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1 INTRODUCTION 

The static puncture test, or CBR-test, for geotextiles and geotex-
tile-related products has been standardized as EN ISO 12236 in 
1996 and as ASTM D6241 in 1998.  It provides an index of the 
puncture strength by pushing a 50mm diameter piston against the 
center of a 150mm diameter specimen until failure is recorded.  
This test is expected to have an adequate correlation with per-
formance since a relatively large-size specimen is used.  Past ex-
perimental efforts (i.e. Moritz & Murray 1982, Cazzuffi et al. 
1986, Frobel & Montalvo 1993, Montalvo & Sickler 1993, 
Agosti et al. 2000) involved the investigation of correlations be-
tween results obtained from static puncture strength and wide-
width tensile tests or other types of “puncture” tests but for a 
rather limited number of nonwoven geotextiles, ranging from 4 
to 17. 

The burst strength of geotextiles is another index property 
frequently used for the design of separation, drainage and ero-
sion control applications.  A large number of burst strength tests 
has been required either for quality assurance during the manu-
facturing process or for specification conformance.  The most 
common type of test for determining burst strength is the 
“Mullen” or hydraulic burst test, which is specified by ASTM 
Standard D3786.  In this test, on inflatable rubber membrane is 
used to deform the geotextile out of plane, stressing it in tension 
until failure occurs.  This test was originally developed as a qual-
ity control test procedure for the textile industry (DeBerardino 
1994) and has never been adopted by the committees or organi-
zations which develop testing standards for geosynthetics.  It has 
been suggested (Kinney 2000) that the specifying and design 
communities adopt the static puncture test and gradually phase 
the Mullen hydraulic burst test out of active usage. 

Compiled information on nonwoven geotextile properties 
may be used to obtain first order approximations between the 
static puncture strength and other physical and/or mechanical 
properties of nonwoven geotextiles, such as hydraulic burst 
strength, wide-width tensile strength and mass per unit area.  
However, a well-known source (Geotechnical Fabrics Report 
2000) has not yet introduced a column for static puncture test 

data in the appropriate tables and has removed the column on 
Mullen burst strength which appeared in previous editions.  

As an alternative to a source of compiled information, prop-
erty values directly available from geotextile manufacturers may 
be utilized to investigate possible correlations.  Towards this 
end, technical data sheets posted on the web sites of 16 manufac-
turers were used to obtain information on the physical and me-
chanical properties of 222 different nonwoven polypropylene 
geotextiles (needle-punched, heat-bonded, posttreated).  Static 
puncture strength values were reported for 75% of the geotex-
tiles.  Wide-width tensile strength values were reported for 49% 
of the geotextiles for both directions (machine, cross-machine) 
and for 26% for one direction only.  Since it is intuitively under-
stood that static puncture strength is affected by the tensile 
strength in both directions, meaningful correlations could be ob-
tainable only for 37% of the geotextiles.  Hydraulic (Mullen) 
burst strength was reported for 35% of the geotextiles but only 
one manufacturer (4% of the geotextiles) provided static punc-
ture and wide-width strength values, nullifying any attempts to 
obtain correlations.  Mass per unit area was reported for 81% of 
the geotextiles.  It should also be noted that, as stated by the 
manufacturers, the property values given are “minimum average 
roll values” (20%), “typical” (24%), “average from a large num-
ber of tests” (46%) and “mean minus standard deviation” (10%).  
Accordingly, overall correlations or correlations per manufac-
turer would be based on different types of data, both qualita-
tively and quantitatively, reducing significantly the practical 
value of such correlations. 

The foregoing observations on the need to replace the burst 
strength test with the static puncture test, the limited documenta-
tion on the correlation of the static puncture test with perform-
ance tests (such as the wide-width tensile test) and the deficien-
cies of available technical data, provided the impetus for the 
experimental investigation reported herein.  This investigation is 
limited to nonwoven geotextiles made of polypropylene fibers, 
with no recycled material, since this polymer is used for the 
manufacture of the vast majority of nonwoven geotextiles (Ko-
erner 1994). 
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2 MATERIALS AND EXPERIMENTAL PROCEDURES 

For the purposes of the experimental investigation reported 
herein, samples of nonwoven polypropylene geotextiles were ob-
tained from twelve different European and North American 
manufacturers.  The size of the samples ranged from 4m2 to 8m2

with a width equal to the standard production roll width of each 
manufacturer.  The number of different nonwoven geotextiles 
provided by each manufacturer (number of grades of each spe-
cific product series) ranged from four to ten, yielding a total of 
ninetyfive samples for testing.  The group of geotextiles tested 
included needle-punched and heat-bonded products made of con-
tinuous or staple filaments as well as some needle-punched post-
treated products (thermal surface treatment on one or both sides).  
In order to avoid the use of commercial names, a generic nota-
tion (M1 through M12) is used to identify products and manu-
facturers.  Numbers in parenthesis next to an identification code, 
i.e. M1(6), indicate the number of different geotextile grades in 
that particular product group. 

Static puncture strength, wide-width tensile strength, hydrau-
lic burst strength and mass per unit area were obtained according 
to ASTM Standards D6241, D4595, D3786 and D5261, respec-
tively.  All tests were conducted under standard laboratory con-
ditions using the number of specimens specified by each stan-
dard.  A computer controlled constant-rate-of-traverse loading 
frame was used to conduct static puncture and wide-width tensile 
strength tests.  Clamps and attachments are shown in Figures 1,2.  
The equipment used to conduct hydraulic burst strength tests, 
shown in Figure 3, was constructed in house and meets all the 
specifications set by ASTM Standard D3786 (Atmatzidis & 
Chrysikos 2000).  Mass per unit area was measured on the 
specimens used for wide-width tensile testing. 

3 RESULTS AND DISCUSSION 

The results obtained for each series of geotextiles tested, were  

Figure 1. Static puncture strength testing. 

used in order to develop correlations between the static puncture 
strength (F, expressed in N) and the wide-width tensile strength 
(af, expressed in kN/m), the hydraulic burst strength (p, ex-
pressed in kPa) and the mass per unit area (m, expressed in 
g/m2).  As a first order approximation, a linear relationship was 
used with the constrain that the line passes through the origin of 
the axes in order to avoid disadvantages in terms of physical in-
terpretation.  Similarly, linear correlations were obtained for the 
complete set of data.  

All geotextiles tested for the purposes of this investigation, 
exhibit some degree of anisotropy as well as differences in ten-
sile strength and elongation at failure between the machine and 
cross-machine directions.  Along the machine direction, tensile 
strength and elongation at failure ranged from 3.1 kN/m to 75.1 
kN/m and from 20% to 143%, respectively, while in the cross-
machine direction they ranged from 3.0 kN/m to 148.2 kN/m and 
from 22% to 98%, respectively.  A number of geotextiles (11%) 
exhibited less than 5% difference in strength between the ma-
chine and the cross-machine directions while 25% exhibited less 
than  5%  difference in elongation  at  failure  between  the  two 
directions of testing.  Marked differences were measured for the 

Figure 2. Wide-width tensile strength testing. 

Figure 3. Hydraulic burst strength testing. 
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rest of the geotextiles.  The possible combinations of force-
elongation curves can be reduced to those shown schematically 
in Figure 4.  Cases A, B and C represent the behavior of 20%, 
38% and 42%, respectively, of the geotextiles tested. 

During a static puncture test, the average elongation is the 
same along any direction.  However, the load or stress causing 
extension of the geotextile varies with direction during the test as 
well as at the moment when failure is recorded.  Observation of 
the load-elongation curves shown schematically in Figure 4 indi-
cates that, when failure is recorded during a static puncture test, 
the average load applied at the circumference of the CBR probe 
and causing extension of the geotextile would be (a) lower than 
the tensile strength in the weaker of the machine or cross-
machine directions, such as in case A, or (b) higher than the ten-
sile strength in the weaker of the machine or cross-machine di-
rections, such as in case B, or (c) lower than the tensile strength 
in the stronger of the machine or cross-machine directions.  Ac-
cordingly, rather poor results should be anticipated if attempts 
were made to correlate the static puncture strength with the 
wide-width tensile strength along the machine direction or along 
the cross-machine direction or along the weaker or stronger di-
rection whichever that may be. 

Figure 4. Schematic representation of force-elongation curves from 
wide-width tensile testing. 

On the basis of the forementioned observations, it was decided to 
investigate the validity of linear correlations between the static 
puncture strength and the average of the wide-width tensile 
strength obtained from testing along the machine and the cross-
machine directions.  The results obtained are shown in Table 1 
(under the ratio F/af) and in Figure 5a.  This linear correlation 
appears to be very good in terms of the correlation coefficient, 
R2, which attains values ranging from 0.959 to 0.999, with 
R2=0.974 when the complete set of data is fitted by a linear func-
tion.  The proportionality ratio between static puncture strength 
(expressed in N) and average (between machine and cross-
machine directions) wide-width tensile strength ranges from 
153.8 to 188.7 and is equal to 163.9 for the complete set of data.  
This overall proportionality ratio is very similar to the value of 
157 which was proposed by Cazzuffi et al. (1986) and further 
investigated by Agosti et al.  (2000).  Using the overall propor-
tionality ratio (163.9) the static puncture strength of each geotex-
tile was computed in terms of the measured average wide-width 
tensile strength and the result was compared with the measured 
value.  The resulting error ranges between ±5%, ±10% and 
±20% for 40%, 79% and 100%, respectively, of the geotextiles 
tested.  As expected, when the proportionality ratio obtained for 
each specific geotextile series is used, the resulting error for the 
prediction of the static puncture strength is less than ±5% for 
60% of the geotextiles and less than ±10% for 85% of the geo-
textiles.  Accordingly, it can be stated that the average tensile 
strength obtained by wide-width tests along the machine and the 
cross-machine directions can be used with confidence in order to 
predict the static puncture strength of nonwoven, polypropylene 
geotextiles.   

Table 1.  Correlations between properties 

Geotextile      F/af      F/p      F/m      ____________  ____________  _____________ 
  Series  A*   R2**  A   R2   A   R2

M1(9)   156.2  0.993  1.001  0.964    9.82  0.981 
M2(7)   185.2  0.958  1.085  0.964  11.17  0.987 
M3(10)  172.4  0.975  1.087  9.955  10.94  0.975  
M4(10)  158.7  0.959  1.054  0.911  11.26  0.946  
M5(4)   166.7  0.966  1.129  0.959  11.40  0.987 
M6(6)   156.2  0.999  1.111  0.985    9.43  0.991 
M7(6)   156.2  0.977  1.000  0.980    9.67  0.991 
M8(8)   158.7  0.960  1.089  0.921  10.56  0.998 
M9(10)  175.4  0.985  1.118  0.918  11.11  0.963 
M10(9)  166.7  0.961  1.147  0.963  11.76  0.970 
M11(10)  153.8  0.997  1.151  0.931  10.75  0.963 
M12(6)  188.7  0.980  1.158  0.935  11.63  0.974 

Overall(95) 163.9  0.974  1.084  0.964  10.49  0.964 

M1-M9  163.9  0.972  1.072  0.967  10.34  0.967 
M10-M12  166.7  0.960  1.151  0.947  11.39  0.959 

* : Proportionality ratio    
** : Correlation coefficient 
F : Static puncture strength (N) 
af : Wide-width tensile strength, average MD-CD (kN/m) 
p : Hydraulic burst strength (kPa) 
m : Mass per unit area (g/m2)

Figure 5. Correlations between static puncture strength, wide-width ten-
sile strength, hydraulic burst strength and mass per unit area. 
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The results obtained from static puncture strength testing and 
hydraulic burst testing indicate that a linear relationship exists 
between these two mechanical properties.  As shown in Table 1 
(under the ratio F/p) and Figure 5b the linear correlation appears 
to be very good in terms of the correlation coefficient, R2, which 
attains values ranging from 0.911 to 0.985, with R2=0.964 when 
the complete set of data is fitted by a linear function.  The pro-
portionality ratio between static puncture strength (expressed in 
N) and hydraulic burst strength (expressed in kPa) ranges from 
1.000 to 1.158 and is equal to 1.084 for the complete set of data.  
Using this proportionality ratio (1.084), the static puncture 
strength of each geotextile tested was computed in terms of the 
measured hydraulic burst strength and the computed value was 
compared with the measured value of the static puncture 
strength.  The resulting error ranges between ±5%, ±10% and 
±20% for 40%, 70% and 92%, respectively, of the geotextiles 
tested.  Somewhat improved error distribution is obtained when 
the proportionality ratio characterizing each specific geotextile 
series is used to predict static puncture strength.  These observa-
tions indicate that although there is a significant difference in the 
size of the specimens used to perform each test (area ratio equal 
to 25), both tests provide an acceptable index of the strength of 
the geotextiles when subjected to “out-of-plane” deformation.  
Accordingly, the recommendation to replace the hydraulic 
(Mullen) burst strength test with the static puncture strength test 
is justified.   

An equally good, if not better, correlation exists between the 
static puncture strength and the mass per unit area of the geotex-
tiles tested.  As shown in Table 1 (under the ratio F/m) and in 
Figure 5c, the linear correlation appears to be very good in terms 
of the correlation coefficient, R2, which attains values ranging 
from 0.946 to 0.998, with R2=0.964 when the complete set of 
data is fitted by a linear function.  The proportionality ratio be-
tween static puncture strength (expressed in N) and mass per unit 
area (expressed in g/m2) ranges from 9.43 to 11.76 and is equal 
to 10.49 for the complete set of data.  Using this proportionality 
ratio (10.49) the static puncture strength of each geotextile tested 
was computed in terms of the measured mass per unit area and 
the result was compared with the measured static puncture 
strength.  The resulting error ranges between ±5%, ±10% and 
±20% for 41%, 70% and 100%, respectively, of the geotextiles 
tested.  When the proportionality ratio obtained for each specific 
geotextile series is used to predict static puncture strength, the 
resulting error is less than ±5% and ±10% for 52% and 80%, re-
spectively, of the geotextiles tested.  These observations indicate 
that even mass per unit area can be utilized for successful predic-
tions of static puncture strength. 

Manufacturing process appears to have a very small, if not 
negligible, effect on the forementioned overall correlations.  Pre-
sented in Table 1 are the proportionality ratios and the correla-
tion coefficients obtained when the geotextiles are separated into 
two groups.  One group includes all geotextiles manufactured 
with staple yarns (M1 through M9) and the other includes all 
geotextiles manufactured with continuous filaments either nee-
dle-punched or heat-bonded (M10, M11, M12).  It can be ob-
served that the values of the correlation coefficients are not im-
proved.  The small differences between proportionality ratios 
have a negligible effect on the predictive capabilities of the 
overall correlations. 

4 CONCLUSIONS 

Based on the results obtained and the observations made during 
the experimental investigation reported herein, the following 
conclusions may be advanced which apply to nonwoven, poly-
propylene geotextiles containing no recycled or low quality raw 
materials: 
1. An excellent linear correlation exists between static puncture 

strength and wide-width tensile strength (introduced as the 
average along the machine and cross-machine directions). 

2. Static puncture strength and hydraulic (Mullen) burst strength 
are equally good indices of geotextile performance in out-of-
plane deformation.  Hydraulic burst testing can be phased out 
in favor of static puncture testing. 

3. Mass per unit area is a very good quantitative indicator of the 
static puncture strength of nonwoven geotextiles.  As a first 
order approximation, the static puncture strength (expressed 
in N) is 10.5 times the mass per unit area (expressed in g/m2).

4. The establishment of acceptable correlations between geotex-
tile properties can result in reduced manufacturer’s quality 
control testing costs. 
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