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CHAPTER

Introduction

his thesis work is the result of collaboration between the "Universita degli
T Studi di Salerno” (Italy) and the "Universitat Politecnica de Catalunya-
BarcelonaTech” (BCN, Spain), in particular with the Maritime Engineering
Laboratory (LIM). The thesis is focussing on the analysis of the wave overtop-
ping and post-overtopping processes on coastal defense structures in highly
urbanized areas. In fact, one of the most common and major risks for people
happens when the waves crash against the coastal deferences and a flow is
generated at the top of the structures, which can have enough energy to knock
over and injure a person, or even carry them into the sea. To prevent or reduce

these consequences, coastal defenses are built, the most common are:
e sloping sea dikes;
e vertical walls;
e armoured rubble slopes.

In particular, the present work analyzes the overtopping volumes, discharges
and velocities that can lead to risk scenarios for people and vehicles along the
coastline. The analyzed case study, "Premia de Mar”, schematically represents

the coastline north of Barcelona, Spain, where every year the railway line is



CHAPTER 1. INTRODUCTION

exposed to overflowing phenomena so that, in the worst conditions, rail traffic
is interrupted to prevent the train from overturning.

The main purpose of this thesis work is to verify that coastal safety limits and
design criteria recommended by the current literature, such as EurOtop manual
(2018) [13], require to be amended. To reach this objective, a methodology

consisting of three distinct phases will be illustrated:

1. physical model tests were carried out, modelling a layout that resembles
the case study for different wave conditions corresponding to events with
different return periods. The small scale flume "CIEMito” at LIM/UPC

was for the purpose;

2. the acquired experimental data were collected, analyzed and compared

with the state-of-the-art semi-empirical formulas;

3. the results, finally, have been compared with the safety criteria from
EurOtop (2018) and with the stability curves for people and vehicle
proposed by literature (e.g., Sandoval and Arrighi).

The application description is preceded, in the following chapters, by a
section of theoretical references; the different formulations for the determination
of mean overtopping discharge, the wave evolution period, the individual
overtopping volume and, in particular, the methodologies for the definition of
the stability curves are illustrated. This research is a preliminary study that

will be investigated and discussed in further works.



CHAPTER

Literature

he scientific literature available on wave overtopping prediction is very
T extensive, but it is not the same on the stability of people under the
effect of wave overtopping flows, that is limited to a modest number of studies.
In this area several studies have tested human subjects in controlled flows
which have generated a quantification of the critical flows parameters and
mechanisms that can lead to make a person lose stability and fall into the
flow. The chapter summarizes the literature about wave overtopping for steep
low-crested structures and presents an extended review of studies related with
human stability under different types of flows, and a novel analysis of real

overtopping accidents.

2.1 Wave overtopping

Wave overtopping happens when waves run up the seaward face of the coastal
defenses, reach the crest and pass over it. This phenomenon causes flooding of
the areas above the structures and by reaching high speeds, endanger people
and infrastructures. Hereafter the main structural and hydraulic parameters
that might affect the overtopping are described. The structural parameters are

the crest freeboards R., defined as the height of the crest of a structure relative
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R, =Wave run-up height
. = Freeboard

= Wave height at the toe of the structure
= Water depth at the toe of the structure

R
H
h

'm0

Figure 2.1: Sketch of overtopping phenomena. Image by [13]

to the water level, the slope angle of the structure «, the water depth at toe of
the structures hy,. and the roughness of seaward face v;. The wave parameters
are the incident significant wave height H .,y and spectral wave period Ty,1 9
defined as:

H o =4y/mg (2.1)

Toto = % (2.2)
0

Other parameters of use when studying the overtopping process are the linear

wavelength L,,_1 o, the wave steepness s,,_1 and the breaker parameter &1 o,

defined as:

ngL—]. 0 2rh
Ly,,_19="——tanh 2.
1,0 o an Tt ( 3)

HmO

Lm—l,O

(2.4)

Sm—1,0 =

tan(«)

271'HmQ
9T2m-1,0

Em-1,0 = (2.5)

It is here important distinguish between deep, shallow and very shallow fore-
shores, even if today does not exist a clear criterion for the differentiation them.
Van Gent et al. (1999) [I] proposed a criterion to determine if the foreshore
is characterized by deepwater, intermediate, shallow or very shallow water: if
the ratio between the wave height in deepwater, H,,o_prrp, and the water
depth the toe of the dike, Ay, is greater than 0.75 and less than 1.50, then
the foreshore can be considered as shallow; if the same ratio is greater than

3.0, then the foreshore can be assumed very shallow. In all the other cases, the

4
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foreshore must be considered as intermediate or deep. The criteria from Van

Gent [1] is summarized in the table:

Depth condition H 1m0 deep/ P [-]
Very shallow H 110 deep/h > 1.5
Shallow 1.5 > Hiyodeep/ht > 0.75
Intermediate 0.75 > Hyno,deep/h > 0.4
Deep H 10,deep/h < 0.4

In a shallow foreshore breaking waves and wave height are lower, but there is
still a spectrum similar to the original spectrum. At a very shallow foreshore is
difficult to recognize a spectrum with a peak. Generally speaking, the transition
between shallow and very shallow foreshores can be defined as the situation
where the original incident wave height has been decreased by 50% or more,
due to wave breaking. The effect of a (very) shallow foreshore translates into a
high value of the breaker parameter (&,,_10 > 5/7) with relatively gentle dike
slopes (1:2.5). In this thesis work has been used the foreshore’s classification

by Hofland [5]:

Depth condition he/Hmoo |-]
Deep hi/Hmoo >4
Shallow 1 <hi/Hpmoo <4
Very shallow 0.3 < hy/Hmoo <1
Extremely shallow he/Hmoo < 0.3

2.1.1 Wave period evolution

The spectral wave period is preferred to either as the peak period 7', or the
average period T, in wave overtopping calculations, because it gives more weight
to the longer periods in the spectrum. Furthermore, the same 7', o along with
same wave heights lead to similar overtopping discharges, independently of the
spectrum type, even in case of double-peaked or flatted spectra. A detailed

analysis on the use of the spectral period for overtopping prediction is contained
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in Van Gent et al. (1999) [I] where the author demonstrated that the spectral
period shows a better performance than the other wave periods both for wave

overtopping and wave run-up predictions (Fig 2.2, 2.3).

2 04

""'.ITF oM
——_
_'/::‘}
r/!
Lo
[ %]
E__
it
4
=3 =
- P
']

CI’""""F B o 0 N

Figure 2.3: Measured wave spectra for the different structures [1]

Van Gent et al. (1999) [I] carried out small scale mode model tests on a
1:100 and 1:250 foreshores with smooth structure slopes of 1:4 and 1:2.5. Due
to the heavy breaking the spectral wave period, T',1,, can changed drastically.
One example shows that the spectral wave period was changed from 2 to 3 s at
deep water to 8 s at the toe of the structure. This implies a significant change
of spectral shape as well. Wave heights are also reduced from roughly 0.14 m
to 0.04 m in this case. With such small wave heights and very long periods
at the toe of the structure, the breaker parameter becomes very large, around
Em-1,0=14 for a 1:4 slope and &,,.1,0=20 for a 1:2.5 slope.

The studied used now in the EurOTop (2018) is that of Hofland et al. (2017)
[6]. He introduced the new parameter, h, in which is incorporated the foreshore

slope 6 besides the relative depth.
~ h; (cotf 02
h = 2.
Hm0’0< 100 > (2.6)

6
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Hofland et al. (2017) was carried the test with the straight foreshore, it can be
seen from the Fig 2.4 for shallow foreshore, the wave period increases slightly
with the decreasing depth, for the very shallow foreshores 7),_; ¢ s increases
quicker with depth, finally for the extremally shallow foreshore the increase is

even bigger.

10 :
9 - a Chen ea(2016), 1:35
l'. © Van Gent (1999), 1:100
8 - _ .... ¢ Van Gent (1999), 1:250
o Van Gent (1999), 1:100, double-peaked
7 4 oo x  Van Gent (1999), 1:250, double-peaked

\ + Altomare (2016), 1:35, FHR13_116
) - o Altomare (2016), 1:35, FHR00_025
A ——y=1+Bexp(-4x)+1exp(-1x)
———deep water limit

Tm-1 0t / Tm-1.€l.o
(4) ]
1

-0.5 0.0 0.5 110 115 2.0 2.5 3.0

he / Hio o(CO8 / 100)°2
Figure 2.4: Data of the (increase in) measured wave period T,,_1¢ of long-
crested waves on a straight mildly sloping foreshore, as a function of relative
depth with slope correction. The solid line is the fit through the data given
in Eq. (2.7). The dashed lines indicate the £2¢ (root-mean-square variation)

error bands. [6]

For the wave period calculation he used the new formula, defined as:

T - -
oL 1 = Gexp(—4h) + exp(—h) (2.7)

Tmfl,O,o
Two exponential terms are very important for the calculation of the period
in conditions of shallow and extremally shallow foreshores: for the extremally

shallow conditions is dominant the second exponential term while for shallow

7
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conditions i > 1 the first exponential term. With the Hofland prediction it’s

possible to defined the spectral wave period for long - crested waves.

2.1.2 Mean overtopping discharge

The first study used for the calculation of discharge for seadike with shallow
foreshore is proposed by Van Gent et al. (1999) and also reported in TAW
(2002) [3] and EurOtop (2007) [2], the formula is expressed by the following
two equations:

q R.
———— = 10%x — 2.8
e p<zmwww%+w%mm> (2:8)

q R,
2 —02lexp| — 2.9
vV gH3m0 ( HmO’Yf’Yﬂ(O?)S + 0.225111_1’0)) ( )

where:
e ¢ is the overtopping discharge per meter width of the structure [m?/s/m]
e R. is the crest freeboard [m)]

e 7, is the reduction coefficient that considers the effects of the slope

roughness -]

e 73 is the reduction coefficient that considers the effects of the obliqueness
-

e ¢ parameter assumed as normally distributed with mean value to 0-0.92

and a standard deviation ¢ equal to 0.24

The equations are valid for £,10 > 7 [2][3]]4]. In the case of &40 < 5, it is

recommended to use the following pair of formulas:

¢ 0.067
VgH? o \/tan(oz)

R,
m0Y£Y8 Yo Vb€ m-1,0

W&Mpwp<—4%H, ) (2.10)

with maximum of:

q R,
———=10.2exp ( — 2.6) 2.11
gH3 0 H o8 (211)
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In the case of 5 < {10 < 7, a linear interpolation is recommended between
the two sets of formulas.

Goda (2009) [14] proposed a simple exponential functional from for the over-
topping formula, defined as follows:

I — exp [— <A+B e )] (2.12)

gHSmO HmO

where:

h |
A= A [(0.956 +4.44 tan 0) <Ht +1.242 — 2.032(tan 0)’ 25)1 (2.13)

mO0

h oe
B = B, [(0.822 +2.22 tan 6) <Ht +0.578 — 2.22 tan 9)] (2.14)

mO0

where 0 is the angle of the foreshore and hy,. is the water depth at te toe of
the structure. The coeflicient Ag and By are expressed as functions of the dike
slope a:

Ay = 3.4 — 0.734 cot a + 0.239 cot® & — 0.0162 cot® (2.15)
By =3.4—0.5cota+ 0.15cot> a — 0.011 cot® o (2.16)

the equations were derived by Goda using 715 data points for vertical walls and
1254 data points for sloping dikes respectively, both extracted form CLASH
database. To cover a lack of data in shallow foreshore Goda also used data
from Tamada et al. (2002) [17]. However very few data refer to zero or to very
low water depth at the toe of the dike and no data with emergent toes are
included, therefore, in many case the new set of equations proposed by Goda
have to be used for a preliminary assessment.

Altomare et al. (2016) [11] modified the Van Gent formulation. From the
previous studies it has already been possible to verify a correlation between the
Qmeasurea and the R./H o, but through the use of the scatter - plot - matrix he
identifies a new bond (Fig 2.5). The select data by Altomare are: the measured
discharge, the incident wave height and period. the water depth at the toe of
the dike, the dike slope and the foreshore slope.
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Figure 2.5: Scatter-plot matrix of uniformly scaled variables by [11]
From the Fig 2.6 it can be see:
e the overtopping discharge increases with the wave height;
e a non linear correlation between the wave height and water depth;

e the correlation between the wave overtopping and water depth, for very
shallow water the wave breaking is heavier resulting in smaller wave

height and then smaller overtopping rates.

Altomare et al. (2016) proposed the new formulation for very shallow condition:

q R,
— 1OCnew _ 217
[l P ( H,0(0.33 + 0.022§m_1,0)> (2.17)

He assumed to use an equivalent slope by combining the foreshore slope and

the dike. The new parameter c is based by the datasets of CLASH, is assumed

10
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to be normally distributed and is equal to -0.791 and the standard deviation o

is 0.294. Altomare et al. formula is used in EurOtop (2018) for the design of

coastal structures.

wl s
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13-116 (colo 6)
00-142
00-025
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D8-226 (Van Gent, 1999) ||
D3-042 H

10
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10
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Rcﬂ-iuﬂ"‘([l 33+0 [!22"‘&;.,“_]_0)

Figure 2.6: Wave overtopping data and prediction using Eq. 2.17 with 5%

under and upper exceed limits [11]

Gallach (2018) [6] proposed the formula based of three coefficients:

q

Rc Cupdate
= e o5 | — [ Dusgage e 2.18
gH3m0 Gupdate * XD [ ( pat Hm0757f> ] ( )

where:
® Qypdate = 0.0109 — 0.035(1.05 — cot o) and aypdate = 0.109 for cot v > 1.5;
® bupdate = 2 + 0.56(1.5 — cot @) and bypgare = 2 for cot a > 1.5;
® Cypdate = 1.1

The range of application of the formula is for slope angles 0 < cot a < 4 and
the relative crest R./H,,o. Also in this formulation the coefficients of roughness

and the obliqueness are equal to one, like Altomare et al. study.

11
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a(gH. )" [
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CLASH and EurOtop (2016)
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Allsop et al. (1995)

Van der Meer and Bruce (2014)
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1E4 |

1E-5

Figure 2.7: Vertical structures overtopping data compared to the updated
prediction (Eq. 2.18) with its 90% prediction band, Van der Meer and Bruce
(2014) and Allsop et al. (1995). [6]

2.1.3 Individual overtopping volumes

If the structure is not submerged, the overtopping process can be interpreted
as a succession of different individual overtopping events, characterized by a
certain volume and a certain velocity. Therefore, it is a statistical process,
where discharge is expressed in probability overtopping terms (P, ), multiplied
for the ratio between maximum overtopping volume expected (V;) and wave

period expected (7},,):

_ Yonde Volu'mes _ Ny E(V,) _ Pov@ (2.19)
> onde Periods NLE(T) T,

where P,, is the ratio between the number of overflowing waves N,, and the
number of recognizable waves NV,,. Since every wave that overflows exceeds the
crest of the structure, P, sea edge coincides with the probability that the wave
causes an ascent higher than the ridge itself R, ie that it results: R, > R..

For regular waves P, is 0.0 if R, < R, or is 1.0 is R, > R..

12
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For irregular waves, Van der Meer et al (1995) [15] suggested we adopt a
Weibull probability distribution, with parameters o and 8 depending on the
characteristics of the incident waves and on the slope of the parameter, to
calculate the wave ascent in the presence of permissible structures in rocks.
The cumulative density function of the Weibull distribution is defined as:

Py, = exp [ — (%)5] (2.20)
The value of the shape parameter § has an important influence on prediction
of the maximum overtopping volume. Large value of  means more individual
overtopping volumes with roughly the same value. For a small value of the
shape factor, the tail of the distribution become steep meaning that the majority
of the volumes are small and there are few very large overtopping volumes.
Van der Meer and Janssen [15] analyzed wave run-up and wave overtopping
for sloped coastal structures like revetments and seawall. In particular, the
authors has analyzed 14 sets of measurements with a range of relative crest
freeboard 0.99 < R./H,,0 < 3.16 for mild seaward slopes (1:3 and 1:4). They
found that the shape factor g has a constant value of 0.75; the scale factor «
depends of mean average overtopping discharge ¢ [m?®/m], the average wave

period T, [s|] and the probability of overtopping waves P.y.

qT,,
= (.84 2.21
a <P0V> (2.21)

The definition of this equation results from the average overtopping discharge,
defined as the total volume overtopped V; and the duration of the event T;.
The latter can be defined as the product of the number of waves N,, and the

mean wave period T,,. Thus, the following mathematical expression can be

written:
Vi
= 2.22
From this, can be obtained:
qNTw Vi
= 2.23
NOW NOW ( )

The right term can be defined as the measured average overtopping volume

V measured |12 /m]. We can still defined the theoretical average overtopping

13
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discharge as:

1
V theoretical = OZF<1 + 5) (224)
We can defined the parameter « as:
L qIn
o= —— (2.25)
1\ P
T(14 1) Por

The terms F(l + %) is defined o/ and the relation with (3 is shown in Fig 2.8.

12

=

0.8
06
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Figure 2.8: Relation between o’ and

Victor et al. (2012) [16] analyzed data of steep-low crested structures, using
the 50% of the highest from dataset UG10 (364 tests). In particular, the ranges

of application are:
e relative crest freeboard: 0.10 < R./H o < 1.69
e slope angol:cot a € [0.36,0.58,0.85,1.00,1.43,1.73,2.14,2.75]
e wave steepness: 0.02 < s;,.19 < 0.05

The author studied the effect of slope angle «, relative crest freeboard R./H o
and the waves steepness sy,1 on the shape factor 8. The found that the latter
is influenced by the slope angle and the relative crest freeboards whereas the

wave steepness has no influences on shape factor. The new o and [ are:

R,
B = exp < - 2.0H ) +0.526 + 0.15cot (2.26)

m0

14
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o/ = 1.13tanh(1.132) (2.27)

Hughes et al (2012) [I§] collected three different dataset (27 tests from Hughes
and Nadal (2009) [19]), 364 values from Victor et al (2012) [I§] and 14 wave-
only overtopping from Van der Meer and Janssen (1995) [I5] and plotted them
versus relative crest freeboard. For each test, the 10% of the highest has been
selected to represent the extreme events (Fig 2.9). The authors suggested a new
formula valid in the range of relative crest freeboard —2.0 < R./H o < 4.0:

1.8

R,
B = [exp ( — O.GHm())] +0.64 (2.28)

6‘0 3 b ] b X 3 i 3 b 4 b oy X 4 i 4 b 4 i
+ \Victor, et al. mild slope, cot @ =2.75and 2.14 |
a  \Victor, et al. mild slope, cot a0 =2.14 i
__5.0[- = Victor, et al. steep slope, cota < 2.14
o v Hughes and Nadal, R, =-0.29 m, col i =4.25 |,
0 Hughes and Nadal, R_=-0.81m, cot o =4.25]]
I
5 4.0 Hughes and Nadal, FIC =-1.30m, cotoe =4.25]]
g Van der Meer mild slope, cot ¢ =3 and 4 i
m % - L o o
X 3.0
©
=
S 20| N
3 )
D
= |
10|~
0'92,0. .. .-1_0. .3.0. .. .4.0

0.0 1.0 2.0
Relative Freeboard - R_/H_ . []
Figure 2.9: Weibull shape factor proposed by Hughens et al (2012) [18]

Zanuttigh et al. (2013) [7] analyzed the § values for rubble mound breakwa-
ters and for low crested structures (crest at or just above the water level). In

particular, the authors used two sources of wave-by-wave overtopping data:

e DELOS project: 2D an 3D data for low-crested structures

15



CHAPTER 2. LITERATURE

e CLASH: rouble mound breakwaters and smooth impermeable sloping

structures

The [ factor for smooth structures found by the authors depends on the
mean average overtopping discharge ¢, the spectral wave period T'y,.1,0 and the
spectral wave height at the toe of the dike H,,y and that has also been used bu
EurOTop (2016):

1.8

q
=073 455 ——Ffv— 2.29
6 " (gHmOTm—1;0> ( )

Gallach Sanchez (2018) [6] gathered different tests carried out at the wave
flume of the Department of Civil Engineering at Ghent University (UG10,
UG13, UG14, UG15 and UG16) covering a wide range of hydraulic condition.

In table, a summary of the conditions for all tests:

Parameters Range
Crest freeboard R. [m] 0-0.2
Incident spectral wave height Hp,o [m] | 0.018 - 0.225
Relative crest freeboard R./H o |-] 0-3.25
Relative wave height H,o/h 0.03-0.5

The author found that the probability distribution of the individual over-
topping volumes follows a Weibull distribution. He suggests a new prediction
formula (Eq. 2.30) to evaluate shape factor 8 that improves the accuracy for

those cases with zero freeboard.

R,
S = (0.59 + 0.23 cot o) exp ( - O.6H ) +0.83 (2.30)

m0

The maximum individual overtopping volume per meter width can be calculated
starting from the non-exceedance probability of the statistical distribution. If
the volumes follow a Weibull distribution, as indicated by several authors, the

non-exceedance probability is given by Eq. 2.31:

P(V>V)=1-exp l— (V"ﬂ (2.31)

16
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Using the Weibull plotting position formula P(Vi) =i/(No, + 1) and setting

the rank 7 = 1, the maximum volume can be calculated as:
Vimax = a[In(Noy + 1)]1/7 (2.32)

which depends of the shape factor 3, the scale factor @ and the number
of overtopping waves. The latter, which is proportionally to overtopping
probability P,, and the number of incident waves N,,, it can be calculated as
Nyw = P,, - N,,. Using Eq. 2.20 and Eq. 2.25, Eq. 2.32 can be rewritten as:

Tio
Vma:v =da % : [ln(NOW + 1)]1/ﬁ (233)
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2.2 Human stability in overtopping flows

The first that examined the critical characteristics of human stability flow
was Abt et al. (1989) [§], aiming to find a general criterion for defining an
area at high risk of flooding for humans. At that time, safety agencies used a
variety of methods to study floods that were unsafe for the people impacted,
furthermore, none of them were based on the fundamental consideration of
human ability to remain stable during water flood. The parameters studied
in the aforementioned work were flow velocity and depth that make a person
lose stability. A series of tests were carried out in a 61 m long, 2.44 m wide
and 1.22 m deep recirculation channel at the Engineering Research Center
of Colorado State University. On the floor of channel were installed a series
of different materials to study a range of floor/roughness conditions: grass,
smooth concrete, steel and shavings were all tested. In addition, there was
the possibility to change the slope of the channel that gave the opportunity to
study the effects of the tilted floor, with slopes of 0.5% and 1.5% used. The first
phase of Abt et al. (1989) [8] was made using a rigid monolithic to simulate
human body (Fig. 2.10).

Figure 2.10: Rigid monolith used by Abt et al. (1989) research no information

of w and t is given

Results were then used to verify the theoretical envelope for rotational instability.
The rotational instability results from the balance of moment around the point

A in figure, being the main force acting over the body are: the monolith weight
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(W), the buoyancy (B), and the hydrodynamic force (P).
> My = [(W - B)(0.5t)] — [P(0.5d)] = 0 (2.34)
where:

o B = twdy,

Yw=unit weight of water

P =Cyp%A,

Cy=coefficient of drag

p=water density [kg/m?]

u=flow speed [m/s]

A, =projected area against the flow [m?|

Assuming a uniform velocity in the cross section of the flow, equation was
solved by the author to give a toppling envelope for the rigid monolith. The
curves outlined by the author define the safe condition for the monolithic block
(below the curve) and the one in which it can be overturned by the water (above

the curve) (Fig 2.11).

Hazard Envelope

10
“ il Monolith
® \ Area of ';::;“, 7
- Instability ~ | ]
2 B
8
3 | Toppling
E_MIOTO Fy
0 : ~
0 | 2 3 4

Depth (ft)

Figure 2.11: Toppling envelope for rigid body monolith [§]

The experimental results for critical flow depths and velocities at the point of
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toppling were in good agreement with the predicted range. Subsequently, 20
human subjects were tested under a controlled flow: 2 females and 18 males;
weight between 40.9 kg, and 91.4 kg; height from 1.52m to 1.90m. All subjects
wore similar clothing. In addition for safety reasons all subjects wore a helmet

and a harness, connected to a beam over the flume (Fig. 2.12).

Figure 2.12: Experimental setup carried out by Abt et al. (1989) [§]

At the beginning of each test, the subject took position in the test section of
the flume and was exposed to a pre-test, low velocity and depth condition.
All the subjects were allowed to accustom the test, giving her/him the chance
to feel safe in the flow. Then the flow was slowly increased in order to avoid
the generation of waves. During the test, the subject was asked to move in
three directions: against the flow; with the flow, and across the flow. The
test continued until it was impossible for the subject remain stable standing
or walking. Parameters at this points, critical average velocity (u.,) and the
critical depth of the flow (d..) was recorded. Moreover it was calculated a
product number ("P.N.”) u,, - d. as an indicator of resistance for each test.
71 tests were conducted, the results of which are shown in Fig. 2.13. It was
concluded by the authors that the monolith results are very conservative, since
its PN was significantly smaller than the found for the human subjects. A
wide range of results for the human subjects were found, explained due to each
person having to inform the team when they could no longer stay stable. In
conclusion, the absence of an actual fall, this is a subjective evaluation likely

to be influenced by each person’s characteristics: their height and weight, and
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also their particular skills, confidence and perception of risk.
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Figure 2.13: Critical speed and depth from Abt et al. (1989) experiment [§]

The ability of each person to react and adapt to the flow, through e.g. changing
the position of the feet; leaning into the flow, or using arms for balance, was a
very important factor in determining each subject’s ability to withstand the
flow for longer. For the conditions tested, the results shown that stability was
not affected by the type of surface used, and no clear effect of the floor’s slope
was found. With the results, a methodology to predict the P.N. which could
cause instability of a person was proposed based upon a semi-logarithmic curve,

and as a function of the person’s weight and height.
0.222
P.N. = - hp—— + 1.088 2.35
P (m PTo00 © ) (2.85)
with:
e P.N=Product number [fps/s]

e m=person’s mass [pounds]

e hp=person’s height [inches]
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The first study with the purpose to study the human stability in wave over-
topping flows, reporting on an initiative carried out the 1995 by the Japanese
Port and Harbour Research Institute (PARI), with results reported in Endoh
and Takahashi (1994) [9]. This study was focused on wave overtopping on
breakwaters, which have dual objectives to protect the harbour from storm
waves and also provide public areas for recreation. Three human subjects,
with heights 1.64 m to 1.83 m and weights 64 kg to 73 kg, were tested in a
large current basin, 50 m long and 20 m width, but only the results of two
subjects were reported in Endoh and Takahashi (1994). As in Abt et al. (1989)
study, a flow in a flume was generated and increased until the person lost
his balance, at which point the critical depth (d,,) and velocity (u..) of the
flow was recorded. In addition to the previous study, in this new study, the
forces due to the flow against the subject were measured with load cells. The
influence of different alignments of the persons against the flow and different
leg separations was included in this study. Moreover,the study of the frictional
coefficient between two types of shoe soles and the different floors was also
included. From the results Endoh and Takahashi (1994) studied two models of
human instability:”slipping” and "tumbling” (Fig 2.14).

14 10

« Endoh and Takahashi : * Tumbling, in front of the flow
12 1995 i |_# Tumbling, paraliel to the fiow |

Critical depth d,, [m]
Critical depth d,, [m]
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Figure 2.14: Critical speed and depth from Endoh and Takahashi (1994) [9].(a)
General results (b) Results of the subject B.

The first one occurs when the flow force against the body (Fy) is bigger than
the maximum available friction resistance of the subject (F).) (this considering

various type of shoe soles) . It is anticipated that for fall due to this mecha-
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nism, the person will tend to fall with legs pointing downstream. The second
mechanism models the falling process rising when the moment produced by
the flow around the feet of the subject is bigger than the restoring moment
produced by the weight of the person.

From figure, a wide scatter in the results is evident, but a trend between the
critical depth at loss of stability (u.) and the critical velocity of the flow (d;)
is however evident, even though the subjects used had different characteristics

and different flow tolerance to be unstable (Fig. 2.15).
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Figure 2.15: Critical speed and depth from previous studies [9].

In the literature there is a complete absence of quantified data on human
accidents caused by wave overtopping flows. Sandoval (2015) [10], for the first
time, studies real events by analyzing videos, made available by "YouTube”
or using the camera of mobile phones. Moreover, an extensive INTERNET
search was conducted, finding video evidence from real situations which show
pedestrians being exposed to real wave overtopping flows. From these, it was
possible to analyse the different ways in which the water interacted with the
persons and how they reacted to it. These new results are an important value
because they are estimation from real events, with no scale effects, furthermore,

it was possible to watch the real reaction of people, without safety equipment,

23



CHAPTER 2. LITERATURE

avoiding the opportunity to get used to pre-test condition and being free to

react instinctively.
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Figure 2.16: Flow speed and depth data from the video analysis of actual
events, plotted together with the results of studies from literature by Sandoval

(2015) [10].

In the Fig. 2.16 it is possible to compare the results obtained by Sandoval,
with the analysis of real situation and those obtained from the previous studies.
According to the theories of Endoh and Takahashi (1994), Sandoval understands
that the stability not depends only on the person’s weight and height, but is
also influenced by the position of the person, their way of standing and also by
the coefficient of friction between shoe sole and ground. The analysis for each

mechanism of instability can be derived as follows:

e Friction stability

F;—F, (2.36)

24



CHAPTER 2. LITERATURE

where:

Fy is the drag force of the flow and it’s the function of the velocity, depth,
the shape of the submerge body and the drag coefficient.

F,. is the friction resistance function of the body weight and friction
coefficient.

Cd-g-UQ-B-d—,u-m-g (2.37)

From this equation the critical combination u—d for the friction instability

can be found.
Q-M-m-g
2g="r 4 2.38
u Cop B (2.38)

Momentum stability

M, — M; (2.39)

The moments generated by the flows (My) can be calculated as the drag
force applied at the half of the depth. One the other hand the restoring
moment (M,) is function of the person weight and the distance to the
pivot point (d;).

d
m~g-d1—ff-§:0 (2.40)

Replacing the value of the drag force the critical combination u — d for

the moment stability can be found:

m-g-dl—Cd-g-UQ-B-d-g:O (2.41)
m-g-d,
cd=2 | =——= 2.42
u Cop B (2.42)
whit:
Ffzcd-g-UQ-B (2.43)
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Cy=drag coefficient [-], calculated according to Endoh and Takahashi
(1994):
Ly , R
Cy=11 1—h— with § =0 (2.44)

P

L
Cy=1.1 <1 + hf> with § = 45°,90° (2.45)

P

where:

u=average flow velocity [m/s]

d=average flow depth [m]

p=density of water [kg/m?]

p=coefficient of friction between shoe sole and ground [-]
L y=width between the feet [m)]

f=angle of the person against the current [°]

h,=person height [m]

B=average diameter of the subject legs [m]

A = Bd=the projected area of the submerged part of the body normal
to the flow [m?]

d;= distance form pivot point to the centre gravity [m]|

P1

mg

Figure 2.17: Human model standing in front of the flow.

To extrapolate the risk curves using this methodology, Sandoval, on first,

identified an initial position (see Fig. 2.17), this represents a very conservative

assumption because it represents a person surprised by the flow and has not

adjusted position to resist to flow. It is also important define height and weight

of the person. Firstly, it can be seen that the two mechanisms occupies different
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zones where they are the dominant cause of instability. The friction instability
verified in shallow and fast waters and, instead, the moment instability is
dominant in deeper and slower waters. This is explained because the moment
instability mechanism is the one responsible for knocking down a person, indeed,
a considerable depth is needed to generate a large enough moment to defeat
the restoring moment due to the person’s weight.

By the equations found above is possible to find the condition of u and d where

the transition occurs.

dyy = = (2.46)

| m-g
r: e — 2-4
Uty = H ca pB-d, (2.47)
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Figure 2.18: Comparison of instability prediction and data from video analysis
of actual event and the results of studies from literature by Sandoval (2015)

[10].

Good agreement is observed considering the shape of the instability curve and

the distribution of the critical points, but only the 34% of the points are located
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in the hazard zone. Moreover, it can be seen that in the lower part of the
graph (friction instability) the prediction work better, instead, in deeper water
the models don’t work very well. In general the points calculated in the video
analysis are located more or less in the zone of the graph where they supposed
to be. In the upper part of the graph the prediction lines lie significantly above
the trend of the data. The buoyancy not being considered as could explain
this one of the forces acting on the person in the derivations of the models.
This produces an unrealistic prediction in situations where the depth is similar
to or greater than the subject’s height. In such a case, it would be expected
that the resistance to being swept away by the flow will reduce to zero, since
the available ground-to-footwear friction will disappear. This omission could
produce and overestimation of the stability under considerable deep flows.
The buoyancy force is simply weight of the water displaced by the submerged
body. This add another variable in this study, because it depends upon the
shape of the human body, changing from person to person, and the clothing
could also affect considerable. Assumptions must therefore be made in order
to solve the problem. Using a body model (Fig. 2.19), Sandoval calculated the
buoyancy as a function of the depth of the flow.

Vo

3

hp

Va(d) = Zod (2.48)
Vald) = =d (2.49)
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We can calculated Fy(d) as follow:

ﬁ-d-p-g for 0 <d<h,

Fy(d) :{ (2.50)

Vo-p-g=+4c-p-g  forh,<d

with:
e F,(d)=buoyancy force [N]
e V;(d)=submerged volume of the body [m?]
e d=water depth [m]
e p=water density [1000 kg/m?]
e g=gravitational acceleration [m/s?|
e m=subject’s mass [kg|
e po=density of the human body [~1,062 kg/m?]
e h,=subject’s height [m]
e Vp=total volume of the subject [m]

Using these new expressions, it is possible to modify the relations of Endoh

and Takahashi (1994), as follows:
e Friction stability for 0 <d < h,
Fr—F. =0 (2.51)
Now the friction resistance is reduced by the buoyancy force:
C’ngde — - (mg — Vdpg) =0 (2.52)

We can be estimated V;; and so the relationship becomes:

P 2 md
Pulvd — 1 - — = 2.
C’d2u 1 <mg pohp,og) 0 (2.53)

and so the relationship between velocity and depth is:

1 dp , 291
=/Crpm /= - 1— th Cp = 2.54
“ i \/; \ ( pohp> w P pCuB (2.54)
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e Momentum stability for 0 <d < h,

d
Fyody— Fy- 5 =0 (2.55)

as the friction resistance, here the restoring momento is reduced by the

buoyancy force

d
(m-g—Vd-p-g)-dl—C’d-gUQ-B-d-§:O (2.56)

and so the relationship between velocity and depth is:
2 m-g-d < d - p)
U=—-\|=——=-(1—- 2.57
d \l Cd P B pohp ( )

Cu d~p> g
U= ——-+/m- 1-— where Cyy =2+, |—— (2.58
d ( pohy M \'Cs-p-B (2.58)

The new equations modified the graphics (Fig. 2.20):
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Figure 2.20: Comparison of instability prediction regardless buoyancy and
considering buoyancy and data from video analysis of actual event and the

results of studies from literature by Sandoval [10].
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It can be seen that the new prediction work better in the higher part of the
graph, now the 70% of the points are well located in the hazardous zone of
the graph, this give us the indication that the buoyancy force has a significant
effect in the stability of the subjects under deeper waters. Also it is important
that the good agreement in lower part of the graph is not lost due to the
modification of the equations because in shallow waters, the buoyancy force
does not play a significant role in comparison with the person’s weight. It
can also be noted that when the buoyancy force is taken in consideration, the
difference between the moment model and the friction model is smaller when
u < ug, compared with the past figure.

Sandoval, through the reports found, was able to examine people of different
sex to better identify the risk zones and also examined a new position (Fig.
2.21). It is supposed that the person reacts to the flow by moving one leg
back-thought to be an instinctive reaction of a person in this kind of situation.
This response generates a larger distance between the pivot point and the
centre of gravity, d;, increasing the restoring moment available. In addition,
the projected area exposed to the flow decreases, as only one leg is receiving

the drag force directly.

P2

Fr/2 r/2
T dl

Figure 2.21: Second stability position

From Fig 2.22 it can be seen that the change of position from P1 to P2 increase
considerably the moment resistance, due to the increase of dy, but it does not
have a significant effect on the friction stability model since even though the

area against the flow get reduced, the factor Cy increases its value.
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From this, it follows that the change of position will be more effective in case

of deeper-slow flows than in shallow-faster waters.
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Figure 2.22: Comparison of instability prediction between "Position 1”7 and

"Position 2” by Sandoval (2015) [10].

The last study analyzed within this thesis research is that of Arrighi et al
(2015, 2017, 2019) [21] [23] [22] who, for the first time, compared the experi-
mental data with the numerical model for the human and vehicles. They, from
the data, identified relative submergence and the Froud number, as the most
relevant parameters to estimate the vulnerability of pedestrians and parked

vehicles for calculated the critical thresholds.
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e Vehicles vulnerability
The car is considered a rigid body and the forces acting on this are weight
(W), buoyancy (B), drag, lift effect (L;) and friction (friction coefficient
1t is considered constant and equal to 0.2-0.5 because depends of vehicle
type). Equilibrium to translation on a flat bed happens when friction

forces is balanced by drag forces D acting on the car:
D=W-B-1L;) u (2.59)
D=05p-Cy-(H,—h.)-1-U?
W=p.-g-(Hy,—he)-1-L
B=p-g-(Hy,—h)-1-L
Li=05g-p-Cy-(H,—he)-1-U?
where:

— pe is the car average density;

p is the water density;

H, is the height of vehicle;

h. is the distance of the chassis from the ground;

— [ and L are the the frontal width and the lenght of the vehicle;
— H is the water depth;

— U is the flow velocity;

— (g is the drag coefficient;

— () is the lift coefficient

Through these formulations it was possible to write:

Cq ) U? pe(Hy — he) — p(H — h,)
— 4+ | ——=2L" 2.60
( v ) g o H—h)(H, —hy 20
the dimensional term is:
C-Fr?=0, (2.61)
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in which
U2
Frg =
g- (H - hc)

and 6, is defined as the mobility parameter of the vehicle.

(2.62)

The regression curve value-added by Arrighi et al can be written as:

HC’I‘V
Hy

=0-—0.05Fr+0.34 (2.63)
when (H/H.v) < Hy it has a safe condition otherwise unsafe condition

Human vulnerability
As for the vehicle also for the human can be possible individuated the

equilibrium between the friction forces and drag forces:
D>W-—-B-L;) (2.64)
D=05p-Cy-Hp-1-U?
W=pp-g-(d-Hp-l)
B=p-g-(d-H-l)
L;=05p-Cy-Hp-1-U?
Through these formulations it was possible to write:
0.5U%-Cp-Hp+(0.55U%-C;-Hp)-p=[(g-Hp-d)—(g- H-d)] - (2.65)

simplifying again you get:

U? Cp 2d-(Hp — H)
. 2\ = 2.
gH <—|—Cz ) Hp 0 ( 66)
in which
U2
2
Frp:g-H (2.67)

and the second term of the Eq 2.66, 6p, is defined as the mobility
parameter fro sliding instability of the people standing in floodwaters.
The regression curve from experimental human stability data can be

written as:
H,..p B 0.29

Hp 024+ Fr

when (H/H..p) < Hp it has a safe condition otherwise unsafe condition.

(2.68)
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The Arrighi et al. (2019) results are summarized in this graphics:
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Figure 2.23: Regression curves used to assess the vulnerability of pedestrians

(a) and parked vehicles (b) based on the experimental data [22]
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Case study

T he geometrical layout used for the experimental campaign resembles the
beach and coastal protection in the area of Premia de Mar, municipality

in the Comarca of the Maresme in Catalonia, Spain.

‘Wave condition (Barcelona buoy )

Tr=1,2.5.10,20 vears
Hm0,0=3.6m-5.41m
Tp.o=11.965-12.965
do=68m
dioe=1m-2m

Re=3.5m-4m

Figure 3.1: Top view by Google Maps.

In particular, the area nearby the railway station has been studied. This

stretch of the coast, in fact, present both railways and a bike path a few
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very exposed to possible sea storms, being located at a few meters from the
shore. See figure 3.2. Besides issues related to people safety, the vicinity
of the railway to the sea has already caused in the past several problems
and service interruption of the public transport for a line that is strategic

for the zone, connecting it directly to the metropolitan area of Barcelona

(e.g. |https://www.elperiodico.com/es/sociedad /20190425 /linea-r-1-rodalies{

maresme-acumula-semana-retrasos-oleaje-7424487)). Close to the railway sta-

tion, the dike slope has been estimated equal to 1:1. In the physical model tests,
the effect of the rubble mound has been neglected, considering a smooth slope,
in stead. Due to lack of bathymetric data in the area, two different foreshore
slope were considered, namely 1:15 (steep) and 1:30 (gentle). Different widths

for the promenade between the dike edge and the station were considered to

be representative of the different stretches along the coastline.

Figure 3.2: Case study framework.
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Experimental setup

I n this chapter will be show how experiments were carried out. It will be
described the whole procedure to execute a sensitivity analysis on the

collected data.

4.1 CIEMito

Physical model experiments are carried out in the small scale "CIEMito”

(Fig 4.1) wave flume at Laboratori d’Enginyeria Maritima (LIM) from Univer-

sitat Politecnica de Catalunya-BarcelonaTech (UPC) in Barcelona.

Figure 4.1: "Views of the small scale wave flume at LIM/UPC”
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CIEMito has a total length of 18m, with a useful section of 0.38m wide and
0.56m high and a maximum water depth of 0.36m. The supporting structure
consists of square section metal profiles while the side and back walls are made
of 5+5mm thick tempered glass. The wave generation is carried out using a
piston wave-maker, whose motion is provided by a linear actuator with 1m
maximum stroke and speed of response 1.6m/s. Water depths of 0.29 - 0.30
- 0.305 - 0.31m are tested, corresponding to 14.5m, 15m, 15.25m, 15.5m in
prototype, assuming a model scale of 1:50. Two dikes were installed: the
first with 1:15 foreshore slope and the second with 1:30 foreshore slope that
corresponding at the real slope of the case study (Fig 4.2). The freeboards R.,

promenade width and toe depth h;,. varies between the valued summarized in

this table:
Ptoe|m] R, [m] Promenade [m]
Prot. | 0.009-0.019-0.024-0.029 | 0.81-0.071-0.066-0.066 0.12-0.24
Model 0.45-0.905-1.2-1.45 4.05-3.55-3.3-3.05 6-12

Figure 4.2: a) Case - slope 1:15; b) Case - slope 1:30

4.1.1 Measurement setup

Overtopping flow measurement system consists in:

e overtopping tank with two loads cells to measure the weight of the

overtopping water later converted into volume;
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e two high - speed cameras to measure overtopping flows and velocities;

e two ultrasonic sensors (AWG) on the dike top to measure flow depths

and velocities [Appendix1];

e besides, eight resistive sensors have been placed along the flume to measure
water surface elevation at different locations. The sensor consists in two
stainless steel wires, the current that flows between the wires is converted

in voltage that is directly proportional to the immersed depth.

(c) Ultrasonic sensors (d) Five resistive sensors

Figure 4.3: Measurement devices
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4.1.2 Control system

The functioning of the CIEMito is based on the use of different software
that are used both to generate the desired conditions and to convert the data

obtained from the tools mentioned above. The system control consisted of:

e "CiemGen v.1.2” software developed by LIM/UPC allows the generation

of regular and irregular waves and time series reproduction (Fig 4.4);

e "WavelLab 3.676” software developed by University of Aalborg allows
calibration of eight resistive sensors and records data sensors during the

test (Fig 4.5);

[osarll oonll ol conll oinll asoell —mi:
Waf ol oof vu ol el e

o —

Figure 4.5: Window of "WaveLab 3.676”
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e "CiemConv v1.2” software developed by LIM/UPC allows the conversion
of WAVELARB data (Fig 4.6);

1

i

o

Figure 4.6: Window of "CiemConv v1.2”

e "CatManEasy V3.4.2” software developed by "HBM Italia s.r.1.” allows

calibration of two ultrasonic sensors and two load cells and records their

data during the test (Fig 4.7);

Figure 4.7: Window of "CatManEasy V3.4.2”

e "StreamPix 7x64 Edition SingleCamera or DubleCStreamPix 7.5.0.0”

software developed by "NorPix, Inc.” that allows to capture videos and

images from the cameras (Fig 4.8).
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Figure 4.8: Window of "StreamPix 7.5.0.0”

In this table it’s shown the distances between the instrument and the struc-

tures from the wave maker.

Sensors/layout Dist. from the WM(1:15) | Dist. from the WM(1:30)
WG 0 2.80 m 2.80 m
WG 1 2.96 m 2.96 m
WG 2 3.15m 3.15m
WG 3 3.40 m 3.40 m
WG 4 3.69 m 3.69 m
WG 6 7.20 m 7.20 m
WG 7 8.20 m 8.26 m
WG 5 9.20 m 9.20 m
Dike toe 10.38 m 10.38 m
Dike crest 10.47 m 10.47 m
Start foreshore 7.20 m 7.20 m
Start transition slope 8.26 m 8.26 m
CAMERAS/AWG =10.60 m =10.60 m
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4.2 Test procedure

The test in general is carried out in three distinct phases:

1. first phase, called calibration, in which all the instruments are tested to

verify their proper functioning;

2. a second phase, is the test itself, in which the selected conditions are

generated and the test is carried out;

3. a last phase in which the test is completed and the data from the various

programs used are collected.

4.2.1 Calibration phase

¢ AWG Calibration:
The AWG calibration is conducted with the software "CatManEasy V3.4.2”
and a parallelepiped-shaped specimen (0.075m x 0.075m x 0.027m). The
specimen is placed below the sensor and it is verified, through the use of

two points, that the machine is working in the correct way (Fig 4.9).

— —
{#% Sensor adaptaticn 2 - — &

(@ Help on sensor adaptation

Channel: AWGD
— Set 1st point of input characteristics

Electrical p.ozosos | w | E measure

Physical 0.000000 m Gl

~Set 2nd point of input characteristics—————————————
Electrical 2,130210 v | 72 Measure
Physical 0.027000 m

~ Physical range

Maximum 0.400000005| M @ what

Minimum o m

~ Type of measurement

% Current value Sampling for average and
s, RMS value uses sample
aing rate and filter of DAQ job 1

RMS

& = duration

| Update in sen=sor database

|._\:"‘_reate newsens; _:| " oK |_ XCanoel_|

g

(a) Window of CatMan’s Calibration (b) Measurement with spacemen

Figure 4.9: AWG calibration
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e Resistive sensors calibration:
The resistive sensors calibration is conducted with the software "WaveLab
3.676”. The sensors are moved manually to two different points chosen
before calibration (-0.04m and 0.00m), if they work correctly the software
extracts a straight line that joins the selected points (fig 4.10).

Ml Metsure Ottt net Wiwe G Cale Cont

Figure 4.10: Window of "WaveLab 3.676”

e Load cells calibration:
The Load cells calibration is conducted with the software "CatManEasy
V3.4.2”7 and Excel and with the use of beakers. In order to evaluate its
good functioning, variable quantities of water are introduced into the
cells and through the "CatManEasy V3.4.2” software it is verified that
the machines calculate the right force (Fig 4.11); subsequently all the
various successions of water injections are plotted in Excel in a graph
verifying that the empirical values and those of the machine coincide and
that, therefore, it returns in output a regression line with a coefficient of

determination of approximately equal to one (Fig 4.12).
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Figure 4.11: Calibration with "CatManEasy V3.4.2”
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Figure 4.12: Output in "Excel”

4.2.2 During the test

Once the various instruments have been calibrated, the test can begin. First
of all, the working conditions are set using the "CiemGen v.1.2” software (Fig
4.13), in that it’s possible to set water depth, wave height H,,q, the peak period
T,, the value of spectra enhancement factor v which is fixed and equal to 3.30
for a standard JONSWAP spectrum. Employing same wave conditions (H,yo,
T,), different time series can be generated varying a seed number, hence the
phase assigned to each spectra wave component. More than four hundred tests
were conducted during the thesis period, in which different conditions were

considered depending on the slope of the beach, the promenade used and the

desired return time.
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Figure 4.13: Windows of "CiemGen v.1.2”

In the following tables it is possible to see all the combinations studied, the

scale used was 1:50:

Model scale:

Slope | Tr [y] | Hmo [m] T, [s] SEED | Depth [m] | Prom. [m]
1:15 1 0.085 1.69 1;5 0.29-0.30-0.31 | 0.12-0.24
1:15 2 0.0882 1.74 1;5 0.29-0.30-0.31 | 0.12-0.24
1:15 ) 0.10 1.79 1;5 0.29-0.30-0.31 | 0.12-0.24
1:15 >10 0.11 1.4 1;5 0.29-0.30-0.31 | 0.12-0.24
1:15 >10 0.10 1.4-1.5-1.6 1;5 0.29-0.30-0.31 | 0.12-0.24
1:15 >10 0.09 1.4-1.5-1.6-1.7 1;5 0.29-0.30-0.31 | 0.12-0.24
Slope | Tr [y] | Hmo [m] T, [s] SEED Depth [m] Prom. [m]
1:30 1 0.085 1.69 1;5 0.305-0.31 0.12-0.24
1:30 2 0.0882 1.74 1;5 0.305-0.31 0.12-0.24
1:30 ) 0.10 1.79 1;5 | 0.30-0.305-0.31 | 0.12-0.24
1:30 >10 0.11 1.4 1;5 0.305-0.31 0.12-0.24
1:30 >10 0.10 1.5-1.6 1;5 0.30-0.305-0.31 | 0.12-0.24
1:30 >10 0.09 1.4-1.5-1.6-1.7 1;5 0.305-0.31 0.12-0.24
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Prototype scale:

Slope | Tr [y] | Hmo [m] T, [s] SEED | Depth [m] | Prom. [m]
1:15 1 3.60 11.96 1;5 14.5-15-15.5 6-12
1:15 2 4.01 12.28 1:5 14.5-15-15.5 6-12
1:15 ) 4.59 12.67 1;5 14.5-15-15.5 6-12
1:15 >10 5.55 9.9 1;5 14.5-15-15.5 6-12
1:15 >10 4.59 10.6-11.3 1;5 14.5-15-15.5 6-12
1:15 >10 4.50 9.9-10.6-11.3-12 1;5 14.5-15-15.5 6-12
Slope | Tr [y] | Hmo [m] T, [s] SEED | Depth [m] | Prom. [m]
1:30 1 3.60 11.96 1;5 15.25-15.5 6-12
1:30 2 4.01 12.28 1;5 15.25-15.5 6-12
1:30 ) 4.59 12.67 1;5 15-15.25-15.5 6-12
1:30 | >10 5.5d 9.9 1;5 15.25-15.5 6-12
1:30 >10 4.59 9.9-10.6-11.3 1;5 15-15.25-15.5 6-12
1:30 >10 4.50 9.9-10.6-11.3-12 1;5 15.25-15.5 6-12
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Figure 4.14: Data Acquisition with "CatManEasy V3.4.2”
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Figure 4.15: Data Acquisition with "WavelLab 3.676”

Once the working condition has been set, the test is ready to be started,
usually it lasts between 20 and 25 minutes for 1000 waves. The acquisition of
data from the sensors and the loads cells takes place through the two programs,
namely "WaveLab 3.676” and "CatManEasy V3.4.2” (Fig 4.14 - 4.15). The
tests with the same conditions were repeated twice: once without cameras,
to obtain the values of the time and volume of the maximum event (after
a post-processing with Matlab R2018a), and the second time using also the

cameras for the next comparison.

4.2.3 Data collection

Once the test has been completed, the data are collected. In the following

summary table it is possible to see all data collection:
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OUTPUT | INSTRUMENTS | FILE FORMAT | EXTENSION
n WG text txt
u AWG, cameras text, image vol, .tif
A AWG, cameras text, image vol, .tif
q,V LC text .vol

Data from "CatManEasy V3.4.2”7 is saved within two text files that, sub-
sequently the conversion file is plotted inside the calculation program "Matlab
R2018a”, in output we obtain the values of the discharge ¢ in model and the
total overflowing volume V;,;, the volumes in prototype, the total one V42 prot,
the V130t and the V31900, Which are the average of the third and tenth
highest values in the series, the velocity (uaweg) (Eq 4.1) and flow depth (Aawg)
and the time of the peak overtopping event T,,., (Fig 4.16).

UAW Gtrips WAWGtiazvor — AWGdist/A [m/s] (4‘1)

Where A = Aty;;, or Atyavor of AWG, respectively the temporal distance

between the two maximum points and the distance at which it crosses a point

set by the user in principle.
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Figure 4.16: Example of output graphics and values by "Matlab R2018a”

As mentioned above, during the test, the maximum overtopping event is
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resumed through the cameras, which work at 200 frames per second. From
the acquired images we can obtain the velocity because we know the distance
between the two sensors, the number of frames of the event, which will vary
from case to case and the scale at which we are working. Knowing these data

it’s possible to use the conversion formula (Eq. 4.2):

distance between AWG 200 - /50 (4.2)

Ucam
N frame

The calculation of the velocity and the flow depth, through the cameras, is a

manual procedure in which the images coming from the software are analysed.

(a) First measuring point (b) Second measuring point

Figure 4.17: Example velocity measuring with lateral camera - ngame=18

(a) First measuring point (b) Second measuring point

Figure 4.18: Example velocity measuring with upper camera - ngame=16

As far as the velocity is concerned, it is first necessary to define the distance
between the two AWGs then, subsequently, it is possible to identify the maxi-

mum height that one has for the two sensors to determine the exact number
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of frames of the event (Fig 4.17 - 4.18). Guidelines were used to carry out

the measurement: for the upper camera, lines of 1cm were marked on the

promenade; while for the lateral camera a 0.5cm graph paper was applied.

With the lateral camera it’s possible calculated also the flow depth (A ) using

graph paper (Fig 4.17b). Once all the data has been collected, it is possible to

implement an Excel database, which proved to be fundamental for the analysis

of the results carried out later. The Excel file contains columns:

e the date of the text;

the number of waves;

the H,n0,0, T, in model and prototype [m],[s];

the water depth h in model and prototype [m];

the promenade width in model and in prototype [m];

values in model and prototype of hye=h-toe dike [m];

values in model and prototype of R.=dike height-h,. [m];

the values of ¢ in model and prototype, gpror = ¢ - 505 [1/s/m];
the values of Vi moa [m?];

the values of Vit prot, Visprots Viji0prot [1/m], which are the average of

the third and tenth highest values in the series;

the values of T',42,mod, fundamental for calculating the velocity and flow

depth of the maximum overtopping event with the cameras [s[;
the distance between AWG [m];

the Aeom calculated with the lateral camera in prototype [m];
the Aawe calculated with the AWG in prototype [m];

the velocity calculated with the cameras (e ) using Equation 4.2 [m/s];

52



CHAPTER 4. EXPERIMENTAL SETUP

o Atyy, and Atasvor of AWG, respectively the distance between the two
maximum points and the distance at which it crosses a point set by the

user in principle;
o the uawar,, = AW Gaist/ Aty - /50 [m/s] in prototype;
o the uawet, ..vo = AW Gaist/ Almazvor - v/50 [m/s] in prototype;

and Uegm,

maxV ol

e the average (Umean) between velocities uawar,,,, Uawar

[m/s];
e the average (A\yean) between flow depths Aawe and Aegrm [m/s];

e any comiments.

The complete data are contained in Appendix 2. The results obtained from
all the tests are analyzed in the following chapter, in fact we will research
the relationships between the various parameters that, subsequently, will be

compared with the current literature and formulas of EurOtop (2018).

4.3 Incident wave conditions at the toe of the
dike

The last tests were carried out removing the dike and placing in stead
an horizontal bottom by absorption material (Fig 4.19). The scope was to
calculate the incident wave conditions at the toe of the structure, minimizing
the wave reflection. The values obtained from the resistive and acoustic sensors
were compared.

The sensors WG6, WGS8 and AWG were placed one at the beginning of the
beach while the other at the toe of dike (=end of the foreshore) (Fig 4.20). It
was possible to carry out this analysis for the 1:30 foreshore slope. The position
of the WGT sensor, on the other hand, has not been modified, since, starting
from a visual analysis of the previous tests, it has been verified that in that

area there is the breaking of the waves.
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Figure 4.20: a)AWG1, WG6; b)AWGO0, WGS; ¢)CIEMito without dike

The objectives of these new tests are two:

1. to obtain values at the toe of the structure that are also used in the

current literature to be able to compare them;

2. spectrum filtering below a set value of f < 1/Tg. = 0.05 Hz, where the
resonance period has been calculated previously and equal to Tr, = 15 s
(Fig 4.21). If we find oscillations of the period of the order of the
characteristic period of resonance, f,T; = Tg., we can assume that such
oscillation are due to the same resonance and therefore must be removed.
Otherwise, let’s consider a part of the energy that is created by model
effects but that does not correspond to real cases, where the resonance is

not present.

The results obtained from the tests have been of fundamental importance for

the evaluation of scale effects, where viscosity and surface tension are evaluated.
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Moreover, through this data it was possible to compare the results obtained

experimentally with those obtained numerically through the "SWASH” program

[25], fundamental for cases with 1:15 slope where this type of test was not

carried out.
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Figure 4.21: Example of a water surface energy spectra at different station,

as it can see, they tend to move to the left and decrease its energy. Image by

Suzuki et al. (2017) [20]
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Data analysis

he tests carried out were 419 and the data obtained are described in
T this chapter. First of all, all the data were analyzed to verify that
none of them showed abnormal values. From this first sorting, 4 tests were
eliminated in which the volume measurement was not present. The uawar,,,
was not considered in the average velocity calculation (upeq,) because, it
was verified that the method does not comply with the values obtained both
from the cameras and At,,..vor, so it was agreed to abandon this calculation
methodology in order not to distort the analysis. Therefore, the values of
the velocity (Umean) and flow depth (Aeqn) of the overtopping event were not
considered because, either they had a wyeqan > 15 m/s; or a Apean > 2 M (Umean
and Ajeqn values not conform with reality. In summary, the analyses were
carried out on 415 tests: 193 cases with a 1:15 slope and the remaining 222

with a 1:30 slope of the beach. The study purposes are:
1. researching results;

2. comparison with the actual literature for the values of discharge, wave

period evolution and overtopping volumes probability;

3. scale effects calculation.
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5.1 Results

Here will be presented graphs containing the data divided for different wave
overtopping parameters and different slopes.

In the Fig 5.1 is shown the discharge (g) versus the overtopping volume (V).

= Vmax 1:15 V1/3 1:15 V1/101:15 Vmax 1:30 Vv1i/31:30 V10% 1:30

Volume (I/m)

y q tlfs#mj::

Figure 5.1: Discharge versus overtopping volume for different slopes

In this figure, the dates are divided according to the slope of the beach. The
discharges have values between 0.2 - 52.7 1/s/m for slope 1:15 and 0.7 - 23.1
1/s/m for slope 1:30, while the volumes are within a range between 400 - 11000
m? for slope 1:15 and 460 - 8500 m? for slope 1:30. From the graph, it can
be note that the Vj,3 and Vj,ip are grouped in a more uniform way, with
few cases that move away from the main cloud, while the V,,,, it has more
dispersion; for this reason, in the comparison with the literature, it will refer to
the another volume (it will be defined later) and not to the maximum volume.
The relationship between ¢ and V' seems pretty linear in fact, larger volumes
correspond to higher discharges and vice versa. Higher values correspond to
cases with larger T, H,,, and depths, lower values correspond to cases with
lower inputs. It can also be noted that the slope of the beach plays a key role:

for cases with 1:15 slope we have higher volumes and flow rates than the data
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obtained with the real slope.

In the Fig 5.2 and 5.3 are shown the discharge (q) versus overtopping velocity
(u) and flow depth ()

= 1:15 1:30 —Lineare (1:15) Lineare (1:30)

u (mys)

q (I/s/m)

Figure 5.2: Discharge versus velocity for different slopes

= 1:15 1:30 —Lineare (1:15) Lineare (1:30)

A(m)

q (I/s/m)

Figure 5.3: Discharge versus flow depth for different slopes

The velocity has values between 0.1 - 15 m/s for slope 1:15 and 0.74 - 15 1/s/m
for slope 1:30, while the flow depth are within a range between 0.25 - 2.0 m
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for slope 1:15 and 0.1 - 2.0 m for slope 1:30. The trend cases are exponential,
in fact the discharges and the velocity, like depth, they can be different: for
higher ¢ , v and A can had values higher or smaller according the overtopping
event and vice versa. The slope role is fundamental in fact from the graphs it
can be noted: the curve in the cases of slope 1:30 is always higher than the
cases of slope 1:15, this means that the case 1:30 has the values more variables
while for slope 1:15 the trend is more homogeneous.

In the Fig 5.4 is shown the overtopping velocity (u) versus flow depth (\).

©1:15 © 1:30

Figure 5.4: Velocity versus flow depth for different slopes

In this graph it can be seen, like the first relation between ¢ and V', that the
cases with the slope 1:30 stay in an homogeneous group while the others (slope
1:15) are arranged in different parts of the graph. It’s important notes that
Umean aNd Apeqn don’t have a linear relation, in fact it can had an overtopping
velocity smaller and a splash (higher depth) or the contrary or again the two
values may be proportional to each other.

Variability may depend on:
e promenade width;

e period of the overtopping wave;
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e different slope;
e input condition

This results will be fundamental for the future analyses, especially the last figure

because for the first time, the period of the overtopping event is important.

5.2 Comparison with the literature

In this section, the previous literature is compared with the experimental
values, in particular the equations 2.17, 2.7, 2.30 used in the EurOtop (2018)

[13]. All values have been separated for different slopes to check their behavior.

5.2.1 Overtopping discharge

The comparison with previous literature is complex because, none of the
formulas is based on models with the same characteristics proposed in this

thesis research. The application range of all the formulas is summarized in this

table:
Measured | Altomare et al. | Goda Gallach
R./H,o | 1.85-6.9 1.4 - 3.8 0-3.9 0-3.25
Rive/Hmo | 0.68 -1.38 | -0.88-1.28 | 0-1.4 -
Hino/ htoe - - - 0.03 - 0.5
cot 1 2-3.6 1-7 0-275
cot 15 - 30 35 - 50 10 - 30 -
Sm—1,0 - 0.0001 - 0.01 - 0.01 - 0.056
Em—10 | 0.61-8.29 - - 2-14.7

In the Fig 5.5 is proposed the comparison with the Altomare et al. (2016)
formula (Eq 2.17), used also in the EurOtop manual (2018), in which all values

have been considered in dimensional terms @ = ¢//gH,

60

3
m0,toe

and the heights



CHAPTER 5. DATA ANALYSIS

ratio.

As it can notice from the graph:

e many cases with slope 1:30 are within the formula range, the others

exceed the upper limit;
e the cases with slope 1:15 are below the lower limit, except for few events.

e the yellow values range (slope 1:15) stay in the left part of graph while
the orange values (slope 1:30) are in the right part, this means that the

dimensionless height value is larger for the higher cot 6.

—Q_Altomare -----g- -----g+ = Q1:15 = Q1:30

Re/HmO(0.33+0.022§m-1,0)

Figure 5.5: Comparison with Altomare et al. (2016) formula (Eq 2.17)

Altomare et al. (2016), in their studies did considered the shallow and very
shallow condition, for this reason many cases are in accordance with his formula,
moreover the lower limit cot # is similar with the one analyzed in the real case
but, at the same time they didn’t proposed a formulation for steep slopes, as
1:15 or dike slope, and for this reason the yellow points are not in conformity
with the equation he suggested.

In the Fig 5.6 and 5.7 are shown the comparison with the Goda (2009) and
Gallach (2018) formulas (Eq 2.12, 2.18). They, unlike Altomare et al. (2016),

didn’t considered the shallow and very shallow condition precisely for this, as
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can be noted from the graphs, all values calculated with their formulations
are upper the curves. In addition, the yellow values (slope 1:15) that have the
values of 6 < R./H,,0 < 7 are the tests with less depth (0.29cm in model), this
confirms the hypothesis initially made. Goda (2009) is the only one who has

considerer the slope dike but, his dates are few for a true comparison.

= Q1:30 Q1:15 lim_ 1 lim_2 lim 3 lim 4
i
Rc/HmO
Figure 5.6: Comparison with Goda (2009) formula (Eq 2.12)
Q_Gallach = Q_Gallach 1:30 Q_Gallach 1:15
e

Rec/HmO

Figure 5.7: Comparison with Gallach (2015) formula (Eq 2.18)

Finally, the measured and calculated dimensional discharges have been com-
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pared (Fig 5.8, 5.9, 5.10) for each formulation in the literature. It can be
noted in all graphs that the calculated values are greater than those measured
(6.93 - 107 < Queas < 8.54 - 1073), moreover the data with slope 1:30 are

grouped, while the others (slope 1:15) are separated.

—Serie2 —Serie3 —Seriel = Q 1:30 Q 1:15 -

1,00E+01

Qmis

Qealc

Figure 5.8: Qumeqs versus Q. Altomare et al (2016) formula (Eq 2.17)

Q1:15 - Q130 —Serie2 —Serie3 —Seriel

Qeale

Figure 5.9: Qneqs versus Q. Goda (2009) formula (Eq 2.12)

In Altomare et al. (2016) (Fig 5.8), the data, as in the previous graph, are

more near the formula limit, few values (slope 1:15) are within the range, but
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—>5Serie2 —Serie3 —Seriel Q1:15 = Q1:30

04 2@’*“‘
??‘h'jw :

Qmis

Qealc

Figure 5.10: Quneqs versus Q. Gallach (2016) formula (Eq 2.18)

all others are higher. It gets this result because the equation considers shallow
waters, unlike the others. In Goda (2009) and Gallach (2018) (Fig 5.9, 5.10)
the values are further away from the limits, because the range of (). is bigger
than Altomare et al. results. The most distant data are always those with less
depth.

In this table it is summarize the range of ()

Altomare et al. Goda Gallach
Qcalc,mm 4.94-1078 5.02-1072 | 1.75-10~ 1
Qcale;maz 1.60-1073 2.78-107% | 4.70-1074

5.2.2 Wave period evolution

As regards the assessment of wave period evolution, the Hofland et al.
formula (2017) (Eq. 2.7) in EurOtop (2018) was compared. In this case,
only tests with 1:30 slope were considered, as only in those tests were carried
out experiments to calculate the toe conditions (to see chapter 4.3), for the
comparison with the other slope (1:15) will be necessary the numerical model

(SWASH, [25]) for calculate the missing data.
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It can be noted from the Fig 5.11 the values are divided in three groups:
1. the first above the upper limit with depth equal 0.30cm in model;

2. the second, the largest, which is within the range of the formula with

depths of 0.305 and 0.31cm;

3. the third, composed only by five values, below the lower limit with input
conditions, in model: depth=0.31cm; H,,0=0.0882 - 0.085 [m]; Ts=1.74 -
1.69 [s].

—Hofland (2017) mu+2sigma mu-2sigma —Hofland (2017) =« measured 1:30

Tm-1,0,toe/Tm-1,0,0
= ®

¥
Figure 5.11: Comparison with Hofland et al. (2017) formula (Eq 2.7)

This results confirm the authors studies, in fact they worked under conditions

similar to these (slope 1:35 and shallow condition) and came to the same

conclusions:
e the formulation is valid for shallow and very shallow conditions;

e T,,_1, increases dramatically when the depth decreases and decreases

when the depth increases (group 1 and group 3).
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5.2.3 Individual overtopping volumes

For the overtopping volumes probability evaluation, for the fist time, it
was considered another volume, Vigy with V.. Unlike Vj /19, the Vigy is the
volume value that is exceeded by only 10% of all values in the series, i.e. it’s
the minimum of the V; ;o values of the series. The introduction of Vigy was
fundamental for calculation of the Weibull volume distribution.

The steps performed were as follows:
1. Calculation of Vg% meqs trough the program "MATLAB” for each test;
2. Calculation of Py meqs, the probability associated with the Vigy meas;
3. Calculation of o and S parameters of Weibull distribution;

4. Trough « and j it was possible to calculate Vigy weibuir,cale and compare

it with the measured value.

V calculated
-

V measured

Figure 5.12: ‘/10%,meas Versus ‘/10% Weibull,cal

Fig 5.12 shows that the calculated and the measured values are similar, in fact
the R? is approaching the unit. Once the hypothesis was verified it was possible
the comparison with previous literature, in particular with the Zanuttingh et

al. (2013) and Gallach (2018) formulas (Eq 2.29; 2.30).
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V10% Zanuttingh 1:30 =« V10% Gallach 1:30 = V10% Zanuttingh 1:15 = V10% Gallach 1:15 + V10% Tortora 1:15
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Figure 5.13: Vigo, meas versus Vipy cai
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Figure 5.14: Viaz meas Versus Viaz cal

The Fig 5.13 and 5.14 show the relationship between the values measured and

calculated, it can be noted:

e the Vg values are grouped while the V,,,, are separate, so it will take

more account of the first than the second;

e the values calculated with the Zanuttingh et al. (2013) formula are
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approaching to those measured but, they are still larger;

e for Gallach (2018) formula, the calculate values are always higher than

the measured values.
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Figure 5.16: Qypeqs VETSUS Qg

The difference between two formulation is the definition of 3 coefficient and
consequently also « coefficient (Fig 5.15, 5.16), in Gallach it is function of the

ratio R./H,,o and remembering the experimental work condition, it’s verified
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that the Gallach values are upper because, in his studies, he didn’t consider the
shallow water. Looking at the figures it can be noted the above hypothesis are
verified. Moreover, from the o formulation it shown the proportionality with
discharge and, for this reason it can be verified the proportionality between
q and V. Also P,, value influences a calculation, in fact they are inversely

proportional (Eq. 2.25). The formulas range are summarized in this table:

Measured | Zanuttingh et al.., | Gallach,;
a [I/m] | 372 - 1661 20 - 3949 21 - 3530
B s 1.1-4.7 0.77 - 4.2 0.84-1.1

Both authors do not consider the promenade values, which can increase or

decrease the overtopping volumes probability and this is the literature limit.

5.3 Scale effects

Scale and model effects result from incorrect reproduction of a prototype
water-structure interaction in the scale model. Measurement effects are due
different measurement equipment used for sampling the data in the prototype
and model situations. These effects, which are referred to as "measurement
effects” may significantly influence the comparison of results between prototype
and model, or two identical models. It is therefore essential to quantify the
effects and the uncertainty related to the different techniques available.

The method of calculating the scale effects is described within the EurOtop
(2018) [13]:

1. first, it is necessary to calculate the run up value (Eq. 5.1, 5.2) and it is

considered the minimum value between:

R o, max
(Zi’ =1.65 %7 V8 - Em-10 5.1
m0
R2% min ( 1.5 )
min _y (22 5.2
HmO \/ﬁm—l,o
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CHAPTER 5. DATA ANALYSIS

2. subsequently the limits imposed on viscosity (Reynolds Eq. 5.3) and

surface tension (Weber Eq. 5.4) are assessed:
Req,Reynolds > Rcrit = ]-03 (53)

Req,Weber > Rcrit =10 (54)

where:

2(Ray - R.)?

Req,Reynolds = U T (55)
ha - Pu
Req,Weber = M (56)
Tw
3. then, the next scale factors correction are calculated:
forasu =1 for ¢>0.01m>/s/m (5.7)
logq + 2 5 5
Jerasy =145 — —5 for ¢ <0.01m>/s/m (5.8)
64
chuttrumpf — 1— 5.9
fS hutt pf 0.1Req ( )
4. finally, the new discharges are calculated:
qorAsH = Qprot * foLAsH (5.10)
qSchuttrumpf = dprot * fSchuttrumpf (511)

For this particular case, the limit imposed on surface tension is always verified,
except for 11 cases where the velocity calculated with the two methods (AWGs
and cameras) are very different from each other. As further assessment of
possible scale effect, the ”Artificial Neural Networks” (ANNs) has been employed
(see further details in EurOtop (2018) [13]). ANN was used to predict the
mean overtopping discharge and compared it with measured values. Significant
differences between predicted and measured, especially with lower measured
discharges, would suggest possible scale effects values.

The input values for ANN are summarized as follow:

e test name.
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cotf with slope 1:30 and cotq;

htoea ht and Rca

HmO,toe and Tm—l,O,toe;

Promenade width;

® Yo, Vfs Yous

By mean of the ANN it has been possible to compare the experimental data
obtained with "CIEMito” and verify that they are inside the cloud derived by
the method (Fig 5.17).

Structures "D": Smooth impermeable dikes

1071 4 « training data |

e predictions

10—2 .

10‘3 -

a/(gHs~3)"(1/2)
=
i

107° -

10—? .

_.

0 2 4 6 8 10 12
Rc/Hs
Figure 5.17: Results by Artificial Neural Networks, the values obtained by

CIEMito are within the cloud, the scale effects are minimum

The Qo5% aNN: @mean,ANN, Q5% ann Were calculated (Eq. 5.12) and compared

them with the measured discharges (Fig 5.18).

= N 23 (5.12)

m0,toe
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Where ¢ = Go5% ANN; Gmean ANN; @5%.AnN [m®/s/m], the measured discharges,
the discharge values that are exceeded by only 95%, 50% and 5% of all values
in the series respectively. The values are within the limits and this verify also

the hypothesis: the scale effects are minimum and may be overlooked.
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Figure 5.18: Q) versus R./H 0 toc
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Figure 5.19: fi1e versus ¢ [m®/s/m]

Finally, the Fig 5.19 shows how the CLASH scale factor is almost always close
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to unity and for this reason the discharge values do not change, while for
Schuttrumpf (2001) [24], the result depends a lot on the conditions, especially
on the value of the cot . In fact considers lower slopes. Consequently, the
coefficient within the formula should be changed, but the results are in line

with the author’s considerations (Fig 5.20).

10

9 Influence of Re, on No Influence of Re, on
wave overtopping wave overtopping

- L
* >

I:n=1:4
8 | Re,., = 107

6 |_I I |

ln=13 Frg= |

-
I'n=1:6 \ 4'&“.'0:

Fr, [-]

Fr,=0.5+6.5; Re, = 10*+10*

lin=1 |\k Experimental Investigations
1 — l“-—*‘—-‘__‘gss-_...
I

0 ’
10° 5 10° 5 107 5 10°

Figure 5.20: Influence of viscosity on wave run-up velocities [24]. The colored
curve indicates the possible values of Froud and Reynold numbers for a dike

slope 1:1.
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CHAPTER

Discussion

I n this chapter, the experimental results are compared with the EurOtop
(2018) [13] limits (Fig 6.1) and with the Sandoval (2015) and Arrighi et al.

(2019) stability curves (see chapter 2.2).

All values have been separated for different slopes and promenades to check

their behavior.

People at structures with possible violent | No access for any predicted | No access for any predicted
overtopping, mostly vertical structures overtopping overtopping
People at seawall / dike crest. Clear view
of the sea.
Hme=3m 03 600
Hmo=2m 1 600
Hme=1m 10-20 600
Hm<0.5m No limit No limit
Cars on seawall / dike crest, or railway
close behind crest ok 2000
Hm=3m
= 10-20 2000
Hae =215 <75 2000
Hmo=1m
: Close before debris in spray | Close before debris in spray
SRCPENIS ST A DU becomes dangerous hecomes dangerous

Figure 6.1: Overtopping limits for people and vehicles [13].



CHAPTER 6. DISCUSSION

According EurOtop manual (2018) a structure could be considered safe for
people and vehicles when the volume and the discharge values are within certain
limits (Fig 6.1). Firstly, the experimental results, divided for different slopes
and promenades, are compared with the EurOtop (2018) limits (Fig 6.2, 6.3,
6.4, 6.5).

+ Vmax 1:15 = V1/31:15 V1/10 1:15 e People-q seeen CArs-q
People-Vmax Cars-Vmax Lineare (Vmax 1:15) Lineare (V1/3 1:15) Lineare (V1/10 1:15)
10.000 ) I
B.000 I I-
» .
6.000 :
:f e L] L]
E
4.000
000
1]

8
q (lfs/m)

Figure 6.2: Volume versus discharge, comparison with the EurOtop (2018)
limits (slope 1:15).

s People-g 0 e Cars-q @ e People-Vmax -Cars-Vmax Vmax 1:30
Vv1/3 1:30 e V1/10 1:30 Lineare (Vmax 1:30) Lineare (V1/3 1:30) -Lineare (V1/10 1:30)
10000 5 ;
B000
5000
T
3 i
I} :
4000 i
« 3 :
s - .
o H L]
00 e & ] AT ¥ S G P ]
s & %ov 3“‘ ® a® o-a'° - vm, ﬁq, at S—w
s o ;
O A R et s W IS s sty
Q};’f"anﬁha bl B 2° & L &
T
o ®
0 1 2 4 & 7 a8 9 10 11 1 13 4 E
q {I/s/m)

Figure 6.3: Volume versus discharge, comparison with the EurOtop (2018)
limits (slope 1:30).
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+ Vmax prombm + V1/3 promém » V1/10 prombm

------ People-q
weeee Cars-q - People-Vmax Cars-VYmax —— Lineare (Vmax prombm)
Lineare (V1/3 promém) Lineare (V1/10 promém)

10.000 1 §

8.000 ;
—_ 6000 __
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£
=
-
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7 ] 2 10 1 12 13 14 15 16
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Figure 6.4: Volume versus discharge, comparison with the EurOtop (2018)

limits (promenade 6m).
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Figure 6.5: Volume versus discharge, comparison with the EurOtop (2018)

limits (promenade 12m).

Figures 6.2, 6.3, 6.4, 6.5 show:

1. the volume values are not within the limits for the people (<600 m?),

except for few cases;

2. the volume values are within the limits for the vehicles for cases with
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slope 1:30 (Fig 6.3), while it is not verified for the slope 1:15 (6.2) and
different promenades (Fig 6.4, 6.5), in these the situations are similar

(<2000 m?)

3. the discharges values are within the limits for all conditions

Therefore the EurOtop (2018) limits are not verified for this particular case,

the volume, based on these preliminary considerations, is the stronger limiting

condition. Other parameters, Ueqan and A,can, Were considered for the safety

assessment. The safety condition are evaluated through the stability curves

of Sandoval and Arrighi et al. and the discharge values are divided in three

range based on EurOtop manual (2018) (¢ < 5; 5 < ¢ < 15; ¢ > 15 [I/s/m]).

Analyzing the graphs, it can be seen that:

from the comparison with Sandoval and Arrighi’s formulas (Fig 6.6; 6.7;
6.8; 6.10) it can be observed that not all values are in unsafe region,
even if all cases present individual overtopping volumes higher than the

threshold proposed in EurOtop (2018);

the values within the safe zone for vehicles are verified also by the Arrighi’s

formula (2019) (Fig 6.9, 6.11);

in the EurOtop (2018) the discharges values are almost always verified
for the people. Here isn’t true, in fact, considering the formulas, most of

the cases are within the unsafe zone;

the longest promenade (12m) has more values in the safe zone also
for values of discharge higher, idem for the lower slope (1:30) in both
formulations. In the Arrighi and Sandoval’s formulas, the promenade has
an important role, unlike in the EurOtop (2018), the beach slope (cot 6)

has more relevance on the definition of safe and unsafe conditions;

low input discharge values do not necessarily return an output value that

is in the safe zone, the same happens in presence of high discharge values.
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20 ——Friction inst. (Sandoval 2016) - adult
----- Moment inst. (Sandoval, 2016) - adult
- -----Moment inst. (Sandoval. 2016) - 10y child
——— Friction ins. (Sandoval. 2016) - 10y child
= EXP Prom.6m q=5
= EXP Prom.6m 5<g<10
EXP Prom.6m q=10
+ EXPProm.12m q=5
+ EXPProm.12m 5<gq=<10
EXP Prom.1Zm =10

DEPTH {m)

10
VELOCITY (m/'s)

Figure 6.6: Flow depth versus velocity, comparison with Sandoval (2015) curves,

the discharges are divided for different promenades.

——Friction inst. (Sandoval 2016) - adult
----- Moment inst. (Sandoval, 2016) - adult
-----Moment inst. (Sandoval. 2016) - 10y child
—— Friction ins. (Sandoval. 2016) - 10y child
= EXP Slopel 5 q=5
® EXP Slopel 5 5<q<10
EXP Slopel 5§ q>10
+ EXP Slopei0 g=5
+ EXP Slope30 5<q<10
EXP Slope30 g»10

DEPTH (m)

VELOCITY (mfs)

Figure 6.7: Flow depth versus velocity, comparison with Sandoval (2015) curves,

the discharges are divided for different slopes.
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EXP Prom.bm q<5 EXP Prom.6m g>10 « EXP Prom.6m 5<g<10 » EXP Prom.12m g<5
+ EXP Prom.12m g=10 EXP Prom.12m 5<g<10 —y P

H/H men

i » _' « " = -
S .l A .
T U || o
=
2 5 =
Froud number

Figure 6.8: H/Hp (H=water depth; Hp=person height) versus Froud number,

comparison with Arrighi et al. (2019) curve, the discharges are divided for

different promenades.

EXP Prom.6m g<5 + EXP Prom.Bm 5<g<10 = EXP Prom.6m q>10 EXP Prom.12m g<5

= EXP Prom.12m 5<q<10 » EXP Prom.12m g>10 —y V

1.20

H/Hvehide

Froud number

Figure 6.9: H/Hy (H=water depth; Hy=vehicle height) versus Froud number,

comparison with Arrighi et al. (2019) curve, the discharges are divided for

different promenades.
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EXP Slopel5 g<5 + EXP Slopel5 g>10 = EXP Slopel5 5<q<10 = EXP Slope30 g<5

+ EXP Slope30 g>10 = EXP Slope30 5<g<10 —y_P

H/ H{Ln en

1 2 3 4 Froud number >

Figure 6.10: H/Hp (H=water depth; Hp=person height) versus Froud number,

comparison with Arrighi et al. (2019) curve, the discharges are divided for

different slopes.

« EXP Slopel5 g<5 + EXP Slopel5 5<q<10 = EXP Slopel5 g>10 EXP Slope30 g<5

= EXP Slope30 5<q<10 « EXP Slope30 g>10 —y V

1.20

H/Hvehicle

Froud number

Figure 6.11: H/Hy (H=water depth; Hy=vehicle height) versus Froud number,

comparison with Arrighi et al. (2019) curve, the discharges are divided for

different slopes.
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After performed studies, it seems that: promenade, beach slope, overtopping
velocity and flow depth are very important for the assessment of coastal safety
condition. In particular, the promenade variable in the analyzed study resulted
dominant because the overtopping values are calculated at the end of the
structure, where begins the railway and the people walk.

Considering two events with volume and discharge similar, but two different
promenades width, it could have several results in terms of safety conditions

because the promenade:

e affects unit volume. In fact, wave on the larger promenade runs and
evolves differently and consequently it have more possibility to have lower

overtopping volumes;

e affects overtopping velocity and depth. Increasing the promenade, the
temporal distance between the sensors increases and therefore the velocity
decreasing; while the overtopping flow depth, evaluated with AWGO (the
sensor more near the end of the promenade width), is less affected by

splash and therefore smaller;

e from the previous point it is evident that higher discharges with larger
promenade have more possibility to stay within the safe zone unlike

shorter promenade.

Finally the result analysis shows that there is a fundamental lack in actual
overtopping design criteria. Average discharges and individual overtopping
volumes are key parameters for the design of coastal defense, especially for deter-
mining the structural freeboard and any element acting to mitigate overtopping
events. Nevertheless, when looking carefully at post-overtopping processing, we
should take into account how overtopping flows evolve, which is their maximum
velocity and flow depth. These values must not lead to incipient instability for
people or vehicles, if the rear side of coastal defenses is used by stakeholders.
The outcomes of this work highlight, therefore, that more variables should be

taken into account for the final design of coastal defenses.
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Conclusions

In this thesis work, the issue of coastal safety for the case located in Premia
de Mar has been addressed. Through the experimental work and then the
analysis of the data, it has been possible to verify that the limits proposed
by the current EurOtop manual (2018) are incomplete because they don’t
consider many variables that characterize the phenomenon. The current tables,
therefore, can be used as a starting point for a preliminary evaluation, but must
be accompanied by estimates of velocity, flow depth, geometric characteristics
of the analyzed structure and the wave period of the sea event. Also the
formulations of literature used to estimate overtopping discharge, wave period
evolution and overtopping volume probability, are incomplete because do not
consider all possible configurations as: shallow or very shallow wave conditions,
1:1 slope dike or presence of the dike. They, like the tables, can be used for a

preliminary evaluation. Through the studies conducted, it seems obvious that:

1. the EurOtop (2018) limits for the safety of people and vehicle should be

updated, searching other ranges for the overtopping parameters involved;
2. the scale effects evaluation must consider steep slopes dike;

3. as EurOtop limits, also the literature formulation should be updated,
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considering all evaluated conditions and searching new correlation between

the variables involved;

4. more experimental tests need to be carried out to find the overtopping

parameters.
All points described before will be analyzed in a future work, but in fact:

e new tests will be performed on the CIEMito using the cars prototype for

research new safety range;

e new correlations between the overtopping parameters will be obtained,

which will update the current literature. The topic will be discussed in a
nearby scientific paper;
e tests have already been carried out to compare the experimental model

with the numerical model, using the meshless open-source "DualSPHysics’

code (Crespo et al., 2015), to increase the number of conditions;

In accordance with the carried out study it is evident that for the design of
coastal defense are essential the values of average discharges and individual
overtopping volumes. However, to ensure their total safety, we should take into
account how overtopping flows evolve, therefore we have to calculate maximum
velocity and flow depth. These should not cause instability to people and

vehicles, for this reason must be consider for the final design of coastal defenses.
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.1 AWG data sheet

IF Baumer Ultrasonic sensors

Ultrasonic distance measuring UNDK 20 (Sd = 400 mm)
sensors

sample drawing

Teachin 20 e 15
\ Il 4
I
%
I ol g
~ Q
m% .,
M8x 1 ‘ of 57| ]
14 © 1.8

general data sample picture
scanning range sd 60 ... 400 mm
scanning range close limit Sdc 60 ... 400 mm
scanning range far limit Sde 60 ... 400 mm
repeat accuracy < 0,5 mm
resolution <0,3mm
response time ton < 60 ms
release time toff <60 ms
temperature drift < 2 % of distance to target So
sonic frequency 290 kHz
adjustment Teach-in
alignment aid target indication flashing
light indicator yellow LED / red LED
electrical data
voltage supply range +Vs 15...30VDC
output current <20 mA
residual ripple <10 % Vs
short circuit protection yes
reverse polarity protection yes
voltage output
current consumption max. (no load) 35 mA
output signal 0..10V/10..0V
current output
current consumption max. (no load) 55 mA
output signal 4..20mA/20..4mA
load resistance +Vs max. < 1100 Ohm
load resistance +Vs min. < 400 Ohm
mechanical data
type rectangular
housing material polyester
width / diameter 20 mm
height / length 42 mm
depth 15 mm
connection types connector M8
1 www.baumer.com 7/1/2014

88



| Baumer Ultrasonic sensors

Ultrasonic distance measuring UNDK 20 (Sd =400 mm)
sensors

ambient conditions

operating temperature -10 ... +60 °C

protection class IP 67

order reference output circuit

UNDK 2016912/S35A current output

UNDK 20U6912/S35A voltage output

2 www.baumer.com 7/1/2014
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.2 Results in prototype

009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
NEN
NEeN
NEN
NEeN
NEeN
NEN
NeN
NEN
NeN
NeN
NEN
NEeN
NEN
NEeN
NEN
NeN
NeN
NEN
NeN
NEN
NEeN
NEeN
NEN
NeN
NEN
NEN

m
SJUSWIWOD)  YIpIM apeuswold

iIHOTVA#
iIHOTVA#
iIHOTVAR
iIYOTVA#
iIHOTVAR
iHOTVA#
iIHOTVAR
iIHOTVAR
iJYOTVA#
iHOTVAR
iIHOTVA#
iIHOTVA#
iIHOTVA#
iIWOTVA#
iIHOTVA#
iIHOTVA#
iIHOTVA#
iIHOTVA#
iIWOTVA#
iHOTVA#
iJHOTVA#
iIHOTVA#
iIHOTVA#
iIWOTVA#
iIHOTVAR
iFHOIVA#
iIHOTVA#
iIHOTVA#
iIHOTVA#
iIHOTVA#
iJYOTVA#
iIHOTVA#
iJHOTVA#
iIHOTVA#
iIHOTVAR
iJYOTVA#
iIHOTVAR
iFHOTVA#
iOTVAR
iTWOTVAH
iFHOTVAH
iITWOTVAH
iFUOTVAH
iTWOTVAH
iIHOTVA#
iIOTVA#
iIHOTVA#
iIYOTVA#
iHOTVAR
iIHOTVA#
iIHOTVAR
iIHOTVAR

Twe V/p

io/AnIa#
io/Na#
io/nIa#
io/nIa#
io/nIa#
io/nIa#
io/Na#
io/nIa#
io/nia#
io/nIa#
io/nia#
io/Na#
io/nIa#
io/Na#
io/nla#
io/nIa#
io/Na#
io/nIa#
io/Na#
io/nIa#
io/nIa#
io/Na#
io/nIa#
io/Na#
i0o/nIa#
io/Na#
io/nIa#
io/nIa#
io/Na#
io/nla#
io/na#
io/nla#
io/nIa#
io/Na#
io/nIa#
io/na#
io/nIa#
io/nIa#
io/Na#
io/nia#
io/Na#
io/nla#
io/na#
io/nIa#
io/nla#
io/Na#
io/nla#
io/nIa#
io/nIa#
io/nIa#
io/Na#
io/nIa#

ueaw"y

NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEeN
NeN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
w

(09MVy)zwea™y  09MV Y TOMY Y

SS3UIYY MO|4

NeN
NEN
NEeN
NeN
NEN
NeN
NEN
NeN
NeN
NEeN
NeN
NEN
NEeN
NEN
NEeN
NeN
NEN
NeN
NEN
NeN
NeN
NEN
NeN
NEN
NEeN
NeN
NEN
NEeN
NEN
NEeN
NeN
NEN
NeN
NEN
NEeN
NeN
NEN
NeN
NEN
NeN
NEN
NEeN
NeN
NEN
NeN
NEeN
NEeN
NeN
NEN
NeN
NEN
NeN

NeN
NEN
NeN
NeN
NEN
NEeN
NEN
NEeN
NeN
NEN
NeN
NEN
NeN
NEN
NEeN
NeN
NEN
NeN
NEN
NEeN
NEeN
NEN
NeN
NEN
NeN
NeN
NEeN
NeN
NEN
NeN
NeN
NEeN
NEeN
NEN
NEeN
NeN
NEN
NeN
NEN
NeN
NeN
NeN
NeN
NEeN
NeN
NEeN
NeN
NeN
NEN
NEeN
NEN
NEeN

iFHOTVA#H
iFHOTVAH
iFHOTVA#H
iTUOTVAH
iFHOTVA#
iTHOTVA#H
iFHOTVAH
iTHOTVA#H
iTUOTVAH
iTHOTVAH
iHOTVAH
iFHOTVAH
iFHOTVA#
i3YOTVAR
iFHOTVAH
iFUOTVAH
iFHOTVAH
iTHOTVA#H
iJYOTVAR
iTHOTVA#H
iTUOTVAH
iTHOTVAH
iFHOTVA#H
iJYOTVAR
iFHOTVA#
iJYOTVAR
iFHOTVA#
iFHOTVA#
iFHOTVAH
iFHOTVA#H
iTUOTVAH
iFHOTVAH
iFHOTVA#H
iFHOTVAH
iFHOTVA#H
iTUOTVAH
iTHOTVAH
iTHOTVAH
iJHOTVAH
iJHOTVA#
iFHOTVA#
iFHOTVA#
iHOTVAH
iJHOTVA#
iHOTVA#
iFHOTVAH
iFHOTVA#
iUOTVAH
iFHOTVA#
iTHOTVA#H
iFHOTVAH
iTHOTVA#H

Twesn/xew 9y n-zweon

i0o/AIa#
io/Na#
i0o/AIa#
io/Aia#
i0/AIa#
i0/AIa#
io/Na#
i0o/AIa#
i0/AIa#
i0/AIa#
i0o/AIa#
io/Na#
i0o/AIa#
io/Na#
i0o/AIa#
io/Aia#
io/Na#
iIWOTVAH
iIYOTVAY
i0/AIa#
iIWOTVAH
io/Na#
io/nla#
io/Na#
io/nIa#
io/Na#
i0/AIa#
io/AnIa#
io/Na#
i0/AIa#
io/Na#
i0/AIa#
i0o/AIa#
io/Na#
i0/AIa#
io/Na#
i0/AIa#
i0/AIa#
io/Na#
io/nIa#
io/Na#
io/nIa#
io/Na#
i0/AIa#
io/AIa#
io/Na#
i0o/nIa#
i0o/AIa#
i0/AIa#
i0/AIa#
io/Na#
i0/AIa#
(s1<)
ueaw ™ n

NeN
NeN
NeN
NeN
NEeN
NeN
NeN
NeN
NeN
NEN
NeN
NEeN
NeN
NeN
NeN
NeN
NeN
IFHOVAH
iWOTVA#
NeN
iFYOVAH
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEeN
NeN
NeN
NeN
NeN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEeN
NeN
NeN
NeN

Xew 9My n

NeN
Nen
NeN
NeN
Nen
NeN
NeN
Nen
NeN
Nen
NeN
Nen
NeN
NeN
NeN
NeN
NeN

i3YOVAH

i3YOTVA#
Nen

i3YOVAH
Nen
NeN
NeN
NeN
NeN
Nen
NeN
Nen
NeN
NeN
Nen
NeN
NeN
NeN
NeN
Nen
NeN
Nen
NeN
NeN
NeN
NeN
Nen
NeN
NeN
NeN
NeN
Nen
NeN
Nen
NeN

s/w
dn"omyn

NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEeN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEN
NeN
NeN
NEN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN

Zwes™n

98
NEeN
98

L0°L
099
ve's
€19
LL8
91T

8T'Y

Ly

9€'S
NeN
NeN
NeN
NeN
NeN
NeN
NeN

NeN
NeN
NeN
NEeN
NeN
NeN
NeN

Twes™n

70692
1'5657
T'€S9E
6'06v€
8'26LT
v'IvST
€TVhT
v'LLYT
6°25bT
£'882C
T'0€€T
11202
7'60LT
0'6T0€E
S'€62T
LTLLT
€'ESLT
1'866T
'869Z
L'SSLE
€'956€
T'ZL0Y
L'8LYE
0'v9LE
6'209T
6'T6ET
S'ET8E
0'€9S€E
8'EVIE
1'688€
S'0€8Z
TLoLe
8'TYST
S'SL0T
v'650Z
8'992Z
9'6ELT
T'SSYT
12811
L'6LTT
T'9LST
T'LeST
0'8€TT
TSELT
S'T69T
v'29LT
6'669T
S'0pLT
8'69TT
0°088T
TTLET
8'SZYT

wy/|

OT/TA

v'Zv6T
1'S26T
0'sv0Z
7'6807
6'89LT
1591
9'20LT
€'829T
L'vL8T
€'859T
T'6ELT
6'8SYT
1'952T
0'8L1Z
€'€89T
vELTT
v'9vTT
€T0VT
1'99LT
8'TVET
S'€SST
6'765C
z'8LTT
0'Z€€T
z'0ZIT
S'LY6
°80€T
1'STZ
6'20€T
8'1ZhT
9'9081T
v'18LT
v'6€6
1'S0PT
9'ESYT
1'529T
6°TIET
7'89L
S'ES6
€1SST
8'8STT
v°08TT
1'600T
6'60ZT
(1741
v'91ZT
8YYIT
€0L0T
8'9LL
8'08TT
1168
€180T
w/|
€/TA

8'V81€E 8'v81¢E
8'T66€ 8'166€
'0€ETS '0ETS
87891 8'v891
0'69Zt 0'692v
€168 €'T68Y
€'€S8T €°€S8C
LTLLe L'TLLT
JA14:14 L°028T
8°L60E 8°L60E
V41474 IA-474
bR:1474 S'8IVT
1’102 T'102C
€°8L6€ €'8L6€
LTLLe L'TLLT
[ %4174 6'vSTT
8'591T 8'591¢C
L'Tv6T L'TV6T
T°00€V T°00€Y
T1'9SL6 T1°9SL6
L6498 L°6L98
8'SS0TT 8'SS0TT
vLent Lt
€'7S00T €'¥S00T
S°668T S'668T
€°L66T €°L66T
LYIL L9vTL
veves 'eves
6'S8ETT 6°'S8ETT
8°L6S0T 8'L6S0T
bR {44 S'€6TY
STI8E S'CI8E
1°686C 1°686C
T'OLVE T0LvE
T9I0E T9v0E
0ETE '0ETE
£'680T L680C
9°TESE 9°CESE
it vLLer
0°'88C€ 0'88C€
€'626T €°676T
T'6ELT T'6ELT
vevee L &4433
S'90Z€ S'90Z€
°760T '260C
bR:1474 S'8IVT
€'€S8T €'ES8T
£°809T L°809C
0°S29T 0°S2Z9T
£'809C L°809T
€°€09T €°€09T
8'60€T 8'60€C
(009>) w/1  (000z>) W/|
Xewpn Xewpn
Suiddonang

9
89
67
(41
09
8'S
s
£374
154
9'S
L's
s
8y
6V
Sy
67
v's
S0T
X1
La14
€
[4:14
08¢
T'6C
147
9v
1241
(41
S°0€
8'T€
0°1e
€€T
8'sT
ST
141
L91
141
€€l
€9
1241
06
96
x4’
8'ET
e
€€l
(411
(A1)
68
Vel
911
6°ST

w/s/|

b

1T 22L06T0T
017 ¢2L0610T
6 TLO6TOT
8722L06T0C
L7T2L06T0T
97 72L06T0T
S CTLO6TOT
¥ T2L06T0T
€ 22L06T0T
T722L06T0T
1722L0610C
0 72L06T0T
¥ 6TL06T0T
€ 6TL06T0C
77 6TL06T0T
176TL06T0C
0 6T£06T0C
€ 8TL06T0C
77 8TL06T0T
178TL06T0C
0 8TL06T0C
¥ LT£06T0C
€ LTL06T0T
T LTL06TOT
17LTL06T0T
0 LTL06T0T
S 9TL06T0T
¥ 9TL06T0C
€ 9TL06T0C
T 9TL06T0C
179TL06T0C
0 9T£06T0C
¥ STL06TOT
€ STLO6TOT
T STLO6TOT
17STL06T0T
0 STL06T0T
S ZTL06T0T
¥ ¢TL06T0T
€ CTL06T0T
77T1L06T0T
172TL06T0T
0 ZTL06T0T
€ TTL06T0T
T TTL06T0T
1 1TL06T0T
0 TTL06T0T
¥ 0TL06T0T
€ 0TL06TOT
T 0TL06T0T
1 0TL06T0T
0 0T£06T0T

#1591

90



yseyds

yseyds

yseyds

009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009

iJHOIVA#
iFHOIVAR
iFUOIVAR
iFHOTVA#
iFHOTVA#
iJHOIVA#
[Eea) /)t
iJUOIVAR
iFHOTVAH#
iFHOTVA#
iJHOTVAH
iFUOIVAR
iFHOTVAH#
iFHOTVA#
iJHOIVAH
iFUOIVAR
iIFUOIWVA#H
iFHOTVA#
iFHOTVAH
iJHOIVAR
[Etea) /)t
iFUOIVA#
iFHOTVAH
iFHOTVAH
iFHOIVAH
iFHOIVAR
iFHOTVAH
iFHOTVA#
iFHOTVAH
[Etea) /)t
iIFUOIVAH
iFHOTVA#
iFHOTVAH
iJHOIVAR
iFHOIVAR
iFUOIVAR
iFHOTVAH
iFHOTVA#
iJHOIVAR
iFHOIVAR
iFUOIVAH
iFHOTVAH
iJHOIVAR
iFHOIVAR
iFUOIWVA#
iFHOTVAH#
iFHOTVAH
iJHOIVAR
iFHOIVAR
iFUOIWVA#
iFHOTVAH#
iFHOTVA#
iFHOIVAR
[Eea) /)t
iFUOIVA#

0050
io/nia#
0SL'0
io/AIa#
io/nia#
io/na#
SLE'T
io/na#
00S'T
io/nia#
000
io/na#
0SL'T
v9T'T
SLE'T
io/na#
0ST'T
io/Na#
000'T
io/na#
STT'T
io/na#
SLE'T
io/nia#
000'T
io/na#
STT'T
io/nia#
SLE'T
io/na#
00S'T
i0/Na#
SL8'0
io/na#
0sTT
io/na#
0SZ'T
io/nia#
0sL'0
io/na#
0sT'T
io/nia#
0SL'T
io/nia#
0sz'T
io/Aa#
00S'T
io/na#
io/na#
io/na#
io/AIa#
io/nia#
io/na#
io/na#
io/na#

0s0

SL°0

8E'T

0S'T

00¢

SLT

8T

STT

00T

€T'T

8E'T

00T

€Tt

8T

0S'T

880

STT

ST

SL0

STT

SL'T

STT

0S'T

NEN

NEN
NEeN
NEeN

NEN

NEeN

NeN

NEeN

NEN

NEeN

NEN
NEeN
NeN
NEeN
NEeN
NEN
NEN
NeN

¥9C'T

NEN
NEeN
NeN
NEeN
NeN
NeN
NeN
NeN
NeN
NEeN
NeN
NeN
NEeN

NeN
NeN
NeN
NEeN
NeN
NeN
NeN
NeN
NEeN
NEeN
NeN
NeN
NEeN
NeN
NeN
NeN
NeN
NEeN
NEeN
NeN
NeN
NeN
NEeN
NEeN
NeN
NeN
NeN
NEeN
NEN
NEN
NeN
NEN
NEeN
NEN
NEN
NeN
NEeN
NEeN
NeN
NeN
NeN

NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEeN
NeN
859'T
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN

iJHOIVA#
iFHOIVAR
iFUOIVAR
iFHOTVA#
iFHOTVAH
iFHOIVAH
[Etea) /)t
iIFUOIVA#H
iFHOTVAH#
iFHOTVAH
iJHOTVAH
[Etea) /)t
iFHOTVAH#
iFHOTVAH
iJHOIVAH
[E{ea) /)t
iIFWOIVAH
iFHOTVAH#
iFHOTVAH
iJHOIVAH
ITHOIVAH
iIFUOIVAH
iFHOTVAH
iFHOTVAH
iJHOTVAH
IFHOIVAH
iFHOTVAH#
iFHOTVAH
iFHOIVAH
[Et{ea) /)t
iIFUOIWVA#H
iFHOTVAH#
iFHOTVAH#
iFHOIVAH
[Etea) /)t
iIFUOIVAH
iFHOTVAH#
iFHOTVAH#
iJHOIVAH
[Etea) /)t
iFHOTVA#
iFHOTVAH
iJHOIVAR
iFHOIVAR
iFUOIVAR
iFHOTVA#
iFHOTVAH#
iFHOIVAR
iFHOIVAR
iFUOIVA#
iFHOTVA#
iFHOTVAH
iFHOIVAR
[Et{ea) /)t
iIFUOIWVAH

08'y
io/nia#
€1'9
io/Aa#
io/nia#
io/nia#
v9'8
io/na#
98'L
io/nia#
L0°L
io/na#
€T'9
io/nia#
€1°9
io/nias#
ve's
io/AIa#
09'9
io/nia#
08"y
io/na#

iFHOTVAH

io/nia#
09'9
io/na#
99'§
io/nia#
09'9
io/nia#
€1°9
io/Ala#
€1°9
io/nia#
L0°L
io/na#
09'9
io/nia#
wy
io/na#
87'S
io/nia#
09'9
io/nia#
99'§
io/Aa#
€1°9
io/nia#
io/nia#
io/na#
io/Aa#
io/nia#
io/nia#
io/na#
io/na#

NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN

i3YOTVAR

NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN

NeN 08t
NeN NEeN
NeN €T°9
NeN NeN
NeN NeN
NeN NEN
NEN ¥9'8
NeN NEeN
NEeN 98°L
NeN NeN
NeN £0°L
NeN NEN
iWOTIVA# €19
NeN NeN
NeN €1°9
NeN NEN
NEN VE'S
NeN NEeN
NEN 09°9
NeN NEN
NEN 08t
NeN NeN
iWOTIVA# €19
NeN NEeN
NeN 09'9
NeN NEN
NEeN 99°S
NeN NeN
NeN 09'9
NeN NEN
NeN €T°9
NeN NeN
NEeN €T°9
NeN NEN
NeN £0°L
NeN NeN
NeN 09°9
NeN NeN
NeN ¢/t
NeN NEN
NEeN 8Z°S
NeN NeN
NeN 09'9
NeN NeN
NEN 99°G
NeN NeN
NeN €T°9
NeN NEN
NeN NEN
NeN NeN
NeN NeN
NeN NeN
NeN NEN
NeN NEN
NeN NeN

(42
NeN
€19
NeN
NeN
NeN

NeN
NeN

ve's
NeN

6°'SSY
NeN
9'6€6
NenN
151741
T1's00v
8°CTIV
'9vov
L'¥6SS
v'6€CS
9°608€
7"009€
€°066C
[A%:744
[44%:14
S'ETST
S'TI8C
0°L8LT
L7960€
'8v0€
7'TIST
50262
0°£9SC
TETTT
L289T
L'TSYT
8'6YZE
L'6TLT
S'SSOE
T'9v6T
S'9661
L°60TC
S'vL9T
8'€TWT
9'6VET
9°606T
0°562C
€1Y9C
[4 1441
[441:1
T°06TC
T'€1ST
6°20SC
S'809C
0°'TTOE
6°LSLT
6'vSTT
£°980C
8'ELET
°09ST
0°SL92
96T
80181
0°£89T
TTLST

VA 444

8'70L

S'6v8

L°0S8

1998

[4: (114
L0€9T
5'869C
TLvte
0°2E6T
v'0L0T
6°066T
T'€06T
99981
0°80LT
98491
€°'T06T
T°'L961
6°C0T
T°'S80C
0°Zz9t
0°Z8LT
S°9991
T'81ST
V'EL8T
€°€08T
S'6€0C
78481
SLEBT
L66LT
et
Tyest
99761
8EVLT
59891
9°'SSPT
02891
§°G981
L'yvet
€'T6ET
ST9ST
T1eLT
9'9LLT
8'V6LT
SEVST
1981
0°€6ST
€°0SST
S°'SY9T
09481
€°LS8T
8°10ZT
T6ECT
€°5891
6°€EL9T

6°SSY
8'70L
ove
L°0S8
EVLVT
S'98V0T
9'vZI0T
€2296
92068
TLIv6
9'86v8
9'TEVL
9°'SL9E
€°€60V
€°959¢€
'8L9€
€EVTS
L'LY6E
0°88zY
(237444
T°L0ZE
9'TESE
V'EETE
T°61SC
0°CETY
6°0L6T
EN444
9°66C€
TTISY
€'86VE
T'€TST
v'10SC
8°'T9€E
T'0SEE
L°L8ST
TY8TT
S'1S9C
T8LIE
ER44%4
11912
L'SLTE
S°869€
6°900€
°608€
TYLIS
58961
L'EETE
S'EVOE
0°0SLE
Lozey
[43:114
8°'991¢C
T1°L50C
€'8L6E
S'66€E€

6°SSY
8'20L
o6
£°0S8
EVLYT
598701
9'vZT0T
€'7296
92068
TL9V6
9'86v8
9TEVL
9°SL9€
€°€607
€999¢€
¥'8L9€
€'Eves
L'LY6E
0°88ty
(74474
T'L0CE
9'TESE
V'EETE
T'6TSC
0°CETY
6°0L6T
4474
9°66C€E
T19SY
€°86VE
T€1SC
10T
8'T9€€
T'0SEE
L°L8ST
(4 %£:144
S'159¢
T'8LIE
ER44%4
1912
L'SLeE
S'869€
6'900€
°608€
TYLIS
S'896¥
L'EETE
S'EVOE
0°0SLE
Lozey
T°S9SY
8'591¢C
T°LS0T
€°8L6€E
S'66€EE

S0
80
(44
60
(44
(414
TEeT
S'ET
08
8L
6°LT
S'LT
(421
L'LT
ST
9'€T
ST
0°sT
1441
€Vl
8L
V'L
8L
98
8L
6L
08
TL
6°L
'L
S9
69
8L
6L
S'L
9
V'L
LL
6’9
9’9
6°CT
v'ET
[x4%
T'ET
(414
a4
ovi
VT
LAt
S'E€T
6'vT
8'€
S'€
8’9
L9

€1792L0610
21792L0610C
TT792L06T0C
01792£0610C
6 92L0610C
8 92£06T0C
£792£06T0T
9792£0610C
S792£06T0C
¥ 92L0610T
€ 92£06T0C
7792£0610C
1792£0610C
0792£0610T
61 SZL06T0T
817 SZL06T0C
LT752L06T0T
917 52£06T0C
ST STL06T0C
v1~SZL06T0T
€17 52L06T0C
T1752L06T0T
T152£06T0C
0T S2L06T0T
6 SCL06TOT
875ZL06T0C
L752L06T0T
9752L0610C
S STL06T0T
¥ STL06T0T
€ 52£06T0C
T752L06T0C
1752L0610C
0 S2L06T0T
L ¥2L06T0T
9 ¥ZL06T0T
S ¥ZL06T0C
¥ ¥2L0610T
€ ¥2L06T0T
T v2L06T0T
1 v2£0610C
0 ¥2L06T0C
L7 €2L06T0T
9 €2£06T0C
S €2L06T0C
¥ €2L06T0C
77€2L0610C
T €2£06T0C
0 €2£06T0C
LT722L06TOT
917 ¢ZL06T0C
ST 22,0610
¥122L0610T
€17 ¢ZL06T0T
T172TL06T0T

91



aWJoju0d uou **iy
3WIOJU0D Uou Xy
3UWLI0JU0D Uou ¥y

3WIOJUO0D Uou **iy

00°¢t
00T
00T
00¢t
00T
00T
00°¢t
00°¢t
00°¢T
00T
00T
00°¢T
00°CtT
00°¢T
00°¢T
00°¢T
00°¢t
00°¢t
00°¢T
00T
00°¢t
00°¢t
00°¢Ct
00°¢T
00T
00°Ct
00°Ct
00¢Ct
00°¢T
00°¢T
00°¢T
00°¢t
00T
00T
00¢t
0o'ct
00°ct
00°¢t
00°¢tT
00°¢T
00T
00zt
00°CtT
00°Zt

009

009

009

009

009

009

009

009

009

009

009

iFUOIVAR
iFHOIVAH

%1

%01
iFHOIVAR
iFUOIVAR
iFHOTVAH#

%E€9
iJHOIVA#
iFHOIVAR
iFUOIVAR
iFHOIVAR
iFHOTVA#
iFHOIVAR
iFHOIVAR
iFUOIVAR
iFHOTVAH#
iFHOTVAH
iFHOIVAR
iFHOIWVAR

%E€8-
iFHOTVAH#
iFHOTVAH#

%9L-
iFHOIWVAR

%Iv-

%19~
iFHOTVAH#
iFHOIVAR
iFUOIVAR
iJHOIVAR

%L9-
iFHOIVAH#
iFHOTVAH
iFHOIVAR
iFHOIVAR
iFUOIVAR
iFHOTVAH#
iFHOTVAH

%SCE

%SL-
iFUOIWVAR
iFHOTVAH#
iFHOTVAH#
iJHOIVA#
iFHOTVAH
iFHOTVAH#
iFHOIVAR
[Eea) /)t
iFUOIVA#
iFHOTVAH#
iFHOTVAH#
iJHOIVAH
[Etea) /)t
iFUOIVA#

80€0
LIT°0
€050
orz'o
1820
SZT'0
8810
6Z€°0
S8T°0
LIE0
0sz'T
io/na#
io/Aa#
io/na#
€120
1220
88€'0
09t°'0
€8T°0
0S0°'T
0880
io/AIa#
859'0
0z9'0
6050
8EV'0
£69°0
9zv'0
T9€°0
61L0
8150
S9Y°0
€62°0
io/nia#
T9€°0
9180
¥Iv'0
9950
€10°T
959'0
5290
6€T°0
LST'0
820
09z'0
io/nia#
1850
io/na#
€0T°0
io/na#
621°0
0ST'T
0sL'0
0050
io/na#

0S°0
0z'0

S¢o

STT

SO0'T

0S'T

00T

SS0
00T

0.0

SC0
00T

ST
SL°0
0s0

NeN
NeN

NEN
NeN
NEN

NEN
NEN

NEN
NeN
NEN
NEN
NeN
NEeN
NEeN
NEeN

NEeN
NEeN

NEeN
NEN
NEN
NEeN

NeN
NeN
NEN
NEN
NEN
NEN
NEeN

NeN
NEN
NEN
NEeN
NEeN
NEeN
NEeN
NEN
NeN
NEeN

80€°0
L1T°0
9050
08¢°0
182°0
SCT0
887°0
80%°0
S8T°0
LTE0

€10
1270
88€'0
09%°0
€8T°0

097'0

859'0
oveo
60S°0
S¢e0
v6€°0
9¢v’0
79€°0
6TL0
8150
T€T0
€670

T9€°0
9180
1214
9950
€101
T90'T
0SZ°0
6€T°0
LST0
8¢C0
092°0

1850

€0T°0

6¢T°0

NeN
NeN
NeN
NeN

NEeN

NeN

NeN
NeN
NeN
NeN

09¥°0
L6€°0
9LL0 %9TT-
092°0 %18
T0S0
S8T°0
L18°0
9S€'0 %88~
Eveo
weo
NEN %69
NeN
TLS0
NeN
9€T0
SvTo
8¢0
8¥€'0
96T°0
9LT'0 %06
S65°0 %€9-
009°0
69€°0
66€°0 %6C
(3240
8150
S09'0 %6€
weo
TLEO
S99°0
CELO
veE0 %0
20S°0
NeN
¥SE0
NeN
092'0
T6L°0
60€'T
9€€’0 %95
NEN %68
810
8580
TLE0
E7A40)
NeN
9¢T0
LyT'0
NeN
NeN
8110
NeN
NEeN
NeN
NeN

iFUOIVAR
iFHOTVAH#

iFHOIVAR
iFUOIVAR
iFHOTVA#

iFHOTVA#
[Eea) /)t

iFHOIVAH
iFHOTVAH#
[Eea) /)t
iFHOIVAH
IFHOIVAH
iFHOTVAH#
iFHOTVAH#
iFHOIVAR

iFHOTVAH#
iFHOTVAH#

iFUOIVAR
iFUOIVA#

iFHOTVA#
iFHOIVAR
iTHOIVAR
iJHOIVAH

iFHOIVAH
iFHOTVAH
iFHOIVAR
iTHOIVAR
iFUOIVAR
iFHOTVAH#
iFHOTVAH#

iFUOIVA#
iFHOTVA#
iFHOTVAH
iJHOIVAH
iFHOTVA#
iFHOTVA#
iFHOIVAR
iFHOIVAR
iIFUOIWVA#H
iFHOTVAH#
iFHOTVAH#
iJHOIVAH
[E{ea) /)t
iIFUOIWVAH

€1'8

vEY

06'TT

vTy

¥8°0T

19'€

T0°€ET

or'8

8v'S

19°%T

L
io/nia#
io/Aa#
io/nia#

9z'9

L8y

8€E'Y

8v's

iIUOTVA#

1€

S8'8

99°0

iIYOTVA#

Ts'L

€L

iFUOTVAR

w9

iIYOTVA#

L8'Y

19°vT

96°0T

8%'S

92’9

19'%T

96°0T

€8'T

92’9

8€'Y

iIYOTVA#

1T

v0'E

00'T

iIYOTVA#

'z

S6'9
io/nia#

LTy

vE'8

v0'T

1S

L9'T

28'S

z8'S

08’y
io/na#

€18
VeV
99T
9¢'T
80T
19°¢
T0°€T
9601
8¥'s
97T
LE'E

9C'9
L8V
8EV
8¥'S

NeN
NeN
NeN

iFHOTVA#

850
96'0T
990

iWOTIVA#

9C'9
€L

iFHOTVA#

L8V

iHOTIVA#

L8V
971
96°0T
81'sS
9’9
1991
9601
€8T
97’9
8EV

iHOTIVA#

6C'T
190
00T

iHOTIVAR

e
S6'9

LT'Y
vE'8
70T
s
L9T

NeN
NeN
NeN
NeN

€L NeN
1404 NeN
ws vS'L
w's [A%4
TO'ET NeN
€8'€ NeN
676 NeN
97’9 S8'S
8EY NEN
€L NEN
LEE 96°0T
oT'tT NEN
96'0T NeN
0.0 NEeN
L8V NEeN
L8V NEN
8Y'S NeN
TEL NeN
97T NEN
8EY S8'S
S9'€ L9
080 NeN
97T NeN
96°0T LL8
LL'8 NeN
€L L8V
LL8 L6°L
[4x4 NeN
89C NEN
979 NEN
iFYOTVAR NEeN
8¥'S 8Y'S
e NeN
€871 NeN
L8V NEN
8¥'S NeN
97T NeN
9’9 NeN
S9°€ NeN
vLT [4x4
9,0 8¥'s
[4°%4 NeN
9’9 NeN
€L NeN
S6'9 NEN
96'S NeN
LTy NeN
96'S NEN
w1 NEeN
€v°0T NEN
VLT NEN
NeN Z8'S
NEeN 78'S
NEN 08t
NeN NeN

NeN
NeN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
IT's
T€L
NeN

NeN
NEeN
NeN
NeN
NeN
NeN
NeN

1IR3

97’9
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN

LOL

LO'L

€19
NeN

6°008€
NeN
8'9STE
€°L291
€0TTE
0°96€C
[4:(3:4
61591
0°0€8T
9°090€
TSLIE
€°0STE
1°620C
S'TEST
bR:1444
T'eeLt
v'LveEE
L7TE6T
18061
€°0L6T
9'8€8Y
6°LEEE
L%:1144
L'EITE
S'SPST
0°€08C
9°LLYT
A 14:14
0'0LLZ
7°0L9€E
L'STYE
9'6€ET
6°0€ET
S'ESEE
0°9T0E
€°062€
9'9YET
80892
LeLLt
V681
S'90LT
V'89€C
L4744
60912
9621
9°T1ST
€°S18T
0°LZ8
8'769
L°€98
X414
9°86SC
NeN
v'L20T
NeN

T6EET
S0veT
6°S6TT
TYOET
(184274
€98ST
8'LY6T
T9LET
6°SSET
8'TTTC
8'L2TT
S'0ETT
8'STST
9°S6LT
[4:3141
[ 5:141
6°€S0C
S'EV8T
v'SETT
S'vLTT
¥'618C
S'8STC
°€SST
¥'8STZ
6°ETLT
0°'S6LT
9°LTLT
70881
96581
S'€92C
8°067C
6°ELVT
6°€S9T
S°S66T
L9281
S°650C
T'1691
L°SS8T
L°6STT
€891
TELIT
v'LL9T
0°LLLT
T°8SST
86101
ERZ411
€0TVT
0'ovL

T19S

8'8L9

TTLL

L°L6LT
€°8¢11
1118

v'vor

0°8¥TS
Sovet
8'9STE
€°L291
€0TTE
0°96€C
T°96SS
61591
0°0€8T
€'T6LE
L°Tesy
S'EVYY
6°C€8T
9'8€E8Y
€'L8EE
€°686T
8°'16€9
L°89SE
9'280C
LT6LE
€'S6L9
€°L02S
8°L0V9
6'VS9E
9°T67€
€'SS6€E
9°CS6E
9°SL6E
L'ELSY
v've9s
Lozey
€'760€
6'8S0€
8°9€TS
6°CS8E
S'S06€
L'YE6T
Vi
Teeee
8'SLTC
€'0vSE
T'620€
L°€88C
6°50ST
19971
91561
S°L98T
8'9¢ST
8'60ST
L7971
X414
[4:1134
€8¢CT1
v'L20T
L'E0Y

0'8¥TS
Ss‘ovet
8'9STE
€L29T
€'0TTE
0°96€T
7°96SS
6°1S9T
0°0€8T
€'T6LE
LTesy
S'EVPY
6°2€8C
9°8€8Y
€'LBEE
€'686T
8°'16€9
L°89SE
9°780T
L'T6LE
€969
€'L02S
8°L0V9
6'7S9E
9°T6TE
€°'996€
9°CS6€
9°SL6E
L'ELSY
v'vE9S
JA 1454
€'V60€
68S0€
89€TS
6°CS8E
S'S06€
L'vE6T
vLLTY
T'€TeT
8'SLTT
€'0VSE
7'620€
L'€88C
6°S0S¢
T'99%T
9°1S6T
S°L98T
8'92ST
8°60ST
LTt
9°ZSvT
[4:1434
€'8ZTT
°L20T
LE0Y

T€E
90
6T
81
LT
6'T
01T
€1
0T
9'8T
9'8T
T
ot
vl
ot
6'S
st
61T
8’9
STt
a4t
et
(44
€TT
60T
(411
801
(a1
90T
L6
8'6
S'L
9L
6°€T
9'TT
S'ET
0°€T
L'ET
€8
S'L
'L
L9
99
L's
L'E
o'y
S'€
L't
14
6T
0¢
09
€0
90
(4]

970260610
S~ 0260610C
¥ 0260610C
€ 02606T0C
7702606T0C
1702606T0C
070260610Z
¥ 6160610C
€ 61606T0C
7 61606T0C
1 61606T0C
0 61606T0C
01 8160610C
6 81606T0C
8 81606T0C
L7816061T0C
9781606107
S 8T60610C
¥ 81606107
€ 81606T0C
7781606107
1781606107
0 8T60610C
S L1606T0C
¥~ LT606T0C
€ LT606T0C
T L1606T0C
1 LT60610C
0 L1606T0T
€ 9T606T0C
7 9160610C
179160610C
0 9T606T0Z
¥ €1606T0C
€ €1606T0C
T €1606T0C
T €T606T0C
0 ET606T0Z
S ZT60610C
¥ ¢T60610C
€ 71606T0C
T C1606T0C
17¢1606T0C
0 ZT60610T
9 01606T0C
S 0T606T0C
¥ 0T606T0C
€ 01606T0C
7 01606T0C
170T606T0C
07 0T606T0C
81 92£0610C
L1792L0610C
917 92L0610C
¥1792£0610C

92



aWJoJU0d uou Xy

3WJO0JU0D Uou **iy

3UWI0JU0D Uou ¥y

00T
0o'¢ct
00T
00ct
00°¢t
00°¢T
00°¢CT
00°¢T
00°Ct
00°Ct
00°¢T
00°¢T
00T
00T
00T
ooct
00T
00°ct
00°¢t
00°¢T
00°¢T
00T
00°Ct
00°Zt
00°¢T
00°¢T
00T
00T
00T
0o'ct
00'ct
00T
00°¢t
00T
00°ct
00°¢t
00°¢t
00°¢T
00T
00zt
00°CtT
00T
00T
00°¢t
00°Ct
00°¢T
00T
00¢t
00Ct
00°¢T
00T
00°¢T
00°¢T
00T
00°Ct

iFHOTVAH
iFHOIVAR

%E9-

%S9~
iFHOTVAH
iFHOTVAH#
iFHOIVAR

%YS-

%1S-

%EE-
iFHOTVA#
iFHOIVAR
iFUOIVA#
iFHOTVAH
iFHOTVAH#

%

%v1-

%ES-
iFHOTVAH#
iFHOTVAH#
iFHOIVAR
iFUOIVAR

%LE-
iFHOTVAH#

%6C-

%0L-

%89

%8S~

%69~
iTHOIVAR
iTUOIVAR
iFUOIVA#
iFHOTVAH

%TT

%Ly~
iFHOTVAH#
iFHOTVAH
iJHOIVAR
iFHOIVAR
iFUOIVA#
iFHOTVA#
iFUOIVAR
iFUOIVAR
iFHOTVA#
iFHOTVAH#
iFHOTVA#
iFHOIVAR
iFHOTVAH#
iFHOTVAH#
iFHOIVAR
iTUOIVAR
iJHOIVAR

%6
iFUOIVAR

%0vS

LST0
959°0
865°0
wo
95€'0
8€T'0
v62°0
€8E'0
v8Y°0
L1570
S82°0
L8T°0
8510
weo
ST
9Tr'0
S6€°0
z1€0
L120
9LZ'0
0S€0
€LT°0
v0Z'0
8LT°0
8Zv'0
€EL°0
066'0
78L°0
€80°T
TOE0
S0v°0
17540]
sT0
0990
€450
T6€°0
0€E0
L65°0
0080
io/na#
i0/AIa#
io/na#
io/na#
io/Aa#
i0/AIa#
io/na#
io/na#
00€°0
0sz'0
io/na#
io/na#
io/na#
6020
€8T°0
S26'0

880
€90

€50
S9°0
0S°0

€v'0
€V'0
340

0s0
€T'T
0S'T
0Tt
9T

€90
SL°0

080

0€0
S¢o

0zo

S0

NEN
NEN

NEeN
NEN
NEN

NeN
NEN
NeN
NeN
NEN

NEeN
NEN
NEN
NEN

NEN

NEeN
NEN
NeN
NEN

NEN
NEeN
NEN

NEN
NEN
NEN
NEN
NeN
NEeN
NEN
NEN

NEN
NEN
NEN

NEN

LST0
9590
0zeo
6120
9s€'0
8€C°0
v62°0
weo
L1€°0
€€E0
S8C°0
L8T°0
8S¥°0
weo
¢SsT0
80¥°0
99€°0
6610
L1T0
9LT°0
0S€0
€LT0
8ST'0
8LT°0
9S€°0
Tveo
8¥°0
€970
9150
T0E0
SOv'0
\ZA40]
sTo
¥69°0
96€°0
T6€°0
0€€’0
L6S°0

8TC°0
€8T°0
T09'T

NEN
NeN
NEeN
NEN
NEN
NeN
NEeN
NeN
NeN
NEeN
NEeN
NeN
NeN
NEN

0LT°0
09Z'T
STE0
wo'tT
6LC°0
L8T°0
ovz'o
wro
069°0
0T
0€8°0
€910

960'T
TLT0
S0€0
LEV'O
9sC'0
o
6S€°0
0v9°0
wro
0’0
LLTO
E7A40)
62L°0
€580
90
8¢0
T00'T
L66°0
6490
TLL0
90L°0
[44:3}
85C°0
060'T
790

[4:140)
75€0
G8S'T

NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN

%95
%Y

%0€
%ST

%00T-
%8
%1T

b544
%St
%8L
%VE
%6

b43
%61

%65

%68

%E6-

iFHOTVAH#
iFHOIVAR

iFHOTVAH#
iFHOTVAH#
iFHOIVAR
iFUOIVAR

iFHOTVAH#
iIFHOIVAH
iFUOIVA#
iFHOTVAH
iFHOTVAH#

iFHOTVAH#
iFHOTVAH#
iFHOIVAR
iFUOIVAR

iFHOTVAH

iFHOIVAR
iFHOIVAR
iFUOIVA#
iFHOTVAH

iFHOTVA#
iFHOTVA#
iJHOIVAR

iIFUOIWVAH
iFHOTVAH#
iFUOIVAR
iFUOIVAR
iFHOTVAR
iFHOTVA#
iFHOTVAH#
[Etea) /)t
iFHOTVA#

iFHOIVAR
IFHOIVAH
iJHOIVAR

iFHOIVAR
iIFUOIVAH

€T'L
€1'8
sT'9
99'9
S9'y
(443
16'S
[ERTe) 17,57
06°L
65°L
€8'€
w's
€8'€
€1'8
€8'€
9L'6
vETT
87'S
123
€1'8
€1'8
oT'E
L
L0y
zrot
LT'6
€E'TT
81'8
18'9
10°€T
00'S
T0°€ET
€T'L
81'8
v0'9
S9'y
16'S
€1'8
9T'TT
w'E
€0'C
io/na#
¥8'0T
18°T
67'6
SP'T
174
€T'S
S6'S
YTl
v8'0
io/nia#
88'6
w's
[ERTe} 17,87

€L
€T'8
€8¢
S9'Y
S9v
we
16'S
iFHOTVA#
159
159
€8¢
w's
€8¢
€18
€8°€
TO'ET
80T
S9'v
oT'e
€T'8
€T'8
orT'e
€8'¢
L0V
€L
199
L0Y
159
159
TO'ET
00's
T0°€T
€L
159
L0V
SV
16'S
€T'8
159
we
€0¢C

80T
ST
676
SV'T
|7

€T
14
80

TO'ET
w's
iFHOTVA#

96'C
TO'ET
€8'€
ey
TOET
w's
89'T¢
ws
80T
16°S
00°'s
69T
sTe
ws
sTe
89'T¢
€18
i3YOTVA#
S9v
676
€18
or'e
19°¢
3:23
w's
L0V
159
801
9291
€L
676
i3YOTVA#
ws
9791
T0°€ET
80T
ws
iFHOTVA#
16'S
iFYOTVA#
€8¢
€L
00's
18T
€18
SY'T
65T
T0°€T
STt
14
80
9791
159
00's
L6'T

NEN
NeN
L9'8
£9'8
NeN
NEN
NEeN
S8'9
6C'6
L9'8
NEN
NEN
NeN
NeN
NEeN
199
€8'TT
16°S
NeN
NEN
NEN
NEeN
we
NeN
TO'ET
€8'TT
65°81
98'6
(A4
NeN
NeN
NeN
NeN
986
108
NeN
NeN
NEN
09T
NeN
NeN
NeN
NeN
NeN
NeN
NEN
NEN
€T's
89°0T
NEeN
NeN
NEN
SL'9
NEeN
[a x4

NeN
NeN
S89
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
€8'TT
L9'8
Elagn
NEN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN

v'L09T
°'€98¢C
L'V6ST
L°S9LT
L796ST
(41439
0°6SET
[AA%A}
9°'SL6T
L'6TLT
8°€6LT
TETLT
S'100C
6°L6TC
6'7S6
02091
141114
8'60€T
L'SLYT
0°vvST
8'Tv0T
'60TC
9YYTT
9€LTT
TEETT
L9SvT
S'0€6C
8'09€€
v'e10€
S'EEBT
S'S96C
T'96S€
0°S891
8'9VSE
[x4743
€°02LT
Leeee
0'vTZE
0'SOEE
S'Z60€
[A4144
00892
8'V0OEE
9'V19€
0°'T6VE
NeN
NeN
T'EE0T
v'6€9T
0°20ST
TELVT
8'T9ST
€ve9t
0°Z181
9'888Y

STITT
S'66LT
'€60T
Lyt
LTYTT
0'STET
5766

£098

L°L8T1
L°L80T
TY9TT
T'S€E8

1821
T'60€T
€°€e8

T'TECT
6°€E6CT
°LEOT
6°SE0T
0°89TT
S'T8ET
S'v0ST
0°1S8

6°CLL

€°8VYT
00491
€881
14:1174
1981
TzoLT
v'LE6T
9'0L2T
°S9TT
9°520C
L9LTT
0'v6€T
9'ETVT
(414
8°0L6T
S'6E6T
TLiLe
S'68LT
S'P6TT
T'8SET
L'LTIve
€'S6€T
LISTT
S9LET
T6LET
69T
9°0L9T
T'166

(4441
S'TYET
€°LSST

S°08vC
0°0€98
£902T
00612
0°008T
vovse
6°€LTT
€'8€ST
€096C
S'vLST
9'8VET
6°CELT
Tveve
8'vISy
6'7S6

T'eLee
7’1892
T'T6ET
61091
[Ar4TAS
S'v69C
6'VTST
9'YYIT
9€LTT
6°768C
T96TE
S'9SLY
8'86L1
S°LSTY
ER44:14
€'ES6E
v°88SS
8°L20T
9'vL6Y
v'L69YV
[4:133
L'YLOE
0'SOEY
L'E00V
0°0ELE
S'CLS6
€'788¢€
86095
L'€EBSL
T'LS09
€°'96€T
LTSTT
T'EE0T
'6€9T
0°20ST
TELVT
8'T9ST
€ve9t
0°Z181
9'888Y

S'08v¢
0°0€98
L9022
00612
0°008T
ovse
6°€ELTT
€°8€ST
€'0962
S'vLST
9'8VET
6'CELT
T'veve
L2454
6756

T'ELTT
'1892
T'T6ET
6°109T
[a47A1
S'769T
(24514
VIt
9°ELTT
6'768C
T961¢€
S'9SLY
8°86LY
S°LSTY
9°729v
€'ES6E
°88SS
8°L20T
9'vL6Y
v'L69Y
T9g6T
L'YLOE
0°SOEY
LE00Y
0°0€ELE
S'TLS6
€'788¢€
86095
L'€8SL
°LS09
€'S6ET
LTISTT
T'EE0T
°6€9T
0°20ST
TELVT
8'T9ST
€291
0°21I8T
9°888Y

[x4%
T'€C
€€l
6'ST
6°€T
S'ET
8T
Tt
9Tt
S'ET
v'ET
80T
8'ET
0°sT
8'S
L0t
S'L
S'L
s
L
6
01T
T
T
9
9
6
L1t
901
€TT
vt
V'ET
9V
16
L8
8L
6°L
S'6
(4%
ra
LTS
0'LE
(0344
8
6°St
1
80
01
ST
60
€1
9'T
0'C
0T
(3

0 800T6T0Z
S v00T6TOT
¥ ¥00T6T0T
€ 700T6T0C
7 v0016T0T
1 ¥00T610C
0 v00T6TOT
91" €00T6T0C
ST €00T6T0C
¥ €00T6T0C
€1 €0016T0C
TT €00T6T0T
11 €00T6T0C
0T €00T6T0Z
6 €00T6T0C
8 €00T6T0C
L7 €00T6T0T
97€00T6T0C
S €00T6T0T
¥ €00T6T0Z
€ €00T6T0C
7 €00T6T0C
17€00T6T0C
07 €00T6T0T
v £260610T
€ £2606T0C
T LT60610C
17£2606T0C
0 £T60610C
0T~ 9260610C
6 97606T0C
8792606107
£79260610C
9792606T0C
S 9260610C
¥ 9260610C
€79260610C
7792606T0C
1792606T0C
079260610C
01" 52606T0C
8 S7606T0T
£7ST606T0T
975260610C
S 5760610C
¥ SZ606T0T
€ SC606T0T
775260610C
175260610C
0 SZ606T0T
1 €2606T0C
0 €2606T0C
6 02606T0C
87 02606T0C
£702606T0C

93



aWJojuo0d uou **iy
3WIOJU0D Uou **y
aWJojuo0d uou **iy

00°¢T
00T
00°Ct
00T
00°CtT
00°¢T
00T
00°Ct
00°CtT
00Ct
00°¢T
00T
00T
00T
0oct
00'¢t
00°ct
00°¢t
00°Ct
00°¢T
00T
00zt
00°CtT
00Zt
00°¢T
00°¢T
00T
00T
00¢t
00°¢t
00T
00T
00T
ooct
00T
00°¢t
00°¢t
00°¢t
00°¢T
00T
00zt
00°¢t
00T
00T
00T
00°¢t
00°¢t
00°¢T
00T
00°¢t
00°¢t
00°Ct
00°¢T
00T
00°Ct

%T
iFHOIVAR

%TE-
iFHOIVAR
iFHOTVA#
iFHOIVAR
iFHOIVAR
iFUOIVAR
iFHOTVA#
iFHOTVA#

%TL-

%9L-

%SE
iFHOTVAH
iFHOIVAR
iFHOIVAR

%9C-
iFHOTVAH#

%SL-
iFHOIVAR

%CT

%YS-
iFHOTVA#
iFHOTVA#

%TS-

%ih-

%8€-

%ES-
iFHOIVAR
iTHOIVAR
iFUOIVAR
iFHOTVAH#

%V

%88~

%9L-

%6V~
iFHOTVAH#
iFHOTVAH#
iFHOIVAR
iFHOIVAR

%9€-

%LIE

%E9-

%8E-
iFUOIVAR

%vE-

%9L-
iFHOIVAR
iFHOIVAR
iFUOIVA#
iFHOTVAH#
iFHOTVAH

%9€-

%TL-
iFUOIVAR

€00°0
0sz'0
LZT°0
0sT'0
io/AIa#
io/na#
vEE0
io/na#
911’0
io/nia#
€80°0
L8E'0
orr'o
LT
S8E'0
89€°0
595°0
vEE0
L9Y°0
6LT°0
S9Z°0
952°0
[424}
962°0
6L2°0
L62°0
v0v°'0
190
1810
9810
20€°0
95T'0
v6v°0
8550
50
wuvo
8720
9zz'0
o
€00°0
SvZ'0
696'0
8Zv'0
€870
o
vIv'o
SEV'0
9zz'0
6E€°0
TIE0
19T°0
692°0
7150
5950
2020

or'o
ST0
ST0
ST0

SL°0
€90
8€°0

s9°0

SL0

ST0
SE0

8€0
8€0
0s'0
€90

€90
00T
880
€90

0€’0
8€°0
€90
SE0

0s0
00

€90
880

NEN
NEN
NEN
NEN
NEN
NEeN

NeN
NEN
NEN

NEN

NEN

NEN
NEeN

NEN
NEeN
NeN
NEeN

NEN
NEeN
NEN
NEN

NEN
NEN
NeN
NEN
NEeN

NeN

SOov'0

070

vEE0

91T'0

91’0
0ST'0
S0S°0
LvT0
S8E°0
89€°0
087'0
YeE0
¥81°0
6L2°0
182°0
€910
weo
9670
[0
6120
80€0
9670
8T°0
98T°0
g0
9sT'0
€9€°0
STIT'0
L0T°0
0ze0
8¢C0
9¢T0
wyo
€0V'0
T6T°0
€99'T
(414
9120
o
8¢€0
0410
92’0
6€€°0
TT€0
T9T°0
69C°0
86€°0
SST°0
[}

NeN
NEeN
NEN

9TL'0
NeN
[4:190)
NeN
NeN
NeN
VET'T
6CT°0
8LT°0
NeN
[4: 340
ato
NeN
81C°0
696'T
STZ°0
807'0
8160
L0T0
T9€°0
670
€€T0
wUuro
avo
8SC°0
0870
81C0
0g0
092°0
810
9¢T0
1600
L9T°0
08T°0
¥97°0
9LT0
S8T°0
0€E’0
850
80€°0
¥0T°0
8610
092°0
LET'O
VET'0
06T°0
S0C0
sT0
602°0
L9€°0
L1T°0
L1270
TELO
TLT0
1120

%SE
%8
%6C

%1Y
%Ly
%0S

%9S

%9-
%TT

%LT
%0E
%EE
%6C

%9
%IE
%ST-
%ET

%EV
%L
%0t
%8S

%88~
%ES

%8~
%ET

[Et{ea) /)t
iFHOTVAH#
iFHOIVAR
iFHOIVAR
iFUOIVA#
iFHOTVAH#
iFHOTVAH#

iFHOTVAH
iFHOIVAR
iFHOIVAR
iFUOIVAR
iFHOTVA#

iJHOIVAR

iFHOTVAH#
iFHOTVAH#

iFHOIVAR
iFHOIVAR
iFUOIVAR
iFHOTVAH

iFHOTVAH#
iFHOTVA#
iJHOIVAR
iFHOIVAR

iFUOIVAR

iJHOIVAR
iFHOIWVAR
iFUOIVAR
iFHOTVA#
iFHOTVA#

iIFUOIWVAH

97’8
J753
(753
0z'9
i0/AIa#
io/nia#

19°€
w'E
oT'€
iIYOTVA#
Lr's
€SS
9L'6
L0y
€8'C
¥8°0T
iIUOTVAR
16'S
L8'S
S9'y
v0'L
97'8
S9'y
vE'Y
€6'S
LTS
w's
v59
ST'E
L0y
00'S
96'C
99'9
66'%
TE'L
8L'9
19'€
S9'y
€T'L
S9'y
00'9
or'e
8L'S
vS'S
€1'8
Ly'eT
€€'S
L0y
S9'y
veEY
vE'Y
L0y
€7°0T
8L'9
16'S

159
€0'T
or'e
NeN
NeN
NeN
19°¢
we
oT'e
i3YOTIVA#
€8'€
€8¢
159
L0V
£€8'C
80T
iFHOTVA#
16'S
19°€
S9v
€TL
€L
SV
VeV
00's
149374
VeV
w's
SCE
L0V
00's
96°C
S9v
L0V
€T'8
16'S
19°¢
S9v
€L
S9'v
VeV
8€T
vEY
we
€T'8
9¢'9T
we
L0V
S9v
VeV
VeV
L0V
80T
16'S
16'S

159
€0'T
wE
9791
81T
0.0
S9v
96'C
0s'C
89'TC
00°'s
S9'Y
ws
00'S
09¢
ws
€L
T6'S
iIWOTVAH
iFHOTVA#
159
€TL
oo
veEY
iFHOTVA#
€18
00'S
159
we
660
€L
1404
T6'S
sTe
1T
16'S
€8¢
L0V
16'S
ws
S9Y
S9v
97
14274
Sr'T
00T
00'S
€L
L6'T
16T
S9v
L0V
€L
81T
S9v

10°0T
159
Ve
0z'9
NeN
NEN
NEN
NeN
NeN
NeN
159
€L
TOET
NeN
NeN
NeN
676
NeN
€18
NEN
S8'9
6C'6
NeN
NEeN
S8'9
0z'9
159
S9°L
NEeN
NeN
NeN
NeN
L9'8
16°S
159
S9°L
NeN
NeN
NEN
NEeN
S9°L
ws
€L
S9°L

L9'8
€L
NeN
NeN
NeN
NeN
NeN
10°0T
S9°L

NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEN
NEeN
NeN
NeN
NeN
NEeN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEeN
NeN
NeN
€TL

159

S8'9
NeN
NeN
NeN
NeN
NeN

676

199
NeN

vLest
L'STL

1101
8'9v6

T'z6et
0°'8vL

T'E6ET
0'vv6

6°09TT
8'STTT
T'9SET
0°Ly8

081
€°€9CT
6°LTVC
9'SPET
T9LTT
6°€82C
TLeet
L'SEVT
6°920C
L°T6ST
69611
S'ST6T
0°9€TT
8'ELET
STLST
T2Lot
T'9z1t
[4 4141
€70LT
LTI8LT
S'18TC
6LVt
S'99L1
0°08L1
LTVET
6°vYLT
°9061
LTSLT
8°680T
S°S0CT
0°8€CT
6°00ST
6°8S¢CT
L9971
V'0ELT
0°'S6vT
TLLST
76091
8°0T0T
6°98€T
LL8Le
0°'sz0T
S'T6ET

L°'T96
8°76S
L'SP8
9°60L
T'€L6
€999
0°000T
T'€0L
L'Tv8
0°66L
€'8L6
S°00L
T'ozzt
0296
T'veet
7066
€8T
€'64ST
9°L06
59501
[U:14 49
0°'vL0T
S'8L0T
S'S9ET
T'LEB
9'vv6
9°L6TT
vLSTT
T0€8
6°LT6
6'90€T
L'6TZT
8°T9vT
L6S8
S9veT
L°0STT
°000T
[th2411
8CIET
[0 2141
8808
0°2s8
6616
€°T10T
8756
2°0€0T
9°SETT
6°9L0T
6°€60T
TZeTt
S'V8L
8°888
8'ceLl
L0821
9166

19561
8'€9L

L4141
7SS0t
TTI6ET
L'S8L

86881
19201
0°T0VT
TIETT
T'9SET
0°0S0T
0°coze
SYIvT
9'9TTY
EVELT
8'TP9E
S'TETY
€°LL8T
T'9€81
T'T6€T
S°0T9T
0°0veET
474
v'svet
V'ELTT
6°89LT
9'€€0C
T°L9ST
6°€88T
6°09L1
vivie
Teste
0°98€T
Tv8ve
T'€T9C
a3
9¢1ee
€'50Z€
[4 2144
€L
6°0TST
6°99V1T
€'SEET
6°208T
89061
9'v0TT
9°99L1
TLIve
L°8STT
L4114
S199T
S'€969
S'T6ST
0°9€9T

T'9S6T
8'€9L

14111
°SS0T
C'T6ET
L°S8L

8°688T
1°920T
0°'T0vT
TIETT
T'9SET
0°0S0T
0°zoze
S'IvT
9911V
EVELT
8'TY9E
STETY
€'LL8T
T'9€8T
T'T6ET
S°0192
0'0vET
R4 14
V4174
vELTT
689LT
9°€E€0T
T°L9ST
6°€88T
6°09LT
vivie
T'ZSTE
0'98€T
T'v8vC
T'€19C
'sevT
9zIee
€'S0ZE
Tr9Te
€L
6°01ST
6°99T
€'SEET
6°208T
8°906T
9'v0TT
9°99LT
LT
L°8STT
'9€eT
STS9T
S'€969
S'T6SC
0°9€9T

89
L'E
L€
oy
14:]
T
'L
154
Sv
144
9'€
01T
L'6
€6
S0T
L'ET
1241
8'sT
01T
Tt
6'ST
TET
9€l
141
TL
6
60T
0°€T
9L
€6
1T
ovT
[4:19
8
'St
60T
'8
60T
€91
8T
0L
LL
70T
1T
€11
et
(49
x4
6'€T
89T
6°L
€6
10T
6'ST
(4%

6 STOT6TOT
8 STOT6TOT
£7STOT6TOT
9 STOT6TOT
S STOT6T0T
¥ STOT6T0C
€ STOT6TOT
7 STOT6TOT
17ST0T6T0C
0 STOT6T0T
S TT0T6TOT
¥ TT0T6T0C
€ TT016T0C
ZTT0T6T0C
1 T10T6T0C
0 TTOT6T0C
ST 0TOT6T0T
%1 0TOT6T0T
€1 0T0T6T0C
217 0TOT6T0T
117 0T0T6T0C
0T 0TOT610Z
6 0T0T6T0C
870T0T6T0C
L70T0T6TOT
970TOT6T0Z
S 0TOT6T0T
¥ 0T0T6T0Z
€ 0T0T6TOC
2 0T0T6T0C
17 0T0T6TOT
0 0TOT6T0Z
0176001610
6 600T6T0C
8 600T6T0C
£7600T6T0C
97600T6T0C
S 600T6T0C
¥ 600T6T0T
€ 600T6T0C
776001610C
1 600T6T0C
0 60016107
217 800T610C
1T 800T6T0C
0T~ 800T6T0Z
6 800T6T0C
8 800T6T0C
£7800T6T0T
97800T6T0C
S 800T6T0C
¥ 800T6T0C
€ 800T6T0C
778001610
17800T6T0C

94



aWJoju0d uou **y

aWJoJu0d uou Xy

3UWLI0JU0d Uou iy

3WIOJU0D uou Xy
aWJojuo0d uou **iy

00zt
00T
00T
00zt
00°CtT
00T
00°¢T
00'¢t
0o'¢t
00'¢t
00T
00°¢t
00°¢T
00T
00T
00°Ct
00°Ct
00°¢T
00°Ct
00T
00T
00°Ct
00°CtT
00Zt
00°¢T
00T
00T
00T
0oct
00'¢t
00°ct
00°¢t
00°¢t
00°¢T
00T
00°Ct
00°CtT
00Zt
00°¢T
00T
00zt
00T
0oct
00T
00°ct
00°¢t
00°¢t
00°¢T
00T
00'ct
00°CtT
00°Ct
00°¢T
00T
00zt

iFUOIVA#

%6€-

%TT-
iFUOIVAR
iFHOTVA#
iFUOIVAR

%01~
iFHOIVAR
iFHOIVAR
iFUOIVAR
iFHOIVAH
iFHOTVAH#
iFHOTVAH#
iFHOIVAR
iFUOIVAR
iFHOTVA#
iFHOTVA#
iFHOTVA#
iFHOTVA#
iFHOIVAR
iFHOIVAR
iFUOIVAR
iFHOTVA#
iFHOTVA#

%CT-
iFUOIVAR
iFHOIVAH#
iFHOTVAH

%SY-

%ES-
iFUOIVAR
iFHOTVAH#
iFHOTVAH
iJHOIVAR
iFHOIVAR
iFUOIWVAR
iFHOTVA#
iFHOTVAH#

%6C-
iFHOIVAR
iFUOIVAH
iFHOTVAH
iFHOIVAR

%9~

KEE-

%9T-
iFHOTVAH
iJHOIVAR
iFHOIVAR
iFUOIVAR
iFHOTVAH#
iFHOTVA#
iJHOIVAR
iFHOIVAR
iFUOIVAR

0S50
6VE°0
8v1'0
00€°0
SZT'0
0ST'0
1Z€°0
STT'0
0ST'0
SLE'D
0zT'0
1T
26€°0
io/nia#
9/8'T
io/na#
€0T°0
2810
i0/Aa#
io/nia#
LYT'0
9zz'0
00T°0
0sT'0
S9T°0
io/na#
io/Aa#
LET'O
€€T0
¥81°0
0SZ'0
SLE'D
5290
io/na#
io/nia#
io/na#
6020
LLT0
TPE0
0s€'0
io/na#
850
89T°0
LOE0
10
£28°0
0S50
SLE'D
9v1'0
io/na#
6LE°0
1€2°0
io/na#
00Z'0
SLE'D

SS0
1240
0s0
0€0
€10
ST0
(U 40)
€10
ST'0
8€0

oT’0
ST0
8T°0

0€0
140
S0
8€°0
€90

or'o
SE0

540)
8€°0
060
SS0
8€'0

0z'0
8€°0

NeN
NEeN
NEN
NEN
NEeN
NeN
NEN
NeN
NEN
NEN
NEN
NEN

NEN
NeN
NeN

NEN
NEN
NeN
NEN
NEeN

NeN
NeN
NEN

NEN
NeN
NEN
NEeN
NEN

¥97°0
S6€°0

weo

0¢T'0
LIT°0
¢6E°0

9/8'T

€010
s8T0

LyT'0
9¢T'0

¥ST'0

LET'O
S9T°0
LTIT°0

6020
LLTO
€82°0

8SC°0
89T°0
910
0sT'0
¥SL'0

9YT'0

6L£°0
T€T0

NeN
NEeN
NeN

NEN
NEN
NEeN

NeN

NEeN
NeN

NEeN
NEeN

NeN
NEN

NEN
NEeN
NEN
NEN
NEN
NeN

NeN
NeN

NEeN
NEN

NeN
NeN
NeN

10 %Ly
8LT°0
o %ST
wro %CE-
NEN|%6€
9ET'0
€ETO %ST-
NeN
LIT°0 %L8
NEN | %Z€
012’0
NeN
v9v°0
v6T°0
08T°0
NeN
aro
8¢T0
61T°0
TST°0
LTT°0
8970
NEN|%6TT-
ET0 %1
Y10 %LE
NeN
NeN
€LT0
SET0 %CE
98T°0 %TT-
L8T°0 %t~
NEN| %02
EvT0 %9L

0€ET'0
1474Y
o
661°0
16C°0 %L
NeN
NeN
€LT0
NeN
0zz’0 %ES
600 %6
VELT %LS
NEN|%V8
NEN| %18
S97°0
NeN
8850
€910
NeN
NBN %28
NBN %26

iFHOIVAR

iFUOIVAR

iFHOIVAR

iFHOTVAR
iFHOTVAH#
iFHOTVAH#
iFHOIVAR
iFUOIVAR
iFHOTVAR
iFHOTVAH
iFHOTVAH#
iFHOTVAH#
iFHOIVAR
iFHOIVAR
iFUOIVAR

[Et{ea) /)t
iFHOIVAH#
iFHOTVAH

iJHOIVAR
iFHOIWVAR
iFUOIWVA#
iFHOTVA#
iFHOTVA#

[Etea) /)t
iFHOIVAH
iFHOTVAH
iFHOIVAR

iFHOIVAR
iFUOIVAR
iFHOTVA#
iFHOTVAH#
iJHOIVAH

€SS
S9°L
6v'6
80'Y
19'C
STE
19y
vEY
6T
vy
15°9
92'91
16'S
€L°0
w's
65'T
1] %3
ST'E
io/AIa#
io/nia#
L6°0
veEY
26'S
16°€
Wy
JA%4
€8'€
19°€
SL'S
LS9
167
TE'L
L'y
19°€
00'S
S9'Y
0S'Z
67'6
S9'6
[ERTe3 17,87
iIYOTVA#
€T'L
€T'L
€€'S
129
vL'L
89'C
85'C
ST'E
99°0
¥8°0T
€T
vL'0
v8'C
69'%

€8'¢

€T'8
S9'v
L6'T

00'S

890
€8¢
159
9¢9T
16'S
€L0
ws
6S'T
oT'e
Sce
NeN
NeN
L6°0
14974
€18
19°€
we
JAN4
€8°¢
19°¢
FERY
€TL
00's
159
1721
19°¢
00's
S9'Y
0S¢
676
676
iFHOTVAR
iWOTVAHR
€L
€L
we
16'S
SV
[7A1)
180
STe
990
80T
(444
vL0
980
TL0

€8'C
iFHOTVA#
€18
680
6L°0
[4*
L0V
8¥'1l
€Tt
oT'T
ws
iIWOTVAH
89'T¢
6L0
L0V
98T
STt
19°€
L8°0
0s'C
L60
80T
iWOTVAH
€8¢
oT'e
89'T¢
0Tt
T9°€
vee
L0V
L6°0
159
8v'T
8T'T
or'e
96'C
oT'E
09°C
€18
iFHOTVA#
89'T¢C
iIWOTVAH
€18
we
80T
T6'T
LL0
8L0
STE
990
6C'6
96'C
L0
980
LL0

€L
S9°L

80T

(453
Ste
STE
14274
1274
0z's
99's

we
(744
ws

989
16°S
wy
€18
€L

NeN
NeN
NEN
NeN
NEeN
NeN
NeN
NEN
NeN
NeN
NEN
NeN

NEN
NeN
NeN

NeN
NeN
NeN
NeN
NeN

10°0T

16'S

€L
159

NeN
NeN
NeN

80T

S9v
143274

(424
198

NeN
NeN
NeN
NeN
NEN

NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEeN
NEeN
NeN
NeN
NeN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEeN
NEeN
NeN
NeN
NeN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN

'ELOT
9'8TTT
6°68€T
L'ETET
L'8€0T
9'96€T
L°TS8T
LTS6
T'5901
09921
0°LT6
0980T
9°LLET
LTt
8'0TET
v've9
016
S°L08T
5696
90011
6°'TSCT
0'vEVT
9'€9Y
T°68L
S'vLOT
€'SLS
0°LV6
6°556
6°0L0T
S'0€0T
S'8LIT
v'1e9
€206
S'6veT
8LTET
Tzt
S'6Y6
S°STL
8'88VT
6°0€6
TLSYT
T'8L0T
T'€60T
S'PT6
Tvi8
8201
01621
S'0€0T
1886
96
5°020T
(274}
€°900T
T6SL
0168

S'EE8
€Iv8
9856
6'788
0°L9L
€°'T20T
v'8611
8189
6°66L
1126
1'688
T9EL
°€06
T°LZ6
79501
T°0SS
0°S€9
v'oszt
v'ovL
6°9€8
6°€T8
1696
14134
S199
0°0L9
9°L6Y
S°00L
9°069
v'L0L
S'€89
S'TL8
€'6LS
9°L8L
S'298
S°LS8
09TL
€'1€8
8019
Tvs6
S'99S
(4723
8'€9L
9059
6°06L
T'19L
S'LYTT
LTE0T
L°898
€6LL
1°88L
7'T61T
€°€20T
S°'SL8
T6L9
L918

'ELOT
9'8TTT
0°9€vT
€6LLT
L'ETTT
Tvovt
€'SV6T
LTS6
75901
09921
0°LT6
0980T
L4 1444
9°98Y1T
8'0TET
v've9
016
€°828T
'S0zt
0°'TZET
6°'TSCT
0°'vEVT
9°€E9Y
T°68L
S'vLOT
€'SLS
0°LV6
6°556
S'ELET
86911
T'29€T
9'9S9
T'€T6
€0zt
T'sovt
0LYYT
S°ST0T
S'S9L
8°LESBT
oSzt
€°L2ST
8'SYTT
T'€60T
8°0€6
1618
[4:7453
S8TVT
T'€E0T
0°00TT
v'086
T'861¢E
S°LLTT
€°L0TT
T'8LL
8'968

'€LOT
9°8TTT
[08:1374
€6LLT
L'ETTT
TvovT
€°'Sv6T
L°TS6
T°S90T
09921
0°LT6
0980T
V41444
99871
8'0TET
've9
016
€'8Z81
'S0zt
0°'TZET
6°'1SZT
0'vEVT
9°€9Y
T'68L
S'vLOT
€'SLS
0°LY6
6°556
SELET
8'69TT
T°29eT
9559
T°€T6
€0zt
T'SOPT
0°LvvT
S'S20T
S'S9L
8°LEST
°0SZT
€°LeST
8°'SY1T
T'€60T
8'0€6
1618
T'8LEE
S'8IVT
T'€E0T
0°00TT
1°086
T'861¢€
S'LLTT
€°L0TT
T'8LL
8568

T'E
9'€
TL
9'S
Ve
k34
09
T
8'C
9'€
LT
€€
L
S'S
L'E
T
(44
8'S
T'E
SV
6'C
8'€
(44
8¢
9'€
€T
ST
6'€
Sy
9's
L9
L'y
TL
6’9
9's
Ly
8
Ly
S'L
0'€
08
154
8'C
9'€
Sy
6
0L
Ly
8'€
Sy
v'6
S'L
s
0T
8's

6 ¢Z0T6T0T
8 7C0T6T0T
£7TT0T6T0T
97¢Z0T6T0C
S ¢Z0T6T0T
¥ 201610
€ 7201610
7 7201610
1 2201610
0 ¢Z0T610T
11 T20T6T0C
017 T20T6T0C
6 1Z0T610C
8 TZ0T6T0T
£7TT0T6T0T
9712016T0C
S TZ01610C
¥ 1201610C
€7 12016107
¢ 1201610
1 1201610
07 1Z0T6T0C
ST LT0T6T0C
¥1”LTOT6T0T
€1 LTOT610C
TTLT0T6T0T
11 LT0T6T0C
0T LTOT6T0T
6 LT0T6TOC
8 LT0T6TOC
L7LTOT6TOT
97LT0T6T0C
S LT0T6T0C
¥ LTOT610C
€ LT0T6T0C
T LT0T6T0T
17LT0T6T0C
0 £T0T6T0T
ST 9T0T610C
€17 9T0T6T0C
2179T0T6T0C
1T 9T0T6T0C
0T 9T0T6T0C
6 9T0T6TOT
879T0T6T0C
£79T0T6T0C
979T016T0C
S 9T0T6TOT
¥ 9T0T610C
€79T0T6T0C
279T0T6T0C
179101610C
0 9T0T6TOT
117 STOT6T0C
017 STOT6TOT

95



3WIOJU0D uou ¥y

3WIOJU0D Uou **y

3WIOJU0d uou Xy

aWJoju0d uou **y

aWJoju0d uou **y

3WIOJU0D uou Xy
aWJojuo0d uou **iy

3WI0JU0d Uou Xy

3WJOJU0D Uou **iy

BWI0JU0D Uou iy

009
00T
00°CtT
00°Ct
00°¢T
00°Ct
00°Ct
00Zt
00°CtT
00°CtT
00°Ct
00°Ct
00zt
00°¢t
00T
00°¢t
00°¢t
00¢Ct
00T
00°¢T
00°Ct
00'¢t
00'ct
00T
00°¢t
00°¢t
00°¢T
00T
00°Ct
00°Ct
00°¢T
00°CtT
00T
00°¢T
00T
00°Ct
00°Ct
00°ct
00°Ct
00°Ct
00Zt
00°¢T
00°¢t
00°¢Ct
00°¢T
00T
00°¢T
00T
00T
00°ct
00°¢t
00°¢t
00°¢T
00°¢T
00°Ct

iFHOIVAR
iFUOIVAR
iFHOTVAR
iFHOTVAH#

%TL-

%1IS-

%LE-
iFHOTVA#
iFHOTVAR
iFHOTVA#
iFHOTVA#
iFUOIVA#
iFHOTVAR
iFHOIVAR
iFHOIVAR
iFUOIVA#

%V
iFHOTVAH#

%TT-
iFUOIVAR
iFUOIVA#
iTHOIVAR
iTUOIVAR

%S9~

%V9-

%1S-
iFHOIVAR
iFHOIVAR
iFHOTVAR
iFHOTVAH#
iFHOTVA#
iFHOTVAH#

%LE-
iFHOIVAR

%V9-
iFHOTVAR

%6€-
iFUOIVA#

%69
iFHOTVAH#
iFHOTVA#
iFHOIVAR
iFHOTVAH#
iFHOTVAH
iJHOIVAR
iFHOIVAR
iFHOIVAR

%95~

%0L-
iFUOIVAR
iFHOTVAH#
iFHOTVAH
iFHOIVAR
iFHOIVAR
iFUOIVA#

9ST'T
8210
9LZ'0
0sT'0
062°0
6620
LOV'0
io/nia#
v6T°0
9z€'0
io/nia#
io/nia#
io/na#
io/na#
L0200
0sv'0
9EE0
0sz'0
STY'0
io/na#
io/nia#
(3740}
TLEO
1L2°0
682°0
9810
00v'0
io/na#
0810
LTT°0
io/nia#
0sz'0
1120
[43401}
vzv'o
00v°'0
2000
0sz'0
€920
0S0°'T
0150
60€°0
STZ0
S8T°0
io/na#
io/na#
0ov'0
EEV'0
16€°0
ST'0
io/Aa#
TLEO
io/na#
S9Z°0
io/na#

ST0
Sv'0
ov'o
0S°0

Sv'0
1340
S¢o
540

ov'o
1340)
Ss¢o
ov'o

S0
140

€90
ov'o
0S°0
S¢o
ov'o
SO'T

[ 40)
090
090

NEN
NEeN
NeN

NEeN
NEeN
NEN
NEN
NEN
NeN
NEeN
NEN

NEN
NeN
NeN
NEN

NEeN
NeN
NEN
NeN

NEN

NEeN
NEN
NEeN
NEeN
NEN
NEN

NeN
NEN
NEeN
NEeN
NEeN
NeN

9ST'T
8CT°0
9LT0

0€T’0
L6T°0
ST€0

v61°0
9¢e0

L0T°0

LvT0

T0V°0

€veo
TLE0
wi'o
€ST'0
wro

0810
LTT0

€LT0
To
€220

€0€°0

9¢T'0

0150

60€°0

STC0
S8T'0

S9C°0
810
STV'o
TLE0

S9T°0

NEeN

NeN

NeN
NeN
NeN
NEN

NeN
NeN

NEN
NEN

NeN
NEeN

NEeN

NeN
NeN
NEN

NEN

NeN

TLTT
010
8LT°0
NEN | %bL
01’0 %ET
NeN
e %S~
NeN
S0
8160
NeN
NeN
NeN
NeN

910 %L8

6v'0 %SE-
NEN|%zZ

6€E°0 %95~

8810

o

o

9¢T0 %0
[} %9
0410 %IE
CET'0 %0T
€0€°0

8070 %0
NEN %8S
€0€°0 %SE

NEN|%Ev-

S9T°0
¥82°0 %6C
6€€°0 %81
w90
NeN
920
TIT'o
0o
69C°0

iFHOIVAR
iFUOIVAR
iFHOTVAR

iFHOTVA#

iFHOTVAH
iFHOTVA#
iFHOTVAH#
iFHOTVAH
iFUOIVAH
iFHOIVAR
iFHOIVAR
iFHOIVAR

iFUOIVAR
iIFUOIVAH
iFUOIVAR
iFUOIVAR

iFUOIWVAR
iFHOTVAR
iFHOTVAH
iFHOTVAH#
iFHOTVAH#
iFHOIVAR
iFHOIVAR

iFUOIWVA#

iFHOTVAH#
iIFHOIVAH
iFHOTVA#
iFHOTVA#
iJHOIVAR
[Etea) /)t
iJHOIVAR

iFUOIVA#
iFHOTVAH#
iFHOTVAH#
iFHOIVAR
iFUOIVAR
iIFUOIWVAH

280
ST'E
67'6
16'T
8L'9
19°€
6L'S
¥8'0
19'€
00'S
260
io/nia#
6L°0
io/na#
€T'L
vey
99'§
€T
v6'S
€6°0
L8°0
io/Aa#
€T'L
L0t
1753
SL'T
LT'E
wE
€8'€
19'€
oT'E
(753
(753
9Z'91
159
or'y
€€'9
vey
0z'y
06°L
16'S
676
io/nia#
w's
S0'T
€T'L
L0y
85'S
LS9
99°0
£9°0
20T
18°0
15°9
L0

80
STe
676
6L°0
16's

16'S
¥8'0
19°¢
00'S
60

6L°0

€TL
€0'T
159
€0C
€L
€60
80

€TL
L0V
19°¢
vee
€8'C
we
€8'¢
19°€
oT'e

99T
159
09°C
00'S

14974
676
16'S
676

w's
SO'T
€TL

S9v
16'S
99°0
L9°0
wT
180
159
L0

NeN

NeN
NeN

NeN

44

we
iIWOTVAH

6L°0

80T
iWOTVAH

159

990

€18

€18

060
iFYOTVA#

€60

960

159

66°0

80T

o1’z

16'S

LL0

00T
i3OTVA#

ws

STe

T6'S

oT'E

09¢

€8'€

S9v

oT'E

09°C
iWOTIVAH
iFHOTVA#

97’91

€18

96°C

ws

€0

19°¢

159

16'S

676

T6'S

80T

660

ws

we

00's
iFHOTVA#

8’1

1ZAY]

T9°€

80T

676

8L0

€0
S9L
T19°€
99°S

S9°L
(424
09°C
S9v

L0V
€8¢
STe
(AR

we
we

159
0’9
S9°L
14274
L0V
159

A4
199
€L

NeN
NEN
NeN

NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN

NEeN
NeN
NeN
NeN

NEN
NeN
NeN
NEN

NEN

NeN
NEeN
NeN
NeN
NEN
NEeN

NeN
NeN
NeN
NEN
NEeN
NeN

NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN

[4:1141
NeN
S'STTT

T°LS6
L'EL8
5616
LTT6T
L°868
0°6€0T
79591
6°018
T'196
02L6
TESTT
9'9YST
8'SPET
0°v0ST
T'es8
T'T9st
L'Y6L
0°8EVT
6°'V8TT
70891
1916
96901
08
T'€T6
T'v801
STr6
L'6€8
1°580T
6'788
8766
8'€LO0T
L°SSTT
S'LY0T
(42144
S°0L0T
€°00ST
0°LVET
0°Lv0T
9'LETT
L1621
Teven
T'€C0t
8'€6CT
L'TOET
9°'S8ST
°'S6ST
TveEvT
8'8YTT
€'V6ET
8'vS6
€°8SLT
NeN

6°CSTT
L1441
0°086
9'€TL
8859
v'29L
8°88TT
v°€L9
8°L00T
9°6STT
9°L89
L0TL
9'8LL
8°L88
1°5S0T
8'0€6
S'€6TT
9158
S°0L0T
€8LL
6'€V6
T'196
SLITT
9'vEL
6°€ELL
ST19
T'8TL
¥'69L
099,
€°8€9
9T8L
6°82L
9VLL
S'9v8
T'6L6
L°0S8
[1r4:749
9'ISL
5566
6°6T0T
131441
S°0Z6
ee6
L'VE6
I8
9'Iv0T
1L
Tyvot
9126
S'vZ6
°009
6°CT0T
9968
T'Iv0T
8'€88

[4:3141
€51
S'STIT
T°LS6

L'EL8

5616

LTe6T
L°868

0°6€0T
6°6¥2C
6°018

T'196

02L6

TESTT
8'9TLT
8'SPET
0°70ST
T'es8

0'5902
L'V6L

0°8EVT
6'V8TT
9'TLTT
v've6

6°STET
08

T'E€T6

8'SeIT
S°0L0T
0°LV6

1°580T
6'788

S°000T
8'E€LO0T
S'EIVT
52021
€°EEST
141741
0°09ST
Test
Leeee
Tvevt
6°C6ET
9°0TVT
9°£90T
v'TI6vT
L'TOET
9°'58ST
V'TETT
TveEvT
8'8YTT
8°'60VT
8'vS6

L'veve
8'€88

T8sST
€91t
S'SZIT
T°LS6

L'EL8

S'6T6

LTeeT
L7868

0°6€0T
6'6vCC
6018

T'196

0°¢L6

TESTT
8'9TLT
8'SYET
0°'0ST
1'7s8

05902
L'v6L

0°'8EVT
6'V8TT
9'TLTT
v'vE6

6°SCET
08

T'ET6

8'STIT
S'0L0T
0°LY6

T°S80T
6788

S'000T
8°EL0T
SEVT
S'20ZT
€'EEST
L4174
0°09sT
Tvest
LTeee
T'v6vT
6°C6ET
9°0TVT
9°£90T
v'T6vT
L'TOET
9°S8ST
VIETT
T'veEvT
8'8Y1IT
8°60VT
8756

L'yTve
8°€88

9T
81T
(44
0C
(44
Le
'
6T
0'€
6T
1 X4
(44
6'C
6'€
ST
[43]
81T
L'E
LT
6C
9'€
L'E
L'E
L'E
6C
(44
oy
L'E
6C
'
81T
ST
T
9
09
ot
oy
6'€
S'S
Lot
'L
€L
L'y
8
6'S
'
T€
14
T€
0C
e
T
14
Lo

0 0€E0T6T0T
1 620T6T0C
0 62016T0C
1T 82016107
0178201610
6 82016107
8782016107
£78201610C
9782016107
S 8Z016T0C
¥ 820T610C
€782016T0C
7782016107
17 820T6T0C
0 8201610
91 ¥Z0T6T0T
ST ¥Z0T6T0C
¥1"¥20T6T0C
€1 ¥Z0T610C
T ¥Z0T6T0C
11 ¥Z0T6T0C
0T ¥Z0T6T0C
6 vZ0T6TO0T
8 vZ0T6T0T
L7¥2016T0C
9 ¥Z01610C
S ¥Z0T6T0T
¥ ¥Z0T6T0T
€ vZ0T6T0T
T v2016T0T
1 ¥201610C
0 ¥Z0T6T0T
€1 €20T610C
¢T€20T610C
1T €20T6T0C
0T €20T610C
6 €201610C
8 €20T6T0C
L7€T0T6T0T
97€2016T0C
S €201610C
¥ €20T610C
€ €20T610C
77 €201610C
1 €20T6T0C
0 €20T6T0C
81 ¢Z0T610C
L1 22016102
91" ¢Z0T610T
ST7¢Z0T6T0T
¥1220T610C
€1 22016107
217 ¢Z016102
1172201610
01" 2Z0T6T0C

96



aWLI0JU0d Uou ¥y

3WJO0JU0D Uou ¥y

3WJOJU0D Uou ¥y

009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009
009

%S8-

%¥8-
iFUOIWVAR
iFUOIVA#

%L
iFHOTVAH#
iFHOTIVAH

%EL
iFHOIVAH
iFHOTVAH
iFHOIVAR
iTHOIVAR
iFUOIVAR
iFHOTVAH
iFHOTVAH
iFHOIVAR
iFHOIVAR
iFUOIVA#
iFHOTVAH#
iFHOTVA#
iJHOIVAR

%S9-
iFHOTVA#
iFHOTVA#
iFHOIVAR
iFHOTVAH#

%68~

%LT

%6V~

%6L-
iFHOIVAR
iFHOIVAR
iFUOIVA#

ZEV'0
SEV'0
io/na#
io/na#
Uvo
0050
0050
TPE0
io/Aa#
vSS'T
io/nia#
io/nia#
00t°0
io/AIa#
000°T
io/nia#
io/na#
€21°0
1520
0050
000'T
110°T
io/na#
v1z'0
EVED
io/nia#
v€8'0
vOL'T
8LE0
850°'T
io/nia#
io/na#
io/na#

SL0
SL0

SL0
0S°0
0s0
ST0

or'o

00T

0S°0
00T
0S'T

0S'T
0S'T
0S0
SLT

€IT0
0zT°0
NEN
NeN
¥61°0

TEV'o
NeN
NeN ¥SS'T
NEN
NEN

NeN

NeN
NeN
NEN €2T°0
NEeN TST'0

°so
NEeN
NEN ¥1Z°0
NEN €¥€°0
NEeN
89T°0
806'T
LST0
99€'0
NEN
NEN
NeN

NeN
NeN

NeN
NeN

NEN
NEN
NeN
NEN
NEeN
NEN
NEN

NEeN

NeN

NeN

NeN
NEeN
NeN

S¢E0 %ST
1414 %0CT-

NeN
S6C°0
6S€0 %ev-
€LT°0 %0S
€0 %0€
98T°0 %9L
€ET0
0610
CET0

NeN
8910 %00T-
870
¢sTo %8~
9TIT'0
¥9T°0
0s2'0
06€°0
€1ST %88
€0T'T %0
LSL'T %8L
€Tt
0SS'T
L9T'T

NeN
870 %C8
6960 %S8
€€9'T
0,0
6S6'T

NeN

NeN

iFUOIVAR
iIFUOIWVA#H

iFHOTVAH
iFHOTVAH
iFHOIVAR
iTHOIVAR

iFHOTVAH#

iFHOIVAR
iTHOIWVAR
iFUOIVA#
iFHOTVA#

iFHOTVA#
iFHOTVAH#
[Etea) /)t
iFHOTVA#

iFHOTVAH#
iFHOTVA#
iFHOIVAR
iFHOIVAR
iIFUOIWVAH

00'S
69'9
99°L
LS9
€5'9
Lz'9
85'S
18'€
60'C
iIYOTVA#
LS'9
iFWOTVA#
68'9
€8'€
LE'L
€8'E
61'6
8Ty
09'%
20°€
s
18T
io/nia#
SL'S
vT'T
io/nia#
6€'Y
(443
98'9
26'8
88°0
86°0
0L'T

09'v
6T'6
99°L
LS9
99°L
8TV
097
8v'T
60C

iIWOTIVAH

LS9

iFHOTVA#

6T'6
€8°¢
99°L
£€8'€
6T'6
8T’y
09y
€90
s
T

SL'S
vl

SET
060

880
860
oLt

NeN

NeN
NeN

99°L
s
LS9
s
99°L
99°L
SL'S
SL'S
60°C
8C'€
LS9
iFOTVA#
8T'T
09y
LS9
8T’E
0
€8¢
8T'Y
w60
iFHOTVA#
80
81T
T
L0'T
6v'TT
wT
T
150
99°L
S8°0
960
JA:x4

s

8T'Y
NEN
NeN

1's

9€'8

LS9

€19
NeN
NeN
NeN
NeN

09t
NeN

LO°L
NeN
NeN
NeN
NeN

wes

s

09
NEN
NEN
NEN
NeN

ev'L

v6'S

989

68
NEN
NEeN
NeN

NeN
NeN
NeN
NeN
NeN
NeN
NeN
NEN
NEN
NEN
NeN
NEN
NeN
NEeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN
NeN

L29LT
S'9€9T
S'81IST
6°'TTLT
LTSET
0°0S8T
S'ETVE
v'L8TT
L0621
9 TYLl
T'€E0C
6'TOVE
8LITT
6°6T9T
6°LTST
€°0v6
85501
v°8€61
S°S09T
NeN
T'8LIT
9'TL6
©"00€T
Les
Tovot
v'L0TT
6°520C
€'T00C
0°€69T
T'SEve
8'8v91
8'v891
9'LLYT

6°800T
6°8IVT
S°'SLOT
0°96¥1
9'8L0T
LT6VT
T'S6TC
7911
8°610T
SYCET
6°L09T
€vITT
2066

7°6€0T
€'6ELT
L7508

6°0v6

6°0vST
0°8L0T
L°0€0T
8’108

016

6°19ZT
[Ar4-7A

9'vL8

€8

9°88Y1T
L'6EET
S'80€T
TYSET
T'60€T
62201
0°6€ST

LT9LT
7’1602
S'81IST
8°'ST6T
TEVIT
76681
T'899¢€
€LLET
T°86€T
9 TYLT
8'80T¢C
TTESE
8LITT
6°6T9T
6°LTST
€°0v6

8'SS0T
v°8€61
€°88LT
L°0€0T
L2621
9°086

©"00€T
Les

(410
0°LYST
6°520C
9°L88C
8910C
61Ty
8'8v91
9'89€T
T1°66SY

L9t
'160C
S°81ST
8'SZ6T
TEVIT
7°668T
T'899¢€
€LLET
T°86€T
9'IVLT
8'80T¢C
TTESE
8LITT
6°619T
6°L2ST
€06

8'SS0T
°'8€6T
€'88LT
L°0€0T
L2621
9°086

°00€T
Les

(41719
0°LYST
6'S20C
9°£88T
8910C
61Ty
8'8V9T
9'89€T
T°66SY

8¢
oy
LT
€Y
8
6°€
s
0'€
0'€
T'E
144
09
8T
€T
0°€
0T
X4
6°C
[43]
€1
8'C
TE
7’1
6'T
Lt
8¢
6C
T'E
(474
9V
8'C
6'C
9V

1T 90T16T0C
0T 90TT6T0C
6 90TT6TOT
8790TT6T0C
L790TT6T0C
9790T1610C
S 90TT6TOT
¥ 90TT6T0C
€790TT6T0C
779011610
1 90TT6T0C
0 90TT6T0C
97S0TT6T0T
S S0TT6T0T
¥ SOTT6T0C
€ SOTT6TOT
¢ SOTT6TOT
17 S0TT6TOT
07 S0TT6T0T
9 TE0T6T0T
S TEOT6TOT
¥ TE0T6T0C
€ TE0T610T
7 TE0T6TOT
1 TE0T6TOT
0 TE0T6TOT
L70€0T6T0T
9 0£0T6TOT
S 0€0T6T0C
¥ 0€0T6T0T
€ 0€0T6TOT
¢ 0€0T6TOT
170€0T6T0C

97



	Introduction
	Literature
	Wave overtopping
	Wave period evolution
	Mean overtopping discharge
	Individual overtopping volumes

	Human stability in overtopping flows

	Case study
	Experimental setup
	CIEMito
	Measurement setup
	Control system

	Incident wave conditions at the toe of the dike

	Data analysis
	Results
	Comparison with the literature
	Overtopping discharge
	Wave period evolution
	Individual overtopping volumes

	Scale effects

	Discussion
	Conclusions
	Bibliography
	Appendices
	Results in prototype


