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ABSTRACT: Pressure exerted by urban development, the increasesion on many
coastal stretches, and the rise in sea level dudittate change over the last few
decades have led governments to invest more irtatga®tection. In turn, a reduction
in costs and increases in ease of constructionratedof implementation have led to
sand-filled geotextile elements, such as bags, stulb@d containers becoming an
alternative or supplement to traditional coastaledee materials, such as rubble
mounds, concrete, and so on. But not all coaste¢zare appropriate for building sand-
filled geotextile element structures as coastakwefs. This article analyses zones
appropriate for locating geotextile bag revetmetatsprotect the coast from storm
erosion and concludes théetleast suitable zones are the surf zone (on an opast
and on a slightly protected coast) and also dedprwan an open coast), except if a
suitable reinforcement is carried out when the demaake necessary this kind of
defence.

ADDITIONAL INDEX WORDS: Geotextile bag revetments and coastal profile zones

INTRODUCTION

Sand-filled geotextile elements are three-dimeraioamponents made with sand-filled
geotextile materials. There are basically threeesypf sand-filled geotextile elements:
bags, tubes, and containers. These elements adetoskuild structures in coastal
engineering, such as revetments or breakwatees) afternative to traditional materials.
And as riverbank revetment stabilizatidhpugh the failure modes of such structures
are not well understood. The purpose of this paptr analyse coastal areas suitable for
the location of revetments of sand-filled geotextiag structures as coastal defences.
Wave heights are defined according to coastal lpratines and types of coasts. Wave
height limitations in geotextile bag revetment digbequations are calculated and
appropriate geotextile bag revetment locationsaa@ysed. Finally these appropriate
locations are validated with examples of structima#t in different countries.

The main work for improving knowledge on the pemi@ance of sand-filled
geotextile bags was recently undertaken and hangdive following results. Pilarczyk
(1996) defined several coastal defence systemgy upaotextile elements. Wouters
(1998) drew up a sand-filled geotextile bag revethstability equation. Oumeraei al.
(2002, 2003) performed reduced and large-scaleigdlyt®sts to draw up a submerged
sand-filled geotextile bag breakwater and revetrséattility equation. Mori (2009) and
Mori et al. (2008) examined the application of the stabiliyuation drawn up by
Oumeraciet al. (2003) for submerged geotextile bag structuresisidassanayake and
Oumeraci (2013) drew up a new equation.
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METHODS

Apart from its calculation or design, the type ebtextile structure chosen will depend
on the load stresses to which the structure isestdyl. The main load must be due to
wave action. The marine climate of the zone whaee dtructure is located must be
previously known.

Locations of geotextile structures on the coast

Waves incident on a structure may be considered freo complementary standpoints.
The first refers to the location of the structurighwespect to the profile of a beach and,
therefore, how its energy develops along the be@bk. second is the type of coast
where the structure is located and, therefore,ritemsity of the waves incident on it.

The location of the structure must be studied wébpect to the profile zone of the
beach and type of coast.

Beach profile

According to Weggel (1988), actions of waves inniden a structure along the profile
of a beach vary in intensity. From this standpolrd, differentiates six zones in the
profile of a beach, as the following figure sholgach one is expressed by one specific
equation.

Hresiduar Hb Ho

Exceptional tide

T~—

JJ: Tide

Zones 1 2 3 4 5 6

Figure 1. Detailed view of coastal profile zones, where: (1) - Dry beach, H=0; (2) and
(3) - Foreshore, H=0; (4) - Beach face, H=Hegqual; (5) - Breaker zone, H=Hpyeaker and
(6) - Deep water, H=H,. Source: Weggel (1998)

These equations are derived from a dimensionalsisahpplied to structure and beach
systems. There are four basic non-independent blasiamaking up each of these

equations in each zone. They are length (L), tie rhass (M), and force (F), related

through Newton’s second law, together with variableaking up each of these

equations in each zone. These agetlze semi-tidal range for the tide level, te rise

in sea level in a storm for a waves reach on tlestcdR, the run-up, as the reference
distance; D, the depth of water at the foot ofdtracture; X, the distance between the

shore line at half tide and the base of the stracts, the slope of the beach; and for
waves: H, high seas wave height, Wave period, and {Hlocal wave height.

2
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On the other hand, the following dimensionlessaladas were defined to determine
the effect of structures on coastal processeséit thcinity: Hy/gT? the deep water
wave steepness parameter; R/Hhe relative run up on the beach/revetment system
d/H,, the relative water depth at the base of the &trag Z/H,, the relative half-tide
range; Z/H,, the relative storm surge elevation anggq?, the dimensionless distance
of the mean tide level shoreline from the revetment

In zone 1, the structure is located outside theimam reach of the maximum
storm. This zone is described by the following eiuna

X, H, 1(Z VA R
e Gy @)
gT? gT2s \H; H, H,

The profile zone of a beach located outside theimamx reach of the maximum
storm corresponds to a dry beach. This part ob#seh is defined as the profile zone of
a beach between its land limit and the commencewietite beach front. Waves that
can reach this zone are usually negligible (wavghte H, ~ 0) and only happen in
extraordinary events. Wave actions that may theeefie expected on a geotextile
structure sited in this zone are practically neblegand, additionally, have long return
periods. Wave height is not the most relevant adiidbe taken into account.

In zone 2, the structure is located above the maxirsea elevation and below the
maximum run-up. This zone is described by the Withy equation:

fo 1l Zo) o Ky o o1 (e y To | R @)
gT2s \Hg = H, gT gT2s \Hg H, H,

As indicated in CEM (1995), the profile zone of aabh located above the
maximum sea elevation and below the maximum rumcarpesponds to the foreshore,
which is defined as the beach zone between thei@xpart of the berm and the limit of
the waves’ descent at low tide. Waves in this ppafone are not directly incident. Only
low-intensity wave heights are reached, originafmogn highly evolved residual waves,
H.~ Hesiqua® 0. Therefore, wave height may be considered malbttinegligible, with
only a low-intensity incident current of water. Gequently, the wave actions are nil.
Only the current of water due to the run-up’s fidavelopment should be taken into
consideration. Therefore it is not necessary tesssany consideration concerning
geotextile bags with respect to applying the rasis¢ equation due to waves, except for
highly extraordinary events.

In zone 3, the structure is located above nornagstiand below exceptional
elevations. This zone is described by the followeqgation:

o 1) < Ko Mo 1(Ta L) g

gT?2 s \H, gT? ~gT?s \Hy, H,

Similarly, the profile zone of a beach located abowrmal tides and below
exceptional elevations corresponds to the abovieetkéforeshore zone. Waves can only
be incident in zone 3 when exceptional tides owatlens occur, that is, with long
return periods. Even so, waves cannot be considesethy more than residual and are
incident with a flow of water pushed by a very laeight run-up, B~ Hesiqua® 0. So,
wave height cannot be considered in a formal senseather as a medium intensity
current of rising and falling water.

In zone 4, the structure is located inside thd tigiage with its base submerged
during part of the tidal cycle. This zone is ddsed by the following equations:
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Ky o Ho 1 (Z—) and L <Za (4) and (5)
gT gT~< s \H, Hy H,

The beach profile zone located inside the tidagjeacorresponds to what is called
the beach face (CEM, 1995). Waves which may appea geotextile structure located
in this zone correspond to residual waves, with iomadintensity wave heights, an
intermediate return period, and moderate crestthsndd,;~ Hiesiqua<< Hp. Actions due
to waves that might be incident on a geotextilecitire located in this zone are medium
in intensity.

In zone 5, the structure is located in the seaowat tide with its base always

submerged. This zone is described by the folloveiggation:
d _ Zg
Hy < H, (6)

The profile zone of a beach located in the seapwttide with its base always
submerged corresponds to the breaker zone (CEM)183eotextile structure sited in
this zone will be subjected to breaking wave actwith wave heights of a certain
intensity constantly breaking in the ®H, strip. The breaking waves and impact on the

structure must be taken into account for its desWjave actions to which a geotextile
structure located in this zone is subjected areetbee of a certain intensity.

In zone 6, the structure has foundations locateal éepth at which waves never
normally break. This zone is described by the foiigy equation:
Bod _Za 128 7)
Hj Hy Hy
Finally, the profile zone of a beach where wavegendreak corresponds to the
swash zone (CEM 1995). Wave action to which a g#ddestructure is subjected in
this zone of the beach profile is characterizedeasg due to developed waves,#+H,,
with high-intensity wave heights and long returmipds.

Table 1 shows the classification of load streseestich a geotextile structure is
subjected depending on the beach profile zone iohwihis located.

Table 1: Geotextile structure stresses according to the profile zone of the beach

Type of coast

The morphological structure of the coast and loratf a structure with respect to the
type of coast are essential for finding the streshee to wave actions that a geotextile
bag built coastal structure must withstand. In tustresses to which this type of
structure is subjected will be different dependimgthe type of coast where it is located.
As for any conventional coastal structure, waveseha be propagated from undefined
depths to the point where the structure is locatexder for the design wave height of a
geotextile structure to be determined.

If the structure is at undefined depths, the desigive height will be (His)
maximum. We shall call it 1 If the structure is sited at intermediate depttes/es will
have to be propagated from undefined depths tpdive where the future structure will
be located and the wave height reached will be determined due to the refraction
phenomenon. If, in addition, the point on the caasjuestion is protected from direct
waves, propagation will have to occur in order tlog design wave height affected by
refraction and diffraction phenomena to be deteeahin
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Depending on the degree of protection, the valudeheight of a wave originating
from undefined depths, Jiwill be amended. Thus we can class coasts as spehtly
protected, medially protected, protected, or hgapibtected. To these types of coast
must be added coasts such as enclosed riversriesfua bays where exterior waves
penetrate a short stretch and local waves are mngoertant. This type of coast is
classed as included and shown in Figure 2.

Enclosed

Heavily protected
(e)

Medially

O Protected

(c) Protected
(d)

Slightly protected WAVES
(b)

Figure 2: Potential schemes of coastal areas for placing geotextile bag structures.
Examples include: (a) Open, where waves are directly impacting; (b) Sightly Protected,
where intermittent waves are locally reduced, (c) Medially Protected, where waves are
marginally reflected by obstacles; (d) Protected, where wave height intensity is
significantly reduced; (e) Heavily Protected, where waves are highly diffracted.

An open coast is defined as a coast where wavegliggetly incident and no
interfering obstacle is present. This type of c@ggiears geographically at cliffs, open
beaches, capes, and reefs where there are no waliéamg obstacles. The only
phenomenon of wave modification is refraction. Aglsily protected coast is where
directly incident waves originating from deep wasee partially or locally reduced.
This happens when there is some obstacle in thereating a zone that mitigates wave
action in its shelter and, therefore, a zone watdslenergy. So, even though the wave
refraction phenomenon prevails, diffraction or som#her wave-energy-reducing
element can be observed. This type of coast apmeapen sheltered coasts in the
proximity of some obstacle or with nearby shallovkamedially protected coast is one
where waves are reflected when they encounter dbstan their propagation path and
protection is partial.

To the substantial refraction phenomenon is addiihction which increases in
significance and intensity. This type of coast @scum the partial shelter of islands,
capes, and so on. A protected coast is one where intensity is significantly reduced
by the presence of an obstacle and which is reachlgdoy diffracted waves. This type
of coast geographically occurs in bays with islanmuinsulas, and so on in front. A
heavily protected coast is only reached by highifyatted waves and wave heights are

5
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barely perceptible. This type of coast occurs wslands at the rear, inside bays and
inlets in heavily protected sites, and so on. Agl@sed coast is one where waves
penetrating from the outside sea are few and lecal-formed waves prevail. This type
of coast is associated with shallow coastal cotiemviand with adjacent, highly
sedimentary active coasts. It occurs in lagoonspnea, marshes, and fens.

When the purpose is to obtain a mere approximairorough estimate in order to
analyse whether a geotextile structure is suitbdsl@ certain location, an approximate
method may be used to obtain a value, with an dvepproximation. The method
consists of assigning an.i (Hy/3) maximum wave-height-reducing coefficient for an
open coast to other types of coast, as shown irioll@ving table. These coefficients
were obtained from our own work experience for aegie study case or pre-design. For
projects and more specific studies, they shoulddbeulated from wave propagations.

Table 2: Wave-reducing coefficients according to the type of coast

RESULTS

One of the key points in designing a geotextile bagcture is to know the range of
validity of significant wave heights. The methoddgftermining the range of validity of
significant wave heights consists of calculating bguation stability limitations.

Although some authors clearly indicate the waveglmevalidity range, others do
not and this may give rise to wrong use. This paatermines the range of validity for
the significant wave height, Hin the other stability equations, where they hawvé
been defined.

Variables taken into consideration in these stigbdquations are the significant
wave height [m]a = (ps — puw)/pw, the relative density of bags [-}; the maximum bag
length [m]; D= |'sina, the width of bag layer [m§, the slope of structure [°]; agd

tana

=T Iribarren number [].
(i)

The width of bag layer is partly depending on thanmer in which the geotextile
bag elements are installed. There are two most acomimstallation geometries, in a
horizontal placement with approximately 50% oveib@pween adjacent geotextile bags
and adjacent geotextile bags placed against ed@r oh the slope. In this paper it is
considered the first installation, however in tkeand one the width of bag layer is the
width of the geotextile bag element.

Pilarczyk’s equation (1996), which is valid K 3, is expressed as follows:

Hs _ 5. .£-1/2
p =25 cosa-§ (8)

As the author himself points out, the significargwe height for designing a sand-
filled geotextile bag structure should be lowemtia5 m without ever exceeding 2 m,
in order to guarantee stability.

Wouters’ equation (1998) for revetments is expre@ssefollows:
Hy _ 20
AD - \/% (9)

The maximum value that the significant wave heigdrt reach while guaranteeing
the stability of a geotextile bag revetment is daiaed by calculating the values of the
variables in equation (9), maximum relative density of the geotextile bagsat to 1,
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considering that it varies between 0.9 and,l;minimum Iribarren number [-], as
Figure 3 shows, equal to &, maximum slope of the structure [°], since the imos
common values for the slopes of a beach are 1123oand as the slope of the structure
is the same as the beach where it is located,uatgte with a 1:3 slope or, in other
words, a structure with an 18.4° gradient, is takém consideration; D, maximum bag
layer width = }-sino [m] (Recio and Oumeraci, 2008); and the maximum leagth is
obtained from the expression (10), in which theatgst admissible volume of geotextile
bags taken into consideration was % m
v=E
10
Thereforei, = ¥10-V = ¥10-5 = 3.68 m, Where the maximum bag layer width is
D = 3.68sin 18.4 = 1.16 m. kally, the maximum significant wave height to wiia
revetment made of sand-filled geotextile bags magubjected whilst guaranteeing the
structure’s stability is found by replacing theiaates in (9) and is 2.32 m.

(10)

The minimum value that the significant wave heigiaty reach whilst guaranteeing
the stability of a revetment made of sand-filledotgatile bags is determined by
defining the following values of the variables metforegoing expression (), the
minimum relative geotextile bag density and is ¢4o®.9;¢,, the maximum Iribarren
number [-], as shown in Figure 3, and is equal Ipal the minimum slope of the
structure [°] and is considered to be 18.4°; D miv@mum width of the bag layer and is
equal to §sino [m] (Recio and Oumeraci, 2008). The least admissiblume is 0.05
m® (Lawson 2008), thereforé; = ¥10-V = ¥10-0.05 = 0.79 m. And he minimum
width of the bag layer iB = 0.79sin 18.4 = 0.25 m.

Finally, by replacing the variables in (9), it muhd that the minimum value of the
significant wave height that bags can withstand®.53 m. The limit values of the
significant wave height to which a sand-filled gedile bag built revetment may be
subjected, whilst guaranteeing its stability acauydo the Wouters equation (1998), lie
between 0.13 and 2.32 m.

S8 —— design curve
X Jacobs & Kobayashi, 1983
0O  Tekmarine, 1982
% V  Porrazetal., 1979
4.0 kS
X
X
H/AD X X‘ X
3.0 F— —— .
x ]
v
v
AV i v
2.0 ~—_ <
s 2
—
\\‘
1.0 I —
0
0 2 4 6 8 10 12
_ _tga
° ThiL,

Figure 3: Design curve in which relates variables H/AD (Sability number) and &,
(Iribarren number) considering stability test results of three different authors (Jacobs
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and Kobayashi, Tekmarine and Porraz et al.). Source: Pilarczyk (2000)

Oumeraciet al. (2002, 2003) differentiated the location of bagsthe structure
itself into two types in order to define the stabilequation. On the one hand, they
considered bags located on the slope of a revetar@hton the other, bags located at
the top of a revetment.

The equation of Oumeraet al. (2002, 2003) for geotextile bags located on the
slope of a revetment is expressed as:

Hs _ 28
AD  [E, (11)

The limit values of the significant wave height ti,e Oumeraciet al. equation
(2002, 2003), which guarantee the stability of shihed geotextile bags placed on a
revetment slope, are determined by the same proeedudescribed earlier. The limit
values of the significant wave height to which sétidd geotextile bags located on a
revetment’'s slope may be subjected whilst guaramge¢he structure’s stability
according to the equation of Oumereical. (2002, 2003) lie between 0.18 and 3.25 m.

The Oumeracet al. (2002, 2003) equation for geotextile bags pladdtetop of a
revetment is expressed as follows:

Hs R
ap <079+ 0.09 e (12)

According to the equation of Oumeraatial. (2002, 2003), the significant wave
height guaranteeing the stability of geotextile oéarated at the top of the revetment
slope will lie between 0 and 0.92 m.

The equation of Mori (2009) and Most al. (2008), for submerged structures of
sand-filled geotextile bags, is formulated in treeme way as equation (11). The
maximum value that the significant wave height caach whilst guaranteeing the
stability of submerged sand-filled geotextile bagctures according to the equation of
Mori (2009) and Moriet al. (2008) is determined by the same procedure agidedc
earlier. The limit values of the significant waveigiht to which submerged sand-filled
geotextile bag structures can be subjected whilatapteeing stability according to the
equation of Mori (2009) and Mos al. (2008) will be between 0.18 and 3.25 m.

It must be borne in mind that neither the structufeeeboard nor its height have
been taken into account in applying this equafidrese measurements are fundamental
for finding the load stresses on such a structaraddition, the valid wave height range
is assumed to be that impacting on the structurd,therefore the height, ;Hwhich
over-runs the structure and impacts on submergedtstes, should be determined by
the wave theory for design projects. However, weildirefer to err on the side of
safety by taking the limitation af, as H.

The new stability equation developed by Dassanayaide Oumeraci (2013) for
submerged structures is as follows:

Ns §0=A(ﬁ-i)2+3(?g)+c (13)

H &
where A, B, and C are parameters obtained by ecapiests [—].
Table 3, below, shows the values of the A, B, angb€meters for the three cases

taken into consideration in the tests performed determining the new stability
equation mentioned.
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Table 3: Empirical parameters of the Oumeraci and Dassanayake equation (2013)

The geometric proportions of the geotextile bagpleyed in the reduced scale
model, 10:5:1, are used to determine the signifieaave height limitations of this new
stability equation. Bearing in mind the maximumurmk of 5 ni of currently made
geotextile bags and knowing the length of the gaidéebags in the reduced scale
model, that is, 0.14 m, we obtain the following:

The volume of a full geotextile bag in the modeVis = a-0.5a-0.1a = 0.08, and
the volume of a current geotextile bag is Vr =5 m

Considering W = V; — 0.05 & = 5— &= 4.6 m and the scale factor = = %= =
0.14

M4 _003=ScaleE=:=-L1 5E=33
4.6 A 0.03

Therefore, the significant wave height limit values which a submerged sand-
filled geotextile bag structure is stable will befallows, for the new stability equation
developed by Dassanayake and Oumeraci (2013):<lHb< 7.92 for 80% filled non-
woven bags, 1.32 Hs < 3.63 for 100% filled non-woven bags, and 2<83Hs < 5.28
for 80% filled woven and non-woven bags. The raofyealidity of a significant wave
height to which a submerged sand-filled geotextiég) structure can be subjected,
whilst guaranteeing its stability according to thew equation, will be greatest for 80%
filled non-woven bags: 1.65 mHs< 7.92 m.

DISCUSSION

Not all places on the coast prove suitable foruse of certain sand-filled geotextile bag
structures. Therefore, considering the previouslsfggmed coastal zoning both along
the longitudinal profile of a beach and the diffaréypes of coast, those coastal zones
where revetments with sand-filled geotextile bags lbe located and, consequently, the
zones where they may be used are discussed inséloison. Since wave intensity
occurring in zones 1, 2, and 3 of the longitudipedfile of a beach is practically nil
under normal conditions, no distinction is madenMeein these zones and they are dealt
with as if they formed a single zone.

Equations for designing this type of structure @adimitations in significant wave
height are taken into consideration in determinsngtable coastal sites for locating
geotextile bag revetments. The range of limitationsignificant wave height, from 1 m
to almost 8 m, is very wide. So, it will be morevesdble to use the formula of
Dassanayake and Oumeraci (2013) than the formulRilafczyk (1996) for all the
zones of the coastal profile. The latter can orgyused when the significant wave
height is less than 2 m.

Zones 1, 2, and 3 of the longitudinal profile of &each

To ensure greater safety in relation to structtabikty, only the top values of the range
of significant wave height validity in the equatsowill be taken into consideration.
This is due to the fact that the highest signiftcaave heights make structure stability
precarious.In turn, the position of bags in the structure litseust be differentiated
when the design is carried out using the Oumestaadi (2002, 2003) equation.

If a sand-filled geotextile bag revetment is lodait@ zones 1, 2, or 3 of the profile
of a beach corresponding to a dry beach and alforesas defined earlier and, in turn,
this beach belongs to an open type of coast, tluetate may be designed with the
equations defined, because wave heights do noedxbe limits of 2, 3.25, or 7.92 m,
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obtained earlier. Consequently, the structure nealpbated in these open coast zones.

Since the remaining types of coasts designatedligistlg protected, medially
protected, protected, heavily protected, and eediage more sheltered than an open
type of coast, wave actions to which a sand-filedtextile bag revetment located on
these types of coast is subjected will be loweintensity than wave actions to which
the structure would be subjected on an open tymeast. Consequently, the significant
wave height will be lower, mostly meeting the liatibns indicated. This structure,
located on these types of coast and in zones dr, 2,0f the longitudinal profile of a
beach, may be designed with the above-indicatedtmms.

Zone 4 of the longitudinal profile of a beach

If a sand-filled geotextile bag revetment is sit@done 4 of a beach profile and belongs
to an open coast type, waves to which it is subgeetill be moderate in intensity and

the wave height will be the residual type, as iathd earlier. Wave heights will not

then exceed the limits established, namely 2, 325,92 m. This structure located in

the said zone may be designed with the equatiatisated earlier and may be sited in
zone 4 of an open coast profile.

A structure located on the remaining types of assubjected to wave action that
is lower in intensity than the waves to which aisture sited on an open type of coast
would be subjected as these are more shelteretiscddken located on the remaining
types of coasts, this structure could be designiéd tve equations indicated since the
wave height values do not exceed the limitatiogsired.

Zone 5 of the longitudinal profile of a beach

In zone 5 of the longitudinal profile of a beachresponding to the breaker zone and
belonging to an open coast type, the wave heightshich a sand-filled geotextile bag
revetment structure will be subjected show a heaigcharge of energy and,
consequently, wave heights may exceed some ofithigs.| This means that such
equations cannot be used for designing this typsratture. As a result, its use in this
zone is not recommendable.

If a sand-filled geotextile bag revetment is sited¢one 5 of the profile of a beach
corresponding to the breaker zone belonging toightsl protected and medially
protected coast, the wave action to which this cttine is subjected will be:

Hcgeotextile = HO ' Cprofilereducer ' Ccoastreducer-

As the geotextile structure is located in zone %hef coast profile of the breaker
zone, a wave height coinciding with the breakerevagight (H) should be considered.
When it is located on slightly and medially proezttoasts, wave action will decrease
by approximately 20 and 40%, respectively. Wavelhsi of 0.8 and 0.6 of this value
should be use(,qstrequcer = 0.8 and 0.6).

The calculated wave heights for a sand-filled gedeestructure located in zone 5
of the beach profile belonging to slightly and nadigt protected coasts will therefore be
Hcgeotextite = Hp = 0.8 and Hegeotextite = Hp * 0.6, respectively.

Then, the breaker wave height would have to beajieed to be less than 2.5 or 4
m as indicated in order to design a sand-filled agtment located in zone 5 of the
longitudinal profile of a beach belonging to thiglstly protected type of coast using the
Pilarczyk (1996), Wouters (1998), and Oumeretial. (2003) equations, and the
breaker wave height would have to be guarantedx tess than 9.9 m when using the
Dassanayake and Oumeraci (2013) equation. Othenwsseise in this zone is not
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recommended.

The wave breaker height would have to be guarariteée less than 3.3 or 5.3 m,
as indicated, to be able to use the foregoing epsmto design a sand-filled geotextile
bag revetment located in zone 5 of the longitudprafiile of a beach belonging to a
medially protected type of coast and the breakevewheight would have to be
guaranteed to be less than 13.2 m when using tseadbayake and Oumeraci (2013)
equation. Otherwise, its use in this zone is nhcomemended.

In the event of designing a structure using the €nawiet al. (2003) equation,
account must be taken of the position of the baghe structure itself. The foregoing
considerations would only be valid for bags locaiadhe revetment’s slope.

Then, in order to locate geotextile bags belongmthe crest or top of a revetment
located in zone 5 of the longitudinal profile ob@ach belonging to a slightly protected
coast using the Oumeragtial. (2003) equation, the breaker wave height would have
be guaranteed to be less than 1.25 m for a sligitifected coast or less than 1.67 m
for a medially protected coast. Otherwise, itsigg®t recommended.

If a sand-filled geotextile bag revetment is lodate zone 5 of the profile of a
beach belonging to a protected, heavily proteate@nclosed coast, the wave action to
which the structure is subjected will be residutlis therefore within the range of
validity of the wave height where the design eduretiof Pilarczyk (1996), Wouters
(1998), and Oumeracét al. (2003) may be applied for calculating its desigrd a
stability.

Zone 6 of the longitudinal profile of a beach

In the fully developed wave zone of the longitudiipeofile of a beach belonging to an
open type of coast, the wave heights to which atregnt type of structure is subjected
are those evolving from the high seas, td intermediate depths, §’and it cannot,
therefore, be guaranteed that its value will béwithe range of values in which design
equations of geotextile bag revetments are appécdlnerefore, structures of this type
cannot be designed in general in this zone of thél@ and for this type of coast.

If a sand-filled geotextile bag revetment is plashne be located in zone 6 of the
profile of a beach belonging to a slightly proteicte medially protected coast, the wave
action to which this structure would be subjectedul be: H geotextie = Ho -

Cprofile reducer ’ Ccoast reducer-

Considering the same procedure as for zone 5, fearal-filled geotextile bag
revetment located in zone 6 of the profile of adhehelonging to a slightly protected
type of coast, a more detailed analysis would hi@véoe performed to determine
whether the wave height to which the said revetnvemtild be subjected would be
higher than 2.5, 4, or 9.9 m. Should the maritim@ate in the zone give higher wave
heights, it would not be appropriate to use thedomg equations. It would not be
advisable to design a sand-filled geotextile bagetrment located in zone 6 of the
profile of a beach belonging to a slightly protect®ast with the equations indicated.

For a medially protected coast, the height of treves to which a sand-filled
geotextile bag revetment would be subjected woeldelss than 3.3, 5.3, or 13.2 m, in
cases of heavy storms. The equations of the afergomed authors would thus be valid
and it could be sited in that zone on that typeaafst.

If a sand-filled geotextile bag revetment is sited¢one 6 of the profile of a beach
belonging to a protected, heavily protected, oitesexl beach, the waves incident on the

11
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structure will be similar to high sea wavesg)\Hwith wave heights under normal
conditions of less than 5, 10, or 20 m when tal@ngrczyks (1996) and Wouters (1998)
equations into account and less than 8, 16, anch 3¢hen taking the Oumeraei al.
(2002, 2003) equation and the Dassanayake and @uomgO013) equation into
consideration. It may therefore be sited on thietgf coast and in that zone.

In summary, Figure 4 shows different zones of thegitudinal beach profile
(vertical) and different types of coasts (horizént&uitable, doubtful, and unsuitable
locations are given for carrying out the desigmgsaquations relating to the stability of
a sand-filled geotextile bag revetment and, theegfior its location.

Having determined the significant wave height limélues in the equations of
stability design for geotextile bag revetments dheir suitable locations, they are
finally validated with the behaviour of seven exaespbuilt in different countries. The
revetments and their main properties consideredoaaged on the following beaches
(countries) and, as Figure 4 shows, all of thesetments are located in appropriate
locations.

REVETMENT TYPE OF COAST
PROFILE i ; ;
Open | Slightly | Medially | protecteq | HeaVilY
ZONE P protected | protected rolecie protected Emelose
R2
Zone1,2,3 | R4 Eg R1
R7
Zone 4 R3
Zone 5
Zone 6
Appropriate Inappropriate Doubtful

Figure 4. Summary of coastal sites for placing geotextile bag revetments by comparing
the significant wave height of the site with the limits obtained from the equations
previously indicated. In the inappropriate sites, significant wave height is usually

bigger than those limits. Therefore, geotextile bag revetments cannot be designed. In
doubtful sites, significant wave height could be bigger than the known limits, so it
should be necessary to investigate more. R1, R2, R3, R4, R5, R6 and R7 are seven
examples of geotextile bag revetments.

On Jumeirah Beach (Dubai, United Arab Emirates, evetment named R1 is
built with geotextile bags weighing 2 T on the #opf the revetment and with
geotextile bags weighing 5 T at the toe. As itosated in zone 3 of the beach profile

12
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(Ho J0) and on a medially protected coasf éH,- Cr=0-0.6 = 0 m), R1 is located in a
suitable zone and can be designed with all equatiooluding Pilarczyk’'s (1996),
which is the most restrictive. On Stockton BeacleWNSouth Wales, Australia) the
revetment named R2 is built with geotextile bagghiag 2 T. It is located in zone 3 of
the beach profile ({1 0) on a slightly protected coast(H Ho,-Cr=0-0.8 = 0 m), so it
is located in a suitable zone and can be desigritadall of the equations. On the beach
located at the mouth of the river Maroochy (Queams] Australia), the revetment
named R3 is built with geotextile bags weighing .2Ldcated in zone 4 of the beach
profile (H, O Hresiaua) ON @ heavily protected coastqH Hy: Cr= Hiesiguat 0.2), R3 is
located in a suitable zone and can be designedallithe equations. On Kelso Beach
(KwaZulu-Natal, South Africa), the revetment nanfi&tlis built with geotextile bags of
2.3 x 2.0 x 0.6 m volume. Located in zone 4 ofltkach profile (K 10) on an open
coast (H = Ho,-Cr=0-1 = 0 m), R4 is located in a suitable zone anmdkzadesigned
with all the equations. On Amanzimtoti Beach (KwagNatal, South Africa), the
revetment named R5 is built with geotextile bag2.8fx 2.0 x 0.6 m volume. Located
in zone 3 of the beach profile {1 0) on a slightly protected coast{H H,-Cr=0-0.8
=0 m), R5is in a suitable zone and can be dedigih all equations. On North Beach
(East Cape’s Jeffrey Bay, South Africa), the revmtmnamed R6 is built with
geotextile bags of 2.3 x 2.0 x 0.6 m volume. Lodatezone 3 of the beach profile {H
(00) on a slightly protected coast{H Hy,-Cr=0-0.8 = 0 m), R6 is in a suitable zone
and can be designed with all the equations. Onykgadlach (Port Alfred, South Africa),
the revetment named R7 is built with geotextile baf 2.3 x 2.0 x 0.6 m volume.
Located in zone 3 of the beach profile, (HO) on an open coast (i Hy-Cr=0-1=10
m), R7 lies in a suitable zone and can be desigmtdall the equations.

CONCLUSIONS

Structures built with geotextile components or edate arise due to a need to build
emergency structures to prevent the collapse aftabhuildings that are in danger due
to storm erosion. Their main characteristics aeegihick rate at which they can be built,
their low cost due to the use of materials fromzbee, and low maintenance.

Not all places on the coast are suitable for the afssand-filled geotextile bag
revetment structures. The most appropriate zoneddsigning and, as a consequence,
using sand-filled geotextile bag revetments arallgthe dry beach and very shallow
water zones without reaching wave breaker depthemxon heavily protected coasts.
Inappropriate zones for designing and locating ddled geotextile bag revetments are
profile zones 5 and 6 on open coasts and profitee Zo on slightly protected coasts,
except if a suitable reinforcement is carried obew the demand make necessary this
kind of defence. And doubtful zones for designimgl docating sand-filled geotextile
bag revetments are profile zone 5 on medially ptetk coasts and profile zone 6 on
slightly protected coasts.

When designing a sand-filled geotextile bag revetmée limitations of wave
height in stability equations and appropriate arefaghe coast should be taken into
account since not all equations are suitable fergiéng these structures in all zones.
The most restrictive equation is (8) (Pilarczyk9&p because it can be used when the
significant wave height is Hs < 2 m. However, egquat(13) (Dassanayake and
Oumeraci, 2013) is less restrictive because it lmarused when the significant wave
height is Hs < 7.92 m, and, therefore, in a greatenber of locations on the coast.
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