The promise and liabilities of Strain Hardening Modulus (SHM) Testing
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The resistance to slow crack growth as
measured in the brittle stress crack resistance test
is an important durability property of high density
polyethylene (HDPE) geomembranes. The most
common test procedure used to measure this
resistance is ASTM D5397, Standard Test Method
for Evaluation of Stress Crack Resistance of
Polyolefin ~ Geomembranes  Using  Notched
Constant Tensile Load Test. The Appendix to this
standard, Procedure to perform a single-point
notched constant tensile load (SP-NCTL) test, is
commonly performed by global laboratories and is,

significantly, required in the GRI GM13
specification for high density polyethylene
geomembranes.

The duration of this test has long been an issue
with users wanting to document a minimum
resistance in accordance with a project
specification, but not wanting to spend the testing
time necessary for assurance, typically 500 or
1000 hour dependent upon specific project
requirements. This same issue has impacted the
plastic pipe industry which also measures slow
crack growth.

Many in our geosynthetics industry have
described the strain hardening modulus (SHM) as
a much more practical test method to measure
resistance to slow crack growth due primarily to its
relative speed. Indeed, the test may be performed
in days rather than weeks. And while it was first
applied to geomembranes using the plastic pipe
test procedure, ISO 18488, Polyethylene (PE)
materials for piping systems — Determination of
Strain Hardening Modulus in relation to slow crack
growth — Test method (a procedure that has had
much success in practice), it has now been
standardized for specific use with HDPE
geomembranes in EN 14576, Geosynthetics - Test
method for determining the resistance of polymeric
geosynthetic barriers to environmental stress
cracking. Importantly, as this abstract is written, the
EN 14576 procedure is being included in a new
draft standard for HDPE geomembranes.

While this is all good news, there is some
resistance to rely solely on SHM as a specified test
procedure to assure resistance to stress cracking.
Why is this?

On reason may be that there are differences in
the 1ISO and EN standards. In addition, there are
questions about the post-test calculation of SHM.

Early work has shown that while correlation with
ASTM D5397 testing may be achieved, a
one-size-fits-all correlation that is applicable to all
HDPE geomembrane products is not reasonable,
meaning that each formulation needs a correlation
effort. A specific challenge is also found in that
some correlation slopes are very steep, meaning
that a very small change in SHM correlated to a
very large change in ASTM D5397 stress crack
resistance.  Will this “fit’” in a specification
compliance context? Also, it may be argued that
the SHM test, performed at elevated temperature,
is insensitive to manufacturing stresses that, when
present, may contribute to measured stress crack
resistance.

Still, the SHM test method is important and
should be embraced for robust use in our industry.
How it should be specified is worthy of
consideration and understanding. This paper will
address both the significant benefits of, and some
of the challenges associated with, performance
and implementation of SHM testing. Several ASTM
D5397 and EN 14576 correlation curves will be
presented with a discussion of interpretation
challenges.

Included will be a discussion of ISO and EN
procedural differences and the impact of variable
calculations of SHM. Some limited round robin test
data will also be presented. In addition, detailed
features of good laboratory practice in the
performance of these testing procedures will be
discussed.

Finally, a discussion regarding the promotion
and implementaton of SHM in HDPE
specifications while guarding against over reliance
will be presented
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