What is a Geosystem?
Why is There a Need for Geosystems Design?

Materials and Testing
» Different types of geosynthetics
e Testing of the properties (mechanical and
hydraulic)
* Modelling — large scale testing

Design Rules

Geosystems & Design tools



“Geotextile-encapsulated sand elements are three- dimensional systems
manufactured from textile materials that are filled with sand. They form a sub-group
of a wider system of geosynthetic solutions for erosion control that are known as
Geosystems. These elements are used in hydraulic engineering structures such as
dams, dykes, and breakwaters as an alternative for quarry stone e.g., as core

material. They may also be used for bottom or bank protection or to fill up a scour
hole.”

Geosystems. Design Rules and Applications
A. Bezuijen & E.W. Vastenburg



Accelerated erosive process around the world

Crescent necessity to protect coastal and inland
shorelines

Several types of geotextile-encapsulated sand elements
(Geosystems)

Each Geosystem has its own fabrication method and
solves different types of marine challenge

Sand is the world’s most consumed raw material after
water, so why not to do our best to protect it?
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speed trains and even land regeneration projects. Sand,
crushed together are melted down to make the glass us:
computer screen and smart phone, Even the productior

sand.

Yet, the world is facing a shortage —and climate scienti

one of the greatest sustainability challenges of the 21st
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WAIT, WHAT? SHORTAGE OF SAND?




MATERIALS AND TESTING

* Raw Material
* Polyester
e Polypropylene
* Polyethylene

* Specific Gravity(*)

* Type of Geotextiles
* Nonwoven (*)
* Woven
* Geocomposites
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* Pore size distribution
* Permeability

e Tensile Strength (Machine Direction and Cross Machine
Direction)

e Seam Strength

e UV resistance

e Abrasion

* Impact

« Fill Port

* Modelling (Stability in Waves)

e Liquefaction

* There are several types of geosynthetics in the
market

* Geotextiles and Geocomposites are the main
category for Geosystems

e The fabrication material selection should take into
consideration:
e Raw Material v/

* Fill Material
* |nitial loss during filling process is ok,
however there must be no loss of fill
material over time.
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* Permeability
e Hydraulic Load
e Stationary
* Dynamic

¢ Fill material vs. Fabrication material
e Pore size distribution vs. grain size
distribution

e Combination of Fabrication Materials
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PERCENT PASSING
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e Tensile Strength and Strain
* The tensile strength and seam strength must
be sufficient to resist the loads impacted
during the filling, transporting and
placement of the elements

* Woven geotextiles generally have relatively
high tensile strength and a low maximum
strain, while nonwoven geotextiles have a
relatively low tensile strength and a high
maximum strain

Repetitive Load Testing (Dewatering)

Tage

L=

1(109.4)

] {max.)

High Strength Polypropylene Woven Geotextile
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* Type of Seam
* The overall strength of sand filled element
is in many cases governed by the strength
of the seams

* The seam strength depends upon its type,
the thread, the geotextile and the sewing
machine (number of stitches/needles,
number of rows)

* There are several types of seams



| Prayer Seam |

=

Inverted Butterfly Seam

| Butterfly Seam |

| “)” Seam |

| Double “})” Seam |

Overlap Seam

We can always
combine seam types
when combining
different types of
geotextiles.

Damage During Installation

Durability
* UV exposure
e Temporary
* Permanent
e Covered or not
e Wave attack, Debiris...

Aesthetics
e Color, Texture...

Environment

* Boats

* Rocks

* Existing structures
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Permanent?

Installation Method?

Exposed?

Underwater? Temporary?

v' Pore size distribution

v Permeability

v’ Tensile Strength (Machine Direction and Cross Machine

Direction)

v’ Seam Strength

UV resistance

Abrasion

Impact

Fill Port

Modelling (Stability in Waves)

Liquefaction
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96.5

UV Resistance (retained tensile
strength after 1400 MJ/m2 exposure)

EN 12224/EN
12226

50
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— Earth’s Surface Annual Average Insolation Chart

Map of Earth’s surface annual average insolation in kwWh/m?/day over 22 years (Chandler et al 2010)

Study by NASA Langley Project

First, determine the
annual average surface
solar insolation at a
specific location.

For example, Auckland,
New Zealand is in the
zone of 4.5t0 5.0
kWh/m?/day)
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- Laboratory Accelerated UV Test (EN12224)

Accelerated test

UVA-340 lamps has excellent simulation for sunlight UV-A spectrum from 295 nm to
340 nm; beyond 340 nm lamp radiation deviates from sunlight spectrum

Explained in EN 12224:2000, Note 2:

— The durations required to reach a radiant exposure of 50 MJ/m? have been shown to
be approximately

* 320 h for devices with a combination of fluorescent UV lamps;

* 350 h for devices with type | (340 nm) fluorescent lamps if the lamps are left on
during the water spray;

* 430 h for devices with type | (340 nm) fluorescent lamps if the lamps are turned
off during the water spray.
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- Laboratory Accelerated UV Test (EN12224)
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QUV Test Machine
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- BW1200 Multiple Cycles UV Tests

96% MD residual strength after 20 cycles or 1000 MJ/m? UV exposure
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— Estimation of UV Half Life

The conversion of units are as follows; 1 kWh = 3.6 MJ, therefore 1 kW/m?/day = 365 kWh/m?/year = 1314 MJ/m?/year. The ratio of UV radiation to total solar
radiation for South Florida was determined as 1:20 in the studies by Baker (1997). The same ratio is assumed to apply to the project sites presented in Table below.
Estimation is conservative as any cover effect of lodged particles are ignored.

Earth’s surface annual | Examples of cities Upper bound annual solar Annual UV Time to 96 Projected
insolation zone located in the zone insolation at site radiation at % strength UV half life
site at site at site
(kWh/m?/day) (kWh/m?/day)  (MJ/m?/year) (MJ/m?/year)  (year) (year)
2.51t03.0 London, Amsterdam 3.0 3942 197.1 5.23 65
3.0t0 3.5 Otago, Vancouver, Paris, 3.5 4599 230.0 4.35 54
Quebec
3.5t04.0 Seattle, Sapporo, 4.0 5256 262.8 3.81 48
Christchurch
4.0t04.5 Tianjin, Seoul, Horbart, 4.5 5913 295.7 3.38 42
Tokyo, New York
4.51t05.0 Xiamen, Sydney, Kuala 5.0 6570 328.5 3.04 38
Lumpur, Auckland
5.0t0 5.5 Ho Chi Minh, Jakarta, 5.5 7227 361.4 2.77 35
Tampa,
5.5t06.0 Maldives, Lhasa, 6.0 7884 394.2 2.54 32
6.0t0 6.5 Qatar, Alice Springs 6.5 8541 427.1 2.34 29
6.5t07.0 Broome 7.0 9198 459.9 2.17 27
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v Pore size distribution

v Permeability ’P

v’ Tensile Strength (Machine Direction and Cross Machine
Direction)

v Seam Strength

v UV resistance o’
e Abrasion 2
* Impact

« Fill Port

* Modelling (Stability in Waves)

* Liquefaction
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BAW Slurry Abrasion Test
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BAW RPG 3.11 Slurry Abrasion Test

Geocomposite

200/200 Woven Geotextile
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ASTM E1886 Hurricane Impact Test (video)
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ASTM E1886 Hurricane Impact Test

Hurricane Impact Testing Results:

Three impacts @ 103km/h (64 mph)
Minimum surface damage

No fabric rupture

41

Mechanical port (Geoport™) Sewn in sleeve port
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« Stress distribution around a
deformable geotextile tube port.

Mechanical Port Test Method
(ASTM D6241 — Modified)

< Arigid port by clamping the geotextile
ring around the port between two rigid
“donuts-shaped” plates.
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Sewn in Sleeve Port Test
Method (A Laboratory Full-
Scale Tensile Test of Geotextile
Tube Inlet Port, Eng Zi Xun,
10t International Conference
of Geosynthetics, Germany
2014)

DESIGN RULES
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Geotextile-Encapsulated Sand

Geosystems Element

Geotextile bag, Sand Filled Mattress,
Geotextile tube and Geocontainer

Geotextile-Encapsulated Sand
Elements:

Considering the type of Geosystem, it is
each part that forms the entire
structure

Structure:

It is a group of Geotextile-Encapsulated

Geosystem:
Geotextile tube

’ Structure: River Shoreline Protection

Sand Elements

47
Plan/Exploration Phase # Design Phase
—[1. Geometric design ]
Functions, Requirements,
Environmental conditions,
Solution variants, Engineering — q ;
Investigation, Choose the [2' Safety considerations ]
geosystem
[3. Dimensioning (Design aspects) ]

[ Geometric Design ]

Material and geotextile properties

[ Geotextile to be used ]

[ 4. Definitive design ]

[ Definitive design ]
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Determine global dimensions
* Length

* Width

e Slope angle

Determine key dimensions of the structure
* Water depth
* Hydraulic loading
* Elevations
e Tidal, Floods

Determine the construction elements

Chose most appropriate method of execution
* Necessary and/or available equipment

* Deterministic method
* Resistance 2 FS (overall) * Loads

¢ Potential failure mechanisms

* Inadequate stability (Waves, Current,
Geosystem itself, Foundation)

* |nadequate strength (Filling, Placement,
Protection, Durability)

 Loss of fill material (Porosity, Sand
gradation)

49

50



Geometry Calculation (GeoCoPS,
SOFTWIN, Deltares, Geotube®
Simulator)

Geosystem Specific Calculators
Pilot Project

Modelling

Experience

GEOSYSTEMS
& DESIGN TOOLS
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Sand Filled Mattress Geotextile Bag Geotextile Tube

¢ River and stream: soil and e Coastal: Beach groyne, ¢ Coastal: Beach groyne, ¢ Coastal: Breakwater, sill
bank protection, scour breakwater, dune toe breakwater, dune toe structures, channel repair,
hole protection protection, channel repair, protection, submerged land reclamation, artificial
e Other: Nature soil and bank protection, revetments, channel reef, dyke closure, toe
development areas dyke closure repair, land reclamation, stability
* River and stream: artificial reef, sill structure * River and stream:
Submerged breakwater, e River and stream: Submerged breakwater,
groyne and sediment Submerged breakwater, groyne and sediment
management, soil and groyne and sediment management, scour hole
bank protection, scour management, river repair
hole repair training, bank protection, e Other: Storage of dredged
e Other: Nature dune core reinforcement material, temporary works
development areas e Other: Nature

development areas,
dewatering of dredged
material, temporary
structures
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* Comprises two interconnected layers of
geotextile where the space between them is
filled with sand and, in special cases, concrete.
Cells, chambers or tubes form compartments
within the mattress, which facilitates an even
distribution of the fill material in the geotextile
mattress and maintains its shape and combats
movement of the fill material during use.

* It’s important to secure it in place with anchor
trenches and steel anchors along the length of
the slope.

* Can be filled in place or filled separately and
transported to the slope.
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« SFM Anchoring Calculator  SFM Hoisting Calculator
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SAND FILLED MATTRESS — DESIGN TOOL
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61

Bezuijen and Vastenburg define a Geotextile
bag as a container that’s normally filled with
sand, and with volumes between 0.3 and 10
m3.

Improvements to the installation methods
have been allowing the use of Geotextile Bags

with volumes over 160 m3 (300 tons).

If the volume is lower than 0.3 m3, then
they’re called sandbags.
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e Stepsland?2 e Lifting harness Calculator
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Geotextile tube is defined as “a large tube [greater than 7.5 feet (2.3 m) in circumference]
fabricated from high strength, woven geotextile, in lengths greater than 20 linear feet (6.1
m)”, according to GRI Test Method GT11: Standard Practice for “Installation of Geotextile
Tubes used as Coastal and Riverine Structures”.
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—

The Netherlands, 1962 — TenCate Geosynthetics
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1993

Vicksburg, MS -1995

2019
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Lake Onondaga Project, NY-2015
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Mechanical Port

Energy of
Waves

Width
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Filling pipe

Intermediate filling
port closed

End filling
port left open

ACTA MECHANICA

Acta Mechanica 129, 207 218 (1998) © Springer-Veclag 1998

Two-dimensional analysis of geosynthetic tubes

R. H. Plaut and S, Subermun, Blacksburg, Virginia

(Reecived May 5. 1997)

Summary, Geosynthetic tubex containing dredged material o7 morar are considered. A two-dimensional

and extensibility, resting on a rigid foundation and subjected 1o internal hydrostatic pressure. Closed-form
and salutions foe the shape and the ci ial tension are presented,
depending on the ratio of the pressure head (at the bottorm or top of the tube] 10 the perimeter. An upper
bound o the tension is oblained. Solutions are also determined for wbes that are partially or fully

A tisbes that rest i i, and the 2

problem of tisbes that act 25 2 dil are subjected to id o one side. A deformable foandation
i toincrease, tension 1o

decrease.

1 Introduction

The use of thin sheets of material in i i ing has become wi Books

describing the propertics of these geosynthetics include [1]—[7). In some cases the material is
formed into a tube, often filled with dredged material or mortar. These geosynthetic tubes have
been utilized in a variety of applications.

One of the primary uses is as a dike or breakwater [8]—[10]. Prevention of beach erosion [11]
and ilitati Jopes [12] are two other applications. G ic tubes also may be used
to contain contaminated materials [13], prevent scour under bridge piers and other structures
[14], protect tunncls and underwater pipelines [15], and divert pollution [16]. Recently it has been
propased Lo use these tubes under water (o improve waves for surfing (17}

The shapes of geosynthetic tubes have been analyzed in 2 number of studics. Typically, the
material is modeled as an inextensible membrane with negligible weight, and the tube is sssumed
to rest on a rigid, horizontal foundation, to be subjected 1o internal (and possibly external)
hydrostatie pressure, and to be sufficieatly long so that a two-dimensional analysis of a cross
section of the tube is appropriate.

(TW. Yee, 2016)
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Two-dimensional analysis of geosynthetie tubes

R, H. Plaut and S, Suherman, Blacksberg, Virginia

(Received May 5 1957)

H
T e —
X
o ——— Fig. 1. Cross section of tube on rigid
b= W e dati
T(S+dS)
P \ AT B(s+as)
\ A
Q"N a(5)
(s~ Fig. 2. Element of tube
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195

17.7
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16.5

Geotextile container or Geocontainer is
a large geotextile-encapsulated sand
element containing 100 m3 to 800 m3
of sand and is dropped through water
from a split bottom barge.

The available barge determines the size
of the container which, consequently,
leads the final design.

Commonly used when water depth is
deeper than 3m (~10ft)

A *0.67
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Dump barge sizes - Port of Anchorage
with false bulkheads

408 =121920m.

SR -24384m.

114 533528 m.

480~ 14628m.
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Sustain TenCate Breal
Comparison Calculato

The following sheets provide carbon ¢

cuctam in camnaricnn with rack hroale
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Breakwater with Geotube® systems in core
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Project
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* Physical phenomenon that the soil loses
its strength when a shaking or other rapid
loading makes the particles to spread,
losing confinement/compaction. The
mass of soil then behaves as a liquid.

* Geotextile-Encapsulated Sand Elements
prevent particles from lateral spreading.

* Over time, sand becomes so tightly
packed that no excess hydrostatic
pressure is generated to cause
liquefaction (wave-induced)

2003 - 2012
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Coffer Dams
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Shoreline Protection + Retaining Wall

Before

Shoreline Protection + Retaining Wall
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Before
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Challenge T

Type of | | |Type of Element
Structure (Geosystem)
I I I I
Environment Fill Material Service Life Hydraulic
Load
I Geotextile/Geocomposite I » I Geometry / Calculations
Final Design
99
Geotextile
Design Seaming
Geosystem
Performance
Experience Installation
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When designing with
Geosystems, there is
no one-size-fits-all!
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CASE HISTORIES
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2014

2017
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Soft Armor, Green, Living Shoreline
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