.00875 1.2845 0

0.0119 0.02954 0.02444 0.01764 25691 0
0.01095 0.02865 0.02266 0.0177 2.7526 0
0.01088 0.02472 0.02754 0.01384 1.6515 0

0.0102 0.02451 0.02367 0.01431 1.8351 0
0.01162 0.02797 0.02971 0.01635 2.3856 0
0.01101 0.02655 0.02754 0.01554 2.0186 0
0.01142 0.0239 0.02429 0.01248 2.2021 0
0.01196 0.02587 0.02305 0.01391 2.0186 0
0.01129 0.02655 0.02707 0.01526 2.2021 0
0.01156 0.02669 0.02824 0.01513 2.2021 0
0.01122 0.02533 0.02359 0.01411 2.0186 0

RB50_WL_06_H05_T120_2 0.00667 0.02017 0.01871 0.0135 1.8351 0
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0.00959 0.03062 0.02398 0.02103 4.9547 0
0.01169 0.03578 0.02707 0.02409 5.8723 0
0.01298 0.02859 0.028 0.01561 3.1196 0
0.01101 0.01997 0.02227 0.00896 1.101 0
0.01027 0.01949 0.02545 0.00922 1.101 0
0.01149 0.02892 0.02522 0.01743 25691 0
0.01142 0.0254 0.02351 0.01398 2.7526 0
0.01047 0.02228 0.02413 0.01181 1.468 0
0.01006 0.02343 0.02421 0.01337 2.0186 0
0.01162 0.02967 0.02452 0.01805 2.2021 0
0.01095 0.02709 0.02785 0.01614 2.0186 0
0.01081 0.0256 0.02336 0.01479 2.0186 0
0.01142 0.02458 0.02088 0.01316 2.0186 0
0.01095 0.02608 0.02367 0.01513 1.8351 0
0.01135 0.02709 0.02444 0.01574 2.2021 0
0.01115 0.02465 0.03017 0.0135 2.0186 0

RB50_WL_06_H10_T120_1 0.0197 0.06508 0.0328 0.04538 20.0026 0.1835
0.02635 0.08605 0.05286 0.0597 24.0398 0.5505

0.0254 0.07859 0.07895 0.05319 18.351 0.9175
0.02248 0.0604 0.0695 0.03792 12.1116 0.734
0.02017 0.07099 0.04388 0.05082 9.9095 0.367
0.01861 0.08184 0.04248 0.06323 14.3138 0.734
0.02228 0.06597 0.05115 0.04369 12.4787 1.101
0.01854 0.06834 0.05208 0.0498 10.46 1.101
0.02044 0.06095 0.04922 0.04051 11.9281 0.734
0.01854 0.06875 0.04968 0.05021 11.1941 0.5505
0.01766 0.06936 0.04628 0.0517 10.6436 0.5505
0.01848 0.07804 0.04488 0.05956 11.7446 0.367

0.0218 0.06203 0.05766 0.04023 17.6169 0.5505
0.02207 0.06922 0.05309 0.04715 15.4148 0.734
0.02234 0.0739 0.05038 0.05156 13.3962 0
0.02173 0.07336 0.05309 0.05163 12.1116 1.101
0.02085 0.06101 0.05239 0.04016 9.9095 1.468

RB50_WL_06_H10_T120_2 0.022 0.07065 0.03195 0.04865 22.7552 0.1835
0.02438 0.08367 0.04411 0.05929 22,5717 1.101
0.02492 0.08103 0.06083 0.05611 16.1489 0
0.02153 0.0526 0.07198 0.03107 9.9095 1.2845
0.02343 0.05545 0.04566 0.03202 12.8457 0.367
0.02302 0.06882 0.04117 0.0458 19.2685 0.9175
0.02275 0.06617 0.05502 0.04342 11.5611 1.2845
0.02214 0.06176 0.04837 0.03962 13.9467 0.734
0.02268 0.07418 0.04573 0.0515 15.5983 1.2845
0.02085 0.05816 0.06269 0.03731 14.4973 1.2845
0.01861 0.06257 0.05317 0.04396 14.8643 0




Hydrodynamic loads on buildings caused by overtopping waves

Continue from previous page

0.02126 0.06807 0.05084 0.04681 12.2952 1.2845
0.01929 0.05715 0.05332 0.03786 12.6622 1.101
0.0216 0.06909 0.05255 0.04749 19.085 0
0.02112 0.07187 0.04612 0.05075 11.9281 1.101
0.02112 0.08015 0.04813 0.05903 10.2765 1.468
0.02031 0.05403 0.04883 0.03372 9.1755 1.101
RB50_WL_0583_H08_T120_1 0.00966 0.03639 0.02622 0.02673 8.0745 0
0.01393 0.05118 0.02615 0.03725 13.396 0.3671
0.01651 0.04555 0.03428 0.02904 9.9096 0.1836
0.01678 0.03544 0.03118 0.01866 4.2208 0.1836
0.01549 0.03503 0.03048 0.01054 2.9362 0
0.01285 0.03422 0.03172 0.02137 4.4043 0.3671
0.01631 0.04256 0.03304 0.02625 6.9734 0.3671
0.01502 0.04046 0.03559 0.02544 3.6702 0.3671
0.01488 0.037 0.03195 0.02212 47713 0.3671
0.01495 0.03564 0.03195 0.02069 5.3218 0.3671
0.01447 0.03659 0.0376 0.02212 5.5053 0.3671
0.01393 0.03686 0.02769 0.02293 5.1383 0.3671
0.01447 0.0372 0.0366 0.02273 4.4043 0.5506
0.01271 0.04514 0.03342 0.03243 47713 0.5506
0.01536 0.04276 0.03218 0.0274 5.1383 0.3671
0.01434 0.04093 0.03536 0.02659 5.1383 0.1836
0.01427 0.03788 0.02638 0.02361 3.3032 0.1836
RB50_WL_0583_HO08_T120_2 0.01006 0.03835 0.0256 0.02829 11.745 0
0.01454 0.05287 0.02638 0.03833 14.314 0.3671
0.01563 0.05023 0.03807 0.0346 8.8085 0.3671
0.01624 0.03761 0.02707 0.02137 3.4867 0.3671
0.01407 0.03598 0.02769 0.02191 5.1383 0
0.01244 0.04012 0.03226 0.02768 5.8724 0.3671
0.01475 0.04806 0.03551 0.03331 47713 0.1836
0.01386 0.03924 0.02839 0.02538 5.6889 0
0.01495 0.03523 0.03249 0.02028 6.7899 0.1836
0.01576 0.03937 0.02754 0.02361 4.0373 0.5506
0.01386 0.03652 0.02017 0.02266 5.8724 0.3671
0.01413 0.03768 0.03273 0.02355 3.8538 0.3671
0.01325 0.0391 0.03443 0.02585 6.0559 0.3671
0.01495 0.04086 0.03946 0.02591 5.6889 0.1836
0.01393 0.0303 0.03118 0.02537 4.4043 0.3671
0.01488 0.03612 0.03064 0.02124 3.6702 0.1836
0.01264 0.03618 0.02545 0.02354 47713 0.1836
RB50_WL_0583_H065_T120_1 0.00762 0.02777 0.02042 0.02015 45878 0
0.01095 0.03449 0.0246 0.02354 7.1569 0
0.01359 0.04093 0.02483 0.02734 8.258 0.1836
0.01264 0.0256 0.02545 0.01296 25602 0
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0.01251 0.01902 0.02173 0.00651 11011 0
0.01183 0.02682 0.028 0.01499 2.7527 0
0.01203 0.03028 0.03033 0.01825 4.2208 0.1836
0.01183 0.03021 0.03079 0.01838 3.3032 0.1836
0.01156 0.02424 0.02793 0.01268 2.0187 0
0.01101 0.02519 0.03257 0.01418 25692 0
0.01366 0.03252 0.02715 0.01886 3.1107 0
0.01257 0.0315 0.03009 0.01893 2.9362 0
0.01237 0.02458 0.02878 0.01221 2.0187 0
0.01176 0.02818 0.02622 0.01642 25692 0
0.01237 0.03116 0.03172 0.01879 3.3032 0

0.0121 0.03116 0.02824 0.01906 3.1197 0
0.01264 0.02764 0.02537 0.015 2.0187 0

RB50_WL_0583_H065_T120_2 0.00776 0.02797 0.02003 0.02021 4.4043 0
0.01061 0.03517 0.02436 0.02456 6.7899 0
0.01332 0.04154 0.02421 0.02822 8.8085 0
0.01237 0.02757 0.02096 0.0152 25602 0
0.01122 0.01977 0.02328 0.00855 1.2846 0
0.01176 0.02635 0.01041 0.01459 2.3857 0
0.01224 0.03028 0.02653 0.01804 47713 0.1836
0.01203 0.03123 0.02599 0.0102 3.3032 0.1836
0.01149 0.0239 0.02777 0.01241 25692 0

0.0104 0.02641 0.02746 0.01601 2.2022 0
0.01251 0.03157 0.02375 0.01906 2.3857 0
0.01278 0.03042 0.03234 0.01764 25602 0
0.01183 0.02601 0.03443 0.01418 2.2022 0
0.01257 0.02675 0.02429 0.01418 2.3857 0
0.01278 0.03001 0.02514 0.01723 27527 0
0.01264 0.02811 0.02602 0.01547 2.7527 0

0.0121 0.02648 0.02475 0.01438 1.8351 0

RB50_WL_0583_H05_T120_1 0.00749 0.02343 0.01709 0.01594 2.7527 0
0.00939 0.02736 0.02104 0.01797 3.4867 0
0.01034 0.02492 0.02901 0.01458 2.2022 0

0.0083 0.01603 0.01608 0.00773 0.3671 0
0.00735 0.01156 0.01724 0.00421 0.3671 0
0.00742 0.02105 0.01438 0.01363 11011 0
0.00945 0.022 0.01941 0.01255 1.2846 0
0.00993 0.01936 0.02444 0.00943 11011 0
0.00959 0.01719 0.02227 0.0076 0.9176 0
0.00959 0.01698 0.01809 0.00739 0.9176 0
0.00959 0.01637 0.016 0.00678 0.7341 0
0.00966 0.01807 0.01593 0.00841 0.9176 0
0.00952 0.01854 0.01515 0.00902 0.7341 0
0.00979 0.01759 0.01701 0.0078 0.7341 0




Hydrodynamic loads on buildings caused by overtopping waves

Continue from previous page

0.00986 0.01909 0.01685 0.00923 0.7341 0
0.00952 0.01759 0.015 0.00807 0.7341 0
RB50_WL_0583_H05_T120_2 0.00755 0.02316 0.01786 0.01561 2.7526 0
0.00918 0.02757 0.02065 0.01839 3.4866 0
0.01006 0.02445 0.02684 0.01439 2.2021 0
0.00816 0.01393 0.01654 0.00577 0.1835 0
0.00728 0.01142 0.01747 0.00414 0.1835 0
0.00932 0.02099 0.01484 0.01167 1.101 0
0.00945 0.02167 0.01894 0.01222 1.101 0
0.00966 0.01077 0.02196 0.01011 0.734 0
0.00952 0.01665 0.02088 0.00713 0.734 0
0.00966 0.01705 0.01887 0.00739 0.734 0
0.00973 0.01692 0.01662 0.00719 0.9175 0
0.00959 0.01787 0.01453 0.00828 0.5505 0
0.01 0.01814 0.01414 0.00814 0.5505 0
0.00979 0.01759 0.01654 0.0078 0.734 0
0.00945 0.01868 0.01825 0.00923 0.5505 0
0.00932 0.01746 0.01647 0.00814 0.5505 0
RB50_WL_0567_H08_T120_1 0.0081 0.03313 0.02111 0.02503 8.2579 0
0.01183 0.04378 0.02018 0.03195 10.46 0
0.01339 0.04371 0.03598 0.03032 9.359 0
0.01237 0.02485 0.0311 0.01248 1.468 0
0.00979 0.01977 0.02514 0.00998 2.2021 0
0.01244 0.03944 0.03544 0.027 4.4042 0
0.01325 0.03774 0.02855 0.02449 6.0558 0
0.01271 0.03123 0.03745 0.01852 25601 0
0.01101 0.02553 0.02646 0.01452 2.3856 0
0.01291 0.03062 0.02738 0.01771 5.8723 0
0.01325 0.03374 0.02429 0.02049 5.6888 0
0.01196 0.02865 0.0184 0.01669 3.6702 0
0.01115 0.02655 0.02049 0.0154 2.7526 0
0.01047 0.0311 0.02824 0.02063 3.1196 0
0.01298 0.03008 0.02839 0.0171 3.8537 0
0.01407 0.03259 0.0215 0.01852 3.8537 0
0.01081 0.0273 0.02467 0.01649 3.8537 0
RB50_WL_0567_H08_T120_2 0.0081 0.03272 0.01949 0.02462 8.625 0
0.01156 0.04236 0.02119 0.0308 8.0745 0
0.01251 0.04236 0.03637 0.02985 9.3501 0.1836
0.0123 0.02811 0.027 0.01581 25692 0
0.01156 0.02357 0.02266 0.01201 3.1197 0
0.01271 0.03225 0.0328 0.01954 4.4043 0
0.01169 0.03903 0.02855 0.02734 7.3405 0.1836
0.01162 0.02804 0.0232 0.01642 2.3857 0
0.01115 0.02472 0.02024 0.01357 25602 0
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0.01244 0.03252 0.03048 0.02008 6.6064 0
0.01244 0.03408 0.02467 0.02164 4.9548 0
0.01101 0.03008 0.02498 0.01907 5.5053 0

0.0104 0.02621 0.02243 0.01581 2.7527 0
0.01244 0.02987 0.02344 0.01743 3.6702 0
0.01298 0.03435 0.02824 0.02137 3.1197 0.1836
0.01237 0.03218 0.03102 0.01081 3.4867 0

0.0121 0.03069 0.02436 0.01859 4.4043 0

RB50_WL_0567_H065_T120_1 0.00328 0.02112 0.01515 0.01784 2.9362 0
0.00728 0.03205 0.01894 0.02477 6.0559 0
0.01068 0.03286 0.01747 0.02218 5.5053 0

0.01 0.02221 0.02576 0.01221 1.4681 0
0.00755 0.01841 0.01523 0.01086 0.5506 0
0.00966 0.02282 0.01941 0.01316 0.9176 0
0.01006 0.02485 0.01087 0.01479 3.4867 0
0.00925 0.01746 0.02096 0.00821 3.4867 0
0.00932 0.0157 0.01995 0.00638 1.4681 0

0.0104 0.02112 0.01577 0.01072 2.2022 0
0.00952 0.02262 0.02042 0.0131 25602 0

0.0102 0.01936 0.02104 0.00916 25692 0
0.00966 0.01083 0.02398 0.01017 1.6516 0
0.00959 0.02017 0.02282 0.01058 25692 0
0.01034 0.01036 0.02204 0.00902 3.1107 0
0.01054 0.02044 0.01987 0.0099 2.3857 0
0.00993 0.01936 0.01709 0.00943 25602 0

RB50_WL_0567_H065_T120_2 0.00396 0.02207 0.01724 0.01811 3.4867 0
0.00722 0.03211 0.01871 0.02489 6.6064 0
0.01013 0.03496 0.01995 0.02483 5.6889 0
0.00966 0.02105 0.02065 0.01139 1.4681 0
0.00708 0.02031 0.0143 0.01323 0.5506 0
0.00932 0.02268 0.02235 0.01336 0.9176 0
0.01027 0.02472 0.01864 0.01445 3.3032 0
0.00918 0.01848 0.02057 0.0093 4.0373 0

0.0102 0.0178 0.0143 0.0076 1.4681 0
0.01095 0.02167 0.01871 0.01072 3.1197 0
0.00939 0.02194 0.02227 0.01255 3.1197 0

0.0104 0.01997 0.02243 0.00957 2.0187 0

0.0104 0.02024 0.02173 0.00984 2.3857 0
0.01006 0.02248 0.02258 0.01242 25692 0
0.00952 0.01936 0.02274 0.00984 3.1197 0
0.01074 0.01909 0.02359 0.00835 2.2022 0
0.01088 0.02099 0.01732 0.01011 2.3857 0




Hydrodynamic loads on buildings caused by overtopping waves

Table A.6 Individual event of awave train for the dike side case, T=1.54s

RBOO_WLO06_HO08_T154_1 0.10845 | 46.6117 | RBOO_WLO6_HO65_T154 1 0.07981 | 28.2605
0.1216 | 51.3829 0.09036 | 30.2792
0.12578 | 48.9973 0.0892 | 27.5265
0.12338 | 45.1436 0.08605 | 28.6276
0.12441 | 54.1356 0.08858 | 28.9946
0.12708 | 50.8324 0.08605 | 28.8111
0.13612 | 48.0797 0.08934 | 30.2792
0.1277 | 50.2819 0.08673 | 29.9121
0.12585 | 48.6303 0.08625 | 28.6276
0.12605 | 56.5212 0.09043 | 29.1781
0.11715 52.484 0.08625 | 27.8935
0.1116 | 43.6755 0.08488 | 25.3244
0.11879 | 48.0797 0.09221 | 30.6462
RBOO_WLO06_HO08_T154_2 0.10783 | 45.5106 | RBOO_WLO6_HO65_T154 2 0.0842 | 27.3431
0.12242 | 51.1994 0.09173 | 29.3617
0.12181 | 45.5106 0.08981 | 26.9761
0.11722 | 44.0425 0.08742 | 29.1782
0.12345 | 50.2819 0.08749 | 30.0957
0.11838 | 46.9787 0.08516 | 28.2606
0.11886 52.117 0.08769 | 29.5452
0.12016 | 50.2819 0.0894 | 30.6463
0.12626 | 48.6303 0.08495 | 30.6463
0.13112 | 48.6303 0.08721 | 31.1968
0.12749 | 51.9335 0.08365 | 28.0771
0.11167 44593 0.08653 | 25.6915
0.12879 |  46.6117 0.09098 | 28.2606
RBOO_WL06_H08_T154_3 0.10639 44.96 | RBOO_WLO06_H065_T154_3 0.08214 | 25.3245
0.12605 | 48.6302 0.08776 | 30.4628
0.12653 | 45.8775 0.08872 | 26.7925
0.12318 | 46.6116 0.08687 | 27.5266
0.12057 | 53.2179 0.09427 | 28.2606
0.12235 | 50.0983 0.08461 | 28.9947
0.1314 | 48.2632 0.08851 | 29.1782
0.11982 | 49.7312 0.09242 | 28.6276
0.12153 | 48.0796 0.09023 | 26.7925
0.12228 | 51.9334 0.09221 | 30.0957
0.12263 54.686 0.08755 | 28.8112
0.11406 | 49.3642 0.08146 | 24.5904
0.12208 |  49.1807 0.08865 | 29.3617
RBOO_WLO06_HO05_T154_1 0.05693 | 12.6622 | RBOO_WLO6_HO035_T154 1 0.03268 4.2207
0.06372 | 16.3324 0.03453 5.6888
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0.0618 | 14.6808 0.03426 5.3218
0.06091 | 14.4973 0.03419 5.1382
0.06187 | 15.5984 0.03508 5.5053
0.06118 | 16.1489 0.03453 5.3218
0.06159 | 15.7819 0.03481 5.3218
0.06221 | 15.4148 0.03584 5.6888
0.06214 | 15.5984 0.03508 5.3218
0.06262 | 16.3324 0.037 5.5053
0.06015 | 15.0478 0.0357 5.1382
0.05639 | 13.5797 0.03371 4.4042
0.06235 | 16.3324 0.03659 5.6888

RBOO_WLO06_HO5_T154_2 0.05728 | 13.5798 | RBOO_WLO6_HO035_T154 2 0.03296 4.2207
0.06433 16.883 0.0344 5.6888
0.05961 | 15.9654 0.03371 5.3217
0.05974 | 15.2314 0.03453 5.3217
0.06166 | 16.1489 0.03433 5.5053
0.05988 | 16.1489 0.03508 5.1382
0.06036 | 16.1489 0.03536 5.5053
0.06111 | 15.9654 0.03638 5.5053
0.06173 | 15.9654 0.0359 5.5053
0.06269 17.25 0.03673 5.6888
0.06036 | 15.9654 0.03536 5.3217
0.05632 | 13.5798 0.03337 4.4042
0.06324 |  16.6995 0.03611 5.6888

RBOO_WLO06_HO5_T154_3 0.05707 | 13.5797 | RBOO_WLO6_HO035 T154 3 0.03262 3.8537
0.06419 | 16.5159 0.03467 5.5053
0.06111 | 15.5983 0.03364 5.1382
0.05919 | 15.0478 0.03426 4.9547
0.06337 | 15.7818 0.03467 5.3218
0.06077 | 15.5983 0.03494 5.1382
0.05988 | 15.9653 0.03529 5.1382
0.06125 | 15.7818 0.03584 5.5053

0.0607 | 15.5983 0.03611 5.3218
0.06221 | 16.5159 0.03631 5.6888
0.05947 | 15.9653 0.0357 5.3218
0.05536 | 13.7632 0.03316 4.2207
0.06193 | 16.5159 0.03611 5.5053

RBOO_WLO0583_H08_T154_1 0.09831 | 35.4175 | RBOO_WL0583_HO065_T154 1 0.07125 17.984
0.09872 | 39.8218 0.07865 | 23.8564
0.10002 | 35.9681 0.07474 | 21.2872
0.09605 | 37.2526 0.07817 | 21.8378
0.09899 | 36.8856 0.07625 | 225718
0.09756 |  40.0053 0.07735 | 23.3058
0.10427 | 385372 0.07248 | 22.7553
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0.10297 | 37.4361 007673 | 22.3883
0.10838 | 39.4548 007392 | 223883
0.10256 | 39.4548 007769 | 24.2234
0.10084 | 37.2526 007289 | 22.3883
0.09728 | 34.6835 0.06803 | 18.7181
0.11406 | 39.2712 0.07666 | 24.9574

RB0O0_WL0583 HO08 T154 2 0.09851 | 33.9494 | RBOO WLO0583 HO065 T154 2 0.04056 8.258
0.11187 43.125 0.04474 | 11.0107
0.10756 | 36.1516 0.04289 | 10.2766
0.09653 | 35.9681 0.0446 9.9096
0.10591 | 37.4361 0.04453 | 10.6436

0.1053 | 36.7021 0.0459 | 10.4601
0.10441 | 35.9681 0.04618 | 10.6436
0.10509 | 39.0877 0.04632 | 10.4601
0.10893 | 37.4361 0.04659 | 10.4601
0.10701 | 39.0877 0.04789 | 11.3777
0.10804 | 38.1702 0.04364 9.9096
0.09475 | 33.5824 0.04344 9.1756
0.10034 | 42.2074 0.05276 | 12.1117

RB00_WL0583_HO08_T154_3 0.09988 | 36.5186 | RBOO_WLO0583_HO5_T154 1 0.0172 1.2845
0.11105 | 39.2712 0.02015 2.0186
0.10735 | 35.9681 0.01796 1.6515
0.10002 | 37.8032 0.01823 1.6515
0.10283 | 36.8856 0.02015 2.0186
0.10208 | 38.1702 0.01919 2.0186

0.1042 | 34.3165 0.01802 2.2021
0.10653 | 36.5186 0.01665 2.0186

01092 | 37.0691 0.01741 2.2021
0.10995 | 37.8032 0.0183 2.3856
0.10317 | 37.9867 0.01679 1.8351
0.10482 | 33.3089 0.01522 1.6515
0.10995 | 40.9228 0.01933 2.5691

RB0O0_WL0583 HO5_T154 2 0.01782 1.4681 | RBOO_WLO0567_HO08 T154 1 0.08687 | 26.4255
0.02015 2.2022 0.09687 | 33.0319
0.01885 2.0187 0.10187 | 26.9761

0.0196 2.0187 0.08605 | 26.9761
0.01823 2.2022 0.0894 | 28.4441
0.01878 2.2022 0.08906 35.601
0.01864 2.2022 0.0931 | 28.0771
0.01672 2.0187 0.10324 | 29.7287
0.01734 2.2022 0.09105 | 30.6463
0.01775 2.3857 0.10269 34.133
0.01624 1.8351 0.08879 | 27.7101
0.01556 2.0187 0.08687 | 27.8936
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0.02111 2.9362 0.09365 32.1143
RB00_WL0567_H08_T154_2 0.08365 25.6915 | RBOO_WLO0567_HO065_T154_1 0.05303 12.4787
0.09413 35.234 0.05734 18.1676

0.08502 28.9947 0.05988 15.7819

0.08988 29.9122 0.06091 14.8644

0.09112 | 30.8298 0.05906 16.516

0.08906 | 31.9308 0.05995 17.25

0.10221 | 30.6463 0.06358 16.1489

0.08838 29.3617 0.06008 15.9654

0.09961 | 33.7659 0.0631 17.25

0.09886 | 31.0133 0.06207 17.8005

0.08865 27.1596 0.05481 15.4149

0.08981 24,5904 0.05508 14.8644

0.09434 | 36.1516 0.06193 18.7181

RB00_WL0567_HO065_T154_2 0.05632 13.2128 | RBOO_WL0567_HO05_T154_1 0.02775 4.0373
0.0581 18.3511 0.02953 6.0559

0.05906 14.8644 0.02755 5.1383

0.06008 14.6809 0.02768 4.9548

0.062 16.516 0.02905 5.1383

0.05618 17.25 0.03029 5.5053

0.05885 16.6995 0.03022 5.1383

0.0581 16.516 0.02974 5.1383

0.06015 17.617 0.03159 5.5053

0.06084 | 18.3511 0.03241 5.8724

0.0557 16.3325 0.02953 47713

0.05645 15.0479 0.02953 5.3218

0.0644 | 19.2686 0.03645 6.6064

RB00_WL0567_HO05_T154 2 0.02659 4.2208 | RBOO_WLO055_H08_T154_1 0.06556 18.5345
0.02919 6.0559 0.07372 21.8377

0.02741 5.1383 0.07858 21.2871

0.02892 4.9548 0.08029 21.2871

0.02871 5.3218 0.07625 24.4068

0.03029 5.6889 0.07605 23.1222

0.02816 5.3218 0.07851 23.1222

0.02988 5.1383 0.07769 22.2047

0.03022 5.6889 0.0794 | 24.7738

0.03097 5.6889 0.0831 23.3058

0.02803 4.7713 0.07933 21.8377

0.02857 5.1383 0.0792 21.4707

0.03631 6.6064 0.08207 24.5903

RB00_WL055_H08 T154 2 0.0718 19.2686 | RBOO_WLO055_H065_T154_1 0.03864 8.4415
0.07262 225718 0.04269 10.4601

0.07844 | 21.6543 0.04207 9.3591

0.08427 20.1862 0.04289 9.3591
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0.07728 23.1223 0.04207 9.7261
0.08057 22.9388 0.0433 10.8271
0.08207 22.2048 0.0431 10.2766
0.07591 225718 0.04385 9.9096
0.08523 22.2048 0.04467 10.8271
0.08276 26.7925 0.0444 10.8271
0.07687 21.8378 0.04227 9.3591
0.08372 22.7553 0.04241 10.6436
0.08344 | 24.2234 0.0483 11.9282

RB00_WL055_H065_T154_2 0.03899 8.2579 | RBOO_WL055_H05_T154_1 0.01248 1.2846
0.04241 10.46 0.01083 2.0187
0.04118 8.992 0.00953 1.4681
0.04289 9.359 0.00974 1.4681
0.04159 9.359 0.00885 1.4681
0.04275 10.6435 0.01111 1.8351
0.04412 10.2765 0.01111 1.4681
0.04433 9.9095 0.01035 1.4681
0.04522 11.1941 0.01001 1.6516
0.04433 11.0106 0.01131 1.4681
0.04042 9.1755 0.00891 1.1011
0.04316 10.8271 0.01049 1.6516
0.04447 11.5611 0.01515 1.8351
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Table A.7 Individual event of awave train for the dike side case, T=1.8s

RB0OO_WL0567_H08_T180_1 0.12133 40.189 | RBOO_WL0567_H08_T180_3 0.10947 36.702
0.11098 33.949 0.10112 34.5

0.10852 37.987 0.10434 36.152

0.11132 38.721 0.10591 39.088

0.11174 38.721 0.11468 37.62

0.12044 40.923 0.11941 47.529

0.12044 43.125 0.11653 45.694

0.11742 44.593 0.12037 47.346

0.13694 44.41 0.12694 42.942

0.1103 35.234 0.10434 36.519

RB00_WL0567_HO08_T180_2 0.1018 38.537 | RBOO_WLO0567_HO08_T180 4 0.10927 38.721
0.10235 35.234 0.10304 34.867

0.1092 37.62 0.1029 40.189

0.10776 36.702 0.1116 38.721

0.11845 38.17 0.11393 38.721

0.11722 41.106 0.11358 41.657

0.11776 42.942 0.12413 42.391

0.1216 44.226 0.12249 43.675

0.13722 41.29 0.12961 44.043

0.10776 35.234 0.10995 34.684

RB0O0_WL0567_H065_T180_1 00768 | 22,5718 | RBOO_WLO0567_H065_T180_3 0.07762 | 22.9388
0.08077 | 20.9202 0.07735 | 20.7367

0.07769 | 21.2872 0.08194 | 22.2048

0.08523 | 22.9388 0.08351 | 23.1223

0.08022 | 24.5904 0.08173 | 23.8564

0.0805 26.609 0.08516 | 25.3245

0.08262 | 26.7925 0.08392 26.609

0.09029 | 28.8112 0.08324 | 28.6276

0.09235 | 28.0771 0.08975 | 28.4441

0.07885 | 21.6543 0.07831 | 22.0213

RB0O0_WLO0567_H065_T180_2 0.0781 | 22.2048 | RBOO_WL0567 H065_T180_4 0.07748 | 21.6543
0.07392 | 20.7367 0.07913 | 20.7367

0.07906 | 21.8378 0.08454 | 22.0213

0.08488 | 23.1223 0.07865 | 23.6729

0.08146 | 24.2234 0.08303 | 23.3058

0.08036 | 25.3245 0.08173 | 24.9574

0.08111 | 27.1596 0.08303 | 26.0585

0.08523 | 28.9947 0.0829 | 288112

0.00098 | 27.3431 0.09331 | 27.1596

0.07714 | 21.6543 0.08221 | 21.4707

RB00_WL0567_HO05_T180_1 0.04269 8.992 | RBOO_WL0567_HO5_T180_3 0.04262 9.1756
0.04084 8.258 0.04234 8.4415
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Continue from previous page

0.04186 9.1756 0.04166 8.992
0.0433 9.9096 0.04316 9.3591

0.04392 9.9096 0.04275 9.7261

0.04426 10.4601 0.04358 10.6436

0.04351 10.4601 0.0444 10.4601

0.04632 11.3777 0.04577 11.3777

0.05186 12.1117 0.04775 11.7447

RB00_WL0567_HO05_T180_2 0.04173 9.1756 0.04138 8.4415
0.04289 9.1756 | RBOO_WL0567_HO5_T180_4 0.042 9.5426

0.04207 8.4415 0.04221 8.625

0.04138 9.1756 0.04227 9.3591

0.04316 9.3591 0.04358 10.2766

0.04351 9.7261 0.04248 10.0931

0.04351 10.6436 0.04474 10.6436

0.0431 10.6436 0.0433 10.8271

0.04536 11.1942 0.04577 11.3777

0.04782 11.3777 0.05029 11.9282

0.04132 8.4415 0.04179 8.4415
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Appendix 2 Irregular wave test analysis

Due to time and test facilities constraint, irregular wave test was just executed several times. As
mentioned in Chapter 3&4, there is no Active Reflection Compensation (ARC) system on the wave
paddle, if a test lasting long time, water in the flume might be reflected.

For one regular test, it lasts for about half an hour, the incident wave will be influenced by the re-
reflection wave from the wave paddle. The best way to analysis irregular wave is using the same data
window (45~65 s) such as the regular waves (refer to Section 4.2), this means that only about 15
waves will be analyzed, and this few number waves might cause only 1~2 overtopping events on the
dike crest for inland case. The sample capacity is too limited to analysis, therefore,

However, for zone 5 (see Figure 5.9), the overtopping wave load is just directly influenced by the
highest surface elevation in front of the building, so in this section, firstly, the comparison results of
measured overtopping wave load and calculated load using Equation 5.7 (C, equals 0.33) for inland
case was given, then gives a estimation method for irregular waves using the Equations obtained in
Section 4.1, here omit the influence of re-reflection waves from the wave paddle.

A2.1 Comparison regular tests result and irregular test

An important thing should be noted that, for irregular test in the present study, due to there is no Active
Reflection Compensation (ARC) system on the wave paddle, one test lasts for about half an hour, the
incident wave will be influenced by the re-reflection wave from the wave paddle, if using the same time
window (45~65 s) such as the regular wave rest for irregular wave, this means that only nearly 20
waves will be analyzed and this few number waves will lose the statistical significance for irregular
waves, and for inland case, only 1~2 overtopping waves in 20 waves during the time window would
reach the building. However, for zone 5 (see Figure 5.9), the overtopping wave load is just directly
influenced by the highest surface elevation in front of the building, so in this section, firstly, the
comparison results of measured overtopping wave load and calculated load using Equation 5.7 (C,
equals 0.33) for inland case was given, then gives a estimation method for irregular waves using the
Equations obtained in Section 4.1, here omit the influence of re-reflection waves from the wave paddle.

Figure A.1 shows the raw time series plots for irregular test. Blue line is the time series obtained from
the force gauge directly, while the red lines obtained from wave probe 2 which is fixed on the face of
building using Equation 5.7 with C1 equaling 0.33. It appears that there is a good correlation between
the measured and calculated load, though some peaks show that the Equation 5.7 under estimate the
real load. There are some reasons which can be explained these peaks differences.

e The threshold value was not subtracted from the raw force data which cause measured force
larger.

e The variation of force signals
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Figure A.1 Comparison of measured and calculated load time series for inland case

A2.2 Proposed application method for irregular wave

In irregular wave test, more than 1100 waves were generated, for dike side case, the number of
overtopping wave events equals that of the incident waves, while for the inland case, due to the effect
of wide crest, nearly 90% overtopping waves were reduced and only 10% remained (or 110
overtopping waves reach the building). Therefore, the number of overtopping wave events and two
peaks of overtopping wave force (220 peaks totally) should be considered for irregular wave tests. This
is the main difference of analysis method between regular and irregular tests.

In order to apply the regular test results into the irregular test, the number of overtopping waves and
force should be the same. Therefore, for inland case with crest width=0.5m, Equation 5.11 can be
rewritten as Equation 01, while for dike side case with crest width=0m, Equation 5.12 can be rewritten
as Equation 02, where the subscript x% of incident wave height and maximum run-up means the
exceedance level based on the total incident waves, while 5x% and 0.5x% mean the exceedance level
based on the total number of overtopping wave force during one test.

R
st%inland = 051,09 (Hx%)2 (1_ _(:)2 0.1

R
2 Rc 2
Fosxondiveside = 1-4809(H,0,)" (1 ——) 0.2

X%
For irregular wave, wave run-up height is given as 2% exceedence level, Rq.by EurOtop Manual, and
see Equation 03. Therefore, Equation 01 and Equation 02 can be rewritten as Equation 04 and
Equation 05.

15
RuZ% = Hm0(4__) 0.3
Jé
R
Flo%inland = 0_51pg(H2%)2(1__C)2 0.4

I:\)u 2%
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R
I:1%dikeside :1.48pg(H2%)2(1——°)2 0.5

Ru 2%

The calculation report for irregular tests can be found in Appendix.5.Figure A2 shows the comparison
results between the measured average overtopping wave force with a 2% exceedance during 1100
waves and the calculated results by Equation 05 for dike side case. It appears that it can give a good
estimation. Due to the time limit, irregular tests for inland case (with crest width =0.5m) were just run
with four conditions, with the same wave height, wave periods but four different freeboard.

The calculated value for these four tests were just using the calculated value of dike side case with the
same test condition and divided the ratio between Equation 05 and Equation 04. Then compare these
values with the measured force value. The results are shown in Figure A2 with the Red Cross. There is
a scatter within the red crosses; this scatter with a circle is the data point which only has 113
overtopping wave events occur in front of the wall, so 10% exceedance level for the overtopping force
is not suitable for this case anymore. If using 20% exceedance level for this case, the Red Cross will be
on the straight line. The similar reason can be explained for the scatters in dike side case.

Overall, though there is very limit test data for irregular test for both the cases and there is no Active
Reflection Compensation (ARC) system in the flume, the results of irregular wave test can be applied
into the regular wave test results very well. The method of using different exceedance level for different
parameters is suitable for analysis irregular wave conditions for this study.

100

% Dikeside by Equation 5.21

90 +

X Inland case by Equation 5.20

X=y
80 X

70

60

50

40

Overtopping wave force measured (N/m)
X
X

30 X

20 X

10

10 20 30 40 50 60 70 80 90 100
Overtopping wave force calculated (N/m)

Figure A.2 Measured versus predicted overtopping wave force by Equation 5.11 and Equation 5.12
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A2.3 Application into other experiment data

Equation 05 is has a good validity for irregular wave condition tested in present study. In this section,
the extension of findings has applied into the irregular test results in this study. The configuration of
dike side case with 0 m wide crest is more like the breakwater with high crown wall. Jensen (1984) as
mentioned also in Martin and Losada (1999) show a full distribution of forces which makes a
comparison possible to present study. Figure A.4 shows the calculation results using Equation 05.

Though it is checked with the data of Jensen (1984) and shows a relative good validity for breakwater
with smaller wave height with 8 m, it overestimates the horizontal wave force under the significant wave
height with 14m. The reason of overestimation in details maybe roughness of the structure is not
considered in Equation 05 or the type of wave height distribution is not the same with Jensen (1984).

In the future, this study can be focus on irregular tests with AWAS in the flume, and the relationship of
the overtopping wave events and the exceedance level can be explored more in detail.

2.0x2.9x4.2m,w=082t

QUARRY

RUN

QUARRY STONES 6-901t

Fig. 16. Cross-section of breakwater tested by Jensen (1984).

Figure A.3 Cross section of breakwater tested by Jensen (1984) as mentioned in Martin and Losada (1999)

Data of Jensen (1284) (Tp =18 s)
. Hs=8m e— H5=8m

A HSETTM e ps=11m
6000 — ¥ Hs=14m Hs=14m

5000 — %

4000 — K
A

Horiz. force per unit width (kN/m)

3000 —|
i Ad x
2000 — ‘x X
i As L
1000 — A
- oe
D || ] |]f|||' 1 || T|||i||' || ] |||||T] ] | i'ill'iTI
0.0001 _  0.0010 0.0100 0.1000 1.0000

Figure A4 Compared Estimated force with Jensen (1984) tested data.
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Appendix 3 Force data and Pressure data

In the section, the force data tested by load cell are compared with that tested by pressure sensors
using rectangular integral method. Figure A.5 shows the sketch of pressure integrated method. Then
Figure A.6 gives the comparison between these two force result obtained by two instruments.

It appears that the peak value obtained by pressure sensors is bigger than load cell. The reason is that
the spacing between each tow pressure sensors is 6 cm which leads the real pressure distribution in-
formation lost. So the real pressure distribution is unlike the one showed in Figure A.5. Another reason
is that the variations of the pressure signal is so much that even there is no wave pressure, when inte-
grated the pressure data, the final integrated force should be overestimated.

Therefore, in the present study, all the force data are using the ones obtained by load cell.

P4 ER NS I F.=P,x0. 04
7
P3 (&) — F3=P3x 0. 06
scm
7
P2 \ &)~ — T / Fy=P; % 0. 06
scm
P1 L r A B F1=P4 X 0. 04

Force intigraded by pressure data

Force tested by stain gauge

45 46 a7 48 49 50 51 52
Time (s)

Figure A.6 Time series of integrated force by pressure data and force test by load cell.
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Appendix 4 Test instruments

Load cell

Model] 1042 Single Point Load Cells

Features

« Capacities: 1- 100 kg (2.20 - 220 .46 |bs)
= Anodized aluminum construction

« G wire (sense) circuit

« Single point 400 x 400 mm platform

« |P66 protection

« NTEP approved 5000 divisions

« OIML approved 6000 divisions

Model 1042 is a low profile, two -beam single point load cell designed for direct mounting of low cost weighing platforms, ideally
suited for retail, bench and counting scales.

Awailable in ancdized aluminum, this high-accuracy load cell is approved to NTEP 5000 divisions and other stringent approval
standards, including OIML RE&0 C4 and QML RS0 C3, 30% utilization.

A special humidity - resistant, IPG8, protective coating assures long term stability over the entire compensated temperature
range. Interchangeable, replacement to indusiry standard models 1040, 1041, 1140 (stainless).

Tedea-Huntleigh, with models ranging from 1 to 50,000 kg capacities, is the world's largest manufacturer of precision load
cells.

The two additional sense wires feed back the excitation voltage reaching the load cell. Complete compensation of changes in
lead resistance due to temperature changes and/or cable length changes, is achieved by feeding this voltage into the appropri-
ate electronics.

Also Available from Tedea-Hu

Also in this range, a stainless steel, bolt hole compatible version designated model 1140 and 1142 are available for applica-
fions unsuitable for load cells of aluminum construction.

Far further details please contact the factory or your local distibutor.

TEDEA [th

EXCELLENCE IN LOAD CELLS

Contact Info
E-mall
-hut g hucom
salesdiedea =
waw.t=dea-huntisigh.com
= R it 3 R T Fotemary.
e a-Huntleigh Europe  Tedea-Humtleigh mm 'ihg i CHATEWORTH CA 01311 USA
{I:TIE foad Lhﬂ%ﬂ- E‘ir_."’"ﬁ.ﬂi DamatadtEherstadt  France Te. BO0LG62G-2616
[CF2 SHE L.ﬂ-hlﬂ.ﬂnpm mant Gamany FAX 8167012733

=1

Iiﬂ-nmu
T Tek #IT2-0-Ba3-EEAR Tek+45I5HMARD Tek +33-237-31- 700
Fm Fax 47283632000 Fam+36-10-6TREL TG Far+3-5I5H3A4ED Fan+33-17-309
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Model 1042

Single Point Load Cells

Parameters Fi M E F G G3 G3 I* [ Units
JOIML ACCURACY CLASS c1 c2 c3 C3150 ( C3/30
NTEF ACCURACY CLASSMHMAX T 1500] 1017 2000 | 1073000 Il i 5000
Rated Capacity (R.C.) 1.3, 5.7, 10, 15, 20, 30, 50, 75, 100 kg
Fated Outpat (R_0.) . mivi
Rated Cutput Tolerance 0.2 i
[Fero Balance 0.2 iV
[Total Emor Per OIML RE0 0.075 | 0.05 0.03 0.02 0.2 D.02 D.02 +% of R.O
[Tatal Ermor Per MIST Handbook 44 0.03 0.02 0.2 0.o2 % of R.O
ICreep and Zero Retum (30 min.) 0.07 007 0.05 0.0:25 D7 0.017 0017 D.0:33 1 % of load
[Temperature Effect: On Output 007 | 0.005 | 0.003 | 0.0014 | D.OD1 0.001 0.001 D.001 + % of load / °C
[Temperature Effect: On Zero 0025 | 0.025 | DM 0006 DOo4 | D.00Z3 | D.0014 |D.0023( 0.0014 + % of R.O./°C
[Temperature Range: Safe -30 to +70 “C
[Temperature Range: Compensated -10 to +40 “C
[NTEF WV min RC/3500 R'EI.‘.EIE!I] Cr0000 kg
Eccentric Loading Ermor 0.015 | 0.015 | 0.0074 | 0.0074 | 00048 | D.OO42 | D.0048 0.0048 + % of load / cm
Macimum Recommended Platform Size 40 x 40 om
Mazimum Safe Static Overoad 150 % of R.C
|central loading)
[Ultimate Static Overdoad 300 % of R.C.
| central loading)
[Defiection < 0.4 mmi
Excitation: Recommended 0 Veits AC or DC
[Excitation: Maximum 15 Volts AC or DC
nput Impedance 415+ 15 Ohms
[Jutput Impedance 350 + 3 Ohms
nsulation Resstance = 2000 MegaOhms
IWeight (nominal) 0.3 kg
[Cable Type 8 conductors, 28 AWG, shielded. PVC jacket, 1 meter
[Cable Code +8XC - gresn, +5ig - red, #5en - blue

- - black, -sig - white, -sen - brown
IConstruction anodized aluminum, except 1 and 3 kg capacties
Circat Type Unbalanced
Environmental Protection F 88
\Approvals WTEP {5000 divisions) and OIML {4000 divisions)

NOTEE : Balanced span ismperatre compensation opbional. ™ £5% |tiization standard, other ullizabion avalabie on request . ™" S0% Utiization skndard, ofher LEizafion avalabie on request

Wiring Schematic Diagram
Unialanced Bridge Configuration
|Baianced option avalable]

#input {Green)
+Sense (Blue)

+0utput (Red)
-Input (Black)

-Sense (Brown)

-Outpart (White)

The bwn “sense” wires sample the bridge
supply voltage 2 e ioad c=l. Compists
compensation of charge In the lead wire resis-
fance, dus o iemperaturs change andior cabie
exiension, Is achisved by feedng s vwitage
nio approprizte secronics.

Mounting
4 Mcunting hodes

Outline Dimensgions All Capacities {in inches)

24917 o34

S a—
Capacities kg A
1-30 Tar
50-100 B2

5.906
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Pressure sensors

Druck

MINIATURE SERIES

High Performance
Pressure Transducers

« High technology, micro machined
silicon sensor

« Excellent linearity and hysteresis

« High overload capability

« Fast response

« Pore water

« Scanivalve operation

(IRE R Ve

ri 2ONIATLL R BRIFS

- .
srelbeatis

Miniature Series - 0699
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MINIATURE SERIES: High Performance Transducers

Druck’s experience with silicon diaphragm micro machining
technology is considerable.

For more than 15 years a commitment to continuous
research and development in this field using the very latest
techniques and equipment has culminated in some
remarkable achievements in pressure transducer design and
performance.

The miniature series is a typical example of the benefits of
such work. A range of high accuracy sensors complete with
thermal compensation in a miniature package providing
maximum performance with minimal size and weight.

The silicon diaphragm is intricately micro machined, and
semi-conductor strain gauges are diffused into the substrate
to become an atomic part of the diaphragm. Each gauge is
connected to form a wheatstone bridge configuration, which

is subsequently terminated to offset and thermal
compensation circuitry.

High signal outputs, excellent linearity, negligible hysteresis
and good repeatability performance with considerable
improvements in long term stability are the benefits of using
Druck miniature pressure transducers.

Your Specific Requirements

In addition to the sensors show, Druck have the
engineering capability to design pressure transducers to
specific individual requirements. By careful consideration of
the configuration, environments, compatibility and other
important performance characteristics, our engineering team
can design, build and exhaustively test instruments for your
needs.

Please contact our Sales Office for further information.

GENERAL PURPOSE

SCANIVALVE PORE WATER

PDCR 200 PDCR 35

PDCR 42 PDCR 81

PDCR 200 Prossiew sanits and rangs sentfacation

Sgnitcant fqures

S L gnpnesingusa

White s
Mad b
Blue w30
Elick WP

L
Bronn
et
Dvpnrge
Ve tun
Grven
e
Vst
Gewy

Yihae

Please state the following:-
(1) Type number

(2) Pressure range

(3) Gauge or differential
(4} Temperature range

(5) Pressura comection

(6) Pressure media

DR “O S, -

For non standard requirements piease
specify in detal.

Continuing deveigpment sometimes
necessitates specification changes
without notice.

Final report
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MINIATURE SERIES: Specification

Pesalwe :pr:mu.m
i

Trarsduction
imciple o
Excilation wolage
bt waliagn
Imuprninsl) al slatiod
e Calaan

oo offyet | &)
Siery Banling

atem

Flilids compatshie wilh silicon, litamioer amd gy alosve L craned peones plata o PDEE R

GEMERAL PURPDSE SCANIVALVE PORE WATER
TYPE FDCR 200 PDCR 35 PDCH 42 PDCR 81
FEATURES FLUSH MOLUK TIRG UGGED COME TR LTI HIGH ACCURALY CERAMEC FILTER
: CHMOCE OF MOIINTIRG THREADS HIGH DVERLOAD COMSRILITY | BUGGED CORST UL TGN

HafiH G TP LOMG TERM SURAAYAMLITY
Elnlld'::"” 12,5 G 15 30and 50 bar 308 mbar, 1, 15, 2 45, & 7, 10, | 29 mbor, 108 misae, 350 misae, | 09 ke, 950wk 1,3, 7,16
B - goufle o deferpin 2§ | 16, 30 and 35 bar gauge [2) D0 rmhe, 1, 2,8, T 048, 30 ond | el 35 leie g
Qperating pressurs | ¥ bas gaug e of chAesoniol ()
aanges |0 1l : B ~ R
Qv prosiura 3 & for all onpes 130 2 s e il g (31 W) xcfor 75 andl T mbar 30 % Tor 75 mbar sange
fwith migligild 12 & for 1 ane 2 bt range on rango (3} 104 Vo 360 misar ronpe
efleci an rederoney siso) & & tor 350 mbar aange B ot 1 baar ramge
caliliratiani 4 % or 100 mbar range pnd A w et 3w vamps i akcres

Doy P CoschcBing gases

W0 ol BmdA naimial

VED Y o ml rergpess

£15 Yy mExinnan

Integrabed slioon s gauge lncgs

Wl wnls SmA A sl

12 Volee Bmd nominal
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W8 il B 6 Bt

5w dan TE el rang,
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ERTETL T
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00 whvs

HRINESL

B0 1o« D2C 00§
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Infinde
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{1} Othar pressure units can be
specified, .. psl, kPa, atc.

{2) For ahSOIULE PrEssUres 8 Vacuum
£an b pumped on the raference

sk

(3} The transducers can be usad In a
bd-directional differantlial mode up

to £1 bar.

{4} hAgre BCCurata settings avallabie.

(B} =0.04% B.5_L. avallabie.

{E] Temperature range can be
extendead.

(T} For special applications It ks
possie to give Improved
temperature effacts ower 8 wides
temperature range.

{3) Constant current

aperation
+H1.05% of reading/C typical.
{9} Longer lengths avallable.
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INSTALLATION DRAWINGS
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Wave gauges
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Hydrodynamic loads on buildings caused by overtopping waves

Watebmuminmdiz Laberatorfum en Hywirologisch Ondsrzoek el Instrumentatie
Barcherilsi 115 — 2140 Aniwerpen

GOLF 3B

1. Doel

Het bouwen van een kleinere golvenmeter voor gebnuk op scheepsmodellen en in het
sleepkanaal . Deze zal dienen ter vervanging van de bestaande GOLF-3 golvenmeters.
Het elekironische gedeelte moet bnukbaar zijn zowel met probes van 1200 nmm als met
probes van 300 mm en 150 mm .

1. Principe

2.1 Opstelling

In figumr 1 ziet men een samenstelling van een probe voor een golvenmeter.

Een weerstandsdraad is de eerste elekirode. Hij is gespannen fussen twee punten. Een inox-
buwis dient als tweede elekirode en 1soleert de twee draden die aan het wteinde van de
weerstandsdraad zjn aangesloten ( cnderaan isoleren ).

Figuren 7 en 3 geven details van het onderstuk en het bovenstuk weer van een probe van 150
mm . Figmr 4 geeft de samenstelling weer van een probe van 1200 mm

Voorwaarden:

+ Deweerstandsdraad moet corrosievrij zijn en een constante weerstand per lopende meter
hebben Gebmikte draad : AISB16L EVS. dwz 18% Cr; 12% Mi ; 2% Mo en met een
specifieke weerstand van 20/ft. Deze kan vervangen worden door EVS met dezelfde
afmetingen en specificaties.

#+ De inwendige weerstand van het voltmetergedeelte moet oneindig groot zijn.

De samenstelling van het water moet homogeen zijn.

« De verbreidingsweerstand van het water moet constant zijn over de ganse
indompeldiepte. Conductiviteit beter dan 0.4-20%10 mho.

-

2.2 Principe
Door een homogene weerstandsdraad wordt een constante stroom gestuurd.
De spanningsverdeling langs de draad 1s dus constant Een tweede elekfrode, zijnde de inox-

buis, zal m als loper van een potentiometer fimgeren en een spanning in de volimeter sturen
evenredig met de indompeldiepte van de weerstandsdraad.

3.Uitvoering

3.1 Eleltronisch schema

In figumr 5 is het schema weergegeven. De op-amp UlA | ULB | en U3 vormen een
kanteelspanningsgenerator. Gegevens aangaande U3 | zie bijlage 3.
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De symmetnie wordt geregeld door VE1. Het vermogen wordt geleverd door U3 als
stroombron voor de weerstandsdraad fussen de pumten 2 en 1.

De mox-buis, aangesloten aan het punt 4 van de sonde, levert de kanteelspanning evenredig
met de indompeldiepte aan de buffer U1C. U1D versterkt het signaal. { E11 aanpassen m
fimetie van de lengte van de probe)

De op-amyp U2C en U2D werken als piekgelijkrichter en filter. Met U2B en met VB2 kan
men de nulinstelling regelen. U2A versterkt het siznaal nog meer en met VB3 kan men de
versterking instellen voor een witgangsspanming van +- 3V / 75 mm. indompeldiepte voor
probe 150 nom

{(+/-5V / 600 mm voor probe 1200 mm en +-5V / 130 mm voor probe 300 mm }

U4 is een isolatieversterker die het signaal isoleert van de modellen en van het water waarnn
de probe staat. Gegevens aangaande U4 | zie bijlage 1.

De geisoleerde DC - DC-voedingen US en US verzorgen de voedng van de verschillende op-

amps. Gegevens aangaande U35 , U6 | ze bijlage 2.

U4 genereert zijn eigen secundaire voeding .

Als optie kan op de -13V van U6 een weerstand met LED aangesloten worden , dit als “IN
werking”-verklikker.

3.2 Gedrukte schakeling

In figumr & kan men de PCE zien van de Golf-3B.

Het componenten- en bedradingschema ziet men in figir 7.

Aan de punten 1, 2. 3 en 4 kan men de meetprobe aanshuten

“Out +/-" 15 de nitgangsspanming.

“24 +/-7 is de aanshuting van de voeding. { 24VDC van het model of van de sleepwagen )
Als optie kan op de -153V van U6 een weestand met LED aangesloten worden, dit als

“IN werking“-wverklikker, de LED zal oplichten indien de voeding van 24VDC aanwezig is.

Bij gebruk van probe 1200 mm : R11 = 330K en R9=1JE1
Bij gebruk van probe 300 mm : R11=630K en R9=2JR1
Bij gebruk van probe 150 mm : R11=1M2 enR9=12JR1

1.3 Opbouw

De peb wordt gemonteerd in een spatwaterdichte aluminnm doos.
De gegevens aangaande aluminiim dozen zijn te vinden in bijlage 4.( BS-nr. 307056 )
Bovenaan komt de aanslutkabel binnen via een wartel, zie figuur 1 en 3.

Aansluitgegevens voor probe 150 mm: plug 3FX &M
OUT +-5V ...pin 2 . wit 2
OUT god ... in 3 ... bruin 1
+24VDC L pin 7 ._.tood 5
GND 24V pin & ... zwart 4
afschermung ... doos ....scherm scherm

Cmder aan de ahumininmmdoos wordt de probe van 130 mm gemonteerd met een wartel PG9 in

metaal Fig. 1.

Voor de montage van de probe 1200 mm gebnuken wij een ahmimiumdoos (F.S-nr. 507-036).
Aan de zjkant komt de aanshutkabel via een 7-pins Socapex-plug.

De tweede elekirode van deze probe bestaat uit twee aan elkaar gelaste inox-buizen van Smm.

311_handleiding_golf-3b
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De weerstandsdraad wordt hier tussen de boutjes onder en boven gespannen en binnen de
pve-blokjes worden de mm‘bmdmgsdradm aangesloten. Deze moeten opzij 1.ut het bovenste

blokje komen Alle openingen witgezonderd de mijopening opgieten met
Met twee mnox bouten M6 monteren w1 de alumunnmmdoos aan de probe en laten de vier

aanshitdraden deor de boring in de alunmmumdoocs komen. Zie figur 4.
De pcb monteren in de aluminiumdooes op pve hoogtebussen.

Aanshutgegevens voor probe 1200 mm:

soc 2 out+- 5V

soc 3 ... GND out

soc 6 ... GND 24V

soc 7 ... +24VDC slespwagen of model.

4. Afregeling

De pulsverm van de oscillator symmetrisch regelen:
Slnit een oscilloscoop aan op de witgang punt 4 van de op-amp US=L165V
Fegel met timmmer VE1 de pulsvorm symmetnisch.

4.1 Inwater

Zet de probe tot het midden in water, regel met de tnmmer VE2 ( zie figmur 7, ZERO ) de
uitgangsspamming op 0 Volt.

Trek de probe 75 mm wit het water (130 mm voor 300 mm-probe, 600 mm voor de 1200 mm-
probe ) en regel met VB3 { zie figuur 7, GATN ) de witgangsspanning op -3Volt.
Dompel mu de probe 130 mm m het water ( 300 mm veor 300 mm-probe, 1200 mm voor de
1200 mm-probe ) de witgangsspanning is m +5Volt.

4.2 Op het droge

Shuit de weerstandsdraad kort aan de inox-buis op een afstand van 37.5 mm van de onderkant.
{75 mm voor 300 mm-probe, 300 mm voor de 1200 mm-probe ) en regel met de ZER.O-
tnmmer de witgang op 0Volt.

Maak mu de kortshuting 37.5 mm lager (75 mm voor 300 mm-probe, 300 mm voor de 1200
mm-probe ) en regel met de GAIN-mimmer de witgang op -3Volt.

Maak mu de kortshuting op 75 mm hoogte (130 mm voor 300 mm-probe, 600 mm voor de
1200 num-probe )} en nu moet de wtgang +3Volt Zjn.

5. Storingen

Bij het gebruik van lange aanshutdraden en bij het aanshiiten aan een AD-ingangskaart 1s het
mogelijk dat escillaties optreden. Plaats een weerstand van 47 in serie met de mitgang en
een weerstand van 4K7 parallel aan de ingang van de meetkaart. Zie figmr 5.

Om de opgevangen nus bij kleine imdompeldiepten te onderdrulken, gaat men een weerstand
van 10K in serie met de ingang van U1C zetten samen met een 1MC) naar de GND. ( aan
mgang 10 van U1C in fi;imr 5 ). Ontkoppelen van de 1MC) met een 7K capaciteit geeft het
een aanvaardbare oplossing.
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6. Onderhoud

O de verbreidingsweerstand over de ganse mdompeldiepte constant te houden moet men
zorgen dat de meetdraad en de meetbwis van de probe overal zuiver zijn.

Kalkafzetting en het aanklitten van oppervlaktestof en van vetten moeten vermeden worden.
Daarom zal men iedere week de probes kuisen met een reinigingsmiddel dat de inox-draad
en inox-buis met kan aantasten. Let op dat het isolatieblokje onder aan de probe goed zuver
15, zoniet gaat de lineaniteit van de meting verloren.

7. Gebruik op model

Shuit de golvenmeter volgens §3.3 aan op een voeding van 24VDC @ 50mA.

De witgang { out +-5V en GND out ) verbinden met een voltmeter, schnjver of ander
Tegistratieapparaat.

De golvenmeter in het model monteren op ongeveer halve diepte, { volgens lengte van de
probe )

Opmerking: De golvenmeters niet in de onmiddellijke omgeving van metalen voorwerpen
opstellen.

8. Specificaties

&1 Probe

Meetbereik : 150mm en 1200mm
Minimmm afmetingen :  probe-150mm ; 160 x 15 x 10 (mm)

probe-1200mm ; 1275 x 40 x 20 (mm)
Meetdraad - inox-legening AISI 3161 draad met weerstand 200/'ft. en diameter (. 4mm
Meetstaaf : inox ATST 304-buis gelast met zilversoldeersel
Beveshging : inox-schroeven AISI 304
Opgietstof : Araldite & Fota Bond 2000 ( 34454 )
Montagestukken : hard PVC - 411 van VINK nv. B-2220 Heist o/d Berg

tel - (0032) 15/25.97.11

& 2 Meetcircuit

Ultgangspanning - 130mm-probe ; +- 5Volt voor +- T5mm @ 4mA
300mm-probe  ; +- 5Volt voor +- 150mm @ 4mA
1200mm-probe ; +- 5Volt voor +/- 60{mm @ 4mA

Voeding : 4VDC @ 30mA Tol : 10%

Namwkeunigheid - +- 1%

Herhaalbaarheid : +- 1%

Opwarmtijd : 30 min.

Afmetingen : probe-150 mm en 300 mm ; 150 = 64 x 34 (mm)

: probe-1200 mm ; 175 x 80 x 57 (mum)

Fise time D55 ms.
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9. L7king in model, in watervat of op het droge

Het is eenvoudiger de probes te laten bewegen in het water in plaats van het water in hoogte
te regelen

Men monteert de GOLF-3 met bijhorende klenmen { voor probe 150mm, klem van

@ 18mm ) op een meemaald met driepoot.

9.1 Llking nat

+ Zet de golvenmeter in het water op half de meetdraadlengte.
Lees op het gebruikte meettoestel de gemeten waterstand af { engevesr 0V ) (Vo ).
Laat de golvenmeter X mm dalen en noteer de gemeten waterstand ( V= ).
Draai de golvenmeter omlaag over ¥ mm en noteer de gemeten waterstand { Vy ).
{ Ve-Vy M Y-X ) geeft de gevoeligheid in “Volt/mm™ weer.

& & & &

9.2 Llking droog
+ Shot de weerstandsdraad kort naar de inox-buis op een afstand van 40 mm van de
onderkant (80 mm voor 300 mm-probe, 305 mm voor de 1200 mm-probe ).
Lees de gemeten waterstand af { V40 .0 V g0 0.0 Vs ).
Maak mu een kortshuting 37,5 mm lager (75 mm voor 300 mm-probe, 300 mm voor de
1200 mm-probe ).
Lees de gemeten waterstand af { W, (V4 0V 4 ).
(Van-V2s) 150 geeft de gevoeligheid in “Voltmm™ voor 150 mm-probe.
(Vi -V ) 300 geeft de gevoeligheid m “Velt/mm™ veor 300 mm-probe.
{ WV 305~ V 51200 geeft de gevoeligheid in “Volt'mm” voor 1200 mm-probe.

L]

& & & &

Opmerlingen :

Indien de golvenmeter ver van de meet-PC staat ( grotere lijncapaciteit dan X70pF ) en men een
PC30-meetkaart gebrukt, moet men aan de PC in serie met de meethjn een weerstand van 4B7
plaatsen en daama afshuten met een capaciteit van 0.1 a 2 mF.

Daar de PC30-meetkaart voorzien is veor ingangspanningen tot +- 3Velt DC, zijn alle golvenmeters

geqjkt op +- 3Velt DC volle mdompeling.

Op de peb-golf3 is reeds een weerstand van 4R.7 met een belasting van 4K7 aangebracht.
De golvenmeters mosten per mestsende worden aangepast:

Bij gebruik van probe 1200 mm : 11 = 330K en B9 = 22E.1
Bij gebmuk van probe 300 mm :R11=680K en B9 =22R1
Bij gebnuk van probe 150 mm : RE11=1M2 en R9=22R1
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10.Komponentenlijst

Cal Instrumentata

Weerstanden
B4 . B5.R6,E7 . R10 ..

probe 150 ... IM3

RI2_R14 RIS, R18 .R27.R28 20K metaal film 1%

el L5K
.. 10K metaal film 1%

B20,B21 B23 P25 o 2K
B26 ..

L2TR
...]E3 (opte)

...220mF poly met
. 10pF  cer
...... 1uF  poly met

..... 100pF polystyreen

e VUK 1247 verticaal 10hom 3296 top adjust
et 12 tr verticaal 10mm. 3296W top adjust
e 30E 12 7 verficaal 10mmm 3296W top adjust

e IM324 of ADT13] Lemaire , Analog devices
....L165V BSnr. 301-399 data: 232-2677, zie bijlage 3
FS Tel: +32(0023544 1562

U4 e AD203SN. ACAL nvisa Lozenberg 4 . B-1932 Zaventem

Tel: +32 (002 720 39 83 Gegevens U4 , zie bijlage 1.

TET 4821  TME Trade Mark Electronics BVBA
Merksemsteenweg 194, B-2100 Deume

Tel: +32(0)3 3251910

U e TET 4823
Diodes

D1.,D2 e
Alumininmdeos

RS grey painted diecast box P65 . Nr. 501-840 ( 150mm ) , Nr. 507-056 ( 1200mm )
Gegevens aangaande aluminiimdozen , e bijlage 4.

Cable gland 4-6mm , M12 RS Nr. 614025 .

AM914
LRC4

311_handleiding_golf-3b

idem . Gegevens aangaande U7, U8 | zie bijlage 2.
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