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1 INTRODUCTION 

Geosynthetics have been the most important innovation in the field of geotechnical engineering in the 
second half of the 20th century (Giroud 2006). Although some may think that the International Geosyn-
thetics Society (IGS) is similar to any other engineering professional society, in reality, the IGS was tai-
lored to meet the specific needs of the geosynthetics discipline, as discussed in the brief history by Giroud 
(2006). However, the IGS can achieve more than this: it can make a real contribution to a number of is-
sues currently of concern all around the world, as will be emphasized in this lecture. 

The United Nations program “Transforming our world: The 2030 Agenda for Sustainable Develop-
ment” (United Nations, 2015), which came into effect in January 2016, establishes 17 sustainable-
development goals (SDGs) to guide decisions taken by nations and organizations over the next 15 years 
(United Nations, 2015). Dixon et al. (2017) were the first IGS authors to mention this document and the 
role geosynthetics could play in SDG 6, clean water and sanitation; SDG 9, industry, innovation, and in-
frastructure; SDG 12, responsible consumption and production; SDG 13, climate action; and SDG 17, 
partnerships for the goals. 

Geosynthetics and the IGS can bring solutions to address the many facets of the global crisis: solutions 
for supplying quality water to all, for feeding the world, protecting our environment, mitigating natural 
disasters, providing economic solutions, and for connecting people and helping them live together. Most 
publications on geosynthetics only emphasize the technical aspects of geosynthetics, with the first excep-
tion to this rule probably being the paper of Dixon et al. (2017). Unlike most papers or lectures that are 
thematic, the objective of this Giroud lecture is not to focus on a given aspect of geosynthetics but rather 
to try and give a systemic view of what geosynthetics can offer society as a whole. With this aim, I will 
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discuss diverse fields, without the ambition of discussing all possible fields or to delve deeply into details, 
but rather to show in which “cosmos” geosynthetics prove to be effective materials. The approach fol-
lowed here is thus to illustrate where the use of geosynthetics brings a solution to resolve the global crisis, 
and how. The intention is not to be too technical but rather to show explicitly the real added value of geo-
synthetics and where they prove to be necessary. Lectures or papers that are references in their field of ap-
plication from the author point of view are cited where appropriate to help the interested reader find more 
information about the use of geosynthetics and their design. 

Another originality of this Giroud lecture will be to show that the IGS, which is composed of a number 
of human beings, is founded not only on its technical knowledge or technical fields, but also on values, 
which are universal and have crossed time, civilizations, and continents and without which no solutions 
can be offered to the global crisis we are experiencing (Lenoir 2012). 

In the following, Section 2 gives a brief overview of a number of the issues our society is facing in the 
world we live in today. The connection between the various aspects of the crisis will be emphasized. A 
particular attention is given to climate change and how it aggravates other aspects of the crisis. 

Following this, Section 3 briefly overviews geosynthetics, describing what they are and presenting the 
main families of materials and their functions. 

Section 4 addresses the issue of quality water for all: It presents the main structures that contribute to 
capturing, transporting, storing, and distributing freshwater and discusses the functions geosynthetics pro-
vide for such structures. In particular, Section 4 discusses how to preserve water quality and predict the 
lifetime of geomembranes in hydraulic applications. 

Section 5 discusses how geosynthetics can contribute to feeding the world. It begins with the question 
of erosion control and soil stabilization, and then addresses crop protection and enhancement and fish 
farming. Techniques to manage agricultural waste are also presented, which leads to insights on how geo-
synthetics can contribute to more sustainable agricultural practices. 

Section 6 addresses the protection of our environment. The use of geosynthetics to control pollution 
from landfills and mining sites is first discussed, highlighting in particular how geosynthetics can contrib-
ute to treating sludge and sediments. The question of producing renewable energy from waste or at waste-
treatment sites will also be addressed, and elements will be presented regarding how geosynthetics can 
help mitigate climate change. Finally, because environmental protection is certainly the field in which lin-
ing performance must be beyond reproach, construction quality insurance and construction quality control 
will be discussed. 

The mitigation of natural disasters forms the heart of Section 7, although the specificities of geosyn-
thetics for earthquake mitigation are not discussed. The focus instead is placed on situations where water, 
enhanced by climate change, threatens life and infrastructure. Insights are given into the use of geosyn-
thetics to prevent coastal erosion, protect against floods, prevent landslides, reinforce soil, stabilize 
slopes, and into reinforced soil walls. Because resilience and disaster reduction are key issues, Section 7 
also provides information on geosynthetic solutions for continuous monitoring. 

Section 8 discusses the economic contribution of geosynthetics and presents various applications in 
which geosynthetics provide financial benefits. 

Section 9 notes that living together requires first that people be connected, and geosynthetics contrib-
utes to this by improving our networks of road, rail, and bridges. The second part of Section 9 is dedicated 
to human values, how they are implemented in the IGS, and how they can benefit technical, environmen-
tal, and economic developments to build a new sustainable global society. 

2 THE WORLD WE LIVE IN 

2.1 From 17th century crisis to 21st century crisis 

In the mid-17th century, the earth experienced some of the coldest weather recorded in over a millennium 
during what is called the Little Ice Age. This was related to a decrease in solar energy and an increase in 
volcanic and El Niño activity. What area did not suffer? If not from war, then from earthquakes, plague, 
and famine. The environmental deterioration had few parallels, while the frequency of wars and state 
breakdown created unprecedented political, social, and economic instability (Parker 2013). 

Around 1618, when the human population of the northern hemisphere was larger than ever before, the 
average global temperature started to fall, producing extreme climate events, disastrous harvest failures, 
and frequent epidemics. Human demographics can seldom adapt swiftly enough to such adverse events. 
Yet, instead of seeking to mitigate the natural disasters and save lives, most governments around the globe 
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exacerbated the situation by continuing their existing policies, and above all their wars. These various 
natural and human factors nourished a global catastrophe that lasted for two generations, killed up to one-
third of the human population, and transformed the world into one inhabited by survivors (Parker 2013). 

As emphasized by Norberg (2016), the numbers tend to show that the conditions of life have greatly 
improved since the 17th century in terms of water and water treatment, food quality and quantity, envi-
ronment, poverty, life expectancy, violence, freedom, social equality, and education. The good old days 
were terrible! 

Currently, no consensus exists about whether the world is experiencing an unpreceded crisis (Lenoir 
2012, Norberg 2016), although improvements are clearly required in a number of sectors: a number of un-
acceptable situations exist around the world, as will be illustrated in more detail in the upcoming subsec-
tions. The world is currently going through environmental, agricultural, economic, sanitary, psychologi-
cal, political, and identity crises, with an overarching crisis of meaning and values – in short, a planetary-
scale crisis of living together (Lenoir 2012). 

2.2 Quality water for all 

Access to water, sanitation, and hygiene is a human right (United Nations 2015). Koerner et al. (2008) re-
port that a serious lack of freshwater exists in many parts of the world and that the situation appears to be 
approaching a disaster. In 2007, 1.1 billion people, representing 17% of the world population, in 34 coun-
tries suffered from inadequate supplies of safe drinking water. Water scarcity affects more than 40% of 
the global population and is projected to rise (United Nations 2015). The juxtaposition of pollution, global 
warming, and population growth all have severe negative impacts going forward. Rivers are particularly 
vulnerable. 

The World Health Organization estimates that about half of the population of low – or intermediate –
income countries suffers from disease due to water, either because of a lack of potable water or because of 
inadequate wastewater treatment. Although difficult to quantify, the most serious problem of environmen-
tal health remains the microbial contamination of water. Water- and sanitation-related diseases remain 
among the major causes of death in children under five (United Nations 2015). All told, 2.6 million peo-
ple die each year due to the consumption of unsanitary water. 

Water also is a geopolitical issue: 14 countries have to share their water resources with one or more 
other countries. Tensions already exist related to resources and to borders, which are of minimal concern 
to rivers (Blanchet 2017). 

Water management and conservation will be a great challenge in the 21st century, especially in Africa, 
considering the climate (Giroud and Plusquellec 2017). A thirst belt extends diagonally from Tangier 
through the Middle East to the north-east of China. The very sensitive issue of water availability will con-
tinue to play a critical role in the coming decades. 

Figure 1 summarizes the various interactions listed above and others to be discussed in the following 
subsections. 

2.3 Feeding the world 

Agriculture in its various guises occupies 40 – 50% of the planet’s land surface. However, the cultivated 
surface only increased by 12% from 1961 to 2009 whereas agricultural production increased by about 
300% over the same period. This increase is connected with an increased use of fertilizers, but also to new 
plant varieties, some of which can be controversial because of their effect on biodiversity. 

Agriculture also accounts for 10 to 12% of the total anthropogenic greenhouse gas emissions, 50% of 
global methane emissions, and 60% of global nitrous oxide emissions, with an absolute per annum growth 
of 0.9% between 1990 and 2010. Virtually all emissions attributed to agriculture are the result of food 
production to feed an ever-growing world population, which is estimated to increase by over 50% to 10.8 
billion by 2100 (Porter and Reay 2015). 

In addition to land use, agriculture accounts for 70% of global water consumption (Lenoir 2012). The 
production of a kilogram of chicken requires 4 m3 of water, and a kilogram of red meat requires 15 m3 of 
water (Blanchet 2017). Intensive agriculture has degraded aquifers by polluting them and through overex-
ploitation by irrigation (Norberg 2016). Furthermore, the dependency on water tends to increase with in-
creasing demand. The consequence of these forces is that 50% of the wetlands have disappeared world-
wide since the beginning of the 20th century (Lenoir 2012). 

Thus, the expansion of agriculture and the use of fertilizers and pesticides have contributed to reducing 
hunger but have also transformed many areas into dead zones (Norberg 2016). 
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Figure 1. Some connections between the axes for action of geosynthetics and the IGS for this Giroud lecture 

2.4 Environmental crisis 

2.4.1 Pollution 

The Lancet Commission on Pollution and Health (2017) defines pollution as unwanted material, often 
dangerous, that is introduced into the Earth’s environment as the result of human activity, that threatens 
human health, and that harms ecosystems. This definition is based on a definition of pollution developed 
by the European Union. According to this commission, pollution is the largest environmental cause of 
disease and premature death in the world today. Diseases caused by pollution were responsible for an es-
timated 9 million premature deaths in 2015, three times more than from AIDS, tuberculosis, and malaria 
combined and 15 times more than from all wars and other forms of violence. In the most severely affected 
countries, pollution-related disease is responsible for more than one death in four. 

Pollution disproportionately kills the poor and the vulnerable. Despite its substantial effects on human 
health, the economy, and the environment, pollution has been neglected by the authorities, especially in 
low- and middle-income countries. 
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Pollution is costly. Pollution-related diseases cause losses in productivity and also lead to health-care 
costs that are responsible for 1.7% of annual health expenditures in high-income countries and up to 7% 
of health spending in middle-income countries, which are heavily polluted and rapidly developing. Wel-
fare losses due to pollution are estimated to equate to 6.2% of global economic output. 

Pollution also endangers planetary health, destroys ecosystems, and is intimately linked to global cli-
mate change. Fuel and coal combustion is a major source of greenhouse gases and an important source of 
pollution. 

In many parts of the world, pollution is getting worse. Although household air and water pollution, 
which are associated with profound poverty and traditional lifestyles, are slowly declining, ambient air 
pollution, chemical pollution, and soil pollution, which are produced by industry, mining, electricity gen-
eration, mechanized agriculture, and petroleum-powered vehicles, are all on the rise, with the most 
marked increases occurring in the rapidly developing and industrializing low- and middle-income coun-
tries. 

The claim that pollution control stifles economic growth and that poor countries must pass through a 
phase of pollution and disease on the road to prosperity has repeatedly been proven to be false. Pollution 
mitigation and prevention can yield large net gains both for human health and for the economy. 

Pollution control will advance attainment of many of the SDGs: In addition to improving health in 
countries around the world (SDG 3), pollution control should help alleviate poverty (SDG 1), improve ac-
cess to clean water and improve sanitation (SDG 6), promote social justice (SDG 10), build sustainable 
cities and communities (SDG 11), and protect land and water (SDGs 14 and 15). Pollution control will al-
so benefit from efforts to slow the pace of climate change (SDG 13) (The Lancet Commission on Pollu-
tion and Health 2017). 

2.4.2 Climate change and its consequences 

The development that is progressively reducing poverty around the world has resulted in a very high price 
for our environment (although this is not a necessary phase, as just mentioned). The increase in produc-
tion and transportation that has contributed to reducing poverty has also released significant amounts of 
greenhouse gases due to its dependence on fossil fuels. 

Arrhenius (1896), who is mostly known in the field of geosynthetics for extrapolating properties as a 
function of temperature (see Section 4.7.1), published in 1896 a paper (considered of minor importance at 
the time) analyzing the influence of airborne carbonic acid on the temperature of Earth. His prescient con-
clusion was that doubling the concentration of carbonic acid in the atmosphere would result in an increase 
by 5 °C of the average temperature on Earth (Lenoir 2012). 

Our knowledge of climate change has evolved since then: an overview of past and future climate-
change trends and uncertainties based on a review of recent literature was published by Dixon et al. 
(2017) and will not be repeated here. 

The conclusion that Earth’s climate is warming is unequivocal, as is the fact that the dominant cause of 
global warming since the mid-20th century is human activity. Future greenhouse gas (GHG) emissions 
must be reduced to better manage the impacts of climate change on the environment, economy, and socie-
ty. Although the relative likelihood of emission scenarios is unknown, climate change is almost independ-
ent of emission scenarios for the next few decades, meaning that change will still occur even if GHG 
emissions are drastically cut in the near future (IPPC 2014, Dixon et al. 2017), which does not seem to be 
in the cards because the predicted peak of world emissions of CO2 has yet to be reached (La Tribune 
2017). 

What are the consequences? 
Forzieri et al. (2017) state that climate change is one of the biggest global threats to human health in 

the 21st century. They report that weather-related disasters could affect about two-thirds of the European 
population annually by the year 2100 compared with 5% during the reference period 1981 – 2010. The 
premature mortality rate due to extreme weather could become the greatest environmental risk factor. The 
projected changes are dominated by global warming, mainly through a rise in the frequency of heat waves. 

The increasing frequency and magnitude of floods indicate that the hitherto prognoses of such events 
should be revised for many regions of the world (Brandl 2010). In general, the variability of extreme 
events will increase (IPPC 2014, Dixon et al. 2017). For example, an increase in temperatures will cer-
tainly increase the frequency and intensity of cyclones. However, the most important factor in inundations 
will be the rise in sea level. An increase by a few tenths of centimeters will make the existing defenses 
along the coast useless and can multiply by over an order of magnitude the cost linked to future inunda-
tions (Vanleberghe 2017). 



Proceedings of the 11th International Conference on Geosynthetics 

 16-21 September 2018, Seoul, Korea 

As the primary greenhouse gas, rising CO2 levels exert important effects on global food production, 
apart from the direct effect on crop-nutrient content. In fact, through a variety of mechanisms, climate 
change is expected to disrupt global food production, and recent analyses have emphasized in particular 
vulnerabilities for the growing populations in the tropics (Myers 2017). 

It stands to reason that increasingly severe extreme events, rising sea levels, additional periods of ex-
treme heat, and reduced crop yields in the tropics, when coupled with growing water scarcity and land 
degradation, will drive an increasing number of people, often with few resources, to seek new homes. 
Forced displacement will have a huge impact on human health. Displacement and conflict might be re-
sponsible for the largest share of disease associated with global environmental change (Myers 2017). Sta-
bilizing tens of millions of people on their own territory and allowing them to produce their food and de-
velop their economy are vital for ensuring peace (L’Humanité 2017). 

Climate change raises with acuity the need for a multifaceted approach. Although scientists can make 
observations based on data they possess, they do not have all the skills required to answer the resulting 
challenges. Envisioning the future of climate change requires not only science, but fantasy as well. This is 
where art and fiction can be useful, thus requiring a multifaceted approach. Climate change raises the pro-
found question of how we manage our planet, which is at the heart of scientific, sociological, philosophi-
cal, and artistic works that naturally merge around this question (Ramstein 2017). 

Climate change is a consequence of an increase in population and increasing consumerism. Figure 2 
shows the areas in which climate change has specific effects: feeding the world, natural disasters, threat-
ening human health, disrupting food production, migrations and wars, and an increasing frequency and 
magnitude of natural disasters. 

2.4.3 Environmental justice 

In most instances, the poorest people in the world, with the fewest institutional, cultural, governmental, or 
philanthropic resources to help them, are the most vulnerable to rapidly changing environmental condi-
tions. 

According to the Lancet Commission on Pollution and Health (2017), pollution and pollution-related 
disease are often reflections of environmental injustice, which is the inequitable exposure of poor, minori-
ty, and disenfranchised populations to toxic chemicals, contaminated air and water, unsafe workplaces, 
and other forms of pollution, and the concomitant disproportionate affliction of these populations by pol-
lution-related disease, often in violation of their human rights. A core principle of environmental justice is 
that all people and communities are entitled to equal protection by environmental and public health laws 
and regulations. 

Social and economic factors that have contributed to the global spread of environmental injustice and 
the inequitable exposure of poor and marginalized populations to pollution and disease include globaliza-
tion, which has led to the movement of hazardous industries such as chemical manufacturing, steel mak-
ing, pesticide production, and shipbreaking from higher – income countries to low – and middle-income 
countries. 

2.5 Economic disparities and poverty 

A common belief has been that economic development would serve all. The rich would certainly become 
richer, but each individual would benefit from economic growth (Lenoir 2012). However, whether ine-
qualities between countries and between rich and poor increase or decrease is not the real question. De-
spite the recent significant reduction in poverty, over 700 million human beings still live in extreme pov-
erty today (Norberg 2016). The first SDG is to end poverty in all its forms, which is the greatest global 
challenge and an indispensable requirement for sustainable development (United Nations 2015). 

In fact, economic development and the concomitant decrease in poverty seems to decrease rates of in-
fant mortality and, when this happens, the birth rates also decrease, which should eventually lead to a 
change in the rates of population growth (Norberg 2016). 

Another good reason to continue fighting against poverty is that wealth appears to be a major factor 
promoting environmental consciousness and no longer seems to be an obstacle to ecological durability: 
when people are confident that their children will live in good conditions, be educated to prepare their fu-
ture, and live longer, they become more concerned by the quality of their environment (Norberg 2016). 
Energy, money, and time can also be spent on these fronts, once such livelihoods are guaranteed. 

More wealth means better education, prevention, construction, monitoring and alert systems (Norberg 
2016) to mitigate the damage of natural disasters, which is the subject of the following subsection.  
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Figure 2. Impacts on and of climate change on feeding the world, environment, natural disasters, economic devel-
opment and living together. 

2.6 Natural disasters 

According to United Nations, 95% of all deaths due to natural disasters have occurred in low- or interme-
diate-income countries between 1970 and 2008. No human intervention can prevent natural disasters alt-
hough better early-warning systems, better popular education about evasive strategies, and faster and more 
effective emergency responses would surely mitigate the consequences (Parker 2013). As stated by Brandl 
(2010), a residual risk is inevitable – despite any costly protective measures. The so-called “absolute safe-
ty” demanded by the public, politicians, media, or lawyers cannot be achieved in reality. Furthermore, the 
ability to sense and avoid harmful environmental conditions is necessary for the survival of all living or-
ganisms, and survival is also aided by an ability to codify and learn from past experience (Slovic 1987). 
We humans have an additional capability; namely, we can alter our environment as well as respond to it. 
This ability to alter our environment presupposes two distinct skills: the learning process (i.e., observa-
tion, measurement, and classification of natural phenomena) and learning steps (the development of tech-
niques, practices, and instructions designed to reduce vulnerability to future hazards) (Slovic 1987). 

To activate our additional capability to alter our environment, humans apparently need to experience 
natural disasters not only of significant magnitude, but also at a significant frequency. Without repeated 
experiences, the process whereby people learn to cope with disasters does not occur (Parker 2013). When 
natural disasters occur with increased frequency and magnitude, the ability to sense and avoid harmful en-
vironmental conditions becomes all the more important. 
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The fact that natural disasters are unavoidable does not mean that nothing should be done to mitigate 
their consequences (Brandl 2010, Yoo 2015). Section 7 of this lecture explains how geosynthetics can 
help mitigate natural disasters. 

2.7 Connecting people 

The science of planetary health places us in a new ethical terrain. It teaches us that each person alive today 
or coming in a future generation is connected to everyone else. Every decision we make about what we 
eat, how we move around, where we go on vacation, what we purchase, or even whether we have a child 
affects our planet’s natural system and, as a result, the health and wellbeing of every other person on the 
planet. The impact of each individual decision is infinitesimally small, but the collective impact is enor-
mous (Myers 2017). We are all connected. 

However, territorial fractures exist in the same way that environmental justice is not uniform the world 
over. Territorial fractures create an increasing gap between large cities, symbols of a happy globalization, 
and their surroundings, moving away from the economic flows. Investments in transport infrastructure 
should help reunite previously isolated people with the possibility of social mobility (Levita 2017). Sec-
tion 9.1 of this lecture describes how geosynthetics are used in the construction of transport infrastructures 
and contribute to connecting people, thereby supporting SDG 11. 

2.8 Living together 

During the Enlightenment, much of Western civilization embraced a Cartesian dualism, emphasizing the 
realm of the material and scientifically accessible over the spiritual. Although the explosion of scientific 
understanding and technological mastery that followed engendered enormous benefits for humanity, it 
might also have blinded us to other forms of knowledge (Myers 2017). Today, for the first time, a civiliza-
tion is emerging on the planetary scale. We are all interdependent. For the first time in human history, we 
face the emergence of a single, tightly coupled human socio-ecological system of planetary scope. We are 
more interconnected and interdependent than ever before. Consequently, our individual and collective re-
sponsibility has increased enormously (Potočnik 2017). 

But this broad civilization is not the fruit of an equitable dialog between cultures: it is too heavily tilted 
by the technological turmoil that produced it (Lenoir 2012). According to Lenoir, this civilization is the 
result of the hegemony of the West, its technical control, and some of its values, good or bad. Humanity 
has expressed a deep desire for emancipation of the individual. However, consumerism as the unique path 
toward self-realization leads an increasing number of our contemporaries to an impasse (Lenoir 2012). 
Today, becoming rich has become the proof of success in life, at the expense of other values (Thuan 
2013). If openness, wealth, and security inspire tolerance and respect, then forgetting these values can lead 
to new hostilities and conflicts (Norberg 2016). 

Healing the world requires a reformulation of the universal ethical values through an equitable dia-
logue between cultures and an overhaul of the relationship between humans and nature and between man 
and woman; a relationship that does not involve domination (Lenoir 2012). Although most people today 
know that they have rights, improvements are still possible. Democracy has to be learned, appropriated, 
and cultivated and has to adapt to local cultures (Thuan 2013). This goes far beyond the objective of the 
United Nations to take into account different national realities, capacities, and levels of development and 
to respect national policies and priorities with the objective to construct a world of universal respect for 
human rights, with justice, equality, and respect for race, ethnicity, and cultural diversity (SDG 4). Section 
9.2 discusses the universal values that could form the foundation of such a civilization and how we bring 
them to life in the IGS from the author point of view. 

2.9 The world we live in: An interdependent world 

The previous sections present evidence that the various aspects of our world cannot be considered sepa-
rately because they are in constant interaction. The world must be considered as it is: a complex organism 
that currently suffers from various ills (Lenoir 2012). The resolution of the worldwide crisis or, in more 
positive language, the continuous progress in the various compartments previously described (i.e., supply-
ing quality water to all, feeding everyone, protecting the environment, mitigating natural disasters, sup-
porting economic development, connecting people, living together) can only occur if it involves and con-
nects all these areas. Also, as stated by the United Nations, sustainable development is a goal that must be 
achieved in a balanced and integrated manner. 

The 17 goals from the United Nations’ program are distributed around the various compartments pre-
viously described and are presented in Figure 3. 
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After briefly presenting geosynthetics in Section 3, the objective of the rest of this lecture is to evaluate 
how geosynthetics contribute to developing adaptation strategies for the challenges facing the world. 

 

 
 

Figure 3. The sustainable development goals and the axes for action of geosynthetics and the IGS for this Giroud 
lecture. 

3 GEOSYNTHETICS AND THEIR FUNCTIONS 

A geosynthetic is defined by the international standard EN ISO 10318 (AFNORa) as a product, at least 
one of whose components is made from a synthetic or natural polymer, in the form of a sheet, a strip, or a 
three-dimensional structure, used in contact with soil and/or other materials in geotechnical and civil en-
gineering applications. Geosynthetics have pervaded geotechnical engineering to the point where it is no 
longer possible to practice geotechnical engineering without geosynthetics. Geosynthetics are not only 
convenient products; they constitute the basis of a recognized discipline because they perform a variety of 
functions and because, in many cases, their characteristics are essentially inherent to the geosynthetic, as 
opposed to being governed primarily by the interaction with a structure (Giroud 2005). Various families 
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of geosynthetics can be defined depending on the functions they fulfill: barrier first, then drainage, filtra-
tion, protection, reinforcement, separation, and surface-erosion control. 

The barrier function consists of preventing or limiting the migration of fluids. Geosynthetic barriers 
(GBRs) are geosynthetic materials that fulfill this function. A geosynthetic barrier is defined in EN ISO 
10318 (AFNORb) as a low-permeability geosynthetic material used in geotechnical and civil engineering 
applications with the purpose of reducing or preventing the flow of fluid through the construction. GBRs 
fall into three categories according to the material that fulfills the barrier function: (i) clay geosynthetic 
barriers (GBR-C) whereby the barrier function is implemented by clays, (ii) bituminous geosynthetic bar-
riers (GBR-B) whereby the barrier function is implemented by bitumen, and (iii) polymeric geosynthetic 
barriers (GBR-P) whereby the barrier function is implemented by a polymer. 

Other terminologies exist. The word “geomembrane” is often used to refer to GBR-Bs and GBR-Ps. 
The terminology “geosynthetic clay liner” (GCL) is also used to designate a GBR-C. A geomembrane is 
defined in the Recommended Descriptions of Geosynthetics Functions, Geosynthetics Terminology, 
Mathematical and Graphical Symbols of the IGS as a planar, relatively impermeable, polymeric sheet 
used in civil engineering applications. GCLs are defined as an assembled structure of geosynthetic materi-
als and low hydraulic conductivity earth material (clay) in the form of a manufactured sheet used in civil 
engineering applications. Multicomponent GCLs are also available on the market. A multicomponent 
GCL is a GCL onto which is attached a film, coating, or membrane that decreases the hydraulic conduc-
tivity, protects the clay core, or both (von Maubeuge et al. 2011). Herein, the term geomembrane and the 
designation “GCL” are used together with the generic term “barrier.” 

Table 1 gives the level of performance in terms of flow rates of various mineral and geosynthetic mate-
rials. In fact, geomembranes are nonporous media so Darcy’s law does not apply to them. The same ra-
tionale applies to multicomponent GCLs. Assigning a hydraulic conductivity to geomembranes or multi-
component GCLs is thus nonsense. The data presented in Table 1 show that geomembranes are 
significantly more impervious than other barrier materials. Multicomponent GCLs and GCLs also offer 
greater hydraulic performance than mineral materials. 

A geosynthetic barrier must maintain its barrier function under the strains of installation, in service, 
and in operation. Because its sole function is to present a barrier to fluids, and given the various afore-
mentioned strains, a geosynthetic barrier is integrated into a multistructure system, with each structure 
performing other specific functions. The principal other functions that other families of geosynthetics can 
fulfill are drainage, filtration, protection, reinforcement, separation, and surface–erosion control 
(AFNORa). According to EN ISO 10318 (AFNORa): 

• Drainage is the collection and transportation of precipitation, ground water and/or other fluids in 
the plane of a geosynthetic material, 

• Filtration is the restraining of uncontrolled passage of soil or other particles subjected to hydro-
dynamic forces, while allowing the passage of fluids into or across a geosynthetic material, 

• Protection is the prevention or limitation of local damage to a given element or material by the 
use of a geosynthetic material, 

• Reinforcement is the use of the stress-strain behavior of a geosynthetic material to improve the 
mechanical properties of soil or other construction materials, 

• Separation is the prevention from intermixing of adjacent dissimilar soils and/or fill materials by 
the use of a geosynthetic material, 

• Surface erosion control is the use of a geosynthetic material to prevent or limit soil or other parti-
cle movements at the surface of, for example, a slope. 

In addition to their primary function, geosynthetics are usually required to perform one or more sec-
ondary functions. For example, for a geotextile filter to work, it must also provide separation. Geosynthet-
ics used in drainage must also provide filtration to prevent the system from clogging by piping fines into 
the drain. For reinforcement geosynthetics, if separation is not provided, fines can migrate into and weak-
en the base-course aggregate, thus diminishing the effectiveness of the reinforcement. Secondary func-
tions can be equally as important as the primary function, so to obtain optimum geosynthetic performance 
both must be considered in the design (Perkins et al. 2012). 

Various materials within the family of geotextiles and related products can fulfill the six functions just 
described. A geotextile is defined as a planar, permeable, polymeric (synthetic or natural) textile material, 
which may be nonwoven, knitted, or woven and that is used in contact with the soil and/or other materials 
in geotechnical and civil engineering applications (AFNORa). 
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Table 1. Properties and flow rates through various lining materials including geosynthetic clay liners and geomem-
branes for an applied hydraulic head of 1 m for porous materials. The difference in pressure applied between both 
faces of the geomembranes and multicomponent GCLs is 100 kPa.  

Material Testing conditions 
Hydraulic 

conductivity 

(ms−1) 

Thickness 

(m) 

Flow rate (m3 m−2 d−1) 

Cement concrete In the fielda 10−10 a 0.1 9.5×10−5 

Roller compacted concrete  10−8 a 0.5 2.6×10−3 

Asphaltic concrete 
In the field with excellent construc-

tion and quality controla 
10−9 a 0.1 9.5×10−4 

Asphaltic concrete 
In the field with ordinary construc-

tion and quality controla 
10−8 a 0.1 9.5×10−3 

Compacted clay liner 
With excellent construction and 

quality controla 
10−9 a 1 1.7×10−4 

Compacted clay liner 
With ordinary construction and 

quality controla 
10−8 a 1 1.7×10−3 

Geosynthetic clay 

liners 

As manufactured, confined and hy-

drated with low cation concentration so-

lutions 

10−11 a 0.01 8.7×10−5 

Multicomponent GCLs As manufactured Meaningless 0.01 <2×10−5 b 

Geomembranes As manufactured Meaningless 0.001 <10−6 b 

a Giroud and Plusquellec 2017, b Touze-Foltz et al. 2016. 

 
Geotextile–related products are planar, permeable, polymeric (synthetic or natural) material used in 

contact with the soil and or other materials in geotechnical and civil engineering applications, and that do 
not comply with the definition of a geotextile (AFNORa). 

Of the various families of related products, some of which are described in the EN ISO 10318 standard 
and others in the Recommended Descriptions of Geosynthetics Functions, Geosynthetics Terminology, 
Mathematical and Graphical Symbols of the IGS, those that are especially emphasized in this lecture are 
geopipes and geodrains, geogrids, geostrips, and drainage geocomposites. 

A geogrid is a planar, polymeric structure consisting of a regular open network of integrally connected, 
tensile elements that may be linked by extrusion, bonding, or interlooping or interlacing and whose open-
ings are larger than the constituents. 

A geostrip is a polymeric material in the form of a strip not wider than 200 mm and used in contact 
with the soil and/or other materials in geotechnical and civil engineering applications. 

A geocomposite is a manufactured and assembled material, at least one of whose components is a geo-
synthetic product. 

Geopipes (or tubes) are perforated or solid-wall polymeric pipes used to drain liquids or gas. 
Various polymers are used to manufacture geosynthetics: high-density polyethylene (HDPE), flexible 

polypropylene (PP), linear low density polyethylene (LLDPE), plasticized polyvinyl chloride (PVC-P), 
ethylene propylene diene terpolymer (EPDM), and even bitumen (Touze-Foltz 2010). In addition, a num-
ber of additives (i.e., chemical compounds) are used in the manufacturing process to ensure the durability 
of the polymeric materials. The chemical and mechanical characteristics of geosynthetics depend strongly 
on the type of polymer used, the additive formulation, the morphology, and the application of the geosyn-
thetic (Hsuan et al. 2008). 

The objective of the following sections is to illustrate how geosynthetics contribute to ensuring water 
quality for all, feeding the world, enhancing pollution control, bringing economic solutions, mitigating 
natural disasters, connecting people, and helping them to learn to live together according to universal hu-
man values. 
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4 QUALITY WATER FOR ALL 

Geosynthetics, mainly geomembranes, hold the key to the capture, transportation, storage, and distribution 
of freshwater via their use as barriers for dams, canals, reservoirs, and pipelines (Koerner et al. 2008). 
Koerner et al. (2008) suggested a geosynthetics freshwater cycle for capture, transportation, storage, and 
distribution of freshwater (Figure 4). Dams, canals, reservoirs, and pipes are the main elements of this cy-
cle. The following subsections describe the use of geosynthetics in these various applications and also ad-
dress the question of preserving water quality. Finally, the question of the durability of geomembranes in 
hydraulic applications is discussed. 

 

 
 

Figure 4. Suggested geosynthetics freshwater cycle for capture, transportation, storage, and distribution of fresh-
water (adapted from Koerner et al. 2008). 

4.1 Dams 

A major application of geosynthetics is in dams, which have a particular status due to their impact on the 
environment and on safety (Heibaum et al. 2006, Koerner et al. 2008). Geomembranes have been perhaps 
the most significant innovation in the field of hydraulic structures in the past 50 years. They avoid prob-
lems such as lack of local suitable materials, and there is no limit to the water head they can withstand. 
Geomembranes are used all over the world to waterproof all types of dams: embankment dams, concrete 
and masonry dams, roller-compacted concrete dams, etc. (Cazzuffi et al. 2010). These various applica-
tions are briefly detailed in the following, and further details are available from Cazzuffi et al. (2010). 

4.1.1 Embankment dams 

Geomembranes improve the safety of embankment dams because they are engineered to maintain imper-
viousness even when subjected to events that could impair the performance of other waterproofing sys-
tems. 

In an embankment dam, geomembranes may be placed at two locations: on the upstream slope (90% of 
the cases based on the ICOLD data base) (Figure 5), and/or inside the body of the dam (10% of cases). If 
the geomembrane is installed on the upstream slope, 70% are covered and 30% are left exposed (Cazzuffi 
et al. 2010).  

The design of a dam with a lining system should be such that any seepage resulting from a major 
breach in the liner should not cause the rupture or major distress of the dam. If the dam may be sensitive 
to internal erosion, leakage-control measures should be taken. It is thus important to monitor and maintain 
dams. Significant defects in geomembranes should be repaired if they are likely to have detrimental con-
sequences. Composite liners, which combine a geomembrane with a mineral liner, or double-lining sys-
tems, which consist of two barrier materials separated by a drainage level, may allow better control of po-
tential leaks in the geomembrane (Cazzuffi et al. 2010). 
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 (a) (b) 

Figure 5. The Selvet Dam (a) during geomembrane installation and (b) after completion and filling (courtesy D. 
Poulain) 

4.1.2 Concrete dams 

Maintaining imperviousness is critical for concrete dams because water infiltration modifies the uplift 
pressure for which the dam was designed. During the service life of the dam, the imperviousness of the 
upstream concrete generally decreases. Even when seepage does not reduce the stability of the dam to crit-
ical values, another detrimental aspect is onset of seepage from the downstream face, which may be inter-
preted by the public as a sign of poor construction and poor maintenance. This can induce general misgiv-
ings about the safety of the facility that does not necessarily correspond to reality. Geomembranes are 
mainly used to rehabilitate old concrete dams, in which case the geomembranes are almost always ex-
posed (see Figure 6); they are seldom used in the construction of new concrete dams. Composite ge-
omembranes that combine a geomembrane and a geotextile see the most use. For these, the geomembrane 
fulfills the lining function, and the geotextile reinforces the geomembrane, protects it from mechanical 
damage by irregularities in the supporting medium, and contributes to drainage behind the geomembrane 
(Cazzuffi et al. 2010). 

 
 (a) (b) 

Figure 6. (a) Katse dam, GIGSA 2016 photo contest, courtesy E. Zannoni and Publino dam rehabilitation, Courtesy 
D. Cazzuffi 

4.1.3 Roller–compacted concrete dams 

In roller-compacted concrete (RCC) dams, geomembrane systems are mostly used in new construction, in 
which the geomembrane usually lines the entire upstream face of the dam. The RCC mass provides the 
stability of the dam and the upstream geomembrane renders the structure watertight. The geomembrane 
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can be left exposed or covered: if covered, it is attached to the prefabricated concrete panels that are used 
as permanent formworks for construction of the RCC dam. The panels are placed so that their concrete 
layer faces the reservoir and the geomembrane layer faces the RCC lifts. The geomembrane is thus em-
bedded between the concrete face and the RCC body (Cazzuffi et al. 2010). 

4.2 Water conveyance through canals 

Canals are used to transport all types of liquids, although freshwater is the most common (Koerner et al. 
2017). An important aspect of water management is the distribution of water to farmers via irrigation ca-
nals, which are sometimes also used to transport water destined for treatment as drinking water (Giroud 
and Plusquellec 2017). 

Water is valuable, which is why water loss and degradation should be avoided. To control water loss, 
some canals are lined, which consists of covering the bottom and the side slopes of the canal with a barri-
er. Geomembranes have yet to reach the same level of use in canals as in dams: at present, canals most of-
ten use cement concrete lining (Giroud and Plusquellec 2017). 

Data from irrigation canals worldwide show that roughly only a third of the water transported is used 
for irrigation and two thirds is lost due to leakage, evaporation, and canal operation. Giroud and 
Plusquellec (2017) review arguments for and against lining canals. 

Measurements and analyses show that, shortly after construction, the leakage through a properly in-
stalled geomembrane lining (see Figure 7a) is at least ten times less than that through a well-constructed 
cement concrete lining, which is consistent with the data presented in Table 1. While in service, if a ge-
omembrane is protected from damage, the slow degradation process that affects all materials has no effect 
on geomembrane leaking until the geomembrane ruptures because of ageing. As a result, a high-quality 
modern geomembrane remains watertight for decades (see Section 4.7). In contrast, leakage through ce-
ment concrete linings used in canals increases progressively, sometimes rapidly, due to concrete cracking 
and joints that start leaking. Because of this superior performance of geomembranes in canals, many ex-
amples are available of existing cement concrete linings that have been repaired by using geomembranes 
(Giroud 2017). 

In some cases, geosynthetic clay liners may also be used to line canals (Heibaum et al. 2006, Koerner 
et al. 2008) (Figure 7b). 

 

 
(a) 

 
(b) 

Figure 7. Use of (a) a geomembrane and (b) a GCL as the lining in canals (courtesy. K. von Maubeuge Naue) 



Proceedings of the 11th International Conference on Geosynthetics 

 16-21 September 2018, Seoul, Korea 

4.3 Water conveyance through hydraulic tunnels 

Hydraulic tunnels are mainly used to convey water, under pressure or in free flow, to be used for power 
generation and/or water-supply works. Lining tunnels aims to prevent water from seeping out of the tun-
nel and also to prevent water and deleterious chemicals from seeping into the tunnel. Not only are leaks 
detrimental in terms of water quantity as the resource becomes scarce, but they may also jeopardize the 
stability of the ground and of the structure itself. Hydraulic tunnels are usually lined with steel, cast in–
situ concrete, or sprayed concrete. Steel, however is not always an attractive solution from a financial 
viewpoint, and concrete linings are rarely free from defects such as voids and cracks. Geomembrane sys-
tems can be installed as waterproofing for new construction, as a covering, or in rehabilitation projects as 
a repair measure for deteriorated leaking linings, such as an exposed solution (see Figure 8). PVC-P has 
been successfully used in hydraulic tunnels as a barrier against water and gas infiltration and has now be-
come a key element of hydraulic–tunnel design. A drainage structure behind the geomembrane must be 
provided to collect the water and discharge it to avoid external pressure acting inward, which can build up 
and in some circumstances destroy the installation. Geonets can be used in this instance (Cazzuffi et al. 
2012). 

 

 
 

Figure 8. Use of a geomembrane in a tunnel, GIGSA photo contest 2015, courtesy E. Zannoni. 

4.4 Preserving water quality 

Various polymers are used to manufacture geomembranes for use in hydraulic applications: HDPE, 
LLDPE, PP, PVC-P, EPDM, and even bitumen (Touze-Foltz 2010). In addition, a number of additives 
(i.e., chemical compounds) are used in the manufacturing process to ensure the durability of the polymeric 
materials; be they geomembranes or other geosynthetics. Despite the low water solubility of these addi-
tives, various studies provide evidence that prolonged contact between geosynthetics and a surrounding 
aqueous medium extracts such additives from Geosynthetics (Blanco et al. 2012a,b, Farcas et al. 2012, 
Pons et al. 2012). 

Constitutive molecules from additives and their degradation products represent potential sources of 
pollution that may impact surrounding ecosystems and public health. The molecules that have a nefarious 
impact on the environment include monomers, catalysts, solvents, pigments, and additives such as anti-
oxidants, anti-statics, anti-foggers, and stabilizers (Farcas et al. 2014, Gueguen Minerbe et al. 2017).  

Farcas et al. (2014) and Gueguen Minerbe et al. (2017) performed a laboratory study to evaluate the 
potential impact of additives extracted from geomembranes that are commonly used in hydraulic applica-
tions. The results indicate that, during the first few days of exposure to the extracted molecules, the Chlo-
rella vulgaris and Daphnia species are negatively impacted. However, after prolonged exposure, the im-
pact is reversed and eutrophication is induced instead. This algal stimulation may be due to the extracted 
molecules serving as fertilizer. Local eutrophication might thus occur on site. 

Some geomembranes have been developed specifically to resolve potability issues (see Section 4.5.2). 
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4.5 Water storage 

4.5.1 Geomembranes in reservoirs 

Geomembranes are very widely used for lining reservoirs or ponds (see Figure 9). As for dams, the struc-
tures concerned vary widely in size (Heibaum et al. 2006). 

The core of a lining system is, of course, the impermeable material (i.e., either a geomembrane or a 
GCL) (Poulain et al. 2012). It is generally not recommended to lay a geomembrane directly on the sub-
grade, except in particular cases when the risks of puncturing the geomembrane and the subsequent 
transmission of underliner pore water or gas pressure have been considered. A better way to prevent such 
risks is to design specific underliner systems. Geosynthetics are particularly adapted to this application, as 
discussed in the following subsections. 

 

  
 (a) (b) 

Figure 9. (a) Reservoirs waterproofed with plasticized PVC-P geomembranes reinforced with polyester synthetic 
fabrics (Authors: M. Blanco (CEDEX, Spain), A.M.  Noval (CEDEX, Spain) & E. Aguiar (BALTEN, Spain) IGS 
photo contest 2014) and (b) Large irrigation reservoir lined with EPDM Geomembrane, IGS photo contest 2010. 

4.5.2 Underliner drainage and protection 

The purpose of draining water from underneath a liner is to prevent the accumulation of leaked water 
from a pond, canal, or reservoir and the uplift of the geomembrane lining system via back-pressure from a 
raised water table. Underliner water drainage can be implemented by installing gravel layers, gravel-filled 
drainage trenches, or geostrips. Depending on the volume of water to be drained, perforated geopipes may 
supplement gravel-based drainage systems. An additional benefit of underliner water drainage, especially 
in containment ponds, is that the drained water quantity and quality may be monitored to detect leaks in 
the lining system. 

Underliner gas drainage is as essential as water drainage. Underliner gas drainage must be done when 
gas fermentation may occur, especially where the total excavation of organic soil is not economically fea-
sible. 

Underliner gas and water drainages are frequently combined in a single system, but state-of-the-art de-
signs now tend to separate these drainages, with water being drained via trenches or geostrips and gas be-
ing drained via a geotextile underliner connected to gas vents passing through the geomembrane at the top 
of the embankments. The latter solution is particularly attractive when the given geotextile is designed for 
both underliner gas drainage and protection. This function may be fulfilled by a geotextile (Poulain et al. 
2012). 

4.5.3 Geosynthetic covers for reservoirs 

There are numerous reasons for covering over a freshwater reservoir, such as to eliminate evaporation, re-
duce cleaning maintenance, control the development of algae, reduce usage of chlorine, avoid animal ex-
cretions, provide minimum safety, and discourage intentional pollution (Koerner et al. 2008, Heibaum 
2010). Geosynthetic floating covers could fulfill the desired functions. 

Benedetti et al. (2009) discuss the example of the construction of two floating covers for potable-water 
reservoirs in Corsica (see Figure 10a), which employed a reinforced PVC geomembrane. The face of the 
geomembrane in contact with water is suitable for potable water. The face of the geomembrane exposed 
to climatic conditions has reinforced protection against UV radiation. Water can be stored for a few 
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months in these ponds without altering water quality or taste. The design is also adapted to the strong 
winds that can be encountered in Corsica. 

Other studies refer to the use of thermoplastic olefin (TPO) (Sadlier and Taylor 2002) or PP geomem-
branes for constructing floating covers for potable-water storage (Peggs 2008). Blanco et al. (2017a) men-
tion the work by Renz in which reservoirs were covered by using a polyethylene shading mesh inserted 
between polyamide cables anchored at the reservoir perimeter beam to produce a “quasi-horizontal cov-
er.” This type of construction is the basis for the current Spanish standard on this topic (Blanco et al. 
2017a). 

Redón-Santafé et al. (2014) designed floating photovoltaic covers for water reservoirs lined with a ge-
omembrane consisting of polyethylene floating modules that adapt to varying water levels in the reservoir 
by means of tension bars and elastic fasteners (Figure 10b). These covers contribute to reducing evapora-
tion and also constitute a renewable source of electricity. Combining the photovoltaics in this way also 
saves land, which can be used for agriculture (Ferrer-Gisbert et al. 2013). 
 

    
(a) (b) 

Figure 10. (a) Full Ersa (Corsica, France) reservoir (from Benedetti et al. 2009) and (b) floating photovoltaic cover 
(courtesy M. Redón-Santafé) 

4.6 Protecting geomembranes in hydraulic applications 

One of the best ways to prevent the accelerated ageing of geosynthetics, and of geomembranes in particu-
lar, is to limit their exposure to environmental agents (oxygen, UV radiation, high temperatures) by cover-
ing them. Overliner layers not only serve this purpose but also prevent liner damage caused by floating or 
transported solids (e.g., ice, wood), by facility vehicles or machines (e.g., mobile pumping equipment), by 
burrowing animals and plant roots, and by vandalism or accidental human intervention. Another purpose 
of overliner covers is to prevent wind action from uplifting geomembrane lining systems (Poulain et al. 
2012). 

One common design is to protect the geomembrane with a geotextile and then to cover the geosynthet-
ics with a layer of granular material (see Figure 11) (IGSa). The choice of granular material depends on 
factors such as slope or hydraulic solicitations from the contained or conveyed liquid (e.g., waves). 
Granular layers may be composed of several sublayers of differing particle size, from the finest-grained 
(e.g., fine sand) sublayer situated directly above the geosynthetic up to the coarsest-grained material (e.g., 
riprap) as the uppermost granular layer. Other common designs include concrete covers, precast blocks or 
slabs, in situ poured reinforced concrete layers or even shotcrete on geotextiles, interlocking concrete 
blocks, articulated concrete blocks, concrete slabs, geocells or geomatresses, or soil and rock protection 
(Cazzuffi et al. 2010, Poulain et al. 2012). 

The placement of the cover layer is possibly the most critical part of construction of a covered ge-
omembrane system, because covered geomembranes are also prone to damage, such as puncturing caused 
by the overlying materials. 
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Figure 11. Protection of a reinforced PVC-P geomembrane in a 150,000m3 pond dedicated to the production of 

snow in the Alpes d’Huez domain, France. Courtesy P. Brochier, Terageos 

4.7 Predicting geomembrane lifetime in hydraulic applications 

4.7.1 General concerns 

Knowledge of the service life of a geomembrane is of great interest because it is linked to the safety of the 
structure and can facilitate avoiding economic and human damages (Blanco et al. 2017a). Other than acci-
dental damage, the usual degradation mechanisms are UV radiation, oxidation, hydrolysis, the migration 
of chemical, radioactive, and biological additives, and temperature. Standard accelerated-ageing tests are 
available and are used worldwide to predict the operational behavior of geomembranes (Hsuan et al. 
2008, Koerner et al. 2008, 2017). High temperatures accelerate all of the above-mentioned polymer mech-
anisms. Standard accelerated ageing tests involve incubating at elevated temperatures followed by testing 
and then extrapolation to lower (presumably site-specific) temperatures to predict geomembrane lifetime 
(Koerner et al. 2017). In this context, the Arrhenius equation is used for extrapolations. 

An arbitrary, well-established criterion is that, when a geomembrane characteristic is degraded by 50%, 
the geomembrane has reached its end of life (Rowe et al. 2009). However, in a number of cases geomem-
brane characteristics may be degraded by over 50% without preventing the geomembranes from perform-
ing properly on site (Blanco et al. 2017b). 

The ideal way to assess the service life of geomembranes would thus be by examining actual field 
samples at regular intervals over the service life of a geomembrane in the field (Rowe et al. 2009). Be-
cause the unique function of a geomembrane is to act as a barrier, the only property to test should be the 
flow rate, following, for example, EN 14150 (AFNORb), although this is not the common practice. 

Experience gained from such samplings provides the benefit of feedback regarding reasonable mini-
mum lifetimes that may be expected from geomembranes that are properly designed, constructed, and 
maintained in hydraulic works. 

The following subsections discuss the durability of exposed oxidized bituminous geomembranes, pol-
ymeric bituminous geomembranes, PVC-P geomembranes, PP geomembranes, HDPE geomembranes, 
and EPDM geomembranes in hydraulic applications based on recent findings reported in the literature fol-
lowing on-site samplings of exposed geomembranes and subsequent testing. 

Because the hydraulic applications are those for which the most feedback exists on durability of ex-
posed geomembranes evaluated by in situ sampling, this question, although it is important for each appli-
cation, is not further discussed in this lecture. For more information on durability in other applications, the 
reader is referred to Hsuan et al. (2008), Koerner et al. (2008, 2017), and Rowe et al. (2009). 

4.7.2 Durability of oxidized bituminous geomembranes 

Microcracks can be observed at the surface of oxidized bituminous geomembranes when they are left ex-
posed, leading in some cases to an increase in the flow rate through the geomembrane as compared with a 
virgin material. In some cases, the performance of the geomembrane is equivalent, but not better, than that 
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of a one-meter-thick clay layer with a hydraulic conductivity in the range 10−9 to 10−8 m/s. When an oxi-
dized bituminous geomembrane with no mechanical protection remains under water, the loss of perfor-
mance is less pronounced than for one exposed to air and UV radiation. For covered oxidized bituminous 
geomembranes, on the one case tested, no microcracks appear and the performance remains stable for 30 
years after installation. Thus, oxidized bituminous geomembranes should not remain exposed if long-term 
hydraulic performance is the goal (Touze-Foltz et al. 2010).  

4.7.3 Durability of elastomeric bituminous geomembranes 

The results for oxidized bituminous geomembranes cannot and must not be extended to elastomeric bitu-
minous geomembranes (Touze-Foltz et al. 2010). The analysis of samples from various ponds (see Figure 
12) indicates that the polymer is completely consumed within the first few microns of the surface of ge-
omembranes exposed for over 15 years. In parallel, within the same surface layer of geomembranes ex-
posed for over 15 years, the bitumen is oxidized. However, the disappearance of the polymer and the oxi-
dation of the bitumen do not extend through the entire layer of bitumen binder. For geomembranes 
exposed for 30 years, the polymer, although still present at the core, is altered. Nevertheless, these ge-
omembranes still deliver the same level of watertightness as do virgin geomembranes. Thus, the hydraulic 
properties of geomembranes are not significantly affected by these chemical modifications at the ge-
omembrane surface (Touze-Foltz and Farcas 2017). 

 

 
 

Figure 12. Pond lined with bituminous geomembranes at the Bazancourt sugar refinery at the time of geomem-

brane sampling for durability study (Touze-Foltz et al. 2015) 

4.7.4 Durability of PVC-P geomembranes 

Cazzuffi et al. (2010) report on the use of PVC-P geomembranes in dams constructed in the mid-1970s 
(see Figure 13). They conclude that, in this type of environment, the service life of PVC-P composite ge-
omembranes exceeds 50 years. Considering that the quality of PVC-P geomembranes is better today than 
it was in the 1970s, longer lifetimes can be expected. 

According to Blanco et al. (2017a), the service life of PVC-P geomembranes can thus be determined 
by considering the plasticizer content. Depending on its composition, the geomembrane may last between 
one to two years for poorly formulated geomembranes to over 20 years (Girard et al. 2002, Carreira and 
Tanghe 2008) and even 26 years as reported by Blanco et al. (2012a). 

Benedetti et al. (2009), based on samplings taken from a geomembrane cover, expect a 20 year lifetime 
for a PVC-P reinforced geomembrane under the Corsican climate. 

A solution to reduce shrinkage induced by the manufacturing process and by ageing is the use of rein-
forced geomembranes or composite geomembranes (i.e., with an associated geotextile), which can rein-
force durability on major structures such as the Barlovento dam (Fayoux and Potié 2006, Blanco et al. 
2012b), for which the geomembrane remains in good condition 23 years after installation, particularly on 
the nonexposed side (Blanco et al. 2016a). Similarly good results were obtained for the geomembranes at 
the Barranco de Benijos reservoir 19 years after installation (Blanco et al. 2012c). Blanco et al. (2017b) 
also report on the durability of six reinforced PVC-P geomembranes 18 to 31 years after installation in 
reservoirs in eastern Spain. 
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 (a) (b) 

Figure 13. (a) Cignana dam and (b) Camposecco dam samplings, courtesy D. Cazzuffi (Cazzuffi & Gioffrè 

2018) 

4.7.5 Durability of polypropylene geomembranes 

Peggs (2008) summarized the use of PP geomembranes for a number of hydraulic applications: potable-
water reservoirs, ponds for various applications, and floating covers on potable-water reservoirs. A num-
ber of failures occurred in the case of potable-water reservoirs and covers, typically after 3 to 10 years of 
service. However, PP geomembranes performed extremely well in other weather-exposed applications 
even in the case of potable-water-reservoir covers. For example, Wallace (2008) reports satisfactory per-
formance over 5 years of floating covers on potable-water reservoirs. Furthermore, different PP resins 
have become available, opening the door to potentially more efficient geomembranes than was previously 
possible. 

4.7.6 Durability of high-density polyethylene geomembranes 

According to Blanco et al. (2017a), stress-crack resistance should be considered to determine the service 
life of HDPE geomembranes although HDPE is the most chemically stable polymer available (Poulain et 
al. 2012). For a geomembrane installed in the Canary Islands under a subtropical climate and year-long 
sun exposure, Blanco et al. (2012a) and Noval et al. (2014b) report good performance of a HDPE ge-
omembrane 20 years after installation. Baldauf et al. (2012) also studied the durability of a HDPE ge-
omembrane after 17 years of service in a water reservoir in Spain under high levels of UV radiation. They 
reported that the geomembrane continued functioning as an impermeable barrier despite a significant de-
crease in resistance to stress cracking (Figure 14a). 

4.7.7 Durability of ethylene propylene diene terpolymer geomembranes 

Blanco et al. (2017a) suggest that elongation at break should be considered to determine the service life of 
EPDM geomembranes. Over a period of 21 years, Noval et al. (2014a) analyzed the evolution of an 
EPDM geomembrane installed in the El Boqueron reservoir on Tenerife Island in Spain. They noticed that 
the orientation of the geomembrane influences its ageing. Despite the evolution of the geomembrane (loss 
and oxidation of paraffinic oils), the flow rate through the geomembrane after 21 years measured accord-
ing to the EN 14150 standard was less than 10−6 m3 m−2 d−1, which is consistent with values obtained for 
virgin geomembranes (see Table 1). References given by Blanco et al. (2012a, d) to studies of four addi-
tional reservoirs discuss situations where geomembrane properties remained stable for 13 to 15 years after 
installation (Figure 14b). 

Thus, although geomembrane properties evolve over time, most results show that the hydraulic per-
formance of exposed geomembranes remains stable, except for oxidized bituminous geomembranes, 
which must be covered to maintain long-term performance. 
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 (a) (b) 

Figure 14. (a) HDPE geomembrane installed in La Mericana reservoir (Jarandilla de la Vera-Cáceres-Spain) 

and (b) EPDM geomembrane installed in Torrealta-1 reservoir (Alicante-Spain) Courtesy M. Blanco 

5 FEEDING THE WORLD: THE CONTRIBUTION OF GEOSYNTHETICS 

Geosynthetics contribute to the capture, storage, and transport of water, and thus participate in agriculture 
through irrigation. They contribute also as illustrated in the following subsections to feeding the world in 
other ways. Due to the diversity of geosynthetic applications in agriculture, only an overview of the possi-
ble applications is presented here, despite the risk of omitting important individual solutions (Heibaum, 
2010). The following topics are emphasized in this section: protecting soil against erosion, crop protection 
and enhancement, fish farming, agriculture waste management, and trends towards a more sustainable ag-
riculture, which includes consideration of urban areas and avoiding food waste as geosynthetics can con-
tribute to a more responsible food production. 

5.1 Soil protection 

Surface erosion develops when soil is exposed to wind and water and is in a transportable state. Erosion 
may be defined as the wearing away of any part of Earth’s surface by natural causes. For erosion to occur, 
three mechanisms must act in sequence: detachment, entrainment, and transport. Detachment is caused by 
the impact of raindrops on a soil surface, the scouring action of running water or of flowing debris abra-
sion, and the action of breaking waves. Entrainment is mainly due to fluid drag. Once a particle is en-
trained, it tends to continue moving provided the velocity of the medium suffices to transport the particle 
horizontally (Yee 2012). 

Agriculture and aquaculture are affected in two respects: loss of material (erosion of top soil, river 
banks, or canal banks) and deposition of unwanted material, the latter of which pollutes ponds and water-
ways or spoils farmland by accelerating the erosion of soil (Heibaum 2010). Venkatappa Rao (2016) men-
tions the loss of 5334 million tons of soil (about 1 mm of topsoil) every year in India. In the context of ag-
riculture, the loss of topsoil hinders the soil’s ability to support plant life and the many associated benefits 
of mature vegetation, which can lead to the increased use of fertilizers, herbicides, and other potential pol-
lutants. Runoff and sediments from such sites can carry unwanted nitrogen and phosphorous into the wa-
ter system, causing unwanted plant growth that can change the habitat (Allen and Sprague 2011). Rain-
eroded soil silting up a river can significantly impact the waterways. Fluvial habitat is endangered, ship-
ping is constrained, and costly dredging becomes necessary. Intensified sedimentation can increase flood 
levels because sediment raises the river level as it settles (Heibaum 2014). Erosion countermeasures 
should be implemented as early as possible in erosion chain (Heibaum 2010, 2014, Sprague and Sprague 
2016). 

In general, surface erosion can be reduced by (Heibaum 2010) (1) reducing water velocity, (2) dividing 
runoff into smaller quantities, (3) providing time for water infiltration, and (4) retaining soil via mechani-
cal or structural methods. 

Vegetation cover is regarded as one of the most effective methods to control wind- or water-induced 
soil erosion (Han and Guo 2017), and natural geotextiles can be used where vegetation is considered to be 
the long-term answer to slope protection and erosion control (Heibaum 2010, Venkatappa Rao 2016). 
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The use of an organic, decomposable erosion-control blanket can slowly release nutrients for immedi-
ate and sustained vegetation growth even in nutrient-poor soils. This approach also promotes the devel-
opment of beneficial soil microbes that can add long-term structure and stability to the soil and provide 
plant nutrients (Allen and Sprague 2011). Coir geotextiles degrade in two to three years while jute geotex-
iles degrade in one to two years (Shin and Kang 2010). Venkatappa Rao (2016) provides details on coir 
and jute geotextiles. Finally, an additional benefit of such geotextiles is the retention of pesticides in jute 
and hemp, which has been shown by Boutron et al. (2009). 

Geosynthetics, included non-biodegradable ones, can also be used to control erosion in fields other 
than agriculture. Section 7 discusses the example of coastal-erosion prevention, and the reader is referred 
to Heibaum (2010) for further details on other applications that will not be developed in this lecture. 

5.2 Crop protection and enhancement 

5.2.1 Drainage of agricultural land 

Drainage of agricultural land is one of the most critical water-management tools for sustaining productive 
cropland, because this sustainability is extremely dependent on the control of water saturation and soil sal-
inization in the root zone of most crops. Many agricultural lands require improvements in surface and 
subsurface drainage to optimize land productivity while maintaining the quality of soil resources. The 
benefits of draining agricultural lands depend on climate (Van der Molen et al. 2007). In humid regions, 
drainage is needed to control soil water for better aeration, higher temperatures, and easier workability. In 
contrast, in arid and semi-arid regions, the primary function of drainage is to prevent irrigation-induced 
water saturation and salinization of the soil (Ritzema 2016). Modern buried-pipe drains often consist of 
corrugated flexible and perforated polyethylene pipes wrapped in an envelope, such as nonwoven geotex-
tiles, to improve the permeability around the pipes and prevent the entry of soil particles (Hsieh 2016). 

5.2.2 Ground cover using geosynthetics 

One use of geotextiles in agriculture is as ground cover fabrics, which can increase production by promot-
ing germination and plant growth. Geotextiles can typically be used in the early spring and late fall to ex-
tend the growing season in slightly inclement weather. Nonwoven geotextiles are widely used in such ap-
plications because they allow the free flow of water, air, fertilizer, and nutrients. Woven geotextiles can 
also be used in this way (Hsieh 2016). 

As reported by Heibaum (2010), geomembranes can also be used as ground cover; for example, in as-
paragus fields, to reflect the sun (white geomembranes) and retard the development of asparagus spears. 
This measure is often used to avoid an oversupply during high season. Black geomembranes can also be 
laid on asparagus fields to warm the soil in the early spring so that the crop can be marketed as early as 
possible. Geomembranes thus help to control the growth of crops, thereby easing farmer workload, ex-
tending the harvest periods, and avoiding an oversupply and the concomitant price drops and waste 
(Heibaum 2010) (see Figure 15). 

5.2.3 Control of growing conditions, pests, and insects 

The use of netted PE shading geotextiles allows farmers to control growing conditions, manipulate growth 
patterns, and protect crops from excessive sun, wind, and hail by regulating the quality and quantity of 
light reaching the crops. This improves crop yields and permits earlier harvesting (Hsieh 2016) (Figure 
16). 

Covering fruit with plastic or geotextile bags can also improve fruit quality and provide pest control. 
Covering grapes with nonwoven bags is very effective for reducing bird and insect damage to the crop 
(Hsieh 2016) (Figure 17). This issue is of the primary importance in tropical and semi-tropical areas 
(Hsieh et al. 2008). 
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Figure 15. Weeds and moisture control plastic sheeting for cabbage and radish and vegetables in Taiwan, cour-

tesy C.W. Hsieh (Hsieh et al. (2008), with the GRI allowance for use from the Proceedings of the GRI-21 Confer-

ence on Agriculture and Aquaculture, Cancun, Mexico, March 5, 2008) 
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Figure 16. (a) thermal screens providing shadow inside a greenhouse and (b) Protection of apple trees against 

hail, courtesy F. Moinerau, Texinov 
 

 
 (a) (b) 

 
Figure 17. (a) Pest control net, courtesy F. Moinerau and (b) Plastic sheet bag is used for insects & birds control 

and shading for banana courtesy C.W. Hsieh (Hsieh et al. (2008), with the GRI allowance for use from the Pro-
ceedings of the GRI-21 Conference on Agriculture and Aquaculture, Cancun, Mexico, March 5, 2008) 
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5.2.4 Quality of life of animals 

Geotextiles also find a number of applications for livestock. For example, they can be used around farm-
land as wind breakers, protection fence, or to protect against frost. They can also be designed to protect 
crops, plants, and animals from wind by reducing wind speed (Hsieh 2016), or to reinforce surfaces of 
high livestock traffic as fall and spring rains reduce cattle areas to dangerous muddy areas for herds 
(Hsieh 2016). The use of geotextile fabrics in areas of high livestock traffic substantially reduces un-
healthy and hazardous footing conditions for livestock. Furthermore, the installation cost of geotextiles is 
about one third that of installing concrete surfaces. 

5.3 Fish farming 

Since the 1980s, aquaculture – the aquatic version of industrial agriculture – has been the fastest growing 
source of fish worldwide. Some observers see aquaculture as an opportunity to reduce the pressure on 
wild fish stock while addressing the growing imbalance between fish production and food requirements 
for an expanding world population (Heibaum 2010). Aquaculture has been directed to the rational use of 
land and water resources to ensure harmony between fish farming and the environment. For example, 
closed tanks have been demonstrated as technically feasible ways to grow salmon (Heibaum 2010). These 
systems eliminate solid waste to the marine environment, contamination of the area under the tanks, es-
capes from the rearing facility, and marine-mammal deaths due to interaction with farmed fish and nets. 
For inland fishing ponds, HDPE geomembranes have been widely used to reduce seepage and improve 
water quality (Hsieh 2008). The smooth surface of the geomembrane facilitates pond cleaning (Hsieh 
2016). 

Geotextiles can also be used to protect geomembranes from puncture (Hsieh 2016). Furthermore, plac-
ing geotextiles around the perimeter of fishing or marine shrimp ponds can significantly reduce bank-soil 
erosion (Hsieh 2016, Saengrunguang and Boyd 2014). Their use is of the primary importance compared 
with geomembranes because they allow the exchange of dissolved substances (particularly phosphorus) 
between soil and water and because they are less expensive than geomembranes, which are considered too 
expensive for commercial aquaculture ponds (Saengrunguang and Boyd 2014). 

Geopipes are also an essential element in aquaculture for water supply and drainage because these fa-
cilities require large amounts of clean water (Hsieh 2008). HDPE geopipes are becoming increasingly 
popular in the aquaculture industry. 

Offshore net cage is a fishing net system with structure frames. It can be used to raise different fishes 
within the confined space using fresh and clean sea water. The farming fishes will consist of the similar 
quality as those catch from ocean (see Figure 18) (Hsieh 2008).  

 

  
 (a) (b) 

 
Figure 18. Floating net cages and (b) submersible net cage with geopipe fishing raft (Hsieh (2008), with the 

GRI allowance for use from the Proceedings of the GRI-21 Conference on Agriculture and Aquaculture, Cancun, 
Mexico, March 5, 2008) 
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5.4 Management of agricultural waste 

5.4.1 Manure Storage 

If properly managed and applied responsibly, animal manure is a source of fertilizer (Hsieh 2016). How-
ever, manure can also become a contaminant if it mixes with surface water or groundwater. Animal-waste 
lagoons contribute to the pollution of groundwater and surface water. With the increasing concern over 
pollution and the concomitant increase in governmental legislation, the use of geosynthetics has increased 
very rapidly. In particular, exposed geomembranes, geomembranes with soil cover, and GCLs with soil 
cover are currently being used to seal animal-waste lagoons. In addition, geotextiles and geonets are used 
for protection and for gas transmission (IGSb). The general design principles for manure storage are simi-
lar to those for hydraulic ponds with an additional question related to the durability of geomembranes. 
Some regulations furthermore require closures (i.e., a top cover) to (1) reduce propagation of odors or 
germs, (2) reduce emissions of greenhouse gases by collecting methane produced by the anaerobic degra-
dation of manure, and (3) prevent dilution to maintain the agronomic value of the manure (DeGarie et al. 
2000, Ng et al. 2009, Touze-Foltz 2014). 

5.4.2 Sludge management 

Sludge dewatering tubes are increasingly popular for agricultural or livestock remediation (see Figure 
19a). A geotextile tube is a tubular structure made of an extremely resistant geosynthetic wrapper filled by 
hydraulic pumping. This structure is built on site and filled in its final position (Palma et al. 2016). 

Sludge dewatering tubes can also be used to manage aquacultural waste (Hsieh 2016). Animal waste is 
more difficult to dewater than sewage waste; it normally has to be treated with a conditioning agent as 
well as a chemical accelerant to ensure that the colloids and nutrients are contained within the geotextile 
tube during dewatering (Lawson 2006). This point is further discussed in Section 6.5. 

5.4.3 From agriculture waste to energy 

In addition to providing a local source of energy, the recovery of methane removes a source of atmospher-
ic methane, which is the second most important greenhouse gas after carbon dioxide and is responsible for 
approximately 40% of the climate change over the past 150 years (Spokas et al. 2006). Anaerobic digest-
ers serve to rapidly decompose animal waste in a controlled environment, thus allowing the recovery and 
use of methane-rich biogas. Biogas is used to fuel combined heat and power generators that produce on-
farm electricity, process heat, and domestic hot water. Alternatively, it generates water for crop irrigation, 
bio-based fertilizer, and pathogen-free, biodegradable consumer products (Land and water 2007). Anaero-
bic digesters are also a viable method of waste management because they use both bottom-lining systems 
comprising geosynthetics and flexible cover systems (see Figure 19b). The number of operating digesters 
is rapidly increasing worldwide as government funding becomes increasingly available for farm installa-
tions (IGSb). 

 

  
 

Figure 19. (a) Containment for sludge treatment, IGS photo contest 2014, and (b) anaerobic digester lined and capped 
with EPDM Geomembrane, IGS photo contest 2010 
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5.5 Towards a more sustainable food production 

5.5.1 Preventing food waste 

As an example, enclosing pears in nonwoven bags provide better light penetration and give pears darker 
skins and better appearance, which is of primary importance because appearance is one of the factors con-
tributing to excessive quantities of wasted food. Other factors are related to current production systems 
and product commercialization, including food quality. In the first stages of the food value chain, the loss-
es in developing countries occur primarily in the early production, handling, and storage stages. The most 
common source of food loss, however, is connected with very poor storage facilities, rodent plagues, 
pests, and many types of diseases, in addition to a lack of management facilities (Papaj 2016). In fact, 
guaranteeing food quality requires adequate storage conditions to reduce desiccation, weight loss, ageing, 
and wrinkling of fresh fruit, which continue to respire and perspire even after harvest (Hsieh 2016) (see 
Figure 20). Given the magnitude of greenhouse gas emissions from the agricultural sector, strategies that 
reduce food loss and waste or that address excess caloric consumption have great potential as effective 
tools to mitigate global climate change (Porter and Reay 2015). 

Silo protection is in high demand in agriculture, and geosynthetics have seen use in this area for 25 to 
35 years. Geosynthetics used in this application must have good weather resistance (e.g., against rain and 
hail), high UV stability, and good resistance against acids and other chemicals, picking birds, and pawing 
cattle (Heibaum 2010). 

 

 
 

Figure 20. Nonwoven geotextile cushioning sheets or materials for grapes or fragile fruits during shipment 
(courtesy C. Hsieh). 

5.5.2 Urban agriculture 

Urban agriculture is pursued by more and more educated people seeking to reduce their agricultural foot-
print and control their food quality. As a result, urban vegetable gardens are multiplying while microfarms 
are flourishing in the countryside. Although food self-sufficiency remains a dream, this movement con-
tributes to the resilience of territories (Gamberini 2017). Mynhardt and Gast (2014) discuss solutions in-
volving geosynthetics to create urban farms in unused or unoccupied spaces within cities. In Africa, fac-
ing the rapid growth of the urban population in the largest cities, the number of low-income consumers is 
increasing, which leads to problems in food security. Urban agriculture can be an effective and sustainable 
solution to ensure the supply of healthy foods for urban consumers. Geomembranes can be used in urban 
agriculture, for example, to create a waterproof barrier when turning a brownfield, an old parking lot, or a 
rooftop into an economic and socially sustainable urban farming system. 

6 POLLUTION CONTROL 

As discussed further below, geosynthetics and the IGS can contribute technical support for pollution con-
trol, help to prioritize and plan processes to tackle pollution within rapidly industrializing cities and coun-
tries, contribute to develop regulatory and enforcement strategies, build technical capacity, and direct in-
terventions where such actions are urgently needed to save lives or can substantially leverage local action 
and resources consistent with the second recommendation of the Lancet Commission on Pollution and 
Health (2017). Furthermore, the IGS, which is a platform for exchange between the public sector (admin-
istrations, academics) and industry, can create multisectoral partnerships for pollution control and can fos-
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ter innovation in this field (recommendation 4). The IGS is also a resource for implementing pollution 
control (recommendation 6). The remainder of this section first discusses how to minimize the impact of 
contaminant transport from solid-waste bodies and mining installations, and then discusses the use of ge-
osynthetics for treating sludge and sediment. Producing renewable energy from waste or sunlight is also 
discussed. Finally, because the quality of the geomembrane lining is crucial in environmental applica-
tions, construction quality insurance and construction quality control are also discussed. 

6.1 Minimizing impact of contaminant transport from solid-waste bodies to underground 

Landfills are an essential part of an integrated waste-management strategy, and not least because they pro-
vide the only terrestrial sink for hazardous substances that would otherwise be dispersed into the envi-
ronment. If operated sustainably, landfills may also represent a way to return materials and substances to 
the environment with minimal harm (Powrie et al. 2014). Over the last four decades, the practice of land-
filling has evolved to the point where fully engineered facilities are now subject to stringent regulations to 
protect the environment (Touze-Foltz et al. 2008). 

To limit contaminant migration to levels that have a negligible impact on environment, several types of 
lining systems can be used for waste containment. With these lining systems are associated drainage sys-
tems to reduce the hydraulic head of leachate on top of the liner. This point is of primary importance be-
cause the leakage rate is known to be roughly proportional to the hydraulic head of leachate over the com-
posite liner if the geomembrane is damaged. Leachate, which is rainwater that has charged itself with 
pollutants while flowing through waste, can be harmful to the environment. 

The bottom barrier is intended to minimize the migration of contaminants from the facility, so the en-
vironmental impact of the facility is intimately related to its design and long-term performance (Rowe et 
al. 2004). The European legislation on waste disposal (OJEC 1999) requires that landfills be situated and 
designed so as to prevent pollution of the soil, groundwater, or surface water and to ensure efficient col-
lection of leachate. The landfill base and sides must consist of a mineral layer that satisfies certain hydrau-
lic-conductivity and thickness requirements, which have a combined effect on the protection of soil, 
groundwater, and surface water. Where the geological barrier does not naturally meet the required condi-
tions, it can be completed artificially and reinforced by other means that give equivalent protection. This 
is where GCLs can be involved. 

However, the mineral liner is not used on its own. In fact, many modern landfill barrier systems require 
a leachate collection system and a geomembrane (often a HDPE geomembrane because of issues related 
to contaminant transfer and durability) over either a compacted-clay liner or a GCL (Touze-Foltz et al. 
2016). Composite lining systems formed by the association of a compacted-clay liner or a GCL and a ge-
omembrane provide redundancy, which in turn provides additional protection: composite systems im-
prove containment performance and, ultimately, environmental protection (Jones and Dixon 2011, Jones 
2015, Rowe 1998, 2017, Rowe and Brachman 2004, Touze-Foltz et al. 2006) (see Figure 21). 

However, the benefits of using geosynthetic liners as part of a barrier system may not be fully realized 
if the geomembrane is physically damaged: geomembranes form excellent barriers to fluids only if there 
are no holes in the geomembrane (Rowe 2017).  

 

   
 

Figure 21. (a). The Honk Kong landfill, winner French chapter of IGS photo contest 2015 (courtesy T. Gisbert, Arcadis) 
and (b) Landfill Campagna IGS photo contest 2010. 

Geomembranes may develop holes during installation, although most holes can be prevented by good 
quality control (Touze-Foltz et al. 2008, Rowe 2017). Indeed geomembranes are in contact with the gran-
ular drainage layer. The size of the granular elements has to be a compromise. Coarser and uniform gravel 
ensure the longest possible service life as a leachate-drainage layer in a municipal solid waste landfill 
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(Rowe 2009). However, as the gravel becomes coarser, the risk of damage to the geomembrane increases 
(Brachman and Gudina 2008).  

Thus, an optimal system is likely to involve a sand protection layer above the geomembrane and a 
gravel leachate-drainage layer above the sand (Rowe 2009). In practice, different types of protective layers 
(i.e., geotextiles, a sand layer, combinations of geotextiles and sand layers, sand-filled cushions, rubber 
mats, layered geotextile composites) have been introduced between geomembrane and coarse drainage 
gravel (Brachman and Sabir 2013, Touze-Foltz et al. 2008) (see Figure 22). 

 

 
 

Figure 22: Geomembrane protection using sand bags (Second prize French chapter of IGS photo contest 2015, 

Courtesy R. Desbonnets)  

6.2 Preventing water infiltration into waste body and gas migration to atmosphere 

The aim of landfill final covers is to limit, but not necessarily prevent, the infiltration of rainwater into the 
waste and thereby to control leachate production, and to minimize gas emissions from the landfill (see 
Figure 23). As an example, to achieve these goals, European regulations require that the landfill cap in-
cludes a gas-drainage layer, a lining system, a water-drainage system, and a top soil cover. The general 
objective being to reduce water and gas fluxes, various semi-permeable or impermeable cover alternatives 
are possible provided they meet the performance objectives in terms of liquid and gas flow into and out of 
the landfill and reduction of waste hazard, and have geosynthetic lifetimes longer than the waste-hazard 
period. 

 
 

Figure 23. EPDM Geomembrane rubber temporary landfill cover used over a twenty year span, IGS photo con-
test 2014. 

Compacted clay liners, GCLs, and geomembranes are thus not the only materials that can be used as 
landfill caps. Drainage geocomposites, including either a geofilm or a continuous HDPE draining core 
with overlaps allowing water flow, can answer the demand for alternative cover systems for non-
hazardous waste (Fourmont and Arab 2005, Fourmont et al. 2009a,b, Meydiot and Lambert 2000, Faure 
and Meydiot 2002). 
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6.3 The case of radioactive waste following the 2011 Tohoku earthquake and Tsunami 

The 2011 off the Pacific coast of Tohoku earthquake induced a large scale tsunami. The earthquake and 
subsequent tsunami resulted in a catastrophe with massive loss of human life, and massive damage to 
buildings and infrastructure. Among them the Fukushima Daiichi nuclear power plant was seriously dam-
aged. Three reactors overheated resulting in hydrogen gas fuelled explosions and large amount of radioac-
tive materials were spewed into the atmosphere before being deposited by rain over the land surface (Inui 
et al. 2012). A number of temporary storage sites have been commissioned to contain soil and waste gen-
erated by the decontamination work. The geomembrane technical committee of the IGS Japanese chapter 
elaborated procedures for: (1) selection and installation of storage containers that are to prevent polluted 
water from leaking outside of storage sites, (2) structures and barrier materials, and (3) a new inspection 
procedure for seaming of cover geomembranes (Shimaoka et al. 2016). There are currently more than six-
teen thousand temporary storage sites that incorporate a bottom geomembrane liner, piles of bagged soil 
or waste and a top cover to prevent rainwater infiltration into the waste (see Figure 24). 

 

  
 (a) (b) 

 
(c) 

 
Figure 24. (a) placement of bottom geomembrane, (b), piles of bagged soils or waste, and (c) geomembrane 

cover on bags, courtesy T. Katusmi. 

6.4 Geosynthetics in mining applications for metal production 

Mining is the backbone of many economies around the world, including in developed countries such as 
Australia. In many developing countries, mining provides over 50% of export earnings (Bouazza, 2013). 
The purpose of incorporating geosynthetic barriers into a modern mining operation is to reduce the envi-
ronmental risks associated with contaminant migration off site and to improve the recovery of mine wa-
ters either for reuse or to extract the product from solution (Bouazza 2013). Lining systems are designed 
to meet requirements that are similar to those of bottom lining systems in landfills, with a particular focus 
on the specific chemical and mechanical environments in mining applications. A rigorous analysis of each 
component of the design is required to ensure the long-term performance of geosynthetics, because con-
tact with many mine leachates can reduce geosynthetics performance and longevity (Bouazza 2013). An-
other specificity is that, for reasons of stability, the geomembrane has no puncture protection (Touze-Foltz 
et al. 2008). 

Geosynthetic materials are now commonly used in lining systems for heap leach pads (HLPs), tailings 
storage facilities (TSFs), waste rock or overburden storage facilities, and lined ponds and channels, as dis-
cussed further below (see Figure 25). 
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Figure 25. (a) Nickel mine, New Caledonia, IGS photo contest 2014 and (b) tailing dam, GIGSA photo contest 
2015. 

6.4.1 Heap leach pads 

Heap leach facilities are part of the mining process to extract metal from ore. They are engineered facili-
ties that generally consist of a HLP, solution-collection and -conveyance structures, solution processing 
ponds, and process facilities (Touze-Foltz et al. 2008). The HLP is a lined facility onto which ore is 
placed. A leaching solution is applied on the ore, thereby dissolving the minerals contained therein. The 
leaching solution varies depending on the type of ore to be processed, and may consist of a strong acid 
(e.g., sulfuric acid) or, to heap leach gold and silver, a dilute cyanide solution (Touze-Foltz et al. 2008). 
As the leaching solution gradually percolates through the ore, it dissolves the precious metals, producing 
what is known as a ‟pregnant solution.” Because the product of mining in this case is the pregnant solu-
tion, losses through the underliner system must be minimized and, if at all possible, eliminated, so that re-
covery is maximized (Bouazza 2013). The geomembrane retains the chemical solution used to dissolve 
the minerals from the ore and allows the leaching solution to be collected and refined. The leaching solu-
tion is then recovered and routed to solution-processing ponds, where it is sent to recover the metal. An 
important consideration when designing a HLP is thus the leach-solution-collection system. The most 
common HLP solution-collection systems consist of geopipes embedded in a drainage layer. Depending 
on the design and conditions within the HLP, the solution-collection systems may also include geotextiles, 
corrugated and perforated (single- and double-walled) pipes, perforated or non-perforated HDPE pipes, 
and geodrains (Touze-Foltz et al. 2008). 

6.4.2 Tailings storage facilities 

When water is used in the extraction process to concentrate valuable substances from ore, the waste pro-
duced is a sludge that is generally called “tailings.” Tailings are basically solid particles dispersed in wa-
ter. TSFs are engineered structures constructed to impound tailings. Depending on the geochemistry of the 
tailings and process solution, the tailings may be stored within a geosynthetic-lined TSF.  

A continuous or intermittent drainage layer may also be placed over the liner to enhance tailings con-
solidation or provide internal drainage for the TSF. Geosynthetic materials such as geopipes, geotextiles, 
and geodrains are often incorporated into the design of the drainage system. 

6.4.3 Fluid fine tailings 

Oil sands, phosphate exploitation, and alumina refining all generate very-fine-grained sludge (d80 < 20 
μm) with a high clay content. The oil-sands industry generates a sludge waste called fluid fine tailings 
(FFTs). FFTs have a high clay content and contain 70-80 wt% water and 1-3 wt% residual bitumen, which 
makes them particularly difficult to dewater (Allen 2008, Jeeravipoolvarn et al. 2009, Mikula et al. 1996). 
The two key problems caused by FFTs are the large volume of material and its very poor geotechnical 
properties, which are both caused by its high water content (Farkish and Fall 2013, Mikula et al. 1996, 
Snars and Gilkes 2009). Dewatering FFTs is a preferred path to increase the shear strength of the tailings 
and reduce the volume of material to be contained, which reduces the risk of failure, reduces the footprint, 
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and minimizes water consumption (Farkish and Fall 2013). One of the solutions that may be considered is 
to lay electrokinetic geocomposite (eGCP) within the FFT disposal area during filling to dewater the 
sludge (Gastaud et al. 2015, 2017) inducing a hydraulic gradient, driving the water out (Faure et al. 1993), 
and applying an electric field across the sludge layers to subject the sludge to electro-osmosis, leading to 
water migration (Fourie and Jones 2010, Jones et al. 2008). 

6.4.4 Mining waste storage 

During the mining process, waste rock or overburden is removed to provide access to the ore. The over-
burden materials are often placed in a dedicated facility that is engineered to provide stability and drain-
age. Liner systems for overburden storage facilities are used when there is a concern that poor-quality 
seepage will develop from the overburden as a result of percolation of rainwater through the material and 
subsequent reactions with minerals in the overburden, thus creating leachate. 

Solution-collection systems are often included in the design of overburden storage facilities to collect 
and route seepage to ponds or sumps for further analysis, treatment if required and discharge. They usual-
ly consist of collection drains excavated into the subgrade of the facility. The drains are surrounded with 
filtration geotextiles to prevent the migration of fines from the overburden and from the foundation into 
the collection pipe (Touze-Foltz et al. 2008). 

6.5 Geomembranes for lining reed-bed filters 

Reed-bed filters are gaining increasing importance in wastewater treatment procedures of small towns 
(Savoye et al. 2006). The surface sealing of filters is justified in terms of increasing functional reliability, 
improving sludge production and storing procedures, and assessing the impact of waste at the outlet. Sa-
voye et al. (2006) investigated the use of EPDM geomembranes in such applications. They report that rhi-
zomes from reeds may damage the geomembrane, so an adapted geomembrane protection is required. 

Fayoux et al. (2009), based on their experience, made global recommendations regarding the use of 
geomembranes for reed-bed filters or wastewater lagoons. They emphasized the need to properly design 
the gas-drainage layer underneath the geomembrane, especially because such installations may be set 
close to the outlet (i.e., in zones where the groundwater level is near the surface). The drainage level may 
thus be flooded, resulting in bubbles forming in the geomembrane. Design and construction measures 
must thus be taken to ensure that this drainage layer remains free of water (see Section 4.5.2). 

6.6 Dewatering of waste and contaminated sediments 

Many industries use water for processing and for the movement and storage of by-products and waste, 
which results in large volumes of liquid or slurry-like materials. The treatment and disposal of sewage 
sludge, for example, is one of the most problematic issues affecting wastewater treatment in developed 
countries (Glendinning et al. 2006). A preliminary treatment stage significantly reduces the volume of the 
slurry waste and renders it manageable for handling, transport, and disposal. Dewatering is commonly ap-
plied as this preliminary treatment. The dewatering of waste and contaminated sediments aims to reduce 
their volume and render them manageable for disposal (Lawson 2006). Geotextile tubes for sludge de-
watering offer significant cost savings and are environmentally friendly: they have a smaller footprint, 
which increases the number of potential dewatering sites and optimizes land use when only a limited area 
is available for containment and dewatering, as opposed to open-air pits (Lawson 2006, Hsieh 2016). 

Geotextile tubes provide an ideal medium for the dewatering of slurry-like waste streams and contami-
nated sediments such as municipal waste, agriculture waste, food and food-processing waste, industrial 
and mining waste, and contaminated sediments (Lawson 2006, 2014). Effective dewatering requires a ge-
otextile-tube dewatering platform that consists at the base of a stable barrier to support the geotextile-tube 
dewatering units and prevents loss of effluent water from the tubes into the foundation (see Figure 19a). 
Above the barrier, which can be a geomembrane, a drainage blanket is installed to facilitate full-
circumferential drainage from the geotextile tube (Lawson 2006). 

Electrokinetic geosynthetics also represent an alternative and combine a wide variety of materials, 
functions, and processes that can be used to ensure dewatering, strengthening, and conditioning of materi-
als such as soils, sludges, slurries, tailings, and composts. Such systems have proven to be efficient for 
dewatering and consolidation of sludge (Jones et al. 2008). 
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6.7 Renewable energy 

An increasingly popular practice of nonpenetration mounting of photovoltaic modules on contaminated 
land sites (e.g., landfills, mines) is on geomembrane caps that are already used on such sites to contain 
pollution (Brooks et al. 2011). Solar energy cover is a composite system that integrates both flexible pho-
tovoltaic laminates (i.e., flexible solar panels), with an enhanced exposed geomembrane cap (see Figure 
26).  
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Figure 26. (a) Solar growing from grass, STRS welded with AGRU LLDPE membrane with Closure Turf grass 
on top installed on an unengineering slope at 55 degrees, IGS photo contest 2010 and (b) Solar cells installed on an 

exposed Geomembrane cap at the Hickory Ridge landfill near Atlanta Georgia, courtesy Carlisle Energy. 

Examples are presented by Kuehle-Wedemeier (2007) and Alexander (2010. Other technologies in-
volving rigid panels can also be used as an alternative approach to turn landfill sites into sources of solar 
power (Alexander 2010). Based on the various examples presented, work is underway to demonstrate that 
these systems contribute to energy independence and to reducing the unsustainable dependence on fossil 
fuels (Alexander 2010). Furthermore, the benefits in terms of public perception and of moving towards a 
more sustainable source of energy, though not quantifiable at present, are nevertheless significant (Alex-
ander 2010). 

As is the case of agriculture (see Section 5.4.3), the recovery of methane also is a concern in environ-
mental applications, whether from landfills containing biodegradable waste, from leachate lagoons (Ng et 
al. 2009), or from wastewater treatment plants where covered anaerobic ponds promote the sedimentation 
of wastewater solids and their anaerobic decomposition into methane (Craggs et al. 2015). The cover 
again enhances biogas capture for energy recovery, thereby preventing the emission of greenhouse gases 
and odor (Craggs et al. 2015). For municipal lagoons, DeGarie et al. (2015) report that biogas production 
and use are projected to pay for the cover systems. 

6.8 Importance of construction quality assurance and construction quality control 

The cost of groundwater contamination is extremely high and, in most cases, the groundwater quality can 
never be returned to pre-contamination levels (Gilson-Beck 2016). Traditionally, quality assurance and 
quality control (QA-QC) programs are designed to monitor the installation of geosynthetic materials to 
minimize installation damage. The failure to implement a proper QA-QC program during design and in-
stallation may result in poor performance or even failure of the geosynthetic material. When dealing with 
environmental protection, the prevention of damage to geomembranes is of paramount importance. 

The final stage of a construction quality assurance (CQA) program for a lined facility is to test the en-
tire system for leaks (seams, panels, penetrations, etc.) (Touze-Foltz et al. 2008). 

Electrical leak location surveys are done after construction is completed but before the facility is put 
into operation. Considering that the majority of the holes in geomembrane liners are made before the fa-
cility is put into operation, this test is the only opportunity to repair the damages and thereby ensure the 
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quality of the liner system. Note that the cost associated with this test is substantially less than the costs of 
potential repairs after the facility enters operation. For more details the reader is referred to ASTM, Co-
lucci et al. (1996), Gilson-Beck (2016), Rollin et al. (2002), Touze-Foltz et al. (2008, 2010) and White 
and Barker 1997. 

 

 
 

Figure 27. Evaporation pond, PVC-P liner. Geoelectrical leak detection, IGS photo contest 2010. 

6.9 Mitigation of climate change by using geosynthetics 

Dixon et al. (2017) state that two categories of actions are required to tackle climate change and its ef-
fects: (i) mitigation to reduce GHG emissions and (ii) adaptation. Geosynthetics can make a contribution 
to mitigation by reducing GHG emissions from construction and operating infrastructures. In fact, the eco-
logical advantages of construction methods using geosynthetics are well known: the use of geosynthetics 
can dramatically reduce emissions from soil that needs to be excavated, transported, and put in place. 

The “carbon footprint” is a measure of total GHG emissions caused directly or indirectly by a person, 
organization, event, or product. The carbon footprint can include emissions over the entire life of a prod-
uct or construction. Embodied carbon (EC) is an indicator of cumulative carbon emissions used in the so-
lution adopted. Life-cycle assessment (LCA) is a tool for measuring the environmental impact of products 
or systems over their lifetime. It considers the extraction of raw materials, production, use, recycling, and 
disposal of waste (Dixon et al. 2017). LCA studies thereby help to avoid resolving one environmental 
problem while creating others (Jones 2015). 

In the field of geosynthetics, LCAs are used to compare geosynthetics solutions with more traditional 
solutions that use natural materials. Most studies refer to the normative frame defined by ISO 14040 and 
14044. 

The sustainability of materials and processes is commonly assessed by calculating the carbon emis-
sions (CO2) generated. Although this is a simplification, the ease of calculation encourages comparisons 
between solutions and makes such assessments accessible, transparent, and repeatable so that the CO2 
emitted can more easily be counted towards industry, national, and international targets (Dixon et al. 
2016). 

Such calculations were made for various applications, including filtration (Ehrenberg et al. 2012, 
Laidié et al. 2012), stabilization of foundations (Ehrenberg et al. 2012, Elsing et al. 2012), construction of 
a landfill drainage layer (Ehrenberg et al. 2012, Werth et al. 2012), building soil-retaining walls (WRAP 
2010, Ehrenberg et al. 2012, Fraser et al. 2012, Bouazza and Heerten 2012, Damians et al. 2016a,b), im-
plementing slope protection (Heerten 2012, Bouzza and Heerten 2012), road construction (Heerten 2012, 
Bouzza and Heerten 2012), implementing a capping system for landfills (Bouazza and Heerten 2012), en-
gineering slopes by using an electrokinetic geosynthetics treatment (Jones et al. 2014), and using geosyn-
thetics to reinforce bridge abutments (Beauregard et al. 2016). The results of these studies show that struc-
tures that incorporate geosynthetic layers tend to have a lower EC compared with conventional granular 
solutions. The use of geosynthteics results in massive improvements to CO2 savings as opposed to nearly 
all alternative civil engineering materials used. 

An additional study, however, analyzed the EC of a landfill-capping project (Raja et al. 2014). In this 
case, if clay is available on site or has to be transported only a short distance, the clay solution may be 
both more economical and more sustainable. 

Raja et al. (2014) and Dixon et al. (2017) point out a limitation of these studies, which is that the data-
bases used to do the LCA do not include values specific to geosynthetic products but only values for ge-
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neric plastic materials. This point is pertinent because a key component of LCAs is the EC value of the 
materials used (Dixon et al. 2016). In fact, Raja et al. (2015) showed that the use of generic-material val-
ues from commonly used databases can significantly degrade the accuracy of carbon-footprint calcula-
tions. They improved the situation by offering EC values for geotextiles and geogrids. However, this da-
taset needs to be developed and extended to cover a range of other categories of geosynthetics. The 
availability of such comprehensive data would allow the production of a geosynthetics-EC inventory and 
an extension of existing databases to include geosynthetics. 

Beauregard et al. (2016) also underlined the regional validity of data. Because most studies mentioned 
herein were done in Europe, they may not be applicable, for example, in the USA because of differences 
in transportation and energy production and use. 

Dixon et al. (2016) further argue that a need exists for an industry-standard carbon calculator that is 
backed and endorsed by a number of geosynthetic manufacturers and suppliers and recognized and trusted 
by construction organizations and clients. Example calculations presented by Dixon et al. (2016) demon-
strate the importance of defining the LCA boundaries, the selection of EC values, and the critical role of 
transport-related carbon emissions. Furthermore, calculations should be site specific. 

The approach proposed by Damians et al. (2016a,b) allows a more in-depth environmental assessment 
of soil-retaining wall structures. The full LCA method uses midpoint and endpoint indicators. There are 
18 midpoint indicators, some of which appear in previous studies, such as cumulative energy demand, 
climate change, photochemical ozone formation, particulate formation, acidification, eutrophication, land 
competition, and water use (Ehrenberg et al. 2012, Elsing et al. 2012, Fraser et al. 2012, Heerten, 2012, 
Laidié et al. 2012, Werth et al. 2012). The endpoint indicators are human health, ecosystem diversity, and 
resource availability. According to the authors, midpoints give more reliable results whereas endpoints are 
more useful for making decisions because they are expressed as a single numerical score. Rather than 
comparing indicators one by one, Damians et al. (2016b) offer an elegant weighing and aggregating meth-
od to combine indicators. The resulting sustainability assessment method accounts for environmental im-
pact, cost, societal and functional considerations, and stakeholder preferences. 

In conclusion, the past few years have seen an improved mastery of techniques of LCA in the field of 
geosynthetics. The latest calculations done by Dixon et al. (2016) and Damians et al. (2016a,b) are indica-
tive of the progress made in this field, in which an ever-more constructed standard approach is evolving 
by using EC values representative of geosynthetics and by comparing the EC values for entire construc-
tion solutions. Thus, results are recognized and trusted when the conclusion indicates that solutions using 
geosynthetics significantly reduce environmental impact. 

7 MITIGATION OF NATURAL DISASTERS 

The previous sections emphasize how geosynthetics can contribute to water transport and water quality 
for all and also how geosynthetics can prevent the flow of water and help to treat it when it has been pol-
luted either by agriculture or in environmental applications. 

Water is the origin of life but also threatens life when it breaks out of its normal boundaries: all modes 
of human life require a balance between water and ground. Unfortunately, such a balance is not a persis-
tent condition in many parts of the world inhabited by humans (Heibaum 2014). The question of protec-
tion against water gains importance as population density increases in areas of the world exposed to the 
threat of climate change. Geosynthetics can make a significant contribution to adaptation, specifically by 
improving the resilience of communities and infrastructure against extreme climate disasters, such as 
flooding, landslides, and droughts (Dixon et al. 2017). 

To mitigate the detrimental action of water and soil, either the effect of water has to be reduced when it 
is directed, or the resistance of the ground opposing the water must be increased. All structures to direct 
water or to elevate the ground above the water level are earth structures or are founded on the ground and 
so require strong protection against all types of erosion. The same requirement applies to hard engineering 
facilities such as dams, dykes, seawalls, or levees to withstand the requisite hydraulic load (Heibaum 
2014). The question of erosion was briefly discussed in Section 5.1 and will not be discussed here in gen-
eral terms. Instead, the focus is shifted to protection against natural disasters. Examples include notably 
soil reinforcement, slope stabilization and reinforced soil walls but also coastal erosion prevention, flood 
protection, and landslide prevention. The question of continuous monitoring to enhance resilience and re-
duce the consequences of natural disasters is addressed at the end of this section. 
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7.1 Preventing coastal erosion 

Coastal erosion may be defined as the continued retreat of a coastline over time. The advance and retreat 
of coastline is a natural phenomenon that has always existed and that, over time, has molded the coast into 
its current shape (Palma et al. 2016). However, in addition to the perennial natural causes are now added 
anthropogenic causes. The continuous growth of construction near coastal areas increases human expo-
sure to natural damages. Given that the causes of erosion cannot be eliminated and that the increased vul-
nerability to hazards does not prevent people from settling on the coast, we must adopt measures that en-
sure the safety of goods and people without disregard for the natural benefits of coastal areas. Dykes (also 
referred to as levees) are constructed to protect developments from flooding. Artificial reefs and sub-
merged breakwaters are underwater structures that disperse wave energy offshore, thus reducing the ener-
gy of waves and limiting their erosion activity upon reaching the shoreline (Lawson 2016). 

The environmental awareness that has grown over the last decades of the 20th century and into the 21st 
and the limitations of rock sources had led to a search for alternative materials (Palma et al. 2016). Geo-
textiles have a long history of use in marine engineering to prevent erosion and improve stability. When 
used individually, geotextiles commonly serve as filters or to enhance structural stability: 

• In revetments constructed from rock or armored concrete units to prevent soil erosion through the 
rock layers above, 

• Across the base of breakwaters and containment dykes to prevent scour beneath the toes, which un-
dermines the structure and creates instability due to water turbulence, or across the base of the struc-
ture for reinforcement purposes, and 

• Inside rubble-filled containment dykes to prevent erosion of landfill material through the coarse-
rubble-filled dyke. 

When used to make containment units, the geotextiles hold sand fill, which results in a stable mass-
gravity unit that is erosion resistant and structurally sound (Lawson 2016). They answer the growing con-
cern over the environment and the concomitant restrictions in mining and quarrying. In addition, by al-
lowing the use of locally available natural materials, high transportation costs are avoided (Venkatappa 
Rao 2016). An interesting element mentioned by Lawson (2016) is that artificial reefs and submerged 
breakwaters made from geotextile units provide a safe, injury-free environment for humans in close prox-
imity to populated beaches (see Figure 28b). Geotextile containers also attract an abundance of marine 
plants and life soon after construction, making such artificial reefs a prime fish location. 

For more details about applications, design, and installation that are not presented in detail here, the 
reader is referred to Lawson (2006), Lawson (2016), and Yee (2016). 

 

  
 (a) (b) 

Figure 28. (a). Sei Samboja Groin, East Kalimantan to control sea sediment transport, IGS photo contest 2014 and 
(b) Comtrac coastal protection, Cancun, Mexico, IGS photo contest 2010 

7.2 Flood protection 

A flood is an overflow of water that submerges land that is usually dry. For an overview of the flood cate-
gories and flood development process, see Heibaum (2014). 

As with many natural phenomena, the most sensible reaction to flooding may be to get out of the way. 
But river valleys, like the coast, attract settlements. Some works such as dams, levees, and canal systems 
can be undertaken to minimize the damage inflicted by flooding. Most dykes and flood protection dams 
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are lower than 10 to 15m in height and usually take the form of longitudinal barriers. Geosynthetics have 
also proven useful in these structures (see Figure 29). Note that different measures are undertaken for 
permanent versus temporary flood protection. The types of geosynthetics used and the functions they ful-
fill are briefly presented below. 

7.2.1 Permanent flood protection 

Experience gained in coastal engineering can be widely adapted to rivers. In river structures, whether to 
rehabilitate existing dams or construct new ones, geosynthetics serve the following purposes (Brandl 
2010): (1) as horizontal, vertical, and inclined filter and separation elements, (2) dyke slope sealing by in-
stalling geomembranes on the water side, (3) reinforcement of fill, crest zone, and access road for dyke 
defense, (4) surface-erosion protection, (5) vertical cutoff walls, and (6) protection against digging ani-
mals. 

7.2.2 Temporary flood protection 

Brandl (2010) recommends the use of sand bags for local stabilization if a risk exists of hydraulic failure 
of a dam or dyke by seepage uplift or internal erosion or piping. Sheets of geotextile filters covered with 
granular material can also be used for large critical zones. Because water outflow is not prevented to 
avoid creating excessive pore-water pressure, the use of impervious materials (such as clay or geomem-
branes) would be counterproductive. 

Geotextile tubes to mitigate the wave-breaking process in meandering rivers or to fill broken sections 
of dams are less used but have proven very suitable as low-crested submerged structures to reduce the in-
cident-wave energy at shorelines. 

 

 
 

Figure 29. Manawatu region near Palmerston North, use of gabions to obtain the maximum land use, and to hold 
storm water in a major flood event. IGS photo contest 2014. 

7.3 Landslides prevention and soil reinforcement 

Landslides are defined as a form of mass wasting that includes a wide range of ground movements such as 
rock falls, deep failure of slopes, and shallow debris flows. Landslides can be frequent and cause great 
damage to roads, buildings, bridges, agricultural and forest lands, and telephone and electrical lines 
(Shukla 1997). Landslides are due to either one or a combination of several natural and man-made factors, 
such as weak soil conditions, high rainfall and seepage, erosion by streams and rivers, vibrations caused 
by earthquakes, increased vegetative load, wind load, excavation, increased loading, vibrations caused by 
traffic movement, or deforestation (Shukla 1997). Venkatappa Rao (2016) mentions that, in the fragile 
Himalayas, landslides damage the highway structure and endanger thickly populated hill towns. 

Landslides may be controlled somewhat by improving drainage conditions, growing more vegetation 
on slopes, providing proper retaining structures (Figure 30), and using some recently developed ground-
improvement techniques such as soil reinforcement (Shukla 1997). If water flow cannot be modified, 
structures and ground have to be strengthened so that they can withstand unfavorable water action 
(Heibaum 2014). 

 

https://en.wikipedia.org/wiki/Mass_wasting
https://en.wikipedia.org/wiki/Rockfall
https://en.wikipedia.org/wiki/Grade_(slope)
https://en.wikipedia.org/wiki/Debris
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Figure 30. (a) landlslide prevention by using Geosynthetics for erosion control. Winner French Chapter photo 
contest 2017 (courtesy Stéphane Pavlesk) and (b) Large reinforced soil just completed, IGS photo contest 2010. 

For example, building dikes and embankments on soft ground (that thus need to be strengthened) is 
always a challenge because extensive settlement is to be expected due to consolidation and creep 
(Heibaum 2014). Geosynthetics can be very attractive for works involving embankments built on soft 
foundation soils. Geosynthetics have proven to be a cost-effective alternative to other foundation-
stabilization methods such as dewatering, excavation and replacement with select granular materials, or 
the use of thicker stabilization aggregate layers or chemical stabilization (Zornberg 2017b). Basically, ge-
osynthetic layers can serve as reinforcing materials or can accelerate the process of consolidation of soft 
subgrade. A reinforcement also reduces the consumption of fill material because it minimizes or avoids 
local failure mechanisms caused by construction equipment during transport, spreading, and compaction 
of the fill material (Palmeira 2012).  

Besides reinforcing geogrids, randomly distributed fibers within the soil mass or piled embankments 
can be used to increase soil strength (Heibaum 2014). More detailed information about design approaches 
can be found, for example, in Palmeira (2012). Finally, note that reinforced earth walls, which are accept-
ed on the Korean peninsula are an alternative to conventional retaining walls to reduce the risk of land-
slide due to heavy rainfall discussed further below (Yoo 2015). 

7.4 Slope stabilization and reinforced soil walls 

Slopes can be natural or man-made, and several natural and man-made factors contribute to soil instability 
(Shukla 1997). Reinforcing the steep slopes of embankments or earth walls by installing tensile-resistant 
components is a very old construction method. The advent of geosynthetic reinforcement materials has 
brought a new dimension of efficiency to the design and construction of reinforced slopes and retaining 
walls. Geosynthetic reinforced slopes are generally compacted fill embankments that incorporate geosyn-
thetic horizontal layers as tensile reinforcement to enhance stability. The use of geosynthetics for slope 
stabilization allows a reduction in earth works by changing their geometry and even allows the use of soils 
with average mechanical properties (Shukla et al. 2012). Furthermore, construction time is reduced and 
these solutions are usually more cost effective (Rahardjo et al. 2018).  

Geotextiles, both woven and nonwoven, and geogrids are being increasingly used to reinforce steep 
slopes. The function of a nonwoven geotextile as reinforcement is to provide adequate deformability and 
to redistribute the forces from areas of high stress to areas of low stress, thus avoiding crushing the soil. 
Furthermore, nonwoven geotextiles facilitate drainage and help to prevent the buildup of pore-water pres-
sure, which can reduce shear strength (Shukla et al. 2012). 

More complex structures are geosynthetic reinforced soil (GRS) retaining walls (RWs) with full-height 
rigid (FHR) facings, which are characterized by the following features: (1) the use of a FHR facing that is 
cast in place by using staged construction procedures, (2) the use of polymer geogrid reinforcement for 
cohesionless soil to provide good interlock with the soil, (3) the use of a composite of nonwoven and wo-
ven geotextiles for nearly saturated cohesive soils to facilitate both drainage and tensile reinforcement of 
the backfill, (4) the use of relatively short reinforcement, and (5) the use of low-quality on-site soil as 
backfill if necessary (Tatsuoka et al. 1997). The three main elements in GRS RWs are soil, reinforcement, 
and facing (Tatsuoka 2017) (See Figure 31).  
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Figure 31. GRS embankment Shima-no-koshi, Sanriku Railway, 20 May 2014 (courtesy F. Tatsuoka) 

Coastal dikes that form a geogrid-reinforced backfill covered with continuous lightly-steel-reinforced 
concrete facings firmly connected to the reinforcement have much stronger resistance against deeply over-
topping tsunami current (Tatsuoka et al. 2013). This technology can be used to construct stable RWs un-
der very difficult design and construction conditions that require (1) fast construction, (2) construction at 
difficult sites while ensuring high stability against over-topping floods, scouring, and water action, and (3) 
low cost for construction and maintenance (Tatsuoka 2017). 

7.5 Continuous monitoring to enhance resilience and reduce risk of disasters 

The increase in the fraction of works that are followed through monitoring allows us to improve risk pre-
vention by making it possible to adjust construction parameters before damages appear (Jacquard 2017). 

The quality assessment of existing structures, the design aspect of new structures, and the required 
safety factors depend on purpose, risk, and monitoring intensity (Brandl 2010). Monitoring is all the more 
useful when follow-up is done on a continuous basis (Jacquard 2017). 

The early detection of scour erosion, such as leakage or settlement, is a key issue for the maintenance 
of marine, canal, or river dikes. Distributed sensing technology based on the combination of a technical 
geotextile with embedded fiber-optic cables connected to appropriate fiber-optic instrumentation to meas-
ure temperature and strain are able to continuously monitor hundreds of kilometers of structure during 
strong climatic events with the resolution required for early detection and localization of unstable areas, 
so that they may be repaired before the structure fails (Artières et al. 2012a). 

Such geotextile-enabled sensors are designed to detect the first steps of internal erosion and hydraulic-
works instability. The geotextile fabric enhances the mechanical and hydraulic properties of the sensor-
enabled geotextile. In fact, the drainage properties of a geotextile combined with fiber-optic temperature-
measurement capability accelerates leak detection by collecting water flow and draining it faster to the op-
tical fiber. In parallel, the first stages of settlement and sliding are detected by strain measurements: the 
geotextile creates an excellent anchoring interface with the surrounding media (Artières 2013). Measuring 
at the same time and at the same place both temperature (to detect leaks) and soil strain (to detect soil 
movement) increases the probability of detecting the precursors of a malfunction (Artières et al. 2012a, 
Artières 2013). This solution is now used to monitor several hydraulic works around the world (Artières 
et al. 2012a), such as in the foundation of a basin (Artières 2013) and in pavements (Artières et al. 2012b). 
An alternative technology of deformation sensors consists of insulating carbon fibers stitched into a geo-
textile and was recently tested in the laboratory by Krebs et al. (2016). 
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Figure 32. Dike containing geotextile-enabled sensors. Courtesy O. Artières, Tencate 

8 ECONOMIC ANSWERS PROVIDED BY GEOSYNTHETICS 

The use of geosynthetics in civil engineering applications often provides financial benefits by reducing the 
cost of imported materials, reducing the amount of waste, and generally provides more efficient use of re-
sources compared with traditional solutions that use soil, concrete, and steel (Jones 2015). In 2014, during 
the 11th International Conference on Geosynthetics in Berlin, the Keynote Speaker Barry Christopher 
gave an original and unequalled review of cost savings provided by geosynthetics. As mentioned by the 
author, information allowing the evaluation of cost savings thanks to the use of geosynthetics is scarce. 
Many of the applications of geosynthetics were not covered due to the absence of quantitative documenta-
tion of cost savings, especially over the life of applications. Thus, a significant need exists for cost infor-
mation to be compiled and readily accessible to owners and engineers who make decisions on the use of 
geosynthetics. Christopher (2014) thus focused on the construction of civil engineering projects such as 
roads, embankments, retaining structures, erosion-control features, drainage systems, reservoirs, and 
waste-containment systems. The use of geosynthetics in roadways is the best documented regarding long-
term performance, which is one of the following four types of cost savings that were identified: 

• Reduction of the quantity or need for select soil material, 
• Easier and/or accelerated construction, 
• Improved long-term performance, and 
• Improved sustainability (this latter point is discussed in detail in Section 6.7). 

To reduce certain soil materials, geosynthetics often replace the given soil and rock materials at a mate-
rial and installation cost that is less than that of the natural-material alternative. Furthermore, geosynthet-
ics are often used in geotechnical systems and, due to improved performance efficiency, may decrease the 
volume of other geotechnical materials used in that system. In many cases the cost benefit is such that the 
use of geosynthetics is now the standard practice. This is the case for the following scenarios: 

• Geotextile filters in drainage applications: In this case the geotextile reduces the size of edge-drain 
trenches; the cost savings from the reduced excavation volume and the reduced filter-material vol-
ume are significantly greater than the cost of geosynthetics. 

• GRS: GRS is almost always less expensive than conventional reinforced concrete and gravity-type 
earth retaining systems due to lower overall system material costs (in general by 25% to 50%). 

• Geosynthetic reinforced soil slopes (RSSs): RSSs are cost-effective alternatives for new construc-
tion where a steeper slope is desired. When repairing a slope failure, the new slope will be safer and 
reusing the slide debris rather than importing higher-quality backfill may result in substantial cost 
savings. RSSs can be constructed at about one-half the cost of GRSs and thus provide a viable eco-
nomic alternative. 

• Geosynthetics used for constructing reinforced soil embankments: For very weak soils, geosynthet-
ics used in reinforced soil embankments reduce the displacement of foundation soil that would oc-
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cur in construction of unreinforced embankments. The amount of fill saved often offsets the cost of 
the reinforcement, and additional cost savings are usually achieved through expedient embankment 
construction when using geosynthetic reinforcement. 

• Geosynthetics in waste and containment systems: The most significant cost-savings related to mate-
rial replacement are for geosynthetics used in landfill applications and, to a lesser extent, other con-
tainment applications such as reservoirs. In fact, the savings come not just from the cost difference 
between the geosynthetic and the replaced material but more significantly from the value of the vol-
ume of space saved by using very thin geosynthetic materials to replace the thicker geological barri-
er, where allowed by regulations. 

Results obtained in recent studies show that geosynthetics reinforcement is promising for use as low-
grade and low-cost sub-ballast material in railway construction. The use of materials such as mixtures of 
nonstandard material and mining waste instead of ballast can further reduce construction costs, particular-
ly in regions where good-quality fill materials are scarce or expensive. More generally, a better use of res-
idues and waste in engineering works is important to reduce the exploitation of natural material and to 
preserve the environment. The combination of geosynthetics with such residues may provide less expen-
sive and more environmentally friendly solutions (Palmeira 2016). 

The reader interested in this topic is encouraged to read the lecture by Barry Christopher (Christopher 
2014) for the numerical data. 

9 LIVING TOGETHER 

9.1 Connecting people 

Roads and highways are of the utmost importance to the development of any country (IGSc). Not only 
economic growth and climate action, but also social development, are heavily dependent on infrastructure 
(United Nations 2015). The following subsections elucidate how geosynthetics can contribute to improve 
road networks, railways, and bridges. 

9.1.1 Use of geosynthetics to improve road networks 

Venkatappa Rao (2016) mentions that road transport is vital to India’s economy. The Indian government 
considers the road network to be critical to the country’s development, social integration, and security 
needs. 

Paved roadways are designed and constructed to permit safe, efficient, and economical transport of 
passengers and commercial traffic. To attain these objectives, pavement distress induced during construc-
tion and during the operation of the roadway must be kept within acceptable limits. The loss of the func-
tional capacity of the roadway typically involves conditions that result in discomfort to the roadway user 
(Perkins et al. 2012). Due to the systematic traffic of heavy vehicles, climate conditions, and the mechani-
cal properties of the materials used in road constructions, the lifetime of road pavements may be consider-
ably shorter than expected (Zornberg 2017a). 

In this scenario, geosynthetics are effective for mitigating reflective cracking in asphalt overlays, ensur-
ing separation, stabilizing the road base, stabilizing soft subgrades of roads, and ensuring lateral drainage 
from roadways (Zornberg 2017a). Geotextiles and geogrids have also been used successfully for their 
ability to separate, filter, drain, or reinforce soils in unpaved roads (Bourdeau and Ashmawy 2012). 

The prevention of reflective cracking in asphalt overlays was one of the earliest applications involving 
geosynthetics in paved roads. Over time, the repeated loading and varying climatic conditions cause the 
cracks and joints in the existing pavement to reflect the overlay called “reflective cracking” (Sudarsanan 
et al. 2018). Reflective cracks often develop in new flexible pavement overlay directly above preexisting 
cracks in the old paved road. A reflective crack propagating through the new pavement overlay makes it 
susceptible to water intrusion and early failure. In this case geosynthetics reinforce, separate, stiffen, and 
act as a barrier (Zornberg 2017a) (see Figure 33). 

Geosynthetics (mainly geotextiles) were first used in roadways solely to fulfill the function of separa-
tion. A major cause of failure of roadways constructed over soft foundations is the contamination of ag-
gregate base material by the underlying soft subgrade soil: even a small amount of fines contaminating a 
granular layer can negatively affect the granular layer’s structural response because of a reduced base-
layer thickness, which reduces road lifetime (Zornberg 2017a). A geotextile placed between a fine-grained 
subgrade and a coarse-grained base layer can minimize contamination of the base layer by fine particles 
pumped from the subgrade under repeated traffic loads (Bourdeau and Ashwamy 2012). A properly de-
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signed geosynthetic separator allows the base layer to remain ‟clean,” which preserves its strength and 
drainage characteristics (Perkins et al. 2012). 

 

   
 

Figure 33. Asphalt reinforcement (a) GIGSA photo contest 2015 and (b) GIGSA photo contest 2017 

Lateral displacement of aggregate particles occurring under repeated traffic loading degrades the me-
chanical properties of base aggregates. Such displacement is of particular significance in the lower portion 
of the base layer, directly below the wheel path. Traffic may then induce high rutting depths in the road-
way structure. Interaction between a geosynthetic (for example, a geogrid) and the soil contributes to lat-
eral restraint (Zornberg 2017b). 

When a subgrade must be stabilized, the reinforcement issue is essential to facilitate initial construc-
tion. In fact, if the subgrade soils are extremely weak, construction of an embankment or roadway may be 
virtually impossible to begin without some form of stabilization. The presence of a weak subgrade may 
lead to localized shear failure in the subgrade, which creates significant deflections in the various overly-
ing layers of the roadway (Zornberg 2017b). For unpaved roads, rutting under traffic loads is expected to 
reduce as a result of geosynthetic reinforcement, which can translate into either increased traffic capacity 
or savings in base-layer thickness (Bourdeau and Ashwamy 2012) (see Figure 34). 

 

  
 

Figure 34. Ground stabilization, (a) during and (b) after works, GIGSA photo contest 2016 

On roadways, flow is typically induced by pore-water pressure generated in the subgrade by traffic 
loading. Fines contained in the subgrade may become suspended in the pore water and can be carried into 
the base in the absence of a proper filter. The key to this application lies in the ability of the geosynthetic 
to filter fines without becoming clogged (Perkins et al. 2012). 

Drainage is also important because the presence of moisture in the base and/or subgrade layers of a 
pavement is detrimental, compromising the mechanical properties of these soils (Zornberg 2017b). Thus, 
the function of the underdrain, which is fulfilled by a geosynthetic, can be critical to the proper perfor-
mance of the system (Bourdeau and Ashwamy 2012). Adequate drainage of a pavement should extend the 
lifetime of a pavement system by a factor of two to three with respect to a similar pavement with inade-
quate drainage (Perkins et al. 2012). 
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9.1.2 Connecting people via railways 

Railways are also important for connecting people and require improvements in some locations. As an ex-
ample, about 7000 km of the railway in India (out of 60 000 km) sits on a weak foundation, causing bal-
last penetration and resulting in multiple losses, such as extra maintenance cost for track and rolling stock, 
speed restrictions, higher fuel consumption, and passenger discomfort. Rehabilitation and strengthening of 
such tracks can help to eliminate speed restriction (Ventakappa Rao 2016). 

The purpose of the railway track structure is to provide safe and economical train transportation. This 
requires that the track serve as a stable guideway with appropriate vertical and horizontal alignment. To 
satisfy this requirement, each component of the system must satisfactorily perform its specific function in 
response to the traffic loads and environmental factors imposed on the system (see Figure 35). 

The main components of a ballasted track structure may be grouped into two main categories: (1) the 
superstructure consisting of the rails, the fastening system, and the rail ties, and (2) the substructure con-
sisting if the subgrade, the sub-ballast, and the ballast. The subgrade is the stable platform upon which the 
track structure is constructed. The ballast is the selected crushed granular material used as top layer of the 
substructure and in which the sleepers are embedded. The sub-ballast is the layer between ballast and sub-
grade that reduces the traffic-induced stress at the bottom of the ballast and extends the frost protection of 
the subgrade (Tan and Shukla 2012). 

Separating the layers of the track-support structure with different sizes and properties is of primary im-
portance when laying rails, because the passage of trains over rail causes the track ties to move. As a re-
sult, fines from the subgrade may be pumped upward into the granular layers, reducing the strength and 
the drainage capacity of these layers. The separation of the various layers is thus one function of geosyn-
thetics in this context. A geotextile filter, which allows water to pass freely while blocking the passage of 
subgrade soil particles, can also be used. Good drainage is critically important to avoid track deterioration 
and can be augmented by using a drainage geocomposite (IGSd). 

Finally, the key functions of sub-ballast are drainage and stress absorption to dissipate stress from 
wheel loads to acceptably low values at the subgrade layer. To achieve this, the ballast must remain clean 
and uncontaminated. A strong geotextile or a geogrid can provide lateral basal confinement and reduce 
shear stresses in the subgrade soil below. 

 

 
 

Figure 35. High speed train in France, tracks, ballast and protection of the railway, French chapter of IGS photo 
contest 2015 

9.1.3 Bridges 

The GRS integral bridge technology was developed by combining the technologies of integral bridge and 
GRS RWs with FHR facing (Tatsuoka 2017). For a GRS integral bridge, a pair of GRS walls is first con-
structed. After deformation of the supporting ground and backfill of the GRS walls, FHR facings are con-
structed by casting-in-place concrete on the wall face wrapped with a geogrid reinforcement (see Figure 
36). Finally, a continuous girder is constructed with both ends integrated into the top of the FHR facings. 
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The girder is also connected to the top of an intermediate pier, or piers, if constructed (Tatsuoka et al. 
2014).  

 
 

Figure 36. GRS integral bridge, Shima-no-koshi, Sanriku Railway, 20 May 2014 (Courtesy F. Tatsuoka) 

GRS integral bridges have essentially no bumps in the approach fills and suffer no structural damage to 
the facing from seasonal thermal expansion or contraction of the girder, whereas their stability against 
floods, tsunamis, and seismic loads is very high. These features are attributed to the staged construction of 
FHR facing, which is firmly connected to the geogrid layers (Yonezawa et al. 2014). GRS integral bridges 
are now the standard for railways in Japan. They are relevant to bridges for railways and roads in many 
places worldwide (Tatsuoka 2017). 

9.2 Towards a new global society 

Science and technology have shown the effect that they can have on the world. Today, no sphere of hu-
man life is not affected by science. The previous sections have emphasized this aspect by focusing on how 
developments in geosynthetics science and engineering affect land management and allow physically con-
nections to be established between people. Although we may all agree on the essential role science and 
technology play, we are less and less sure of the criteria to adopt to guide its applications. Science itself is 
unable to dictate the necessary human qualities required to guide our use of Earth (Thuan 2013). This is 
where values are of primary importance. 

9.2.1 An introduction to values from Korea 

Since this lecture is given in Seoul, Korea, the idea arose to introduce values through the work of T’oegye 
Yi Wang (1501–1570). T’oegye Yi Wang is referred to as the synthesizer and complete integrator of the 
Ch’eng-Chu school in Korea, which achieved the status of an officially sanctioned orthodoxy in the Con-
fucian revival, “the School of the Way” (Kalton 1988). His immense learning reconstructed for the first 
time the complete edifice of Ch’eng-Chu thought on the peninsula. T’oegye Yi Wang had an official ca-
reer in the government service during the time of a dreary succession of power brokers, each dominating 
the scene for a few years before being supplanted by another in a constant maneuvering for power. Within 
a few decades he was to become famous as the foremost scholar of Ch’eng-Chu thought and an outstand-
ing representative of the School of the Way. The Ten Diagrams is T’oegye Yi Wang’s last great work and 
perhaps the best-known and most popular of his writings. Its composition expresses the learning of a life-
time (Kalton 1988). 

Diagram seven, which is the explanation of Humanity, is the most comprehensive in terms of values 
(see Figure 37). Humanity is the mind of Heaven and Earth whereby they give life to creatures. What is 
referred to as the feelings of nature and the manifestation of love is the function of humanity. The mind of 
Heaven and Earth has four characteristics (origination, flourishing, benefiting, firmness) that give rise in 
the mind of man to four characteristics: humanity, righteousness (justice), propriety, and wisdom. When 
these issue forth as a function they become the feelings of love, respect, a sense of what is proper, and a 
sense that distinguishes right from wrong – and commiseration runs through all of these. 

9.2.2 Definition of values 

What are values? A compass to think and a guide to act. They are characterized not only by the fact that 
systems of values endure, but also by the fact that they influence not only individuals but also societies 
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(Futuribles 2016). Values have worth; they represent what is not negotiable for an individual or a group of 
individuals (Lenoir 2012). 

As a French person, I am influenced by national philosophers often mentioned in this Giroud lecture. 
The readers are of course encouraged to think wider than the preliminary approach developed here with 
their own philosophy and world view. 

Lenoir (2012) suggests that six values could serve as a basis on which to build a new civilization on a 
planetary scale, not based solely on market logic but on what has formed the basis of civilizations around 
the world and that is shared by all: love, respect, and justice as previously identified and beauty, truth, and 
freedom. Through a dialogue of cultures, a rewording of values should help to build a global civilization 
based on universal values. Jullien (2012) says that universality, contrary to uniformity, is not unique or 
standard, but rather is the aspiration to something that should be the same for all. Consistently with what 
Lenoir proposes, a search of enrichment exists in the form of feeding the universality with the singulari-
ties from different cultures. No possible cultural identity exists, according to Jullien (2012). Culture 
changes, transforms, and mutates, which, based on permanent values, allows us to evolve. But what 
meaning can be given to those six values? And how are they expressed in the cosmos of geosynthetics? A 
brief overview is given in the following sections. 

 

 
 

Figure 37. Diagram of the explanation of Humanity (adapted from Kalton 1988) 

9.2.3 Beauty 

In India, beauty is considered to reflect the perfect ordering of the World, as is the case for Chinese or 
Greek thinkers. If there is a formal beauty that can be attested to by art, architecture, natural shapes, then 
there is also a form of beauty that is ideal and transcendent, and that goes beyond the canons of beauty to 
make it approach the supreme divinity. Kant (2015) writes that, as we speak about beauty, we enter the 
field of universality. What is beautiful pleases universally without concept. 

9.2.4 Truth 

The notion of truth is diverse and refers to various orders: (1) knowledge, including scientific knowledge, 
(2) the ultimate truth, (3) stable reference points to guide one’s life, and (4) the alignment between what is 
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(i.e., reality) and what we say about it. If the first two orders may be less consensual, the last two seem to 
be more universal. Complementary to the concept of alignment between facts and speech, which is specif-
ic to Western civilization, another expression of truth has emerged in Asia, which is truth as consistency 
(Lenoir 2012, Piorunski 1998). In short, a proposition is true not only if it aligns with reality, but also if it 
is consistent with other propositions that are part of the same paradigm. Through this approach, truth can 
be connected to the way of life, human experience (both social and internal), and to our relationship with 
the world. What is true is what allows us to orient our life. 

9.2.5 Justice 

Justice aims to establish laws, equality between humans, peace, and a sharing of land and of wealth (Le-
noir, 2012). Although justice appears among the most constant and entrenched values in all cultures of the 
world, the challenge is to live it in action. Svâmi Prajnânpad, an Indian sage, says that justice is a law of 
exchange, which is why it is so difficult. The one who gives before taking or is ready to give as soon as he 
takes, who considers all others like him from the depths of himself and considers no one as being foreign 
to him, is on the path of justice (Comte-Sponville 1997). 

Goal 16 of the United Nations emphasizes justice, which is one of the three values along with freedom 
and respect to appear in the 17 goals. Goal 16 states that national and local institutions must be accounta-
ble and deliver equitably to all without requiring bribes. No planetary civilization can be sustainable with-
out justice being implemented at all levels of social life (Lenoir 2012). 

9.2.6 Respect 

Lenoir (2012) says that at the heart of the respect of the other is the recognition that the other, whether an 
individual or a group, must have a space where she can express her dreams and aspirations. Respect is the 
recognition that each individual has the right to make her own choices in life, and that she is to be re-
spected in her choices for who she is. 

Respect is the path out of a relationship of domination. It establishes an egalitarian relationship that is 
non-hierarchical and marked with a certain amount of empathy. 

This value has expressed itself through the golden rule, which I choose to express here according to 
Confucius: “what you do not want done to yourself, do not do to others.” The golden rule appears under 
different guises in Hinduism, Buddhism, Jaïnism, Zoroastrism, Judaism, Christianism, and Islam. 

9.2.7 Love 

Master Chu said that the principle of love is the substance of humanity (Figure 37). “For if one is impar-
tial he will be human. If he is human, he will be loving. Filial, piety, and respectfulness are functions of 
humanity, and altruism is the means whereby it is extended to others”. 

Among the various definitions of love between two people is an interesting definition given by Peck 
(1978) that “love is the will to extend one’s self for the purpose of nurturing one’s own or another’s (spir-
itual) growth”. It is thus a conscious and evolutionary process. 

This definition has some similarities with that given by Svâmi Prajnânpad, who says that love consists 
of constantly keeping in mind what is good for the one we love, what brings him or her happiness and joy. 
When you love someone you cannot expect the person to do what you like. The one who wants to become 
a real man or woman must make efforts for the benefit of others, friends, husband or wife, and children. 
Gradually he or she will learn to love everyone and to work for the well-being and happiness of all. This 
form of love has no limit (Comte-Sponville 1997) and takes us to the more collective level, where a form 
of love exists that can be found to various degrees in all cultures; namely, compassion. Compassion may 
be defined as an expression of love toward people that are in a state of suffering, misfortune, injustice, 
and thus in a situation of weakness (Lenoir 2012). 

9.2.8 Freedom 

The theme of freedom in the modern Western world has emerged under the angle of autonomy of individ-
uals, emancipation from the group, and rejection of the arbitrary (Lenoir 2012). It is on this basis that the 
United Nations emphasizes the right to freedom of information and to express views in private and in 
public. People should have the freedom to contribute to decisions that affect their lives. Fundamental 
freedoms should be protected, in accordance with national legislation and international agreements. 
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The concept of freedom is complementary to the concept of availability that developed in Asia. If free-
dom involves a choice, availability is equivalent to dissolving all position, not taking sides, being entirely 
“open” and making no a priori projection, which allows us to miss nothing (Aeschiman 2015). 

9.3 Expression of values in the cosmos of geosynthetics 

9.3.1 Where we come from 

Giroud (2006) mentioned that, after 23 years of existence, the IGS had reached the point of no return be-
cause it had reached a critical mass: volunteers are available to accomplish the essential tasks required by 
the management of the society, volunteers participate in the committees emanating from the IGS, volun-
teers organize international, regional, and local activities under the auspices of the IGS, etc. 

Giroud also adds that, from the very beginning, the formation of the IGS was carefully prepared based 
on an international consensus. This gives the IGS an authority that is recognized worldwide. 

Rather than a critical mass and an authority, my interpretation is that, because the IGS was able to 
merge the various cultures from around the world and appropriate the universal values just presented, and 
maybe more, it was able to reach this point of no return. In his message as newly elected president of the 
IGS in 2002, Cazzuffi (2002) mentioned that the IGS had to maintain and refine its own traditions. 

What are our traditions? How are values expressed by the International Geosynthetics Society? The 
following paragraphs try to give an insight into this question. This may be a way to contribute to our soci-
ety, the IGS, making progress in the field of values, and following up contributing to healing the world. 

9.3.2 Beauty 

9.3.2.1 Geosynthetics blend with local environment 

Some authors in the field of geosynthetics make explicit references to beauty. For example, some struc-
tures reinforced with geosynthetics can be seeded with grass or the layers can be filled with living plants 
during installation. Once the plants grow, the structure becomes a beautiful green home for insects and 
other animals from the local environment. Such beautiful structures are not washed away because the geo-
synthetics anchor them stably to the ground. Furthermore, geosynthetics allow builders to use natural ele-
ments in combination with reinforcement tools, providing better, more economical performance and beau-
tiful results (Man et al. 2010). This is also the case of geosynthetic-reinforced soil slopes, as mentioned by 
Christopher (2014), which can be landscaped in accordance with the natural environment to provide an 
aesthetic advantage over retaining-wall structures. Lawson (2016) mentions that geotextile bags for re-
vetments can blend in aesthetically with beach environments because they can be manufactured in appro-
priate colors. 

One effort to showcase beauty in geosynthetics is the promotional video of the 7th International Con-
ference on Geosynthetics, Nice, France, which displays a fashion show where top models are clothed in 
geosynthetics (geotextiles, geogrids, geomembranes). Other similar initiatives came courtesy of manufac-
turers and were presented, for example, at the 10th International Conference on Geosynthetics in Berlin 
(see Figure 38). 

More recently, the IGS photo contest was conceived to create an excellent collection of photos show-
casing outstanding work by IGS members. Among the three categories of criteria considered for evaluat-
ing photographs at the 1st IGS photo contest was the aesthetic quality of the photograph. One of the chal-
lenges in this lecture has been to illustrate the various sections with “beautiful” pictures or graphs, and 
several photos from the IGS photo contests have been used for this purpose. Such contests have been ex-
tended to other countries or parts of the world, such as North America, France and South Africa. 

9.3.2.2 Beautiful theories in geosynthetics 

The world is beautiful. The idea of a scientific work devoid of all feeling is more than a little wrong. Man 
is both reason and emotion, and the scientist or the engineer, like any other person, cannot dissociate his 
affectivity from his reason when he interacts with Nature. Beauty in science is the physical beauty of the 
world, not only the beauty that is obvious to our eyes, but also the beauty inspired by the coherence and 
order of the world. Knowledge does not kill poetry, mystery, or beauty (Thuan 2013). 
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Figure 38. (a). M. Riot in a geotextile dress at the Afitex plant (courtesy M. Riot) and (b) presentation of a series 
of geosynthetics dresses during the 10 ICG in Berlin (courtesy G. Brau) 

Unlike beauty in art, the beauty of a theory is not relative, it does not depend on times or cultures, it is 
universal. A beautiful theory must be simple in the hypotheses and axioms that support it, and this sim-
plicity may also be called elegance. The last quality of a beautiful theory says Thuan (2013) is that it 
makes beauty and truth coincide; it conforms to Nature. It is this desire of aesthetic conformity that has 
motivated physicists for two centuries now to find a theory of “the Whole” that would interconnect all 
physical phenomena in the Universe; it would unify the four fundamental forces into one. Unavoidable, 
simple, and in conformity with the Whole: these should be the features of a beautiful theory. 

I asked Jean-Pierre Giroud and Kerry Rowe to help me choose a beautiful theory to enrich this Giroud 
Lecture. Jean-Pierre Giroud thought it best to first define the word “theory” for a technical field. A theory 
is thus an abstract description that aims to represent reality. In our field, abstraction is necessarily repre-
sented by mathematical equations and the accompanying text. Because the number of experiments we can 
conduct is limited, a theory has the advantage, thanks to mathematics, to extrapolate what we learn from 
experiments to an infinite number of cases. A theory thus not only explains observations but also makes 
predictions about future events, making it essential for design purposes. This is the characteristic that 
makes a theory useful. A good theory is thus the basis for accurate predictions. However, that does not 
make the theory beautiful. 

Jean-Pierre Giroud says that a beautiful theory must deal with an important topic and encompass vari-
ous phenomena, or be related to a complex mechanism. A beautiful theory must be elegant and thus sim-
ple, especially if the phenomena it describes are complex. The main characteristic of a beautiful theory 
may be its enligthening: it must make things clear for the user, allowing her to understanding the phenom-
enon in question. Parameters thus must be clearly identified and their impact must be evaluated in a way 
that can be immediately understood. In addition, originality is also an important feature of a beautiful the-
ory. 

Jean-Pierre Giroud suggests two theories from the field of geosynthetics that he finds beautiful from 
among the theories he developed: (i) the theory of how wrinkles develop in geomembranes and (ii) the fil-
tration criteria, focusing on the retention criterion (the monumental theory on filtration juxtaposes various 
theories). Because Kerry Rowe also mentioned his important work on wrinkles, I decided to focus on this 
aspect in this lecture. Another reason to choose this theory is that the existence of wrinkles remains a sub-
ject of debate. This is clearly a field in which respect, as defined in Section 9.2.6, is required, so that all 
points of view can be expressed and considered. 
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9.3.2.3 Development of wrinkles and their impact 

A typical example of the inherent behavior of geosynthetics is the wrinkling of a geomembrane exposed 
to solar radiation and thus to variations in temperature (see Figure 39): the formation of wrinkles is essen-
tially governed by the physical and mechanical characteristics of the geomembrane, and the related theory 
is enlightening. The parameters that influence the wrinkling phenomenon are clearly identified: (1) the 
modulus of elasticity, the thickness, and the density of the geomembrane, (2) the friction angle of the ge-
omembrane-soil interface, and (3) the relative expansion of the geomembrane. The simple equations ob-
tained (Giroud 2005) allow the engineer to understand that intuition in this matter is misleading. In fact, 
the difference in wrinkling observed between different types of geomembranes is not due to the coeffi-
cient of thermal expansion as usually mentioned, but due instead to the geomembrane modulus of elastici-
ty. The theory provides good order-of-magnitude predictions of wrinkling that are consistent with obser-
vations in the field (Giroud and Morel 1992). This theory is useful because the relationships developed 
help us understand how wrinkles develop and can help design engineers alleviate problems caused by 
wrinkles (Giroud and Morel 1992). 

 

 
 

Figure 39. Development of wrinkles in a geomembrane. New geosynthetics installation at a copper mine. IGS NA 
2017 photo contest, courtesy S. Calendine, hydroGEOPHYSICS Inc. 

If wrinkles are covered and subjected to overburden pressure, their height and width are somewhat re-
duced but a gap remains between the geomembrane and the underlying soil (Müller 2007). Kerry Rowe 
and his team dedicated an impressive amount of time between 1998 (Rowe 1998) and today to quantify 
flow rates connected with the presence of wrinkles in geomembranes and wrinkles types and patterns and 
their evolution with time, especially through the Queen’s University Environmental Liner Test Site 
(Brachman et al. 2007) but also through laboratory experiments. If a geomembrane is used as part of a 
composite liner with either a GCL or a compacted clay liner, wrinkles represent a zone where there can be 
essentially unrestrained fluid flow through a hole in the geomembrane and the resulting development of a 
full leachate head directly on the clay liner, removing any possibility of composite-liner action directly 
beneath the wrinkle (Rowe et al. 2012). The width and, more importantly, the connected length of the 
wrinkle (wrinkle network) affect the magnitude of any resulting leak, and the frequency of wrinkles af-
fects the probability that a hole in the geomembrane coincides with a wrinkle (Rentz et al. 2017). A sec-
ond theory thus arises to quantify flow rates through composite lining systems when a geomembrane has 
wrinkles. In addition, wrinkles not only exacerbate the problem of existing holes by creating hydraulic 
conduits, but also make leak location difficult or even impossible, which is why implementing strategies 
to reduce or eliminate both leaks and wrinkles in tandem maximizes the performance of geomembranes 
and results in facility performance that, as previously mentioned in Section 6.8, far exceeds what is possi-
ble if only one of the two problems is solved (Gilson-Beck 2016). From all that is known from the beauti-
ful theories developed about the repercussions of waviness in terms not only of wave formation but also 
in terms of flow-rate quantification, impact on leak detection and how these issues are complicated by 
wrinkles, it is reasonable to require that geomembranes be installed with as few wrinkles as possible. 



Proceedings of the 11th International Conference on Geosynthetics 

 16-21 September 2018, Seoul, Korea 

There exist techniques, especially the so called “anchoring technique” from Schicketanz and presented by 
Müller (2007), that serve to guarantee a complete intimate contact between geomembrane and underlying 
soil. 

9.3.3 Truth 

Thuan (2013) states that the goal of science is the truth. Science approaches the truth in an asymptotic 
manner, as illustrated, for example, by the fact that the theory of relativity is more accurate in predicting 
experimental outcomes than is Newton’s theory of universal gravitation. And the Big Bang theory is cer-
tainly closer to the truth than is Ptolemy’s theory of a geocentric Universe. 

In the same manner, in the geosynthetics cosmos, the research done today is increasingly accurate and 
provides an increasingly precise description and analysis of specific phenomena, as most publications il-
lustrate. 

Truth is also a concern when it comes to respecting the rules of deontology and the veracity and origi-
nality of published data. The two official journals of the IGS, Geosynthetics International and Geotextiles 
and Geomembranes, and their editors have made tremendous continuous efforts over the past decades to 
ensure quality publications through the peer review processes. Similar review processes are also in place 
for organizing regional or international conferences. Such criteria are necessary and must be maintained to 
continue to ensure the credibility of the information produced in the field of geosynthetics. According to 
the code of ethics of the IGS, no member of the IGS will knowingly issue a false statement or false infor-
mation. 

If one accepts the definition of truth as consistency, then truth also appears in the consistent papers 
from researchers who have made significant contributions to a topic, some during decades, as just exem-
plified for the case of wrinkles in Section 9.3.2.3. 

9.3.4 Justice 

In his conclusion, Giroud (2006) states that no existing research society would have treated as equals pol-
ymer scientists and geotechnical engineers, textile or plastic manufacturers and earthwork contractors, 
civil engineering design firms and material suppliers. No existing society would have provided an open 
forum for civil engineers and the synthetics industry as does the IGS. Justice is thus provided to members 
in the IGS, and the pursuit of justice is what allowed the IGS to obtain an international consensus. 

Of course, the IGS evolved from this starting point. Daniele Cazzuffi (2002) explains how the IGS had 
to change to suit the more specific needs of IGS members and the chapters in each continent, as is done in 
many other international organizations. 

During election periods, IGS presidents never fail to encourage recommendations of people to the var-
ious seats to try and ensure good representation from all parts of the world in the IGS council. In addition, 
election of IGS members by direct voting has historically led to a good balance of constituencies in the 
IGS Council, both geographically and professionally (Zornberg, 2012). 

Each chapter has access to a dedicated web page on the IGS website, to the possibility of contributing 
to each issue of the IGS news, to compete for the selection of nominees for awards or to become a candi-
date to organize a regional or international conference. This is the view from inside the IGS. 

Yet how do we treat people justly when they are from outside the IGS? The geosynthetics community 
is searching for ways to educate engineering students about geosynthetics and to increase their awareness 
of the usefulness of geosynthetics. For the case of flood prevention and mitigation, Brandl (2010) states 
that an essential prerequisite for successful mitigation of flood effects is the comprehensive education and 
training of task forces comprising authorities, organizations, professional groups, and volunteers. Finding 
various methods to include geosynthetic education in the civil engineering curriculum is a major objective 
of the Geosynthetic Materials Association and the IGS-North America (Mackey 2016). Continuing educa-
tion of clients and construction professionals is also critically important if the benefits of geosynthetics are 
to be widely dispersed (Dixon et al. 2017). 

Dixon et al. (2017) mention the IGS sustainability movie as a good example of IGS educational mate-
rial. This movie, together with the IGS leaflets, have been translated into various languages, facilitating 
their appropriation. 

One of the initiatives of the IGS that has encountered some success is the Educate the Educators (EtE) 
program. The main goal of this program is ensure that every student graduating from an undergraduate 
engineering program receives some basic exposure to geosynthetics. One way to implement this action is 
to supply educators with the necessary knowledge and tools to help them integrate geosynthetic topics in-
to their engineering curricula. EtE workshops provide attending professors with a host of resources to 
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support this mission. Such events have already been organized in Argentina, Portugal, Poland, the USA, 
the Philippines (see Figure 40), Indonesia, China, and Brazil. The IGS provides equal support to all chap-
ters for organizing an EtE event. 

The IGS also makes available to all a number of documents, although access to some information re-
mains restricted. The members-only section in the IGS website limiting access to resources produced by 
volunteers is something the IGS could improve upon. Sufficient vectors exist today to disperse knowledge 
and ensure that all peoples around the world benefit from a common horizon. In addition, geosynthetics 
can contribute to finding universal solutions to the environmental problems that threaten our planet in de-
fiance of ethnic, cultural, and physical borders. We can contribute to improving this situation by promot-
ing a generalized interconnection and a new mode of organization that extends more horizontally rather 
than vertically. From this point of view, the old reflex of concentrating knowledge and know-how in the 
hands of a few may be counterproductive. 

 

 
 

Figure 40. The EtE group in Manila, the Philippines, April 2017 (Courtesy B. Ramsey) 

International development organizations, including UN agencies, multilateral development banks, bi-
lateral funding agencies, private foundations, and nongovernmental organizations, have important respon-
sibilities regarding pollution control and the prevention of pollution-related disease that complements and 
extends the role of governments. These agencies should elevate pollution prevention in the agenda of in-
ternational development and global health and substantially increase the resources they devote to fighting 
pollution (Lancet Commission on Pollution and Health 2017). In this instance, a better sharing of the re-
sources produced by the IGS would certainly help increase environmental justice around the world. This 
is the option selected by the French chapter of IGS, which gives free access to their web site and state-of-
the-art references on the use of geosynthetics (in French and English). And free should not be considered 
synonymous to worthless when it brings more justice. 

9.3.5 Respect 

In his address to members, Fumio Tatsuoka (2006) argued for more and better local activities and com-
munications in local languages through local organizations and local collaborations in addition to the in-
ternational IGS activities. Chapters are thus encouraged to develop along paths that they define them-
selves, with the goal being that their development becomes tailored to local conditions. Chapters thus 
have the possibility, following minimal guidelines given by the IGS, to develop themselves and to organ-
ize at their convenience events that are meaningful in their country. 

As previously mentioned, the IGS is a society in which coexist groups as diverse as polymer scientists 
and geotechnical engineers, textile or plastic manufacturers and earthwork contractors, or civil engineer-
ing design firms and material suppliers. This coexistence is possible because respect is offered and each 
individual or company has the possibility to develop following his, her, or its own focus of development. 
This is all the more important when different research teams work on similar topics from different ap-
proaches that can benefit from each other, and when different manufacturers producing geosynthetics 
from the same family of products (geotextiles, geomembranes, geogrids, GCLs, etc.) coexist. 

Respect is the basis to ensure this coexistence and the development of the IGS. Following the code of 
ethics of the IGS, no member of the IGS will make any abusive, racist, sexist, homophobic, ageist, dis-
criminatory, or otherwise inappropriate comments, or derogatory or stereotypical remarks about a particu-
lar ethnic, political, social, or religious group or gender. 
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9.3.6 Love 

Compassion is the expression of love toward people that are in a state of suffering, misfortune, injustice, 
and thus in a situation of weakness (Lenoir 2012). It is what we express when one of the IGS chapters los-
es a member. We collectively share the pain with the local chapters, the friends, and the family. 

We also express compassion when one of our local chapters faces a natural disaster. Unfortunately 
many such disasters occur each year, and the local people receive messages of support from our communi-
ty from all around the world. Certainly one such event that has greatly impacted us is the 2011 Great East 
Japan Earthquake and Tsunami that has given rise, beyond the expressions of sympathy, to the organiza-
tion of dedicated sessions in conferences all around the world, which can be interpreted as a proof of 
compassion from the organizers. The impact of this major event remains especially strong for our Japa-
nese colleagues who live its consequences on a daily basis. 

The ultimate resource is people – especially skilled, spirited, and hopeful young people endowed with 
liberty – who can exert their will and imaginations for their own benefit and for the benefit of the rest of 
us as well (Simon 1995). The IGS council, under the impulse of its president Jorge Zornberg, approved 
the creation of the IGS Young Members Committee. The idea of creating this committee arose after the 
IGS student awardees for the period 2009-2012 showed their interest in getting more involved in the IGS 
than they currently were. Consequently, the founding members of this Young Members Committee are the 
IGS student awardees for the 2009-2012 period. The IGS has dedicated time, energy, and money to sup-
port the creation and development of this committee in what I consider a proof of love toward those 
young members who now have freely entered into action (see Figure 41). 

 

 
 

Figure 41. The young members and president and past-presidents of the IGS during the 10 ICG in Berlin (IGS 
news, 2014) 

9.3.7 Freedom 

Each member of the IGS is allowed to express his or her views provided the IGS code of ethics is fol-
lowed. Each member has the freedom to act and behave in the IGS as they see fit, provided these rules are 
followed. 

When the time comes to organize a regional or international conference, a helpful checklist is of course 
provided by the IGS, but the local organizers benefit from significant flexibility. When the time came to 
raise questions regarding whether to organize the Eurogeo 6 conference in Istanbul, which involved con-
cerns for safety, Erol Güler obtained a decision from a show of hands regarding whether to keep the initial 
location or to move the conference to Slovenia, with the full support of the IGS council. 

The IGS has initiated the creation of technical committees on soil reinforcement, barrier systems, filtra-
tion, hydraulics, and stabilization. These committees benefit from the freedom to do their own work and 
to plan meetings at their convenience. 

Young scientists need strong training in their field, but they also need to be encouraged to break out of 
a narrow allegiance to the boundaries of their field and work in partnerships with others to address real-
world challenges. Too often the incentive structure of promotions and job security drives the upcoming 
generations of investigators to turn inward to address academic questions restricted to their disciplines in-

https://en.wikipedia.org/wiki/2011_T%C5%8Dhoku_earthquake_and_tsunami
https://en.wikipedia.org/wiki/2011_T%C5%8Dhoku_earthquake_and_tsunami
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stead of turning outward to seek partnerships and address societal challenges (Myers 2017). The IGS 
Young Members do not act in this way. They took the opportunity offered to them to use their freedom 
and now fully contribute to the IGS council meeting. They also organize themselves, as evidenced by their 
report in the IGS news, they initiate events, workshops, interactions with senior members, and, in particu-
lar, the Young IGS Members paper contest that will take place during the 11th International Conference 
on Geosynthetics in Seoul. The Young IGS members Committee of the IGS is also holding its first ever 
photo contest in 2018. I see very few limits to the initiatives those young members can take given the 
freedom they enjoy. 

10 CONCLUSION 

The objective of this Giroud lecture was to give a systemic view of what geosynthetics can contribute to 
solutions to the many facets of the current global crisis: to provide quality water to all, to feed the world, 
protect the environment, mitigate natural disasters, bring economic solutions, and connect people to help 
them live together. 

After a first section that presents the various aspects of the global crisis and their interconnections, sev-
eral fields are discussed, without covering all possible uses of geosynthetics or delving too deeply into de-
tails, but rather with the intention to show in which fields geosynthetics are in action. 

The interactions between aspects of the global crisis emphasize that only a global resolution involving 
working jointly on the various aspects of the crisis can lead to a sustainable solution. A particular focus 
was put on climate change and the aggravation of some aspects of the crisis that results from climate 
change. 

The question of water quality was addressed next. The main structures that contribute to the capture, 
transport, storage, and distribution of freshwater were presented and discussed in connection with the 
functions fulfilled by geosynthetics structures. A particular focus was also placed on ways to preserve wa-
ter quality and to predict geomembrane lifetime in hydraulic applications. 

Geosynthetics can also contribute to feeding the world through erosion control, crop protection and en-
hancement, and fish farming. Agriculture produces waste that must also be managed in an environmental-
ly friendly way, and geosynthetics play an important role in this area. Current developments in urban agri-
culture also are a sector in which geosynthetics can make major contributions. 

The use of geosynthetics to control pollution from landfills and mining sites was also discussed. Geo-
synthetics can contribute to treating sludge and sediments and can enhance the production of renewable 
energy from waste or at waste-treatment sites. These factors constitute another contribution of geosynthet-
ics to the mitigation of climate change.  

Water is one element that can threaten life and infrastructure, and this threat is enhanced by climate 
change. Geosynthetics can help mitigate this threat by protecting against coastal erosion, floods, and land-
slides and reinforcing soil and soil walls and stabilizing slopes. 

The lecture also emphasized that the use of geosynthetics in all these aforementioned applications can 
yield financial benefits. 

Living together requires as a foundation that people be connected. Roads, railroads, and bridges play a 
large part in this area, and the lecture discusses how all of these sectors can be improved by the use of ge-
osynthetics. 

Finally, the Giroud lecture closed with a discussion of human values and how they are implemented in 
the IGS and, when combined with the IGS’s technical, environmental, and economic contributions, can 
help to build a new sustainable global society. 

Thus the IGS is seen to be a fully developed society with all the necessary skills and knowledge, not 
only in technical domains but also through lifestyle choices developed in its cosmos, to make significant 
contributions to healing our world. 
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