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Photo 37: During test series T1-6
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Photo 39: During test series T1-6
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Photo 40: Geotextile tube partly on bar after test series T1-9
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Photo 41: Determine dimensions after test series T1-9

Photo 42: During test series P3-8
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Photo 43: During test series P3-9
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Photo 47: During test series F5-5

Photo 48: During test series F5-5
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Photo 50: Color ihjection test series F1. Injection at Iinem4, point 3
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Photo 51: Color injection test series F1. Injection at line 4, point 3

Photo 52: Color injection test series F3. Injection at linel, point 3
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Photo 54: Color injection test series F4. Injection at line3, point 5
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Deltares

Enabling Delta Life 7- Delft Hydrautics

Delta flume

introduction

The Delta flume is a wave flume which is unique because of its dimensions. The flume has a length of
240 m, a width of 5 m and a depth of 7 m (a deepened section of 9.5 m is also available). A flume with
these dimensions allows for physical models on a scale which is near to prototype. This means that

_ there are hardly any scale effects to take into account. The Delta flume is a state-of -the-art wave

e T e e flume capable of generating both regular (periodic) and irregular (random) waves. The wave generator
is equipped with online Active Reflection Compensation. This means that waves propagating towards
the wave board are measured and that the wave board compensates for these reflected waves. In this
way undesired waves do not re-reflect towards the structure and do not disturb the measurements.
Also wave board control for random second-order waves is operational to compensate for spurious

waves.

Measuring forces on a cylindrical structure in the Delta flume
Aerial photo of the Delta flume with on the left hand

side the construction building and on the right hand

side de the waveboard

technical data

wave flume wave characteristics
Length: 240 m Maximum height (regular): 2.5 m
keywords: . Width: 5 m Maximum sig. height (random) (H): 1.6 m
Water QualityModelling Depth: 7 m Wave period: 1-12 s
Operational Management
Reservoir
Mitigative Measures wave generator features
Piston type (translatory) wave board Depth of deeper sections: 9.5 m
Full stroke: 5 m W ave-damping structures
Second-order wave steering system Flexible water circulation system to fill or empty
Active re-reflection compensation separate sections of the flume

Installed electric power for wave generation: 800
kw



facility

wave computation and processing software Delft-

Auke/generate

The Delta flume is equipped with
Deltares’ second-order wave computation
software Delft-Auke/generate which has
been developed by Deltares. This
software takes the second order effects of
the first higher and first lower harmonics
of the wave field into account in the wave
board motion. It is designed to suppress
spurious waves in order to generate a
true-to-nature wave field in the flume with
little laboratory side effects. The software
is capable of generating regular waves as
well as irregular waves according to well-
known and user-defined spectral
distributions.

Besides the reduction of the generation of
spurious waves, it is very important to
suppress the re-reflection of waves at the
wave maker. To this end, the wave board
is equipped with three wave gauges,
which measure the wave height at the
paddle. The wave gauge signals are used
as input for the online active reflection
compensation algorithm, which identifies
any reflected waves and instantaneously
compensates the wave board motion to
absorb these waves.

special features / possibilities

Deltares

The size of the flume is a special feature
in itself. The models are equally large
which brings some construction problems
along.

The models have to be constructed by
using specialized equipment. A wide
variety of special equipment is available
on the Delta flume, including a large
gantry crane. With this equipment it is for
example possible to construct a model
with a foreshore (both mobile and fixed)
over the flume bottom.

Special equipment is also required for the
measurements. This equipment is
available on the Delta flume. Some 100
channels with instruments can be
sampled in the standard configuration. If
necessary more channels can be added. .

Placement of antifer cubes in a breakwater model in the Delta flume

Model of a breakwater in the Delta flume




facility

projects

Typical projects are hard to mention for
the Delta flume. The size and available
wave conditions make it possible to test
almost every structure on a near-to-
prototype scale.

A few example projects are presented
hereafter.

breakwaters

Several breakwaters have been tested in
the Delta flume. See photographs for
examples with tetrapods and antifer
cubes The stability of the armour layer
and the overtopping discharge are typical
measurements in such tests.

Wave impact during dune erosion test

scour, bed protection

Erosion of sediments is a phenomenon
which is difficult to investigate on a
smaller scale. Problems regarding grain
size are difficult to solve in a small scale
model.The Delta flume makes it possible
to solve some of those problems because
for instance the grain size can be one that
is really found in nature.

An example of such a project is the dune
erosion investigation which took place in
2005 and 2006. A cross shore profile was
built at a scale of 1:6, for which a total
volume of 3000m° sand was placed in the
flume.

Typical breakwater model with tetrapods, measurements carried out:
stability, overtopping discharge and overtopping events, waves

Series of waves during dune erosion tests

Deltares
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placed block revetments

A typically Dutch structure is a placed
block revetment. With the help of the
Delta flume the rules of thumb used until
the flume went operational were replaced
by a sound scientific argumentation.
Recent investigations include grouted
revetments which have been tested at a
scale of 1:1.5.

special projects

The Delta flume is a versatile facility
which can be put to use in numerous
projects. Some have been mentioned
before, but there are always special
projects for which the flume can be
useful. These projects range from testing : Pl
underwater vehicles in combination with Wave impact at a placed block revetment
turbulent conditions to testing and

calibrating field equipment.

5

Measurement of erosion resistance of grass on a dike Determination of overtopping guidelines

Deltates

Innovative solutions forwater
and subsurface issues.

Rotterdamseweqg 185

PO Box 177

2600 MH Delft

The Netherlands

Telephone +31 15 285 85 84
Telefax +31 15 285 85 82
e-mail info@ deltares.nl
internet www deltares nl

Testing and calibrating a wave gauge

Deltares
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E Analysis colour injections

To determine whether sand transport inside the geotextile tube occurs use has been made of
colour injections. These colour injections with a needle of 20 cm length are applied before a
test series was started. This injection ‘labelled’ the sand by giving the sand a red colour. After
a test series the geotextile was removed and the location and length of the coloured sand
was determined. This has been done for testseries F1, F3, F4 and T1.

E.1 Theory
After a test series three characteristics of the sand injection have been determined. These are
the deepest point of coloured sand below the geotextile (di), the highest point below the
geotextile (d2) and the relative distance between the needle insertion point in the geotextile
and the highest point of coloured sand parallel to the geotextile (x). These characteristics are
shown in Figure E.1.

’ X
’—_" Length needle = Lneedie
R
[
Figure E. 1 Colour injection characteristics.

The amount of sand erosion can be determined when di, d> and Lyeceqe are known. The
following formula is used:

=L +d,—d, @.1)

erosion needle

Basically four scenarios can occur:

No sand movement at alll
d2= O, d1 = Lneedle > derosion = 0

Sand is only disappearing from the location
d2 = O, d1 < Lneedle > derosion = Lneedle - d1

Sand is added to the location
d2 > O, d1 = Lneedle + d2 > daccretion = d2

Combination of sand erosion and accretion
d2 > O, d1 = d2 < Lneedle 9 derosion = Lneedle + d2 - d1

E.2 Measurements and analysis of colour injections
Sand colour injections have been carried out for test series F1, F3, F4 and T1. For each test
series the geotextile tube had several locations where injections were used. At every location
three injections were applied. Not all parameters (di, d> and x) were determined for every
position since it was extremely time consuming to find the colour injections and the colored

Large scale physical model tests on the stability of geotextile tubes 63
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path after the test series. The length of the needle was at every injection location Lpgegie = 20
cm.

Sand colour measurements at testseries F4 can be found in Appendix A16a
Sand colour measurements at testseries F1 can be found in Appendix A16b
Sand colour measurements at testseries F3 can be found in Appendix A16¢
Sand colour measurements at testseries T1 can be found in Appendix A16d

E.3 Conclusions
The most interesting measurements with respect to sand movement are those performed
after testseries F4 (high filling degree) and testseries F1 (low filling degree). At test series F4
(Appendix A15a) hardly any sand movement occurred. At test series F1 (Appendix A16b)
sand erosion occurred at the top of the tube and sand accretion occurred at the landward side
and the seaward side of the tube indicating a deformation of the tube due to sand movement
within the tube.

64 Large scale physical model tests on the stability of geotextile tubes
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F Specification Geolon PE 180 L
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PRODUCT GEGEVENS

GEOLON® CE€

0739-CPD-21
Geweven polyethyleen filter met lussen
GEOLON® GEOLON® GEOLON®
PE 180L PE 525L PE 1000L
CONSTRUCTIE STANDAARD
Constructietype weetsel weeftsel weetsel
Garentype kettingrichting monofil. monofil. monofil.
Garentype inslagrichting bandje monofil. monofil.
Kleur zwart zwart zwart
MECHANISCHE EIGENSCHAPPEN
Kettingrichting:
Nominale treksterkte kN/m 40 40 37 EN-ISO 10319
Rek bij nominale treksterkte % 24 25 32 EN-ISO 10319
Inslagrichting:
Nominale treksterkte kN/m 50 35 32 EN-ISO 10319
Rek bij nominale treksterkte % 24 25 25 EN-ISO 10319
Statische doorponssterkte (CBR):
Doorponskracht kN 5 5 3,5 EN-ISO 12236
Verplaatsing bij doorponsen mm 50 50 45 EN-ISO 12236
Kegelvalproef mm 9 12 12 EN 918
Nominale treksterkte lussen kN 1,5 1,5 1,5 Ten Cate Nicolon
HYDRAULISCHE EN FILTER EIGENSCHAPPEN
Waterdoorlatendheid
bij Ah = 100 mm liter/m?s 40 500 500 NEN 5167
Waterkolom bij v =10 mm/s mm 10 7 7 NEN 5167
Permittiviteit W's 1/s 1 1,5 1,5 NEN 5167
Water permeability m/s 0,025 0,300 0,350 EN-ISO 11058
Poriegrootte Og micron 180 525 1000 NEN 5168
Karakteristieke openingsmaat Ogg micron 170 350 600 EN-ISO 12956
DUURZAAMHEID
U.V.-bestendigheid:
Xenon test (50 MJ/m?) u.T.S. >90% >90% >90% ENV 12224
Classificatie klasse D D D ISO 4892-2
Thermo-oxidatieve
bestendigheid klasse B B B NEN 5132
FYSIEKE EIGENSCHAPPEN
Gewicht per eenheid (berekend) g/m* 250 195 200 EN 965
Dikte (2kN/m2 druk) mm 0,6 0,7 0,8 EN 964-1
Lussenrooster m 0,5x0,5 0,5x0,5 1,0x0,5
Rolbreedte m 5,05 5,05 5,05
Rollengte m 200 200 200
Roldiameter m 0,45 0,36 0,36
Rolgewicht kg 265 210 215
Ten Cate Nicolon code 392 373 447

De technische gegevens werden verkregen door interne en externe testprocedures.

Bovengenoemde geotextielen kunnen geassembleerd worden tot geprefabriceerde panelen.

® GEOLON® is een geregistreerd handelsmerk van Ten Cate Nicolon bv
© Copyright Ten Cate Nicolon bv, mei 2004. Eerdere uitgaven zijn niet meer geldig.

Wijzigingen voorbehouden.

Ten Cate Nicolon bv

150 9001
KEMA

CERT. NR. 56002
2 DUTCH COUNCIL FOR ACCREDITATION

Postbus 236, 7600 AE Almelo, Nederland - www.tencate-nicolon.com

Tel: +31 546 544811

Fax: +31 546 544490


http://www.tencate-nicolon.com
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Theoretical derivation stability number with respect to
sliding

Analytical model based on stability model of randomly placed rock mounds

Introduction

In this section it is assumed that the leakage length is smaller than the characteristic length of
the external load or A << L. This indicates that L determines the pressure gradients, leading
to uprush and downflow velocities, which in turn cause forces on the individual element. Thus,
the stability is governed by the local flow caused by the waves around the elements.

A more in-depth study to the stability of geotextile elements will be performed based on the
theoretical approach of Iribarren (1938). In this approach Irribarren assumed that the length,
width and height of a stone have the same dimensions. Iribarrens work will be reproduced in
such a way that the length, width and height (thickness) of the element will be isolated. The
hypothesis is that, based on this analysis, a new stability number will be created, which
included both the thickness (D) and the length (B) of the geotextile element.

Definition of forces
A start is made by analysing the basic forces on an element. Reference is made to Figure G.1

F.
N Fo Al )
P 0!%
Go

Figure G.1 Forces on an element

The hydrodynamic forces that act on the element are the drag force (Fp) and the lift force (F).

F,=C, Vs pu’4, (6.1)
F,=C, Yypu’d, (6.2)
Where

Fq = drag force

F = lift force

Cy = drag force coefficient

C. = lift force coefficient

Ad = (drag) surface of element

A = (lift) surface of element

u = velocity

Ow = density of the water

Large scale physical model tests on the stability of geotextile tubes 1
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According to Pilarczyk (2000) the velocity in a breaking wave can be described by:

u=qp+\2gH (6.3)

Where g is the acceleration due to gravity, H is the wave height and ¢ is a coefficient which
can vary between 1 and 1.5.

The surfaces of the element are given by:

A, =D-L (6.4)
A, =B-L

Where D is the thickness or height, B is the width and L is the length of the element. Equation
(6.1) and Equation (6.2) can now be rewritten:

F,=C,p,9"gHLD
F,=C,p,0"gHLB

The direction of the wave drag force Fy depends on the wave run-up or the wave run-down.
Besides the drag and lift forces the following forces act on the element:

Friction forces: F,= /N (6.8)
Normal forces: N =G, cosx (6.9)
Gravitational forces: G, =(p,—p,)gDBL (6.10)
Gravitation parallel to slope: G, = G, sin« (6.11)
Where:

F; = friction force

f = friction coefficient

N = acceleration due to gravity

a = angle of slope

Gy = gravitational force

g = acceleration due to gravity

Os = density of geotextile element

Stability based on the drag force
Suppose that the lift force is negligible, thus F_= 0:

Stability requires:
F, <F, + G, for wave run-up (6.12)

F,+G,, < F,for wave run-down (6.13)

This can be rewritten in:

2 Large scale physical model tests on the stability of geotextile tubes



G114

16 December 20009, final

F,<F,£G, (6.14)
Combining the equations above gives:
C,p,0°gHDL < f cosa(p, — p,)gDBL tsina(p, — p,)gDBL (6.15)

Rewriting gives:

H - fcosatsina

(6.16)
AB C,0°
With A =2 Pu (6.17)
pw
In case of no slope (8 = 0) the stability is:
A < S > (6.18)
AB C,p

This implicates that the stability is independent of the width, B, and the thickness, D of the
geotextile element. The stability only depends on the slope angle, 6, the friction coefficient f
(between the element and its underground), the drag coefficient, Cp and the coefficient ¢.
However, one should realise that this is only valid if the lift forces are neglected.

Stability based on the drag and lift forces
The analysis presented above will be repeated but now the lift forces will be included:

Equation (6.8) is now rewritten as:

F,=f(N-F,)= f(cosaG, - F,) (6.19)
Applying Equation (6.14) gives :

CDpw(ongLD = f[cosa(ps - p,)gDBL — Cpr(ongLB] tsina(p, —p,)gDBL (6.20)

Rewriting Equation (6.20) gives:

H_ BD
A ¢*(C,D+ fC,B)

(fcosa tsina) (6.21)

Or:

H NBD

<
ANBD ¢ (C,D+ fC,B)

(fcosa tsine) (6.22)

The use of separate length characteristics (B,D) of a geotextile element has the consequence
that it is not possible to express the stability number in a dimensionless parameter such as

Large scale physical model tests on the stability of geotextile tubes 3
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H H or H
AD " AB ~ ANBD
However, for several elements the ratio between B and D are known. A shape factor is
introduced:

since the length and thickness is still in he right side of Equation (6.22).

1= = (6.23)

Concluding stability formula
Using Equation (6.23), Equation (6.22) can now be rewritten:

H VA

(fcosa tsina) (6.24)

<
ANBD  ¢*(C,+ fC,A)

| drag lift slope correction (‘+:run-up, ‘-": run-down)
Wave-velocity coefficient
Stability parameter

in which
H = characteristic wave height (m)
A = relative density (-)
B = Width of element (m)
D = thickness of element (m)
B
A = ratio between Band D, A = D (-)
P = wave-velocity coefficient (1~1.5) (-)
Co = drag force coefficient (-)
C. = lift force coefficient (-)
f = friction coefficient (-)
a = slope angle )

G.2 Application of theoretical stability formula

G.21

Introduction

Equation (6.24) can be rewritten for situation where drag or lift forces are not present or
where no slope is applied. In some cases the ratio between the length and thickness (a) can
be eliminated resulting in different stability numbers. Results are shown in Table G.1.

4 Large scale physical model tests on the stability of geotextile tubes
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Table G.1 Overview stability formula for drag and lift forces with and without a slope

no slope slope

Ll < \/Z a < \/Z
AVBD ~ 9*(C,+ fC,A) | ANBD ~ ¢*(C, + fC, )

drag and lift (fcosax £sina)

H H 1 .
onlydrag (C,=0) | —— < 2f — <——(fcosatsina)
AB  ¢°C, AB  ¢°C,

H 1 H .
only lift (C4= 0) —<— — <———(f cosa tsinax)
AD ¢°C, AD  fo°C,

Whether failure occurs due to drag, lift or a combination of drag and lift should be determined.
A start is made by assuming that for tubes with a high filling rate the drag is dominating and
that at a low filling rate the lift is dominating. This is visualized in Figure G.2.

drag Maximum

stability

stability

Both drag
and lift

Only lift

PaL Pap
Filling degree pa (or 1/1)

Figure G.2 Relevance of lift and drag

According to the above described model, lift can be denied for higher filling percentages and
drag can be denied for lower filling percentages. The main question that raises is what the
filling percentage values are at which lift or drag can be ignored (respectively pa and pap).

Description of relevant parameters
It can be seen that for every situation given in Table G.1 different parameters influence the
stability of the elements. An overview of these parameters is given in Table G.2.

Table G.2 Overview of parameters that influence the stability of an element under wave attack

no slope slope

friction coefficient (f) friction coefficient (f), slope angle (a)
drag and lift thickness (D), width (B) | thickness (D), width (B)

drag (Cp), lift (C\) drag (Cp), lift (C\)

friction coefficient (f) friction coefficient (f), slope angle (a)
only drag (C_. =0) | width (B) width (B)

drag (Cp) drag (Cp)

. friction coefficient (f), slope angle (a)
only lift (Cq = 0) Itl?t'c(‘g“)ass (D) thickness (D)
L lift (C)

Large scale physical model tests on the stability of geotextile tubes 5
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To determine the stability of a geotextile element in a theoretical way with the use of Equation
(6.24), one should determine the following parameters:

Friction coefficient, f
The friction coefficient between the element and its foundation layer can be determined by
performing friction tests such as described in Appendix H.

Ratio between length and thickness of element (a)
For several elements the ratio between B and D (A) is known:

Geotextile containers: B~ 35D (Recio, 2008) (6.25)
Geotextile tubes: D~ (1—/(1-p,))Dy, (CUR,2004) (6.26)
B=D+0.57(D,y,, —D) (CUR, 2004) (6.27)

Where p is the filling percentage and D1y is the diameter at 100% filling. Combining the
given equations gives:

1
B=|11-0.5z +——|D (6.28)
1-yd-p,)
Rewriting gives:
B 1
A=—=|1-0.571+ —— (6.29)
D 1-{d-p,)
Filling percentage of 80 %: pa=0.8 > A ~1.2
Filling percentage of 60 %: pa= 0.6 > A ~2.2
An overview is given in Table G.3.
Table G.3 Overview of length-thickness ratio for several types of geotextile elements
Type of geotextile element A
Geotextile container 5

Geotextile tube (60% filling) 22
Geotextile tube (80% filling) 1.2
Geotextile bag variable

Slope angle, a
The angle of the slope is known for each situation.

Coefficient for velocity in breaking waves, ¢
Pylarczyk (2000, section 5.5.3.1) uses a value between 1 and 1.5 for ¢.

Drag force coefficient, Cp and lift force coefficient C,

The drag force coefficient Cp and the lift force coefficient should be determined for each type
of geotextile element. Recio (2008) performed a literature study to find these coefficients but
concluded that the available results were not appropriate to assess the drag and lift
coefficients. Therefore, he performed systematic laboratory experiments for this purpose. This

6 Large scale physical model tests on the stability of geotextile tubes
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is only done for geotextile containers in various set-ups. In a typical set-up of geotextile
containers (a pile of geotextile containers with the crest container around the still water line)
Recio found a drag coefficient of Cp = 4~15 and a lift coefficient of 0.3~1.2. These values are
only given here to give an indication. However, for the various test set-ups, Recio found
different values for these coefficients. This illustrates the main problem of the theoretical
derived stability formulae against sliding.

G.3 Comparison of analytical model and practical application

G.3.1

The above described theoretical approach is usually not applied for engineering purposes
since the uncertainties in the several parameters is far too high (especially the drag and lift
coefficient). For practical reasons the theoretical derived formula’s are translated into a more
simple formula with a ‘dustbin coefficient’. This coefficient is based on extensive physical
model tests. The most applied stability formulae are those of Hudson and Iribarren:

H H 3K, cota
Hudson E<,3/KD cotr or —~ <X 2 (6.30)

AD 1.27
The Hudson formula is applicable for slopes not steeper than 1:1 and not gentler than 1:4.
The damage level is fixed, namely 0-5 per cent of the armour units displaced in the region of
primary wave attack. Usually a Kp value of 1 is used for structures with an impermeable core
and a Kp value of 4 is used for structures with a permeable core.

, H ' 5
Iribarren D <(f cosa xsina)N (6.31)

The coefficients Kp and N are waste bins for all kind of unknown variables and unaccounted
irregularities in the model investigations. The theoretical derived expression in this report is:

H D

Theoretical < (fcosa tsina) (6.32)
ABD  ¢*(C,+ fC, ) /

Theoretical (only drag) Ll < (fcosa tsina) (6.33)
AB ¢’C, a '

Similarities between the several approaches are clearly visible. The applied expression in
CUR (2004) is

H

Application (CUR,2004) - i (6.34)
"k

With Dy = D when are tubes perpendicular to wave attack.

Suggested stability parameter

It can be seen that Equation (6.34) is a very rough approximation. The use of the parameter
Dy (characteristic thickness) is very questionable since the width of the geotextile element
might also play an important role. (In case of only drag forces, the thickness of the elements
has no influence at alll) Therefore it is suggested to use the stability number as defined in
Equation (6.24).

H

ANBD

Suggested new stability number (6.35)

Large scale physical model tests on the stability of geotextile tubes 7
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H Determination of friction coefficient

H.1 Introduction
To determine the friction coefficient of the geotextile which has been used in the large scale
experiments some small scale experiments have been performed which are described in this
appendix. The theory of friction, the experiments and results are discussed.

H.2 Theory of friction
The friction of several components is tested by placing an element on a slope which is
increased by lifting the slope. At a certain moment the element starts to slide indicating that
there is no balance between the friction force and gravitation or:

G =F (7.1)
Reference is made to Figure H.1.
Gy Ft
(o
GL
a G
b
Figure H.1 Forces on an element placed on a slope

The gravitational force parallel to the slope is described by:
G// = G sina (72)

The friction force is described by:

F=fG. (7.3)
In which fis the friction coefficient between the element and the slope

And

G.= G cosa (7.4)

Combining Equations (7.1) until (7.4) gives the following relationship:
f=tana (7.5)

This implicates that, if the slope angle at which the element starts to slide is known, the static
friction coefficient can be determined.

H.3 Small scale experiments to determine the friction coefficient
Several small scale experiments have been performed to determine the friction coefficient
between the geotextile (Geolon® PE180) and concrete and geotextile-geotextile. An
impression of the experiments is given in Figure H.2

Large scale physical model tests on the stability of geotextile tubes H-1
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Variations in the tests are the direction of the geotextile (in a particular direction the geotextile
‘feels’ a little rougher) and the use of a wet or dry geotextile. Each tests is performed with a
concrete tile of 0.40 m x 0.40 m x 0.063 m with a weight of approximately 23 kg. The surface
of the concrete was smooth. (see also Figure H.2) After each test the length of the slope (¢)
and the length of the projection to the floor (b) has been measured. Based on these data, the
slope angle a and the friction coeffient are determined and shown in Table H.1.

Table H.1 Overview results small scale tests friction coefficient
Geotextile b c slope fric?ic_m
Test element surface p coefficient
on slope (m) (m) a(°) £(-)
1 |geotextile (dry, smooth) dry, smooth |1.744 |1.815 16.1 0.29
2  |geotextile (dry, rough) dry, smooth |1.745 |1.815 16.0 0.29
3 [geotextile (dry, rough) dry, rough |[1.669 |1.815 23.1 0.43
4  |geotextile (wet, rough) wet, rough |1.638 |1.815 25.5 0.48
5 [geotextile (wet,smooth) wet, smooth [1.690 |1.815 214 0.39
6 |concrete dry, smooth |1.590 |1.815 28.8 0.55
7  |concrete wet, rough |1.553 |1.815 31.2 0.61

H-2
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I Transmission coefficient and Energy losses

.1  Introduction
It is assumed that all the incoming wave energy (E) is transferred into:

1 Dissipated wave energy on substructure (Ess)
2 Dissipated wave energy on geotextile tube (Eipe)
3 Transmitted energy (E;)

The dissipated wave energy on the geotextile tube leads to forces on this tube. This is shown
in Figure 1.1.

Ei Ess Et
Ei Ess + Etube Et
Figure 1.1 Definition of energy

.2 Formula to determine ratio between effective and incoming wave height
The main interest is the ratio between the effective wave height on the tube and the incoming
wave height:

H E

s,tube tube
= = 8.1
x H, E (8.1)
Where:
X = ratio between effective wave height on the tube and incoming wave height (-)
Hswbe = dissipated energy on tube given as wave height (m)
Hs; = incoming wave height (m)

This factor x can be used to adapt the significant wave height in the dimensionless parameter
as described in Appendix G.

The effective wave energy on the tube is determined by comparing a situation where no tube
is applied and a situation where a tube is applied.

The following relations based on energy balance are applied (see also Figure 1.1):

With tube E=E +E, +E

tube 1,ss+tube

Large scale physical model tests on the stability of geotextile tubes 1-1
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Withouttube E, =E +E, (8.3)

Combining Equation (8.2) and (8.3) gives:

Elube = Et,ss - Et,xsﬂube (84)

With

El,ss = Clz,ssEi and El,ssﬂube = Ctz,xsﬂubeEi (85)
Equation (8.4) is now rewritten:

Elube = Clz,ssEi - Ctz,sxﬂubeEi (86)
Combining equation (8.6) and equation (8.1) gives:

Z = Ctz,ss - Ctz,ssﬂube (87)

CIRIA, CUR, CETMEF (2007) uses several prediction methods relating the relative crest
freeboard R./Hs to the coefficient of transmission C;. A simplified method is summarized in
Equation (8.8), Equation (8.9) and Equation (8.10):

-2.00< R, <-1.13 ; C =028 (8.8)
HS
-1.13< R <1.2 ; C =046-03 R (8.9)
HS s
R
-12<—<2.0 : C =0.1 (8.10)
H

N

For a smooth low-crested structure a formula has been developed within the DELOS project
(van der Meer et al, 2004):

C = (—0.3 R,
H

N

+0.75(1—¢ > )j cos?’ B (8.11)
With minimum and maximum values of C; = 0.075 and 0.8 respectively.
Where B is the wave angle and &, is the breaker parameter.

Since the above described parameters are known, it is now possible to determine the ratio
between the effective wave height on the tube and the incident wave height, .

1.3 Graphic presentation of reduction parameter x
Applying Equation (8.7) requires some calculation to determine the reduction parameter y,
which makes it difficult to use for a ‘quick’ calculation. Therefore a graphical application has
been derived which is described below.

Equation (8.11) is rewritten as

-2 Large scale physical model tests on the stability of geotextile tubes
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C=a R, +b
HS

With

a=-0.3cos*” 3

And

b=0.75(1-¢ **")cos?* B

Equation (8.7) is rewritten as

X = \’ C12,1 - C12,2
(8.12) in (8.15) gives:

) oNa 2ab
Z = (Rc,l - RC,Z )? + (Rc,l - RC,Z )7

N N

The following is assumed:

. The waterlevel is equal to the highest point of the tube: R  =-D
¢ Rc,2 = 0

(8.17) and (8.18) in (8.16) gives:

CREONCE
a=f(p)
b=f(£,.8)

¢,

The following condition is assumed:

Perpendicular wave attack: L£=0

1.4 Restrictions for applying the graph

Equation (8.11) is restricted for the following condition:
0.075<C, <0.8
This influences Ci4 (wave transmission when no tube is applied)

C,<038

Applying Equation (8.12) and (8.17) gives

a19+b<u8
H

N

Large scale physical model tests on the stability of geotextile tubes
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Rewriting gives:

H —a
s o (8.26)
D 08-b

According to CIRIA, CUR, CETMEF (2007) a transmission coefficient of C; = 0.8 should be
chosen if Equation (8.26) is not fulfilled. This results in values for the wave reduction
parameter x such as given in Table I.1.

Table I.1 Value of x below a threshold value of Hs/D
& | HJD< X
1 0.59 0.74
2 0.92 0.65
3 1.38 0.55

The design graph for conditions where 8 = 0° (perpendicular wave attack) is shown in Figure
[.2. This graph is based on Equation (8.19) and Table I.1.

1.00 -
0.90 —&=1 L.
0.80 &p=2 [

0.70 \
—¢&=3
0.60 - \
N\ \
X 0.50
0.40 -

I/
/

0.30 -
—_—

0.20 -

0.10

0.00 ——t —t

0 1 2 3 4
H(D
Figure 1.2 Design graph for determining x
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