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Fig. 5. Applications of geosynthetics for waterproofing dams. 

cross section shown in Figure 5(h) can be considered: the 
embankment is constructed in several stages and, at the end 
of each stage, a geomembrane is placed and seamed to the 
previous one. A zig-zag shape such as the one shown in Fig. 
5(i) can lead to numerous construction problems. 

Geomembranes can be associated with traditional 
construction techniques to heighten earth dams, Fig. 5U), 
or to complement a bituminous concrete liner in an area 
where it may crack, Fig. 5(k), for example, over a boundary 
between two zones of different compressibilities. In both 
cases, it is essential to make sure that the geomembrane 
does not promote the development of a slip surface. In the 
case of Fig. 5U), stability analyses must be performed. In 
the case of Fig. 5(k), shear tests should be conducted and it 
may appear that the best choice is a bituminous membrane, 
perhaps one that is made in situ. 

Finally, geomembranes are used to repair dams. For 
instance, a geomembrane can be placed on the upstream 
slope of a leaking earth dam, according to the basic cross 
section shown in Fig. 5(a), or the cross section shown in Fig. 
2(f). Geomembranes are increasingly used to repair dams 
faced with metal sheeting, concrete or bituminous concrete, 
Fig. 5(1), or concrete dams, Fig. 5(m); in these applications, 
geomembranes are either glued to the face of the dam or 
mechanically attached, using metallic strips. Transmissive 
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geosynthetics (such as geonets or thick needlepunched 
geotextiles) are sometimes used between the geomembrane 
and the original face of the dam, as illustrated in Fig. 2(h). 

Techniques used for dam repair can also be used for the 
construction of new dams. For example, the same 
application as shown in Fig. 5(m) has been used to 
waterproof the face of roller compacted concrete dams. 

In all geomembrane applications in dams, geosynthetic 
interlayers can be used. The most typical case is a geotextile 
cushion preventing puncture and abrasion of a. 
geomembrane by adjacent materials such as stones or 
concrete slabs. Other interlayer applications (mostly using 
geotextiles) include: 

• a support interlayer to prevent a geomembrane from 
intruding into cracks or joints of the underlying concrete 
when water pressure is applied, Fig. 5(n); 
• a bonding interlayer geotextile placed between some 
types of geomembranes and some types of geonet to 
minimize the risk of slippage between the geomembrane 
and the geonet. which may be useful when double liners are 
used, Fig. 5(0); and, 
• a slip surface interlayer to allow free relative movement 
of a concrete protection with respect to the geomembrane, 
as discussed in the next section, see Fig. 6(d). 
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Erosion control and slope protection 
Typical examples of geosynthetic systems used for erosion 
control and slope protection are presented in Fig. 6. These 
applications are briefly discussed below: 

• In Fig. 6(a), case (1), a geosynthetic is used on the 
downstream slope of a dam to prevent surface erosion 
while vegetation grows. Geosynthetics typically used in this 
application include geomats and geocells. Geojute is also 
used if biodegradation is desirable. Erosion of the down­
stream slope is typically caused by rainwater; however, it is 
possible to design a protection which can withstand a 
certain amount of flow caused by overtopping of the dam. 
• In Fig. 6(a), case (2), a geotextile filter is used under 
rocks (riprap), concrete blocks, or concrete slabs for 
upstream slope protection. When large rocks or blocks are 
used, a layer of gravel is often placed between this material 
and the geotextile to protect the geotextile and to ensure 
uniform contact between the geotextile and underlying soil, 
Fig. 6(b). 
• In Fig. 6(c), a geogrid anchored at the crest of the dam is 
used to reinforce the layer of gravel discussed above and to 
prevent it from sliding along the slope. Also, the geogrid 
may act as a macro-filter, preventing gravel particles from 
migrating through the large rocks or blocks. 
• In Fig. 6(d), a geotextile interlayer (with a low friction 
angle and surface adhesion) allows concrete slabs to move 
freely in relation to the underlying material (often a 
geomembrane) if they need to do so. 
• In Fig. 6(e), a geogrid is used to reinforce a layer of soil, 
concrete, or bituminous concrete placed on a slope. A 
number of applications of this type can be envisaged in 
dams and reservoirs: reinforcement of a protective soil 
layer placed on a geomembrane liner, reinforcement during 
the placement of a cast-in-place concrete slab or liner, and 
reinforcement of a bituminous layer used for protection or 
waterprooofing. 
• In Fig. 6(f), a geosynthetic drain is used to evacuate 
excessive water (laitance) from concrete during its 
placement, thereby preventing the development of 
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under pressures that may cause instability of the concrete 
layer during its placement. This is especially useful when a 
concrete protection is to be cast on top of a geomembrane 
liner. Because of the small amount of water released during 
concrete placement, a needlepunched nonwoven geotextile 
may be used. This geotextile must be anchored at the crest 
of the dam to withstand the shear stresses exerted by the 
concrete when it is poured . 
• In Fig. 6(g), the use of fabric-forming to cast a concrete 
slab is presented. Concrete is poured between two layers of 
fabric, kept parallel by separator yarns, thus producing a 
mattress-like slab. The slabs may incorporate prefabricated 
weep-holes to prevent underpressure buildup in case of 
rapid drawdown of the reservoir. In this application, high­
strength woven geotextiles are used to withstand the tensile 
stresses that occur during concrete pouring. 

In cases 6(c) and 6(e), a single geogrid is typically used. If 
two or more geogrids are needed, they should not be placed 
in contact with each other to prevent the development of a 
slip surface. 

Design considerations 
The applications presented in this paper are only 
conceptual and require a significant amount of detailed 
design to be successfully implemented. 

First, the design must ensure that the geosynthetics will 
adequately perform their intended functions. From this 
viewpoint, it is important to note that geosynthetic design 
methods are now available which can be adapted to all 
applications of geosynthetics in dams. Therefore, today, 
using geosynthetics in dams without conducting design 
analyses and calculations is inexcusable, and being 
systematically opposed to the concept of using 
geosynthetics in dams is unjustifiable. 

Second, it should be borne in mind that, when 
performing a necessary function, a geosynthetic in a dam 
may have detrimental secondary effects. For example, since 
geosynthetics can promote the development of slip surfaces, 
their location, extent, and slope can be selected only after 
appropriate stability analyses have been conducted; 
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Fig. 6. Applications of geosynthetics for erosion control and 
slope protection in dams. 
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from this viewpoint, strip drains should be preferred to 
large blanket drains if design calculations show the strip 
drains provide the required amount of drainage. Another 
example is that of geosynthetic reinforcement which 
extends from upstream to downstream; since water may 
find preferential paths along the geosynthetics and leakage 
through the dam may thus occur, precautions must be 
taken to prevent leakage (such as using a geomembrane 
upstream facing) . Also, it is important to know that 
geotextiles used as interlayers often have some 
transmissivity and may therefore cause leakage or convey 
water to locations where it has a detrimental effect. 

Third, for the geosynthetic to perform adequately, it 
must be applied properly . This requires that the design be 
constructible and that the geosynthetic has the required 
properties to survive installation. (These properties are 
commonly referred to as "survivability characteristics".) 
Significant experience has been gained in the past two 
decades and, today, designers can specify reliable 
construction techniques and select geosynthetics with 
adequate survivability characteristics. Also, designers 
should know that the impressive experience accumulated in 
the past five years in the practice of construction quality 
assurance for geosynthetic-lined waste disposal facilities is 
available for the construction of dams with geosynthetics, 
and therefore, high-quality geosynthetic installation can be 
achieved in dam construction. Furthermore, it should be 
noted that excellent methods have been developed in the 
past decade for installing geosynthetics to repair existing 
dams. 

Finally, geosynthetics must be durable and must perform 
their intended functions for the entire design life of the 
dam. This essential question was discussed by the author in 
a previous article in Water Power & Dam Construction 6. It 
should also be noted that, in many of the applications 
mentioned in this paper, geosynthetics are accessible and 
can be inspected. 

Conclusion 
Versions of all geosynthetic applications described in this 
article have been successfully constructed, and many of 
them a number of times. Many case histories have been 

presented in Water Power & Dam Construction and many 
more will be. The wide variety of applications of geo­
synthetics in dams illustrates the versatility of geosynthetics 
and the creativity of designers. Both factors make it easy to 
predict that many more dams will be constructed and re­
paired using geosynthetics. L 

Acknowledgements 
For the preparation of this paper, the author's personal experience 
was supplemented by information obtained in documents 
published by the International Commission on Large Dams7, 8 and 
many papers published in Water Power & Dam Construction, 
including papers by Bertacchi and Cazzuffi9, 10. 

The author is indebted to D. Cazzuffi , J.E. Fluet, Jr., and R.M . 
Taylor for their thorough review of the manuscript, and R. 
Rodriguez for her assistance in the preparation of the paper. 

References 
I. GIROUD, J.P., "Geotextiles and Geomembranes", Geotextiles 

and Geomembranes Vol. I, No . I; 1984. 
2. GIROUD, J.P. and CARROLL, R.G., "Geotextile Products", 

Geotechnical Fabrics Report; Summer 1983. 
3. GIROUD, J.P. and FROBEL, R.K., "Geomembrane Products", 

Water Power & Dam Construction; March 1984. 
4 . GIROUD, J.P" "Geotextiles and Related Products", Chapter 8 

in Geotechnical Modeling and Applications, S. Sayed (Ed.), 
Gulf Publishing Company; 1987. 

5. GIROUD, J.P., AND BONAPARTE, R" "Leakage through Liners 
Constructions with Geomembranes, Part II : Composite 
Liners", Geotextiles and Geomembranes, Vol. 8, No.2; 1989. 

6. GIROUD, J.P., •• Are geosynthetics durable enough to be used in 
dams?", Water Power & Dam Construction ; February 1989. 

7. "Geotextiles as Filters and Transitions in Fill Dams", 
International Commission on Large Dams, Bulletin 55, 1986. 

8. "Embankment Dams with Impervious Upstream Facings: an 
Overview on Italian Experience", International Commission 
on Large Dams, Proceedings of the 16th International 
Congress on Large Dams, Q.61, R.23, San Francisco, USA; 
1988 . 

9. BERTACCHI, P. and CAZZUFFI, D., "Geotextile Filters for 
Embankment Dams", Water Power & Dam Construction; 
December 1985. 

10. CAZZUFFI, D., "The Use of Geomembranes in Italian Dams", 
Water Power & Dam Construction; March 1987. 

HANDBOOK 1990 
Handbook 1990, now available, is an essential 
source of reference for the hydropower industry . 
This year's edition contains: 

• four editorial comments 
• a review of the industry in 1989 
• project update items on current schemes 
• updated and expanded surveys on hydro 
resources, dams, pumped-storage stations and 
generators 
• large and small hydro contract news 
• a directory of power authorities , ICOLD 
committess and other international organizations 
• a comprehensive buyers' guide to supplies and 
services. 

Copies can be obtained from: Water Power & Dam 
Construction, Quadrant House, The Quadrant, 
Sutton, Surrey SM2 5AS, UK . 
Price: $110/ £65. Cheques should be made payable 
to REED BUSINESS PUBLISHING GROUP. 
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