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How it Came Together
(Vision and Creation of Collaborative effort)

IGS underwrote effort
Concise
Generic
Comprehensive (practice over design)
Essential resource for general public and engineering professionals 
Living (work in progress) document
Highlight that geosynthetics are versatile, cost-effective and
sustainable
Emphasize Quality System Approach

1.Good design 
2.Quality materials
3.Accredited testing
4.Certified Installation
5.Quality Assurance 
6.Performance tested prior to commissioning
7.Operation and maintenance

Sam Allen

Fady Abdelaal
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Authors of Chapters

      Koerner              Cuelho                 Christopher           Sprague
(Intro. & Support)          (Roads)                (Drainage)       (Erosion Control)

Lawson                 Von Maubeuge           Rowe
(Reinforcement)      (Barriers)                (Waste)
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Geosynthetic, n – a planar product
manufactured from polymeric material used
with soil, rock, earth, or other geotechnical
engineering related material as an integral
part of a human-made project, structure,
or system

Definition:
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Polymer “i.e., Plastics” Timeline
1839 - Natural Rubber – C. Goodyear 
1843 - Gutta-Percha – W. Montgomerie
1856 - Shellac – A. Critchlow & S. Peck
1872 - Polyvinyl Chloride - E. Baumann
1894 - Rayon – C. Cross & E. Bevan
1908 - Cellophane ® - J. Brandenberger
1933 - Polyvinylidene chloride R. Wiley
1935 - LDPE – R. Gibson and E. Fawcett
1937 - Polyurethanes O. Bayer 
1938 - Polystyrene synthesized
1938 - Teflon – R. Plunkett
1939 - Nylon and Neoprene W. Carothers 
1941 - PET- Whinfield and Dickson
1951 - HDPE  - P. Hogan and R. Banks
1951 - Polypropylene – P. Hogan and R. Banks
1954 - Styrofoam - R. McIntire
1958 – R.J. Barrett pioneered use of filter fabrics Florida, USA
1977 – 1ˢᵗ Geosynthetic Conference Paris, France
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http://inventors.about.com/library/inventors/blrubber.htm
http://inventors.about.com/library/inventors/blfabric.htm
http://inventors.about.com/od/cstartinventions/a/Cellophane.htm
http://inventors.about.com/library/inventors/blsaranwrap.htm
http://inventors.about.com/library/inventors/blpolyurethane.htm
http://inventors.about.com/library/inventors/blpolystyrene.htm
http://inventors.about.com/library/inventors/blteflon.htm
http://inventors.about.com/library/weekly/aa980325.htm
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GS Types

1. Geotextiles
2. Geogrids
3. Geostrips
4. Geocells 
5. Geonets 
6. Geomembranes  
7. Geosynthetic Clay Liners
8. Bituminous Geomembrane (GBR-B or BGM)
9. Geosynthetic Cementitious Composite Mats (GCCM)

10. Geopipe
11.   Geomat EC-TRM  
12. Geofoam  
13.   Geocomposites
14. Geo Other and Appurtenances 
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Functions

1.Filtration or Permeability
2.Drainage
3.Separation
4.Barrier
5.Reinforcement
6.Stress Relief
7.Protection 
8.Stabilization
9.Erosion Control

10. Insulation
11.Absorption and Adsorption
12.Resistance versus Conductivity
13.Appurtenances and Connections 
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Chapter 2: Geosynthetics in Roads and Pavements 
(Cuelho)
 
2.0 Overview
2.1 Design Benefits
2.2 Functions in Roads
2.3 Road Applications

2.3.1  Preventing Intermixing between Dissimilar Layers (Separation)
2.3.2  Road Construction on Soft Ground
2.3.3  Stabilization/Reinforcement of Unbound Aggregate Layers
2.3.4  Moisture Control
2.3.5  Asphalt Interlayers

2.4 Performance Measurement
2.4.1    Traffic Benefit Ratio
2.4.2    Base Course Reduction Factor
2.4.3   Layer Coefficient Ratio
2.4.4   Modulus Improvement Factor

2.5 Railway Ballast Improvements Using Geosynthetics
2.6 Geosynthetic Storage, Handling and Installation Tips
2.7 References
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Worldwide Road Statistics

COUNTRY PAVED UNPAVED TOTAL

  km  10³ mi  10³ km  10³ mi  10³ km 10³ mi  10³

United States of America 4,304 2,675 2,281 1,417 6,585 4,092

India 243 151 4,455 2,768 4,698 2,919
China 4,046 2,514 531 330 4,577 2,844
Brazil 1,368 850 213 132 1,581 982
Russia 928 576 355 221 1,283 797
Japan 992 616 225 140 1,217 756
France 1,208 751 0 0 1,208 751
Canada 415 258 627 390 1,042 648
Australia 727 452 146 91 873 543
Indonesia 283 176 213 132 496 308
South Africa 158 98 588 365 746 463
Germany 645 401 0 0 645 401
Top 12 Country Total 15,317 9,518 9,634 5,986 24,951 15,504
Other Countries 26,468 16,446 12,866 7,995 39,334 24,441
Grand Total 41,785 25,964 22,500 13,981 64,285 39,945

 (ref: CIA.gov World Fact
book, 2020)

Market is enormous and ever
growing!
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Geosynthetics in Unpaved Roads

Separation—preventing upward subgrade contamination
and aggregate loss downward.

Stabilization—confines and restrains subgrade and lateral
aggregate movement

Reinforcement—If very weak subgrade, like <1 CBR,
function is to provide membrane support to help limit
vertical deformation (rutting)
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Unpaved Road Design
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Relationship between shear strength, CBR, & cone index

C = 4.8 PSI
FOR CBR = 1

Non-Stabilized:

With Geosynthetic:

  NC = 2.8
NC = 5.0

80% increase in subgrade
effective strength by changing
the mode of failure from
punching to general shear.
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  Unpaved Roads Using Geosynthetics
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Place Under Unpaved Roads or Storage Yards to Protect
Surface Aggregate Assets 
Even competent subgrades weaken and migrate when
wet
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Load Distribution Through Aggregate Reinforcement
(after Giroud and Noiray, 1981)

 (a) Case without geosynthetic                        (b) Case with geosynthetic
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Limited application over extremely soft subgrade.
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Determine Modulus from Wide Width Tension
Test ASTM D4595/D6637 or ISO 10319

(measures slope of initial portion of stress vs. strain curve)
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Design Chart after Giroud and Noiray, 1980
(note E = modulus from in-plane tension)

test)

Focus is on reducing thickness of aggregate layer, watch out don’t get too thin!
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Cost effective ground improvement
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The Economic Value of Reduced Base 
Course Thickness

h’o (without geotextile) =  300 mm (12”)
h’  (with geotextile) =   205 mm (8”) 
h  (savings in stone) =   95 mm (4”)

Thus, the economic justification is immediate!

Compare cost of stone (different locations, grade CQA) versus cost of geosynthetic

Don’t forget the transportation cost 

+++ Plus: keep trucks off the roads (i.e. Sustainability)+++

Example:  1000 passes of 80 kN vehicle tire pressure 480 kPa
                  and soft soil CBR = 2.0
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Geosynthetics in Paved Roads

 1. Geosynthetic on soil subgrade
         2.  Geosynthetic within stone aggregate base course

3. Geosynthetic within the pavement

Three (3) Major GS Locations 
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Chapter 3: Geosynthetics in Subsurface Drainage  
(Christopher) 
 
3.0 Overview
3.1 Geosynthetics for Drainage and Their Applications

3.1.1 Advantages, Cost Considerations, and Sustainability
3.1.2 Basic Design Considerations (all applications)

3.2 Structural Drainage
3.3 Land Mass Dewatering/Consolidation 

3.3.1 Drainage for Preload Consolidation with and without Wick Drains
3.4 Underground Detention System/Subsurface Water Reservoirs 
3.5 Soil Bioengineering Applications
3.6 References
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Technology adapted from pile-driving equipment
leads consist of a hollow drive casing
PVD is contained and conveyed within the casing
requires “shoe” on end of PVD for release at design
depth
installation is very rapid, e.g., 3,000 m per 8-hr.
light pile driving hammer is sufficient since soils are
saturated and generally fine-grained clays and silts
stiff upper layer materials will require pre-augured holes
which slows construction operations… but it’s site
specific

Prefabricated vertical Drains (PVDs)
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Details of Installation System
(ref. McGown and Hughes,

 Vertical Drains, 1982, T. Telford)

22
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Terzaghi-Barron-Hansbo
    Consolidation Theories

Terzaghi developed concept in Turkey in 1919-1925
published in the book; Erdbaumechanik (1925)
“consolidation” is stress transfer from excess pore water to
intergranular stress (or presently, “effective stress”)
the basic equation; 
theory is based on one-dimensional vertical flow
experimental consolidation device (odometer) yields “” which
is a function of the vertical permeability, ; as follows

= coef. of volume expansion
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where

t = time for consolidation to occur (sec)
H = pore water drainage path length (m)
= coefficient of vertical consolidation (m²/sec)
 = vertical time factor (dimensionless)

Basic Design Equation 
(this simple equation created “soil mechanics”)

23
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recognition that “H” dominates required time
D. J. Moran proposed using “sand drains”
granted U.S. patent in 1926
Procter made first installation in 1936
used at Treasure Island in San Francisco Bay

Sand Drains to Shorten “H”

24
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GT

GG

GN

GCL
GM

CCL

Gravel w/
perforated pipe

LCRS
LDS

Leachate
collection &
detection 

Liner System Drainage
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LDS
LCRS
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“The
Devil is in
the
Details”
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NYS Annual report 

70 lphd

13,112 lphd
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4.0 Overview
4.1 RECP Application 
    4.1.1 Temporary Construction Site Erosion and Sediment Control
    4.1.2 Long-Term RECP: Turf Reinforcement Mat
4.2 Quantifying RECP Properties for Quality and Performance 
4.3 Temporary Applications – Sediment Retention Devices
4.4 Long-term Applications – Erosion Resistant Hydraulic Structures
4.5 Engineered Synthetic Turf (EST)
4.6 Cellular Confinement Systems (CCS) - a.k.a. “Geocells”
4.7 Anchored Geosynthetic System (AGS)
4.8 Geosynthetic Cementitious Composite Mat (GCCM)
4.9 Fabric Formed Concrete Revetment (FFCR) 
4.10 Geotextile-encapsulated Sand Elements
4.11 References

Chapter 4:  Geosynthetics in Erosion and Sediment
Control (Sprague) 
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Detachment
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Transportation



‹nr.›‹nr.›� 2ⁿᵈ International Symposium on Geosynthetics and Sustainability �
 � Technical University (TU) Delft � The Netherlands � 18 March 2026 � 

Deposition
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(ref. M. Theisen 1982)



‹nr.›‹nr.›� 2ⁿᵈ International Symposium on Geosynthetics and Sustainability �
 � Technical University (TU) Delft � The Netherlands � 18 March 2026 � 

Applications

Channel

Slopes
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Temporary ditch performance
channel (per ASTM D7208)

Stormwater flow in separate channels
(per ASTM D6460)

Channel Testing
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where

Vreqd = required flow velocity 
K = 1.00 (SI) and 1.49 (English)
n = Manning’s coefficient (see following table)
R = hydraulic radius (= A/wetted perimeter)
A = cross sectional area
Sf = slope factor

Velocity Approach for Channels and Ditches
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Recommended allowable design velocities for 
various classes of erosion control materials

 (after Theisen, 1995)
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Full Scale Test Sites Slopes

2:1 and 3:1 Test Sections each with Control Section
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ASTM D 6459 Hillslope Performance

Collect samples of effluent
and decant sediment
Variables

Slope
Rainfall Intensity
Soil
TRM
Vegetation

(Comp. TRI Environmental Inc.)

32
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Modification of USLE for Slopes

                  E = RK (LS) PC
Where:

E   =  soil loss (tons per square kilometer per year)
R   =  rainfall factor (dimensionless)
K   =  soil erodibility factor (dimensionless)
LS =  length and slope or gradient factor (dimensionless)
P   =  conservation practice factor (dimensionless)
      (e.g., terracing, contouring, etc. assumed to be 1.0 for standard
       slopes)
C    =  vegetative cover factor (dimensionless)
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ETC Standard Specification for Temporary Rolled Erosion Control Products
        For use where natural vegetation alone will provide permanent erosion protection

                          RECPs Slope Applications

Type                   Product Description Max. Grad. C Factor
1.A Mulch control Nets 5:1 (H:V) 0.10 @ 5:1
1.B Netless Rolled Erosion Control Blankets 4:1 (H:V) 0.10 @ 4:1
1.C Single-net Erosion Control Blankets & Open Weave Textiles 3:1 (H:V) 0.15 @ 3:1
1.D Double-net Erosion Control Blankets 2:1 (H:V) 0.20 @ 2:1

SHORT-TERM - Typical 12 month functional longevity
2.A Mulch Control Nets 5:1 (H:V) 0.10 @ 5:1
2.B Netless Rolled Erosion Control Blankets 4:1 (H:V) 0.10 @ 4:1
2.C Single-net Erosion Control Blankets & Open Weave Textiles 3:1 (H:V) 0.15 @ 3:1
2.D Double-net Erosion Control Blankets 2:1 (H:V) 0.20 @ 2:1

EXTENDED-TERM - Typical 24 month functional longevity
3.A Mulch Control Nets 5:1 (H:V) 0.10 @ 5:1
3.B Erosion Control Blankets & Open Weave Textiles 1:5:1(H:V) 0.25@1:5:1

LONG-TERM – Typical 36 month functional longevity

4 Erosion Control Blankets & Open Weave Textiles 1:1 (H:V)
0.25 @ 1:1
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Slope Installation, ASTM D6462 Guide
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Channel Installation, ASTM D6462 Guide
 



‹nr.›‹nr.›� 2ⁿᵈ International Symposium on Geosynthetics and Sustainability �
 � Technical University (TU) Delft � The Netherlands � 18 March 2026 � 

Chapter 5: Geosynthetics in Reinforced Soil Systems
(Lawson) 
 
5.0 Overview
5.1 Reinforced embankments over soft
 foundations
5.2 Reinforced fill slopes
5.3 Reinforced fill retaining walls
5.4 Reinforced soil fill berms
5.5 References
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Retaining walls are structures that holds back soil & pore
water, creating level ground & preventing erosion on breaks
in grade



‹nr.›‹nr.›� 2ⁿᵈ International Symposium on Geosynthetics and Sustainability �
 � Technical University (TU) Delft � The Netherlands � 18 March 2026 � 

Various Zones
1 – facing (various types)
2 – reinforced soil zone
3 – retained soil zone
4 – foundation soil (or rock)
5 – gravel fill (separation)
6 – base drainage 
7 – back drainage 
8 – collector pipe

MSE Structure Cross Section and Terminology
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1.Sliding

36
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2.Overturning
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3.Bearing capacity
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4.Spacing
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5. Anchorage Length

Soil in failure zone

Anchorage
soil zone

�

�
Le

T
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Computer codes 

Manufacturers
Public
Private
State Federal
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6.Connection Strength
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Barge

Movement

Geotextile and dredged fill placement at
Wilmington Harbor

River bottom

Dredged fill

Dredge pipeline

GT
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1.Dimensions/loading
2.Foundation soil profile &

properties
3.Fill properties
4.FS & settlement

requirements
5.Bearing capacity
6.Global stability
7.Elastic Deformation

1.Pullout or anchorage
2.Lateral spreading
3.  Geosynthetic properties
4.  Est. settlement mag/rate
5.Planning sequence
6.QA Monitoring
7.Meetings and Observations
8.Construction
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Bearing Capacity

Foundation soil strength limits embankment height
please note geotextile has a limited zone of influence

H = ?
v = ?

h = ?

GT

Overall Design steps
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Elastic Deformation

Key elements are modulus and maximum 
strain in major principal stress direction
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Global Stability (rotational failures)

   strength design in major principal stress direction
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Pullout or anchorage

L = anchorage length beyond slip plane is critical

T

GT

L = ?
t
t
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Lateral Spreading

frictional properties of backfill soil to geotextile is key
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Installation of
geotextile encased
sand columns 
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Deep Foundations and HS-GTs Load Transfer Platform
(Original Concept by B. Broms, 1977)
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Chapter 6: Geosynthetic Barriers in Seepage
Control Systems  (Von Maubeuge)

6.0 Overview
6.1 Geosynthetic Barriers in Seepage Control Systems
6.2 Applications of Geosynthetic Barriers in Seepage Control

6.2.1 Dams
6.2.2 Ponds
6.2.3 Reservoirs
6.2.4 Canals
6.2.5 Levees

6.3 Design Considerations
6.4 Installation
6.5 Quality Control and Assurance of Geosynthetic Barriers
6.6 Some Basics with Geosynthetic Barriers
6.7 Sustainability
6.8 Summary
6.9 References
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Polymer Composition
Surface Color
Surface texture
Chemical Resistance
Thickness
Hydraulic Properties
Mechanical Properties
UV resistance
Temperature resistance
Flexibility

Geomembrane Considerations Geosynthetic Clay Liner Considerations

Mass per unit area
Free Swell
Fluid Loss
Peel Strength
Flux
Durability
Additives
Needling
Root penetration
Desiccation
Piping
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Dams
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Ponds
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Reservoirs
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Canals
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QA/QC “learn from the mistakes of others”
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Chapter 7: Geosynthetic in Environmental Protection
 (waste containment) (Rowe) 
 
7.0 Overview
7.1 Some Lessons to Remember
7.2  Overarching Design Questions
7.3 Material Selection
7.4 Landfills
7.5 Mining
7.6 Industrial Effluent Impoundments
7.7 Remediation Sites
7.8 References
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are designed to prevent hazardous substances from
entering the surrounding environment (i.e., risk

reduction). The performance of landfill liners can be
evaluated by solute flux, durability and collection

efficiency. 

“We are in the business of minimizing leakage over
the long-term i.e., containment”

Landfills
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Landfill Site Selection Criteria

Geology
Hydrogeology
Topography
Climate
Natural hazards
Proximity to communities
Proximity to
transportation
Land use
Protected areas
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Compliments GSE Lining
Technology Inc.
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Density directly related to crystallinity
EVOH
Bimodal Resins

Ref. Rowe et. al. & J.R. Park

Solute Flux
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Incubated Property Behavior
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Long-Term Durability
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Arrhenius Plot for Stage “C” (1/2 Life)
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A - Antioxidant Depletion = 50 to 150 years

B - Induction Time = 20 to 30 years

C - Half-life Estimates (from GSI & literature)

� gas pipe = 200 years
          � GSI    = 500 years

� cable shielding = 750 years

Total (est.) = 270 to ~ 1000 years

HDPE Lifetime Estimate
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Field Temperature Stage “A” (yrs.) Stage “B” Stage “C” (yrs.) Total
Ave. YearsC (deg) F (deg) Std OIT HP-OIT (years) Ref. 1 Ref. 2

20
25
30
35
40
45

68
77
86
95

104
113

200
135
93
65
45
32

215
144
98
67
47
33

30
25
20
15
10
5

208
100
49
25
13
7

740
441
259
154
93
57

712
435
270
170
109
70

Lifetime Prediction of HDPE 
at Elevated Field Temperatures

Notes:  Stage “A” measured values from G. Hsuan research
            Stage “B” estimated values from field samples
          Stage “C” lit. values from Martin & Gardner⁽¹⁾ and Viebke⁽²⁾
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Results from Exhuming
Covered Geomembranes

(Concerns are Short Term
Puncture and Long Term

Stress Cracking)
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DIN EN 13719 Seeger & Muller 2003
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12.5 mm

> 3 %

Seeger & Muller 2003
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Abdelaal, Brachman & Rowe 2010
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Abdelaal, Brachman & Rowe 2010

Abdelaal, Brachman & Rowe 2010
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Yes, if we age and embrittle the HDPE prior to testing, we can rupture it!
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Composite Barriers

GM/CCL
GM/GCL
GM/GCL-CCL

Calculations show greatly reduced composite leakage over GM by
itself or CCL by itself or GCL by itself, provided that intimate contact is
attained

Abdelaal, Brachman & Rowe 2010
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Generalized Leakage Rates Through Liners
(ref. Giroud and Bonaparte, Jour. G & G, 1989)

*assumes 3 holes/ha (i.e., 1.0 hole/acre)

Type of 
Liner

Leakage
Mechanism

Liquid height on top of the geomembrane
0.03 m 0.3 m 3 m 30 m

Geomembrane
alone (between two
sand layers)

Diffusion
Small holes*
Large Holes*

0.01
300

10,000

1
1,000
30,000

10
3,000

100,000

300
10,000
300,000

Composite liner
(poor field
conditions, i.e.,
waves)

Diffusion
Small holes*
Large Holes*

0.01
0.8
1

1
6
7

100
50
60

300
400
500

Composite liner
(good field
conditions, i.e., flat)

Diffusion
Small holes*
Large Holes*

0.01
0.15
0.2

1
1

1.5

100
9
11

300 
75
85

Values of leakage rate in lphd (figures to be
divided by approximately 10 to obtain values

expressed in gpad)
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Achieving “Intimate Contact”

push/accumulate/cut/seam
fixing berms or piles
2mm thick, textured & white GM
use of a temporary tent
backfill in morning or at night
Scrim or supported GM
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Chapter 8:  Geosynthetic Support Systems (Koerner)
 
8.0 Overview
8.1 Stakeholders
8.2 Manufacturing
8.3 Standardization
8.4 Specifications
8.5 Regulations
8.6 International Geosynthetic Society (IGS)
8.7 Geosynthetic Institute (GSI)
8.8 Accreditation
8.9 Certification
8.10 Geosynthetic Links
8.11 References

66

‹nr.›‹nr.›� 2ⁿᵈ International Symposium on Geosynthetics and Sustainability �
 � Technical University (TU) Delft � The Netherlands � 18 March 2026 � 

Summary and Recommendations
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Let’s Discuss

Thank you for
the invitation
and questions?
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End presentation by
George Koerner


