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1. Purpose

The pumpo< of this engineer technical letter (ETL) isto describea coastal geotextile container and its potential use
for coastal eroson contral. Thediscussionindudes summary results of monitoring such an ingallation onthe guif
coast of Floridaover a4 year period.

2. Applicability

ThisETL appliesto al HQUSACE elements, major subordinate commands districts, laboratories, and separate field
opeating activities investigaing design alternatives for coastal erodon control and/or storm damage prevention
projects.

3. References
References can befoundin Appendix A.

4. Introduction

a. Thediscussionsof coastal eroson control structures in the Shoe Protection Manual

(U.S. Army Corpsof Engineers 1984 and othe USACE technical literature tend to emphasize conventional designs
usngtraditional engineering materias. Thisis notaltogeher unexpected, nor undesirable. Themany years of
performance experience with materials such as conaete, stone or sandfill in conventiond geometries providethe
basisfor congstent. reliable design approaches to eroson control and storm damage prevention. However, it isworth
noting tha even reinforced conaete was consdered an inno\ative and somewhat controversial condruction
material early initshistory. Moden coastal engineering practice requires demondration and testing of today's
innovaive materials and approaches in order to continuea postive evolutionin the profession.

b. Geotextile fabrics and similar materials represent onearea in which thereis aready some experience history. In
thelast 20to 25 years, the use of geotextiles has become relatively standad as an undelayer and filter mediafor
revetments and other armoring structures (see, for example, USACE 1980. A nunber of prototype designsfor large
sand bags and other fabric sand containers have been developeal and tested to some degree as reviewed in subsequent
sectionsof thisETL. However, jug as there were continuousand often dramatic improvements in the strength,
workability, and qudity control of conaete over the years, geotextiles also have changed to the extent tha the
prototype fabrics and designsof 25 years ago have only a passing resemblance to today's materials. Improvementsin
thefabric materials and lessonslearned from early indallationshave resulted in second and third generation designs

¢. TheProTecTubell shown in Figure 1 is a paented device condsting of a hollow, flexible geotextile tubewith a
three-cell cross section. It is principdly intended to befilled with sand and placed shore- parallel along a duneface,
eroding escarpment, or thetoeof afill sectionin order to retain the upland sediment and reduce the effects of eroson
duringrelatively low energy events. Other applicationsor configurationsare possible with prope enginesring
judgment. Thetechnology is discussed in greater detail beow.



ETL 11102-353
31 Dec 93

-— SAND-FILLED INTERNAL CELLS

APPROX.
1.5m

L : SCOUR APRON

49m >
Figurel. ProTecTubell crosssection

5. Background and Previous Experience

a. Planning and evaluating aterndives for erodon control or shoreline protection involves conddering a number of
general and site-specific factors leading to successful design and performance. Consderationssuch asthedesign
intent, local shorelineand profile characteristics, water levels, and wave conditionsare certainly critical. At the
same time, these paameters are also essentially common, or at least similarly treated, amongmog alternaives
consdered. By ther nature, however, geotextile structures have certain additiond design chalenges. This brief
backgroundsummary is intended to specifically raise thos issues for later comparison to present design.

b. There have been anumber of projects over theyears that used sand-filled geotextile containersin avariety of
configurations Several early indallationsincorporated Longad tubes, oneof thefirst patented produdts, or similar
"sausagecasng" designs, with circular cross sectionsand dianetersin therangeof 61to 178cm (24 to 70in.).
Interest in thetechnology in the United States gained momentum after large projects were condructed and monitored
on shorelines of theNorth Sea. The scopeof this ETL does not permit an exhaudive literature review, butthe
interested reader can easily find such references. For example, Armstrong and Kureth (1979)describetwo projects,
onein Belgium congructed in 1978,and onein the East Frisian |landson the German coast daingto 1972.The
Dutch and others extensvely used a (heach gridOformed by geotextile tubes to hold sand as toe protection for polder
dikes.

¢. TheCorpsof Engineers evaluated sand- filled containersin several more conventiond revetment-typeindallations
as pat of the Shoreline Erodon Control Demongration Program (Section 54) authorized in 1974by Public Law 93
251, Section 54 (USACE 1981) Many demongration sites were revisited by staff 5 years after the origind program,
and produd performances are further doaumented in USACE (1989)

d. These sources and others report very similar general problems with early fabric containers, similar modes of
failure where failure occurred, and similar recommended corrective actions

e. Assummarized in USACE (1981), thetubes were fundiondly effective only aslongas they remained structurally
soundand retained thar sand fill. The prindpd source of failure noted in the origind study was vanddism and the
secondwas accidental pundure by floating debris. Both problems were noted during initial monitoring at all Section
54 demondration sites, and the problems parallel the general experiences of other investigaors and regulatory
agendes with such prototypedevicesin Floridain the 19708and early 19808.

f. Thefollow-up to the Section 54 program (USACE 1989)foundtha noneof theorigind largetubes survived to the
revisit and cited pundure and deterioration as the causes. Interestingly, however, the same follow-up study noted tha
woven geotextile filter cloth used as undelayer in conjundion with other erodon control devices at the same sites
often withgoodthe elements, induding direct exposure to sunlight, much better than expected and was till
serviceable at thetime of therevisit. This suggests a strong performanae dependence on the actual materials
involved and on produd quality control, neither of which may have been adequae in the prefabricated container
segment of the geotextile indugry 15to 20 years ago.
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g. Thenext mog commonly observed problem with early eroson control tubes was scour of the fourdation sand
alongthetubeface, usually followed by significant differential movement. Often sectionsof thecircular tubesrolled
forward into ther own scour holes, and,in the extreme, rupture of the container resulted. This general situation was
also reported in all the projects mentioned abowe, induding those on the North Sea. One of the great advantages of
geotextile container isther flexibility during placement and ability to conform to irregular contours. However, once
they are completely filled, the excess water is drained, and they reach an initial equilibrium, they do not handle
subsquent large differentia strainsas well as might beimagined. The USACE (1981)report recommended theuse
of afilter-cloth founddion material with small-diameter toetubes and/or initial entrenching to reduce scour and
settlement

h. A find problem area noted in previousprojects was joint or overlap separations The points where the effects of
scour are especially likely to befelt are whereindividud containers meet, abut, or changeorientation. Largetubes are
nottypically structudly joined in thefield at these intersections(and probebly could notbe). Asareault, differential
movements can open ggos between adjacent segments. The Belgian project noted that water velodities resulting from
"back- rushing" waves and the largetides were very high and concentrated in these ggps, causng considerable loss of
upland sand from behind the devices.

6. Recent Design and Monitoring Experience

a. General. The present design evolved over time to incorporate feedback from early project experiences andto
specifically address problems such asthose summarized above This section describes such a structure in more
detail, induding performance monitoring.

b. General design features.

(1) Asshown in Figure 1. the structure is roughly right-triangular or wedge shgped in cross section with aflat botom
approximately 4.9 m (16 ft) wideandacrest height at thehed of 1.4 to 1.5 m (4.5 to 5 ft). depending on the degree
of fill. Thisresultsin an effective dopeon the seaward face of approximately IV on 3H to 3.5H. Theoutside surface
of thetubeis continuous butinternd patitionsdivideit into three vertical cells of decreasing height, creating a
dightly stepped face.

(2) Thetubeis prefabricated in a shop environment for maximumquality control and to allow for cusom lengths if
necessary. The geotextile used is atwo-layer material congsting of an impermeable liner fused to an extremely
durable "basket-weawe" exterior. All seams are both sewn with alike yarn and heat welded. The minimum tensle
strength of theexternd armor material is about140 kilograms per centimeter (780 poundsper inch), and the seam
weldsdevelop tha full strength.

(3) Indgallation consgsts of unrolling and postioning a prefabricated length of thetube(typically 30to 90 m) ona
roughly flat-graded or excavated section of theprofile at the predetermined design elevation. Theingdallationsto dae
have taken advantage of thefact tha theinne container is essentially impermeable and have initially "inflatedOit
with plain seawater. This allows for a doubk check on postioning, provides a minimumimmediate level of protection
to theupland and expedites subsquent filling with sand. A sand durry is then punmped in throughsuccessive small
openingscut throughthe geotextile. The punping rate is controlled to allow the durry water and any initia fill water
to dowly bedisplaced out thenext openingsand thusreduce the potential for voidsor soil bridging. The pipe
openingsare eventudly covered with paches of the same geotextile and field welded in place--the only such field
work performed.

(4) Thewedgecross sectionis specifically intended to improve the structure's rotational stability compared with
circular tubes or containers. The center of thewedgeis very low in the section and located toward the hedl. This
significantly reduces the potential seaward overturing moment even if thetoe should settle or excessive scour occur.
Since thefilled weight of the cross sectionis onthe order of 4.5 to 5.2 metric tonsper meter, diding stability is
exceptional, asisresistance to wave impad for the size waves possible in water depthsup to thecrest heght

(5) In afurther effort to address concern abouttoe scour, the device has been fabricated with an additiond 0.9-m-
(3-ft-) widepiece of geotextile attached to, and projecting beyond, thetoe as a scour apron. A small diameter
(approximately 0.3 m) tubeisformed alongthe seaward edgeof ~ "flap" and filled. Theintentistha during any
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severe proflle lowering or liqudaction, the small tubewill settle, draw thefabric apron down with it, and provide
some level of increased scour protection to the main structure.

(6) Adjacent segments alongthe shorelineare notstructurally joined, but are vertically overlapped to form a"keyed"
joint. Thisis accomplished by fillingthelast 6 to 8 feet of a segment to only hdf itsintended height The next section
of tubeis placed directly ontop of thepreviousone and adjuged so that thethree cells nest togeher. The overlapping
sectionisthen dso filled to hdf height, creating the net full heght and weight at thejoint This approach places mog
of thejoint "seam" in the horizontal plane and above the potentially mos active scour level. At thetwo terminal ends
of anindallationthetubealignment is turned landwvard to form a gentle tape'.

c. Performance

(I) This peformance discussion is based prindpdly on ademondrationingallation at Longbo& Key onthe
southwest coast of Florida As of thedae of thisETL, three similar projects have been congructed, induding an
earlier oneusng the same material, butasomewha different geometry than discussed here. Theother two projects
werein Vero Beach, Florida and Daytona Shores, Florida All three projects were built unde Florida Department of
Natural Resources (DNR) permits, and the department can provide basic information aboutthem. However, the
Longboa Key project was chosen as thereference example for this review because more detailed monitoring was
peformed.

(2) This project initially congsted of a 182-m length of tube(two abutting 91-m prefabricated segments) placed
shore-paralel landward of the high water linein 1988 (see Figure 2). Theneed for the project resulted from many
years of continuing shoreline recession which findly reached the point where an upland swimming pool and other
amenitieswere in dange of loss from relatively minor, high frequency seasond weather conditions Thethreatened
structures were originally condructed over a hundred feet fromthewaterline andlandward of a dure system with
elevationsin therangeof +2.13to +2.74 m (+7 to +9 ft) National Geoddic Vertical Datum(NGVD). A calculated
averageannualrecession rate at the site would bein therangeof 1.1 to 1.4 m/year (3.5 to 4.5 ft/year) over 17 years.
However, an average annud rate is somewha misleading because the patern of eroson loss onthe property was that
avery narow, steep foreshore remained reasonably stable during the mild conditionsprevaent mog of the year.
With even a modeate increase in water level andwave energy during typical winter frontal systems, the vertical dune
face would be undercut, causng a permanent anddispropottionate volunetric loss within a matter of hoursto days.

3.0
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Figure 2. Representative profile at Protect- Tube Il installation

(3) State regulatory policy at thetime discouraged the use of rock revetments, bulkheads, and similar "hard" armoring
to protect nonhaitable structures. The propety owners elected not to pursue a policy exception and selected the
ProTecTubell geotextile container ingead, prindpally because of a more rapid, lessintrusve indallation process
andin thehopethat the geotextile containers would allow for greater future access and use of their beach conpared
with conventional armoring. A 38-m (125ft) extensonwas added to theorigind length in 1990when bank
recession threatened an adjacent covered parking area. Both projects required FloridaDNR permits and conditionson
those permits require the propaty owner to place compatible uplandfill ontop of thetubeseasondly to replace any
runupinducd losses. No genera fill isplaced seaward of thetubes or on adjacent shoreline areas.
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(4) Monitoring has congsted of profile surveys twice ayear in early winter and summer. Twelve profiles are typically
surveyed induding three FloridaDNR stations-one at the project and oneeach 305m (1000ft) north and south--for
which backgrounddata exist back to 1974.Theother profiles are typically spaced at 61-m (200-ft) intervals across
and adjacent to thetubeand extend seaward to wading depths The daa are used to generate shoreline postion at the
time and to calculate volumetric changes since the previoussurvey and cumulative since theinitial installation. A
careful visud ingection of thetubeis aso performed to assess its general condition and note any damage.

(5) Themonitored structure is normally conmpletely covered by 15to 30cm (6to 12in.) of sand Themilder portion
of typical winter conditionswill periodically remove part of this covering and expose approximately the seaward
third of thetube Site visits hawe confirmed that sand often redeposdts over thetoe aswave conditionschange
During more energetic periodsof winter conditions, the entire sand cover will beremoved, exposng thefull sope
and recovery at thehighe elevationswill be dow and incomplete. Neither lateral nor cross-shore pedestrian access
isrestricted by theingallation during any condtions

(6) As noted above thelongterm trend in this section of Longboa Key hasbeen persistent shoreline recession. Over
the 15 years between a FloridaDNR baseline survey and ingallation of thefirst tubesegment, this propeaty eroded at
an annud averagerate of 2.53 cu m/m (1.01 cu yd/fft) of shoreline Thelossesin a 305-m (1,000-ft) section of
monitored beach beginning 61 m (200ft) from theend of thetubehave averaged about2.28 cu m/m (0.91 cu ydft) of
shoreline per year since theindallation. Thedifference in these two valuesis minor and is probably within the
accuracy of the measurements, indicating that eroson outside the protected area hascontinued at thehistorical pace.
An interesting footnote to this calculation is tha the eroson rate would be approximately 40 percent greater alongthe
same section of shorelineif losses were consdered only abovethe-0.9-m (-3-ft) NGVD contour rather than over the
full profile. This comparison confirms thene trander of sand from the duneand beach face to the offshore.

(7) During the monitoring period, a similar volumetric changecal culation based on the surveys within the protected
area suggests a net volumetric gain of about2.00 cu m/m (0.8 cu yd/ft) pe year. However, the tubeitself occupies
roughly 3.75 cu m/m (1.5 cu yd/ft) of shoreling, and there has been some minor replacement of the 15-cm sand cover
following theworst of thewinter conditions Even after consdering these volumes, a conservative interpretation
would still condudetha theingallation hasat least succeeded in offsetting the continued eroson atthesite. Itisaso
interesting to look at changes within the protected area, as before, above and bdow the-0.9-m (-3-ft) contour.
Appaent volumetric gans shown onthe profiles below this contour cannotre related to thevolume directly occupied
by the structure. Althoughthese gainsare modest, they clearly confirm thatthe profiles within the limits of thetubes
hawe not steepened during the monitoring, andif theincreases result fromthe covering sandlayer. the material
seems to beretained in theimmediate area.

(8) Thedeviceis notintended as the primary shore protection approach for low frequency, very high energy storm
events. Its behavior unde such events, however, is still of interest. There have been no direct hurricanelandfalls at
thedemongration site during the monitoring, but there have been severa other cases of relatively high water levels
and modeaate wave energy.

(9) For example, in Octobe 1990, Tropical Storm Marco passed immediately offshore from south to north and
entered TampaBay approximately 32to 48 km (20 to 30 miles) fromtheindallation site. A tidestation at St.
Petersburg/ Tamparecorded a maximum water level of elevation +1.22 m (+4 ft) NGV D, which is approximately
0.85m (2.8 ft) abovenorma mean high water. No gaugemeasurements are available at the site, but observers
reported that the mean water levels during the storm reached the crest of thelarger tube which averages +1.68 m
(+5.5 ft) NGVD elevation. This water level would correspondto roughly a 10-year return period event usngthedaa
and simulationsof Dean, Chiu, and Wang (1988) Breaking wave heights on thetubewere estimated at 0.9 m (3 ft).

(10) A detailed subssquent ingoection at the site showed that wave runupabovethe surge had eroded sand landward
of thecontaines at an elevation of +2.13t0 2.43 m (+7 to +8 ft) NGVD. A 30- to 45-cm- (1- to 1.5-ft-) high
escarpment existed abovethetubecrest, butbdow the upland dune which hastypical elevationsof +2.74 m (+9 ft).
No settlement, displacement, or danageto the containers wasobserved. The sandlosses described, within the
protected area, were minor while the adjacent duneescarpments typically receded 1.5 to 2.4 m (5 to 8 ft) landward
over thar entire 2.4- to 2.7-m (8- to 9-ft) height
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(11) As Hurricane Andrew exited the Floridacoast into thegulf in Augug 1992 it passed the monitoring area
roughly 240km (150miles) off shore. Tides at St. Petersburg were approximately 0.6 m (2 ft) abovenomal high
with windsat 17.9 m/sec (40 mph).

(12) In addition, at least two significant extra- tropical storms have also affected the area, on Octobe 3-4, 1992 and
March 12-13,1993 The 1992storm had awater level which reached elevation +1.01m (+3.3 ft) NGVD 0.64 m (2.1
ft abovenomal) with 18.8-nvlsec (42-mph) winds The March 1993storm produced water levels over +1.28 m (+4.2
ft) NGVD (0.91 m (3 ft) abovenomal high) and windsbeween 22 4 and 26.8 m/ sec (50 and 60 mph). During each
of these events, water levelsin thearearemained elevated abovenomal hightides for over 24 hr.

(13) All three events produced conbinationsof water level andwave heghts which overtopped the structure for
significant periods The effects at the site were very similar to those described for Marco: minorlosses landward of
thetubes at an elevation corresponding to the maximum wave runup and much more seriousunde cutting and full-
heght dunerecession in unprotected adjacent areas

(14) No net settlement or any other movement of the tubeor itsjoints, nor any appatent seaward scour, is evident
fromany of the surveys. No pundures, tears, or similar danagehave been noted during regular ingectionsor
special site visits following storms. The paches covering thefilling openingsare specifically checked, and there have
been some cases of patch lifting following die more severe wave condtions but no sand losses. There have notbeen
any signsof vanddism athoughsuch abuse would not belikely at the demondration site.

(15) Thebadc conduson which can bedrawn from almos 4 years of monitoring is thatthe tubehasbeen successful
in stabilizing the profile land ward of theindallation while the remaining sectionsof the property have continued to
receive sporadic erodon damageresulting in doaumented net retreat. Perhgoseven more importantistha the
shorelinewithin the structure limits did not achieve its appaent stability as aresult of an artificial cross section
protruding seaward and "fixing" thewaterline The surveys show fluctuating shoreline postionsat the structure
location, typical of seasonal and other changes expected on an otherwise unaltered profile.

(16) The project's success to date is not theresult of any newly discovered Gnagic,Obutis simply attributable to the
fact that thetubes are notin contact with thewaterlineduring average conditionsand fundion only to reduce the
effects of (modeately) elevated wave energy. When wave attack does occur, however, thevery flat structure slope
minimizes reflection and scour so that upland protectionis not producd at the expense of a further steepened
foreshore.

7. Installation Design Consider ations

a. Thepostion of the geotextile structure onthe profile is probably the mos important design consderation and
requires a careful analysis of the site anda clear definition of the project intent. If thedevice isintended astoe
protection for an upland duneor bluff, the existing profile provides the best evidence for harizontal postioning, and
theandysis can proceed to setting the necessary crest elevation based on wave runup.

b. As noted, the structure does not provide a high void cross section, nor significant surface roughnes. Runup
calculationsshould assume no less than 95to 100 percent of thesmooth dopepotential. Thedesign should rely onthe
flat dopeand arelatively landward postion to providethe energy dissipaion.

¢. Thecog of theingallation will vary depending ontheamountof initia profile preparation and grading, and onthe
source of sand used to fill thetubes. In some areas, such as mog of Florida sand to fill thetubes and to backfill the
finished profile landward of the crest mug be hauled in and may not betaken from the active beach area. Suppliers
have suggested overall codsfor atypical ingallation may be estimated at approximately $200per linear foot
(Octobea 1992prices) depending on punping or hauling distances.

d. Other potential coastal uses for geotextile container structures may betailored to specific needsusng available
information and life-cycle cog estimates.
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