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DURCHSTANZ- UND DURCHSCHLAGSVERHALTEN VON GEOSYNTHETICS

Presented in this paper are methods for evaluating
puncture and impact resistance of geotextiles, geomem-—
branes and their composites. A number of different mass
per unit area needlepunched nonwoven geotextiles were
evaluated as were various geomembranes of the same thick-
nesses. Obvious trends in data resulted from these
tests. When geotextiles and geomembranes are used in
composite form, significant improvements result in geo-
membrane behavior used by itself. A separate study on
geomembrane thickness equivalency of using a geotextile
with the geomembrane is also presented.

INTRODUCTION

In the design of geosynthetic materials (geotextiles,
geogrids, geomembranes or geocomposites), focus is gen-
erally placed on the primary function that the material
will be asked to serve. Such design by function should
lead to a required set of properties which the candidate
product should equal or exceed (l,2). Whatever the re-
quired set of properties, however, the geosynthetic must
be capable of being transported, installed and covered in
its final position without failure. In short, it must
survive to the point where it can function as it was de-
signed. Of the various survivability guides that are a-
vailable (3), all address some form of puncture or im-
pact strength that the candidate geosynthetic must be
capable of sustaining.

It should also be noted that the tests are usually
performed on the geosynthetic products in isolation with-
out soll adjacent to them. As such, they have sometimes
been called index tests (i). Yet each can also be evalu-
ated with soil adjacent to the particular product in such
a way 60 as to stimulate in-situ performance (5). Thus
the utility of the tests could eventually be used in de-
sign. Some models of this type of design are available

@.

This paper will present puncture and impact behav-
lor of geosynthetics as separate topics, but when evalu-
ated on the same products it will be seen that parallel
behavior exists. Concentration will be on needlepunched
nonwoven geotextiles of different mass per unit area and
a variety of nonreinforced geomembranes. The same geo-
textiles and geomembranes are then tested together to
evaluate what synergistic effect, if any, results.
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Methoden zur Auswertung der Stempeldurchdriick- und
Stoss-Widerstandsfahigkeit von Geotextilien, Geomembra-
nen und deren Zusammensetzung sind in dieser Veroffent-
lichung beschrieben. Eine Anzahl von vernadelten, nicht
gewebten Geotextilien mit verschiedener Masse pro

. Fldcheneinheit wurden bewertet, sowie verschiedene Geo-

membranen von gleicher Dicke. Bei diesen Tests kam man
zu offenkundigen Ergebnissen und Tendenzen.Es wurden auf-
fallende Verbesserungen im Verhalten der Geomembrane be-
obachtet, wenn Geotextilien und Geomembrane in zusammen-
gesetzter Form verwendet wurden. Des weiteren sind die
Ergebnisse einer Sonderstudie iiber die Equivalenz der
Geomembran-Dicke bei Verwendung von Geotextilien mit
einer Geomembrane beschrieben.

PUNCTURE TEST DETAILS

The puncture test used 1n this study is a modified
form of ASTM D3738 with the puncturing ball being re-
placed by 2 7.9 mm (5/16 in.) diameter blunt end steel
pilston, see Figure 1, This piston is pushed through a
horizontally clamped test specimen in a support cylinder
of 4.5 cm diameter at a rate of 25 cm/min. The maximum
load registered is recorded. In the case of geocompos-
ites which have materials of different elongation proper-—
ties, dual peaks are often obtained. In such cases the
initial value is the one recorded.

The geotextiles evaluated were continuous filament,
polypropylene, needlepunched nonwovens of 200, 400 and
600 gm/m2 mass per unit area. The geomembranes used were
0.75 mm nonreinforced chlorinated polyethylene (CPE),
ethylene propylene diene monomer (EPDM), high density
polyethylene (HDPE) and polyvinyl chloride (PVC). A sep-
arate study on geomembrane thickness versus geocomposites
was also performed. The geomembrane used in this portion
of the study was HDPE in thicknesses of 1.0, 1.5, 2.0 and
2.5 mm.

PUNCTURE TEST RESULTS

The results of the puncture tests on the three
weights of needlepunched nonwovens are given in Figure 2.
The results presented here are an average of five tests
per fabric weight, resulting in an approximate linear
relationship between the fabrics. Figure 3 presents the
puncture results for the four different geomembranes
evaluated. Since all are the same thickness, they can be
compared to one another with EPDM being the lowest and
HDPE the highest,

The composite behavior of the geotextile on front,
back or both sides of the geomembrane can now be ad-
dressed and compared to the behavior of the various mate-
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rials tested by themselves. Figures 4(a)-4(c) show the
benefits obtained by combining geotextiles with geomem-—
branes with the geotextlle being in front, or behind, and
on both sides of the geomembrane. Easily noted is a dra-
matic improvement in composite behavior versus the geo-
membrane itself which is given a relative value of 1.0.
Obviously, a geotextlle on both sides of the geomembrane
glves further increase in the puncture strength over a
single geotextile on front or back. It is also seen that
the lowest increase is seen for the 200 g/mZ, then the
400 g/m2, and was highest for the 600 g/mz.

In order to estimate the puncture resistance equi-
valency of a given geotextile added to a geomembrane
versus using a thicker geomembrane by itself, a separate
study was performed. Here different HDPE geomembrane
thicknesses were evaluated by themselves and then along
with geotextiles on the fromt, back and both sides of the
geomembranes, Results are shown in Figure 5 for the
400 gm/mZ geotextile. Here the increase in geomembrane
puncture resistance from a single geotextile in very pro-
nounced and with a double geotextile even more so. As an
example of quantifying this improvement, if one desires
1000 N puncture resistance it can be obtailned by any one
of the following:

(a) 2.40 mm HDPE geomembrane by itself

(b) 1.50 um HDPE geomembrane and a 400 gm/m? geo-
textile on front or back

(c) 0.40 mm HDPE geomembrane and two 400 gm/m2 geo—
textiles, one on front the other on back

The economlc implications of thinner geomembranes with a
geotextile versus the thicker geomembrane by itself are

obvious. See Monteleone (5) for results of the 200 and

600 g/m2 geotextiles.

IMPACT TEST DETAILS

The impact test device used for this study was a
modification of ASTM E 23, known as Riehle Impact Tester.
It is based on the energy absorbed by impact form a free
swinging pendulum weight. The test is commonly used in
Metallurgical Engineering to determine the impact
strength of notched metal bars. It is favored here over
other impact devices in the geotextile literature (6,7)
due to its high impact energy capacity which is 326 J.
This capacity is required by some of the heavier geotex-
tiles and geocomposites.

The test specimen is placed within a 10 cm x 25 cm
U-shaped clamping frame fastened to the base of the pen-
dulum frame. It is then clamped in this frame under zero
tension, see Figure 6. The pendulum arm is fitted with
a pointed cone of 30° apex angle measuring 2.5 cm dia-
meter and 2.5 cm height. It strlkes the test specimen at
its centrold penetrating it and then follows through with
a knife edge over its upper surface. Maximum impact re-
sistance 1s registered as the point passes through the
test specimen. Its magnitude is read directly in units
of joules (J).

This portion of the test program on impact behavior
followed an exact parallel with the puncture study inso—
far as geotextiles, geomembranes and composites are con-
cerned.

IMPACT TEST RESULTS

The results of the impact tests on the 200, 400 and
600 gm/m? needlepunched, nonwoven goetextiles are shown
on Figure 7. Here an exponential trend is observed when
the average value of the five tests per fabric are con-
nected. The heavier weight fabric results in signifi-
cantly greater impact resistance than the lighter weight
fabrics.

678

Third International Conference on Geotextiles,
1986, Vienna, Austria

The impact test results for the four different 0.75
mm thick geomembranes is shown in Figure 8. Here the PVC
and HDPE are the highest in impact resistance, while the
EPDM and CPE are the lowest. Thus the geomembranes are
seen to behave somewhat differently in impact than they
did in puncture.

The composite behavior of the three geotextiles and
the various geomembranes 1s given in Figure 9(a)-9(c).
Here the relative performance of the geotextile placed in
front, back and both sides of the geomembrane are indi-
cated. Also shown 1s the geomembrane by itself where it
is assigned a relative value of 1.0. Substantial im-
provement in all cases is seen, with the geotextile on
both sides being obviously the greatest. As with the
puncture results presented earlier, the results show the
impact resistance to improve as the heavier weight geo-
textiles are used, i.e., 200 g/m? is the lowest and
600 g/m2 is the highest.

Figure 10 presents the information gained from the
HDPE geomembrane thickness variation study by itself and
then with the 400 g/m2 geotextile on front, back and both
sides of the geomembranes. The results can be viewed in
the same light as with the puncture study whereby if one
desired 50 J impact resistance it can be obtained by any
one of the following:

(a) 1.66

(b) 1.52

tile
(e) 1.37
(d)

mm HDPE geomembrane by itself

mm HDPE geomembrane and a 400 g/m? geotex-
on front

mm HDPE geomembrane and a 400 g/m2 geotex—
tile on back

1.22 mm HDPE geomembrane and two 400 g/mZ2 geo-
textiles, one on front and the other on back.

Note that these values are not as pronounced of a dif-
ference as with the puncture study, but are sizeable
nonetheless. See Monteleone (5) for results of the 200
and 600 g/m2 geotextiles. -

SUMMARY AND CONCLUSIONS

This study has presented puncture and impact resis-
tance tests which have been performed on the same geo-~
textiles, geomembranes and theilr various combinations.
Both tests have sufficient capacity to handle most situa-
tions envisioned. It has been shown that:

e Increasing mass per unit area of geotextile in-
creases both puncture and impact resistance.

e Different geomembranes (of the same thickness) dif-
fer widely in both puncture and impact resistance.

e A geotextile either in front or back of a geomem-
brane significantly increases the puncture and im-
pact resistance over the geomembrane by itself.

e The increase 1s even more pronounced when two geo-
textiles are used, one in front and one in back of
the geomembrane.

e As far as general effectiveness was concerned, the
200 g/m? geotextile gave the least composite im-
provement, the 400 g/m2 next, and the 600 g/m?2 geo-
textile the greatest.

e Increasing the thickness of the HDPE geomembrane
increases both puncture and impact resistances in
a linear manner.

e The results of the HDPE geomembrane thickness equi-
valency study showed that thinner geomembranes can
be used with a geotextile to give comparable per-
formance as a thicker geomembrane in both puncture
and impact resistance. The engineering and econo-
mic benefits that would result from this geocom-
posite system can easlly be quantified.

e Both test methods can be extended to include soil
adjacent to the geosynthetic such that performance
data may eventually result. This could aid in sep-
aration design which generally involves both punc-—
ture and impact.
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