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Abstract. Geosynthetics are well known for substituting mineral filter 
layers for revetments. Apart from this established and common application 
they offer more specific and technical solutions for coastal and inland water 
structures. Typical hydraulic constructions like breakwaters and dikes can 
be strengthened and optimised using geotextiles or geosystems (bags, tubes, 
etc.). Till today the potential of geosynthetics for civil works in the marine 
environment is underestimated. Furthermore, the awareness by designers, 
construction companies and project owners for geotextile alternatives, 
saving time, money and enhancing the carbon footprint, can be substantially 
increased. Main reasons for the ignorance are missing design guidelines and 
a not existing general overview of their applicability in coastal zones and 
inland waters. This paper is intended as a first step towards a holistic 
approach to geosynthetics in hydraulics. 

1 Literature overview of geosynthetics in hydraulics 

In order to provide a better understanding of the current status of geosynthetics used in the 
marine environment a brief summary of the main hydraulic design guidelines including their 
references to geotextiles is given. In addition, the leading geosynthetic specific publications 
in relation to this field of application are listed.  

1.1 Standard works for hydraulic engineering 

The main two comprehensive technical guidelines applied globally for coastal and riverine 
structures are the Rock Manual [1] and the Coastal Engineering Manual (CEM) [2].  
Both manuals don’t provide design guidance on geosystems. They only refer to geotextiles 
used as filter layers in revetments and to fascine mattresses for underwater installation in 
challenging conditions (e.g. greater water depths or installations exposed to currents/waves).  
Filter design principles mentioned in the Rock Manual are Giroud (1988) and La Fleur 
(1996). For further design assistance on geotextile filters, the Rock Manual is suggesting the 
German Code of Practice “Use of Geotextile Filters on Waterways” published by the Federal 
Waterway Engineering and Research Institute (Bundesanstalt für Wasserbau – BAW) from 
1993 [3]. Meanwhile the document has been updated [4] but is only available in German. 
The Coastal Engineering Manual recommends as geotextile filter criteria the work of 
Calhoun (1972). Furthermore, it advises to select the minimum geotextile physical properties 
according to Moffatt and Nichol (1983). 
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In addition to the Rock Manual and the Coastal Engineering Manual several local 
recommendations and code of practices for specific hydraulic design aspects including 
recommendations on geotextile filter selection exist [5, 6, 7]. 

1.2 Geosynthetic guidelines for hydraulics 

The most popular and citated work for this application area is the book of Krystian W. 
Pilarczyk “Geosynthetics and Geosystems in Hydraulic and Coastal Engineering” [8]. It is a 
collection of papers edited by Pilarczyk published in 2000. Due to the publication date most 
of the information have been outdated as meanwhile a lot of research has been carried out. 
Furthermore, a clear structure and comprehensive design guidance are missing. However, the 
book is still providing a good overview of potential applications. 
Another standard work is the MarCom Report 113 “The Application of Geosynthetics in 
Waterfront Areas” published by the World Association for Waterborne Transport 
Infrastructure (Pianc) [9]. The report covers most aspects of geotextiles in the marine 
environment but is not giving detailed design assistance for all illustrated applications. 
Concerning sand encapsulating geotextile elements, the up-to-date guideline including 
detailed design guidance is the book “Geosystems – Design Rules and Applications” [10]. 
Additional local guidelines [11] and papers [12] exist, containing relevant individual design 
aspects. 
 

2 Geosynthetic applications in hydraulics 

The geosynthetic applications for hydraulics are divided into two categories:  
1. Standard applications and 
2. Emerging applications. 

A further differentiation is required between coastal and inland water applications, which is 
currently beyond the scope of this paper. 

2.1 Standard applications 

The following products are considered as standard solutions for geotextiles in the marine 
environment with guidelines available: 

- Geotextile filter for revetments, 
- Erosion control mats, 
- Fabric formed concrete revetments, 
- Geomembranes/geosynthetic clay liners for linings of canals/ponds, 
- Geotextile bags, 
- Geotextile tubes and 
- Geotextile containers. 

In comparison to the most traditional way of hydraulic construction, the use of rocks or rip-
rap, even these methods are new and missing a comprehensive overall design guideline. 

2.2 Emerging applications 

There are numerous hydraulic niche applications, which originate from other geosynthetic 
application fields. Other products are specific to the field of hydraulics. In general, their use 
in the marine environment is increasing because of several advantages in comparison to 
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conventional alternatives. The following products are used on a more frequently basis in the 
hydraulic field: 

- Silt curtains as suspension barriers, 
- High strength wovens as basal reinforcement of breakwaters (and dikes), 
- Geosynthetic clay liners as substitution of conventional clay layers for dikes and 
- Geosynthetic Cementitious Composite Mats (GCCM) for erosion protection and 

linings. 
For some of these applications guidelines have been recently developed. The state of 
Brandenburg in Germany has published a guideline for the application of geosynthetic clay 
liners in dikes [13] in 2016. Concerning basal reinforcement of breakwaters with 
geosynthetics, projects have been executed and scientifically documented [14]. 

3 Conclusions 

The use of geotextiles for hydraulic engineering is increasing and becoming more common. 
Guidelines and design recommendations are existing for most of the applications. However, 
a holistic approach and design overview is missing. This paper is intended as a first step 
towards a structured and comprehensive summary of geosynthetic technologies in hydraulic 
engineering. 
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