GEOSYNTHETIC TUBES FOR CONFINING PRESSURIZED SLURRY:
SOME DESIGN ASPECTS
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ABSTRACT: This paper deals with geosynthetic tubes that are made of several geosynthetic sheets sewn together
to form a shell capable of confining pressurized slurry. The slurry is sufficiently fluid so that it is possible to
hydraulically fill the tube. After pumping the slurry in, the geosynthetic shell acts as a “‘cheese cloth,”’ allowing
seepage of liquid out and retaining the solid particles. The availability of a wide selection of geosynthetics in
terms of strength, durability, and permeability enables the use of hydraulically filled tubes in many applications,
some of which may be considered critical (e.g., encapsulate contaminated soil). This paper presents an overview
of an analysis to calculate both stresses in the geosynthetic and geometry of the tube. It also verifies the
correctness and validity of the results obtained from a computer program developed to solve the problem. An
instructive parametric study implies that the most critical factor needed to assure successful construction is the
pumping pressure; a slight accidental increase in this pressure may result in a very significant stress increase in
the encapsulating geosynthetic. Pressure increase beyond a certain level, however, has little influence on the
storage capacity of the tube. Guidance in selecting an adequate geosynthetic, including partial safety factors and
filtration properties, is also presented. Design aspects associated with required spacing of inlets and head loss

of the slurry as it flows through the tube are considered outside the scope of this paper.

INTRODUCTION

Construction in environmentally sensitive areas (e.g., wet-
lands) requires techniques causing minimum disturbance and
damage. One such technique can be achieved with the aide of
dikes made of geosynthetic tubes. A flat tube can be placed
with little disturbance on the foundation and then filled with
slurry by pumping. The quickly formed dike then may retain
water on one side and allow construction on the other. Over
time, vegetation may grow over the exposed tubes surface.
Geosynthetic tubes can also be used to contain or cap contam-
inated soil, form a ‘‘working table’’ over very soft soil facil-
itating the construction of an embankment, and construct
groins for controlling beach erosion. Various interesting case
histories are reported by Silvester (1986), Bogossian et al.
(1982), Perrier (1986), Ockels (1991), Sprague and Fowler
(1994), and de Bruin and Loos (1995).

The tubes are made of sewn geosynthetic sheets. Inlet open-
ings on top allow for the attachment of a pipe that transports
hydraulic fill into the tubes (see Fig. 1). If the fill is sandy and
the geosynthetic is very pervious (e.g., geotextile), these inlets
should be spaced closely (say 10 m apart) to assure uniform
filling of the tubes (i.e., water will seep through the tubes
hindering the hydraulic transport of sand over a long distance).
If clayey slurry is used, the inlets can be located as far as 150
m apart. The fine clayey particles tend to rapidly blind the
fabric slowing down water escape through the geotextile.

The scope of the present paper is limited to the design as-
pect of selecting a geosynthetic. Important aspects associated
with actual construction are available in the literature (e.g.,
Pilarczyk 1994; Sprague 1993). To assure successful installa-

"Prof. of Civ. Engrg., Univ. of Delaware, Newark, DE 19716.

2 Adjunct Asst. Prof., Dept of Civ. Engrg., Widener Univ., Chester, PA
19013.

*Visiting Asst. Prof., Dept. of Civ. Engrg., Univ. of Delaware, Newark,
DE.

*Res. Civ. Engr., Geotech. Lab.,, Wtrwy. Experiment Station, U.S.
Army Engr., Vicksburg, MS 39180.

Note. Discussion open until January 1, 1997. To extend the closing
date one month, a written request must be filed with the ASCE Manager
of Journals. The manuscript for this paper was submitted for review and
possible publication on August 31, 1995. This paper is part of the Journal
of Geotechnical Engineering, Vol. 122, No. 8, August, 1996. ©ASCE,
ISSN 0733-9410/96/0008-0682-0690/$4.00 + $.50 per page. Paper No.
11512.

682/ JOURNAL OF GEOTECHNICAL ENGINEERING / AUGUST 1996

tion, construction aspects must be accounted for in the design
(e.g., locations and type of tube inlets).

OVERVIEW OF ANALYSIS

Formulation of a geosynthetic tube, filled with pressurized
slurry or fluid, is based on the equilibrium of the encapsulating
flexible shell. The results herein provide both the circumfer-
ential tensile force in and the cylindrical geometry of the
encapsulating shell material. It should be pointed out that
the formulation appears in numerous articles (e.g., Liu 1981;
Kazimierowicz 1994; and Carroll 1994). For the sake of
completeness, only an overview of the basic formulation is
reproduced later. The following assumptions govern the for-
mulation:

1. The problem is two-dimensional (2D) (i.e., plane strain)
in nature. That is, the tube is long and all cross sections
perpendicular to the long axis are identical in terms of
geometry and materials. Hence, the pressure loss due to
drainage through the tube during filling is ignored; the
pressure at the inlet (i.e., the pumping pressure) is the
basis for analysis.

2. The geosynthetic shell is thin, flexible, and has negligible
weight per unit length.

3. The material filling the tube is a slurry (i.e., a fluid), and
therefore a hydrostatic state of stresses exists inside the
tube.

4. No shear stresses develop between the slurry and the
geosynthetic.

Refer to Fig. 2 for notation and convention. For clarity of
presentation, the tube considered is surrounded by air and is
filled with only one type of slurry. However, extension of the
formulation to include layers of slurry inside and layers of
fluid outside is straightforward. The cross section is symmet-
rical having a maximum height of h at the centerline, some
maximum width B, and a flat base that is in contact with the
foundation soil and b wide. The pumping pressure of the slurry
into the tube is p,. The average density of the slurry is v.
Hence, the hydrostatic pressure of the slurry at any depth x,
as measured from point O, is p(x) = p, + yx.

The geometry of the geosynthetic shell is defined by an
unknown function y = f(x). At point S(x, y), the radius of cur-
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FIG. 1. Geotextile Tubes: (a) Sand-Filled Tubes to Control
Beach Erosion, Destin, Fla,; (b) Clayey Slurry Pumped through
Single Inlet for 2 Hr to Form 150 m Long, 1.5 m High, and 3.6 m
Wide Tube, Gaillard Island, Mobile, Ala.; (c) Appearance of Tube
Filled with Clayey Slurry Immediately after Completion of Pump-
ing, Gaillard Island, Mobile, Ala.
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FIG. 2. Cross-Sectional View of Geosynthetic Tube—Conven-
tion and Notation

vature of the geosynthetic is r. The center of this curvature is
at point C(x,, y.). Both r and C vary along y(x). Consider the
forces on an infinitesimal arc length, ds, of the geosynthetic
at S (see inset in Fig. 2). Since it is assumed that the problem
is 2D and that no shear stresses develop between the slurry
and the geosynthetic, it follows that the geosynthetic tensile
force, T, must be constant along the circumference. Assem-
bling the force equilibrium equation in either x- or y-direction
leads to the following relationship:

r(x) = Tip(x) ¢))]

Eq. (1) is valid at any point along A,0A,. To simplify the
analysis, it is assumed (conservatively) that the calculated T
from (1) is carried solely by the geosynthetic along flat base
b (i.e., no portion of T is transferred to the foundation soil due
to shear along the interface between the geosynthetic and soil;
this shear can be mobilized only as the geosynthetic deforms
relative to the foundation). Consequently, (1) expresses the
complete solution for the problem. Differential calculus gives
the radius of curvature as

rx) =[1 + YT 2

where y' = dy/dx and y" = d*y/dx’.
Substituting (2) and p(x) into (1) yields

Ty = (po + 0 [1 + (V7 =0 ©)

Eq. (3) is a nonlinear differential equation that, in general, has
no closed-form solution; that is, it has to be solved numeri-
cally. Its solution produces relationships between the geometry
of the tube y(x), the circumferential tensile force 7, the pump-
ing pressure p,, the unit weight of the slurry v, and the height
of the tube A (note that x varies only between zero and k)

y=fG&|T, p,, b ) ©)

Since the unit weight of the slurry vy is known, (4) implies
that y is a function of the independent variable x and the three
parameters 7, p,, and A. Typically, y(x) is sought for a given
(design) parameter; that is, either T, p,, or h is given. The
other two parameters are part of the solution of the problem.
To obtain such an explicit solution, constraints must be im-
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