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Currently, there are no solid technical evidences in the literature that can demonstrate the relationship 
between geogrid torsional rigidity and the performance of the geogrid-reinforced road sections.   

The results of numerical modeling show that the section performance is mainly related to geogrid-
aggregate interface shear stiffness and geogrid tensile stiffness, for both flexible pavement sections 
(Perkins, 2001) and unpaved road sections (Leng and Gabr, 2005).  
	
Geogrid torsional rigidity is adopted as a design parameter in Giroud and Han design method (2004), 
which was empirically correlated to the stress distribution angle of the reinforced base course over 
subgrade from a laboratory cyclic load testing program on unpaved sections conducted at North 
Carolina State University (Gabr, 2001). The unpaved test results were also later presented by Leng 
and Gabr (2002). An empirical correlation between geogrid tensile strength @ 2% strain and section 
performance was proposed by Leng and Gabr (2006) through back-analysis of the same test results. 
	
TRI/Environmental conducted a study on the correlation between geosynthetic properties and the 
confinement factor in base reinforcement application. As shown in Table 1, TRI’s results indicate that 
no correlation exits between the confinement factor and the torsional rigidity. In fact, the geotextile 
tested was reported to have the lowest confinement factor while the geotextile actually has a higher 
torsional rigidity value than most of the geogrids tested. 
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Table 1.  Test Results from a Range of Geosynthetics (TRI/Environmental, 2001)
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3. The resulting in-plane rotational modulus
may be indicative of the performance of
geogrid products when placed in stone
base courses of highway pavements.  The
relationship of the in-plane rotational
modulus obtained from this test method
has not been directly related to laboratory
or field performance of pavements, but
work is on-going in this regard.

TxDOT Seeks Evidence

As reported in an earlier Lab Update, TRI
participated in a Texas DOT project to
develop test methods to measure and specify
relevant properties of geogrids for base
reinforcement applications.  Recognizing it to
be a source of debate among geogrid
suppliers, TxDOT added the evaluation of the
torsional rigidity properties of the various
materials being evaluated in the test program.
In response, TRI acquired the In-Plane
Rotational Stiffness testing apparatus, tested
the geogrids (and geotextile) included in the
program, and attempted to correlate the results

to confinement test results as shown below.
Only geogrids were included in the
correlation.  We found a stronger correlation
(via R2) with the GRI proposed use of an
initial tangent stiffness modulus than with
Kinney's "aperture stability modulus" (a.k.a.
torsional rigidity). The R2 value related to
coarse aggregate confinement was 0.81 for
initial tangent modulus vs. 0.73 for torsional
rigidity, respectively.  For well graded
aggregate confinement the difference in R2

was considerably greater: 0.81 vs. 0.28.
Curiously, in both aggregates the high
resistance of the geotextile to in-plane rotation
was not consistent with it's poor confinement
performance.

It's interesting to note that these results
indicate that the more relevant application of
the in-plane stiffness / torsional rigidity test
(as it relates to confinement applications) may
be its use as a measure of a geogrid's initial
tangent modulus.  Still, work continues.  Stay
tuned.  Do some testing of your own and
compare!

Example Test Results from a Range of Geosynthetics

In-Plane Rotational Stiffness
In-Plane Deformation (degrees) Secant Modulus (N-m/deg)

Torque (in-lb) (N-m) Torque (in-lb) (N-m)
0.00 4.42 8.84 13.26 17.68 22.1 4.42 8.84 13.26 17.68 22.1

Product

0.00 0.50 1.00 1.50 2.00 2.50 0.50 1.00 1.50 2.00 2.50

Initial
Tangent
Modulus

(N-
m/deg)

Confine
-ment
Factor

(Coarse
Aggr.)

Confine
-ment
Factor
(Well

Graded
Aggr.)

Grid #1 0 0.70 2.20 3.65 5.15 6.95 0.72 0.46 0.42 0.39 0.36 0.84 1.58 1.15
Grid #2 0 3.35 12.00 14.90 17.25 18.00 0.16 0.09 0.11 0.12 0.14 0.18 1.37 1.10
Grid #3 0 6.65 10.40 13.90 17.35 19.93 0.08 0.10 0.11 0.12 0.13 0.07 1.21 -
Grid #4 0 6.80 10.35 13.55 16.25 18.70 0.07 0.10 0.11 0.12 0.13 0.07 1.21 -
Grid #5 0 6.15 10.70 14.50 17.40 20.10 0.08 0.09 0.10 0.11 0.12 0.08 1.36 1.09
Grid #6 0 0.60 2.25 4.50 9.00 14.70 0.83 0.44 0.33 0.22 0.17 0.90 - 1.24
Grid #7 0 0.60 1.50 2.55 6.45 14.85 0.83 0.67 0.56 0.31 0.17 0.90 - 1.22
Textile 0 1.85 4.90 6.30 7.80 9.30 0.27 0.22 0.25 0.27 0.27 0.30 0.97 -

Torsional
Rigidity

GRI
Proposed

Initial
Tangent
Modulus

continued on back...
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Tabel 2.  Summary table of the pullout test results and test conditions
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A better way to determine that maximum interlocking of soil has taken place is to conduct a Pullout 
Test.  This is a direct measurement of the capacity of a geogrid to effectively interlock the soils.  Tenax MS 
geogrid exhibits an excellent coefficient of interaction against pullout, which is supported by test results 
obtained during large scale Pullout Testing.  As shown in Table 2, Tenax MS geogrids have coefficient of 
interaction from 0.9 to 1.1, which indicates an excellent geogrid-soil interlocking.  
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