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ight weight flexible plastic pipe has seemingly
little inherent strength or stiffness.
Yet it often performs better than heavy
rigid pipes when installed under
identical conditions.
The following
article
explains
how this
occurs.

@ The engineering profession has
long recognised the benefits of
flexibility when applied in the design of
structures and machines. Suspension
bridges, tall buildings, towers, ships
and aircraft are all designed to deflect
without suffering structural distress.

Flexible pipe is also designed to

deflect under external loading, and in
fact derives its load carrying capacity
from its flexibility.
This works in two ways:

1. Loads on the pipe are largely
vertical. These cause the vertical pipe

diameter to attempt to decrease, with.a




consequent
increase in
horizontal
diameter.
The
horizontal
diameter

increase is

2. As the top
of the pipe deflects,
and passive soil support
SIWDs at the sides of the pipe, the
whole mechanism tends to form an
‘arch’ in the soil over the pipe. The arch
relieves the pipe of a proportion of its
load. In strong soils, this arching effect
can be very significant, and research has
shown that often very little of the
imposed load is transferred to the pipe.
The concept of arching explains why
sub-terrain passages remain open.
Arching can occur in all soils that
have an angle of internal friction greater
-’/ than zero, which includes all granular
soils and most fine grained soils in the
drained state. Arching comes about by
the grain to grain contact of the soil
particles. It is a form of shear resistance,
and is as stable and permanent as other
forms of shear resistance. For example

footings founded on sand are supported
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why it's so strong

by the sands shear resistance.

The effective strength of the
pipe/soil system developed by a flexible
pipeline can be remarkably high.

The pipe/soil system concept does
not apply to rigid pipes as they cannot
deflect without cracking. Thus the
embedment cannot provide them with
any support.

Rigid pipe is stiffer than the soil in
which it is embedded. Thus when the
soil above the pipe is loaded, it tends to
consolidate down- ward, thereby
transferring loads to the stiffer pipe.
Loads on a rigid pipe often actually
increase with time. Flexible pipe is less
stiff than its surrounding embedment,
and thus when vertical loads are

applied, the pipe deflects, transferring

the load to the surrounding embedment.

The resulting soil arching effect can
carry almost all the imposed load.
Experience demonstrates that
deflection of buried flexible pipe will
continue for a period of time after
completion of pipe installation, before

final equilibrium is reached.
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Thus by measuring the deflection in
the pipes shortly after laying, it is
possible to accurately check that the
embedment and compaction effort is
sufficient to provide an adequately
strong soil/pipe system. This is a major
advantage flexible pipes have over rigid
pipes. With rigid pipes it is not possible
to immediately check whether the pipe
embedment provides it with adequate
protection, and any deficiencies may not
become apparent until well after the
project’s completion.

For HDPE profile wall pipe (i.e. Black
Brute) the ASTM Standard requires a
60 % deflection test without any form
of structural degradation. However, to
ensure joint integrity and full pipe
hydraulic performance it is common
practice to limit the long term deflection
to 7.5% at 50 years. This obviously
allows a significant safety margin for
additional deflection due to unforeseen
circumstances.

Whilst the reduction in cross-sectional
area caused by deflection affects the

pipes flow capacity, the reduction is

Research, confirmed by actual field measurements, has shown that
pipes made of HDPE (such as Black Brute) undergo at least 80% of
the 50 year predicted deflection in the first year.

Further, over 75% of the first year's
deflection occurs within approximately
21 days.

minimal until acceptably, high
deflection is reached. Any reduction of
flow capacity caused by deflection in
plastic pipes is usually more than offset
by its smoother bore and reduction in
the number of joints when compared

with rigid pipe systems.




