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Chapter 1 

 

Introduction and Literature Review 

 

1.1 Introduction 

Each year floods pose a major problem throughout the world.  Many lives are taken and costs 

due to damages typically run well into the hundreds of millions of dollars.  Many different 

methods can be used to prevent flooding.   

 

In North America, according to Landis (2000), sandbagging is a standard method used for flood 

protection and is quite successful.  During the events of flooding, bags are filled with sand and 

are stacked in a pyramid type arrangement.  The walls constructed by the sandbags are indeed 

stable and provide a secure structure to withstand the forces of the rising headwater due to 

flooding.  Although the method of sandbagging accomplishes the goal of protecting the 

community from rising floodwaters, it is labor intensive and there is always a problem 

concerning the disposal of the sandbags. 

 

Since the 1950’s, inflatable dam products developed by N. M. Imbertson of the Los Angeles 

Department of Water and Power were available as a method to control rising floodwaters.  These 

inflatable dams, initially manufactured by Firestone Tire and Rubber Co., are made of strong, 

durable material that can resist deterioration damage inflicted by the sun.  They are typically 

filled with air using an air compressor and are anchored to a concrete base or abutment.  In 

addition and most importantly, the installation of inflatable dams requires little energy and they 

can be inflated within one to two hours (Plaut et al. 1998).   

 

Unanchored inflatable tubes, more commonly know as geosynthetic tubes, can also be filled with 

water, a slurry mixture, sand, or even concrete.  Plaut and Klusman (1999) mention that 

geosynthetic tubes have played roles in preventing beach erosion, protecting tunnels, and 

diverting pollution.  Many different types of fabric such as nylon, polyester, polypropylene, and 

polyethylene are used to produce the geosynthetic material.  The thickness of the material 

usually ranges from 0.003 to 0.15 inches and weighs anywhere from 0.2 to 15 ounces per square 
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yard (Koerner and Welsh 1980).  The flexibility and lightweight characteristics of the material 

allow the tubes to be versatile and readily accessible.  

 

1.2 Literature Review 

Few studies have been conducted on geosythetic tubes.  Recently the need to research the tubes 

has grown popular since they have the potential to replace sandbags indefinitely.  The following 

literature review discusses some facts on geosythetic material, products that are available on the 

market, and some uses of the tubes in the field. In addition, previous research is also discussed 

below. 

 

1.2.1 Geosynthetic Material 

There are many advantages to using geosynthetic material in flood control devices.  One is that 

the material is very flexible and can take on almost any shape, such as a tube or bag.  The 

flexibility allows the material to be used in many practical applications where flexible forms may 

be needed during construction.  For example, the flexible forms can be set in place and then 

filled with concrete, grout, or soil.  Upon curing, the required shape of the form simply takes on 

the shape of the deformed flexible form, which can be very beneficial.  In addition, the flexible 

forms can be placed in areas that are difficult to reach and then filled accordingly (Koerner and 

Koerner 1996). 

 

Used in flood barrier applications as inflatable dams, geosynthetic tubes can be manufactured to 

a desired length and stacked in a pyramid configuration to reach heights up to 10 feet.  With the 

use of a pump, they can also be filled with water from nearby streams or the flood itself.  These 

water structures are advantageous since they can be used in lieu of the more common, energy 

expending, sandbagging method.  The life expectancy of the material is approximately three 

years and installation of the tubes is typically 95% quicker than that of sandbagging (Perry and 

Myers 1993). 

 

As mentioned previously, the different types of fabric used today in geosynthetic products are 

nylon, polyester, polypropylene, and polyethylene.  The material is very strong in tension and its 

durability allows it to withstand damaging conditions in the field.  Being lightweight, 
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geosynthetic products are also easily installed, requiring less energy and, in turn, reducing 

construction costs.  These products are stocked in rolls and are then laid out and seamed 

according to desired lengths and dimensions.  The seams can be completed in the prefabrication 

factory or on the construction site.  Seaming techniques include ultrasonic welding, hot 

wedgewelding, extrusion welding, and solvent or adhesive welding 

(http://www.nilex.com/conccont.html).  The strength of the seam is critical in the final product 

and should be at least 90% of the strength in the fabric (Gadd 1988).   

 

1.2.2 Types of Geosynthetics 

Since the 1980’s, several companies have fabricated, produced, and marketed geosynthetic tubes 

as an alternative to sandbags (Landis 2000).  A few companies and a brief description of their 

products are listed below. 

 

In the United States, Hydro-Solutions, Inc. have been designing and manufacturing water 

inflatable cofferdams for the construction industry.  The inflatable cofferdams can be used in 

applications such as construction site dewatering, flood protection, and spill containment.  These 

tubes are made up of an industrial-grade vinyl-coated polyester that is laminated between two 

layers of flexible polyvinyl chloride.  They are available in 50 and 100-foot lengths and can 

range in height from two to seven feet.  Custom sizes are also available upon request.  Hydro-

Solutions offers two types of tubes, a single or a double diaphragm configuration.  This design 

utilizing the diaphragm within the tube allows the system to resist rolling when subjected to 

hydrostatic pressures outside the tube (http://www.aquabarrier.com/products.html). 

 

Primarily concerned with containing floodwaters, Floodfighter Corporation has been marketing 

PVC tubes to replace the sandbags, which are typically used.  Their system consists of laying 

their product around the perimeter to be protected.  Once in place, the tubes can then be filled 

with water from a nearby stream or fire hydrant.  If the floodwaters begin to rise higher than the 

height of the tubes, more tubes can be attached to the existing setup, forming a pyramid-type 

configuration.  This unique process allows for quick and easy action to be taken during 

increasing water elevation (Floodfighter 2001). 
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Since 1957, Nicolon BV and Nicolon Corporation have developed a variety of geosynthetic 

products (Ockels 1991).  The corporation’s geoproducts division, Nicolon Geoproducts (1994), 

produces geocontainers, geotubes, and geobags.  Geocontainers are typically used in large-scale 

cases to protect pipelines, form breakwaters and groyns, or even provide underwater bank 

protection.  To provide shore stabilization and erosion protection, geotubes are more commonly 

used than geocontainers.  Also, geobags are primarily used to contain fill material during 

construction. 

 

SIAQ, formerly known as NOAQ, developed a system where air filled tubes can be used to 

contain up to two feet of floodwater.  By attaching a skirt to the bottom of the tube and extending 

it out on the floodwater side, the weight of the floodwater is utilized to anchor the tube in place.  

To increase stability of the tube, the skirt is equipped with a drainage layer so that the uplift 

water pressure beneath the system is reduced to a minimum.  The tubes are easy to handle and 

can be placed on concrete as well as grass.  Using air instead of water, the tubes can be set in 

place much quicker and air is always readily available (http://www. siaq.se/siaqgbr/index.html). 

 

Since early 2000, Superior Dam, LLC has been marketing air or water-filled tubes to be used in 

construction, erosion control, and floodfighting applications.  Their unique “Fold-back” design 

consists of placing two tubes side by side, which are connected at the ends to allow water to flow 

form one tube to the other.  A skirt is then draped over the tubes blanketing it and both sides.  On 

the waterside, the skirt acts as an anchor using the weight of the water.  On the dry side, the skirt 

is used to protect the foundation from overflow erosion.  Their product can be used as a 

temporary cofferdam, diversion dam, or check dam (http://www.superiordam.com/). 

 

1.2.3 Applications of Geosynthetic Tubes 

Geosynthetic tubes have been used successfully on many different types of projects around the 

world.  They can be used to contain floodwaters, form breakwaters, and protect shores from 

erosion.  Their  lightweight and durability features have saved companies thousands of dollars on 

installation and maintenance costs.  The following are case histories of some of the projects 

around the globe taking advantage of geosynthetic tubes. 
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In 1968, the Pennsylvania Department of Transportation found that one of the piers of a highway 

bridge crossing the Susquehanna River had developed voids beneath its foundation.  Geotubes 

were filled to a desired pressure with fine aggregate and then placed beneath the pier.  The tubes 

acted as a flexible form so that concrete could be pumped into the tubes once they were in 

position (Koerner and Welsh 1980). 

 

Due to damage caused by severe storms each year in northern Germany and the Netherlands, 

dikes would need to be raised and strengthened in order to protect communities.  To achieve this 

goal, geotubes developed by Nicolon B. V. were implemented.  The geotubes were rolled out 

and connected to a supply pipeline that pumped a slurry mix of sand and water into the tubes.  

The fabric of the tube was designed to allow the excess water being pumped into the tubes to 

escape, but to collect the sand at the same time.  The tubes have shown significant success in 

withstanding the forces of the storms (de Bruin 1995). 

 

In Sao Paulo, Brazil, a low-cost housing program was initiated and was to be built in an area 

exposed to flooding conditions.  The soil on site was primarily a soft, silty, organic clay.  During 

construction, the equipment would subside in the soil and would then be difficult to retrieve.  To 

alleviate this problem, geotextile material was sewn together to form a tube and was filled with 

dredge material to be used as a containing medium.  This idea replaced the conventional dikes 

that would have normally been utilized (Bogossian et al. 1982). 

 

Geotubes have also been used as groyns all around the world to protect coastal shores.  Known 

as Longard tubes, these coastal protectors are made of a patented, woven, polyethylene material 

and are filled with sand at the time of installation.  They are available in diameters up to 2.2 

meters and lengths up to 150 meters.  The advantage of Longard tubes is that they are relatively 

easy to install, which reduces construction costs.  The tubes, however, are vulnerable to 

vandalism and damage by surrounding debris (Pilarczyk 1995).    

 

1.2.4 Previous Research 

Many people are in favor of developing a method to replace sandbags, commonly used today as 

flood barriers.  Geotubes have emerged as a potential method.  However, before we can be 
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confident of the use of geosynthetic tubes in the field, research can give us an indication of 

whether the tubes will perform as desired.  Various studies have been performed to investigate 

the behavior of geosynthetic tubes under certain conditions.  The major concerns are sliding and 

overturning stability of the tubes.  Some studies that have been recently conducted are listed 

below.  

 

Biggar and Masala (1998) evaluated and compared innovative methods that can be used to 

replace sandbags as temporary flood barriers.  Methods such as the use of concrete barriers, 

modular retaining walls, and geotubes were analyzed.  The analysis included issues concerning 

stability, constructability, and costs.  The study concluded that water-filled geotubes are easier to 

transport and install.  They seem to be more applicable to slow-moving flood waters less than 1.5 

meters in height.  They are not favored in conditions where freezing temperatures are present 

and/or where there is a lot of floating debris in the floodwater.   

 

A two-dimensional analysis of a single geosynthetic tube was conducted by Plaut and Suherman 

(1998).  The analysis was performed on the cross-section of the tube.  Tubes that are placed on 

rigid or deformable soil foundations were considered.  The study included tubes subjected to 

internal hydrostatic pressure as well as external headwater pressure present on one side of the 

tube.  In addition, tubes that are completely submersed in water were analyzed. 

 

In 1999, Plaut and Klusman performed a two-dimensional analysis of stacked geosynthetic tubes 

on deformable foundations.  Tubes filled with slurry were considered and friction between the 

tubes and at the foundation interface was neglected.  Two configurations were analyzed: one 

tube stacked on another and one tube resting on two tubes set beneath it.  For the three tube 

configuration, an analysis was performed with the stack of tubes subjected to hydrostatic 

pressure on one side, simulating a flood barrier.  Blocks were placed on each side of the tube 

stack to prevent sliding. 

 

To analyze the behavior of geosynthetic tubes acting as flood barriers in the field, pilot scale 

tests were performed at Virginia Tech.  Researchers there constructed tubes from reinforced PVC 

material.  A testing box approximately 16x12 feet was built, in which to conduct the 
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experiments.  The foundation on which the tube would rest consisted of a highly-permeable 

bedding sand.  The use of a wedge placed behind the tube on the tailwater side to prevent sliding 

was implemented and observed.  In addition, an apron attached to the tube to prevent rolling was 

considered (FitzPatrick et al. 2001). 

 

Huong (2001) analyzed a single tube with internal and external hydrostatic pressure, resting on 

clay and sand foundations.  A finite difference program, FLAC, was used to perform the 

numerical analysis.  Using FLAC, Huong modeled the soil’s nonlinear stress-strain and path-

dependent deformation behavior.  The stresses and deformation in the tube were studied.  Huong 

also modeled the behavior of a single tube resting against a wooden block placed on the opposite 

side of the floodwater, and the deformation calculations were compared to experimental results 

obtained by graduate students at Virginia Tech.      


