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Chapter 6:  Conclusions and Recommendations

6.1  Conclusions

This thesis has performed a two-dimensional analysis of geosynthetic tubes.  Single and stacked

tubes were considered, including a 2-1 stacked formation.  A deformable foundation and an

external water load were also investigated.  All quantities were nondimensionalized using the

perimeter length and specific gravity of the fill of tube 1.  The computer program Mathematica

was applied to carry out all computations.

A few assumptions were made regarding the general behavior of the geosynthetic tubes.  First,

the weight of the geosynthetic tube and friction were neglected.  Each tube was assumed to be an

inextensible membrane which has no bending stiffness.  The blocks were assumed to be

stationary and rigid.  It was assumed that the blocks would not sink into the deformable

foundation.  The tubes were assumed to maintain contact with the entire block surface, except

where stated otherwise.  The tubes were assumed to be very long and a two-dimensional analysis

of a cross section was performed.

A few general conclusions can be made from the analysis regarding the nondimensional tension,

height, and ground deflection of the structures.  An increase in tension and height always

accompanies an increased internal pressure head.  For the stacked formation, an increase in α,

the ratio of the specific weight of the fill in the top tube to the fill in the bottom tube, decreases

the height of the structure.  For the 2-1 formation with a given angle at point H, θ1H, an increased

pressure head results in a larger required distance between the blocks, λ.

An increase in the foundation stiffness k causes an increase in the total height of the structure

and a decrease in tension.  Soft foundations (low k values) have large ground deflections.  Values

of k above 100 have little effect on tension, height, or ground deflection.  A rigid foundation can

be modeled with k = ∞.
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High external water levels cause a general increase in the total height of the structure and a

decrease in tension.  For the 2-1 formation, the tension in the bottom tube adjacent to the water

decreases while the tension in the other bottom tube increases as the water level hW increases on

tube 1.  The tension in the top tube is relatively unaffected.  An increase in the relative specific

weight of the water to that of the material in tube 1, β, results in a slight decrease in tension and

an increase in height.

Generally for a particular tube, alone or part of a structure, an increase in k, β, or hW causes an

increase in height and a decrease in tension for that tube.  Increased internal pressure heads

always cause an increase in height and tension.

From the mathematical analysis and the given assumptions, it appears that these tubes are a

possible alternative to levees and dikes on rigid or deformable foundations.  With the use of

stationary blocks and an appropriate pressure head of the fill, the geosynthetic tubes can most

likely withstand the force from water.  Tubes stacked in a 2-1 formation will allow for greater

height and usability of these structures.

6.2  Recommendations

This thesis leaves many areas open for further research.  Some of the areas open to research are

discussed below.

Further research should be done for geosynthetic tubes taking bending stiffness into account.

The geosynthetic material has a little bending stiffness.  This will change the results slightly,

especially on structures with blocks.  However, the changes should not be significant.

Friction should be added to the analysis.  This includes the friction between tubes and at the

foundation.  It is possible that the friction force is great enough to withstand the force from the

external water, thus no longer requiring the support from the blocks.



95

For the deformable foundation, other soil models should be considered besides the Winkler

foundation.  Other models would have different effects on the geosynthetic tubes.  Also, it should

be considered that the block may sink into the deformable foundation from the weight of the

material in the tube.

Other staked formations could be considered, such as a 3-2-1 formation.  More tubes will add

height and possibly stability to the structure.

Other methods of providing counter horizontal forces should be investigated.  For example, a

three-dimensional analysis with small blocks or tie-downs at specific locations along the length

of the tube could be considered.

Stacked geosynthetic tubes should be constructed and lab-tested before they are used in real-

world applications.  Though the mathematical analysis gave good results, it doesn’t guarantee

that these structures will actually work.


