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ABSTRACT

Experiments with the use of long sand-filled flexible plastic tubes
("sand sausages") have been carried out for coastal protection purposes
at several exposed locations along the Danish coasts since 1967 In gene-
ral the results have been encouraging

Several methods have been used to fill the tubes with sand A simple
1nexpensive hydraulic method for easy filling of almost impermeable tu-
bes on site has been developed by model and prototype experiments with
promising results

As a result of the experiments 1t seems likely that sand-filled tubes
may be used with advantage as temporary structures, 1 e for full-scale
pilot investigations and to solve acute problems, or they may be i1ncor-
porated 1n more permanent structures

1  INTRODUCTION

Flexible sand bags have been used in hydraullc engilneering practice for
many years, but due to the poor quality of available materials the use
was malnly restricted until recent times to projects of non-permanent
nature such as emergency flood control and protection of dikes

However, with the development of fabrics of durable, strong synthe-
tie fibres of nylon, polypropylene, etc , new possibilities have arisen
for more permanent use of large sand bags 1n more exposed locations than
could previously be considered

The paper describes some preliminary experiments with long flexible
sand tubes 1n coastal protection works that have been carried out in Den-
mark since 1967 by model and prototype experiments

2  FILLING METHODS

One of the major problems in the economical use of long flexible sand
tubes 1s filling the skin

Several ingenious devices and filling methods have been developed
for the filling of skins of permeable fabrics The sand 1s usually trans-
ported into the tube by hydraulic pumping and the water excapes through
the permeable fabric, leaving the sand grains in the tube

In most cases the discharge tube 1s drawn backwards inside the tube
wlth a speed corresponding to the rate of filling leaving the filled tube
behind (Fig 1)

A much simpler and more economical hydraulic filling method which
allows falling of sand tubes to almost any length above or below the wa-
ter surface from the "front" end of the tube has been developed simply
by using impermesble instead of permeable fabrics
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When the maxture of sand and water flows 1nto the impermeable flex-—
1ble tube, the sand settles out near the inlet until the cross-section
has decreased so much that a small "raiver" is formed in the tube on top
of the accreted material
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FIG 1 PRINCIPLES OF FILLING OF FLEXIBLE TUBES

The mixture of water and sand 1s now transported foreward in the
tube and the sand grains settle out 1n front of the already accreted ma-
terial, while the water leaves the tube through an opening at the far
end By decreasing the outlet opening, the skin may be expanded by water
pressure Whereby an almost circular, filled cross—section can be ob-
tained

In laboratory tests the sand/water mixture was injected by sand-
pumping, while in experiments in the field a different method was pri-
marily employed water was fed under high pressure through a type of daf-
fusor i1nto which the filling material was added directly

The impression has been procured from the experiments that in prin-
ciple almost infinitely long, large cross-section tubes can be filled by
hydraulic pumping provided the skin 1s impermeable at the time of filling

3 EXPERIMENTS IN NATURE

While the filling method was developed by model experiments the resistan-
ce of fabrics to atmospheric conditions, ultraviolet sun rays, lce, human
activity, ete , was investigated by full scale experiment in nature where
various types of constructions were also tested under different conditi-
ons

Experiments were conducted in about 10 different locations, includ-
ing sites on the exposed coasts of Jutland and on the more sheltered 1s-
land coasts of Funen and Zealand

The type of structures employed 1n natural locations so far has in
most cases been groins, i1n some cases however revements and embankment s
have been built

Cross—sections of the various structures have been (1) a single
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L MATERIALS

Several types of polypropylene fabrics have been used for the skin of the
tubes

Whaite polypropylene very soon appeared to have an unsatisfactory
resistance to the influence of ultraviolet sun rays, and the fibres of a
black polypropylene monofilament had an unfortunate tendency to slide so
the sand grailns could be washed out

A woven black fabric, multiplex polypropylene splitfibre, seems to
have solved most of these problems and has furthermore proved very resi-
stant to 1cy conditions and to the effect of human activity, at bathing
beaches for more than 1 year When the hydraulic filling method 1s used
the skin 1s lined with an inner tube of plastic foil to obtain imperme-
ability

Tubes with diameters of up to 1 O m have been filled to lengths of
up to 100 m and at water depts of up to -— 3 m The filling material has
been natural beach sand with mean grain diameters of about 0 25-0 50 mm
A recent small test with hydraulic filling of a tube with a mixture of
1 part cement to 3 parts of sand has worked out well

CONCLUSIONS

On the basis of preliminary experiments conducted hitherto the following
conclusions may be drawn

(1) Impermeable sand tubes can be filled above and under the water to al-
most any length by hydraulic pumping

(2) The selected type of fabric has demonstrated relatively good resi-
stance to the forces acting 1n coastal environment

(3) The experiments have shown that sand tubes may be used with advantage
to solve minor coast problems, as temporary structures and for prototype
pilot tests because the sand tubes can be easily removed

(k) If sand tubes are protected from sunlight and from human activity
their use may be of a permanent nature

(5) Many problems are sti1ll unsolved and the use of tubes 1s sti1ll an the
development stage Work 1s i1n progress towards development of larger and
more economlcal slizes of tubes






