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In  geotechnical and geoenvironmental
engineering applications, nonwoven geotextiles
made from polyester (PET) or polypropylene (PP)
are frequently used as a filter/drainage layer that is
in contact with soils and aggregates. The
as-manufactured geotextiles have high
permeability/permittivity. However, factors such as
physical, chemical and biological clogging, in
combination with the fact that the geotextile is often
under load, can notably impede its drainage and
filtration performance on site. Another factor that is
detrimental to the drainage capacity of the
geotextile is the masking effect when aggregates
are placed against the geotextile under load. When
aggregates are laid on the top of the geotextile,
they can imbed into the surface of the geotextile
with increasing load, thereby reducing the effective
area on the geotextile and restricting liquid
infiltration (Fig. 1a). Such effects have previously
been reported by Martin et al. (2015) on the
soil/aggregate interface.

Detection Plate

sssssssss

(a) Geotextile (b)
Fig. 1. Test diagram using aggregate profile to determine
mask area on geotextile by aggregate under various normal
pressures.

Laboratory experiments were completed using
methodology and test equipment defined by
Hornsey and Wishaw (2012) and ASTM D5514 to
quantitatively determine the reduction of the
available liquid infiltration area of a staple fibre
PET/PP composite geotextile, when in contact with
different size aggregates at different normal
stresses (Fig. 1b).

Three rock profiles (350 mm diameter) were
separately placed against a substrate, overlain by
a 0.3 mm aluminium strain recording sheet,
followed by a PET/PP composite geotextile and a
HDPE membrane bladder. Among them, two were
constructed from 20mm and 20-40mm angular
aggregates. The third profile contained minus

40-70 mm angular aggregates, which was not
moulded into a fix rock profile due to the large size.
Instead, those aggregates were placed on solid
sand substrate, and they were not moved until the
whole suite of tests were completed.
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Fig. 2. Three aggregate sizes used in this study.

A series of normal loads, i.e., 20, 50, 100, 250,
500 and 700 kPa were then applied over the HDPE
membrane bladder using pneumatic pressure. As
the aggregate profile and geotextile were
progressively compressed, the contact area of the
aggregates onto the geotextile was recorded by
the aluminium recording sheet. Each load was
applied for 24 hours, after which the recording
sheet was carefully removed, photographed and
scanned using 3D laser surface profilometry. A fine
resolution of 0.05 mm in deformation was achieved
in the scanning process. The deformation across
the surface of the recording sheet was then
calculated to quantify the areas having close to
zero deformation.

Laser scan images showing the three different
size aggregates imbedding into the geotextiles
under loads between 20 kPa to 700 kPa are
presented in Fig. 3. The color shift from blue to red
indicates the increase in the detected sheet
deformation. These images show that as the
normal load increases, more area on the surface of
the geotextile is masked by the aggregates.
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The laser scan images presented in Fig. 3
clearly demonstrated the increase of masking
effects of the aggregates when the aggregate size
and normal stress increased. The effective
drainage area was thus reduced by the masking
effects. The areas with near 0% strain (0.01 to
0.05%) are regarded as areas unaffected by
masking. A plot of the proportion of the
unimbedded area with increasing normal load is
presented in Fig. 4. The curves obtained from the
two aggregate profiles studied here show that the
unimbedded area where liquid can freely infiltrate
into the geotextile rapidly dropped to <10% once
the normal load exceeds 100 kPa.
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Fig. 4. Decrease of unimbedded area in geotextile when in
contact with aggregates under normal stress.

For areas affected by the embedding of
aggregates, another critical hydraulic property of
geotextiles, in-plane transmissivity, can also be
impacted. Although the relatively low transmissivity
of nonwoven needle-punched geotextiles makes it
challenging to measure using the standard flow
box outlined in ASTM D4716, published data for a
similar 2200 g/m? nonwoven needle-punched
geotextile were available in Koerner (2005). Based
on that data, a plot of percentage transmissivity

retained versus normal stress is provided in Fig. 5a.
Combining this plot with the compressive
stress-deformation curve for the PP/PET
composite geotextile tested in this study (Fig. 5b),
it is possible to conservatively estimate the
reduction in the geotextile’'s transmissivity under
varying loading pressures, by using the maximum
strain observed in the laser scanning (Fig. 6). The
calculations indicate that larger aggregate sizes
and higher confining loads can significantly impede
the in-plane flow. Note for the two profiles with
larger aggregate size, the data at higher normal
stresses were not displayed as the current laser
scan do not capture the detail strain values above
25%.

Fig. 5. Relationships between (a) in-plane transmissivity
and normal stress (adapted from Koerner, 2005) and (b)
normal stress and compressive deformation of the
geotextile used in this study.
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Fig. 6. Estimated in-plane transmissivity retained for each
test scenario.

In conclusion, this study demonstrated that
when aggregates are placed on geotextiles, their
intrusion into the geotextile under normal stress
can reduce both the effective free-flow area of the
geotextile and its in-plane transmissivity flow
capacity. These risks become particularly
significant under conditions where larger drainage
aggregate sizes and higher normal stresses are
present simultaneously.
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