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ABSTRACT: Geotextiles are used to a great extent in Norway for different purposes. Among these, geotex-
tiles used for separation and filtration are common in the road construction industry due to existence of very
soft clay and the need of separating the natural ground from road embankments. The basis of this paper is a 
road construction project owned and supervised by the Norwegian Public Roads Administration (NPRA), 
where a nonwoven geotextile was used under a filling for separation purpose. Required class for the geotex-
tile on this project was class 4 according to NorGeoSpec, a Nordic system for specification and control of 
geotextiles used in roads and other trafficked areas. During the construction, delivery control on mass, tensile 
strain and strength properties was performed at NPRA’s laboratory. Results from the delivery control didn’t 
match specifications on the product certificate given by NorGeoSpec, which led to a discussion between the 
distributor (Scandinavian TerraTec) and the client (NPRA). The discussion resulted in a decision to carry out 
a round robin test on the specific product. Further SINTEF, as mandated Certification Body for NorGeoSpec, 
was invited to take part in the testing process. SINTEF performed sampling for the round robin test besides 
selecting two NorGeoSpec-accredited laboratories that participated in the round robin test together with the 
laboratories of the client and the producer. Test results from the round robin test are summarized, analyzed 
and presented in this article in order to better understand properties of the class 4 nonwoven geotextile. Fur-
ther observations are made on the influence of test equipments on obtained results. 

1 BACKGROUND 

The Norwegian Public Roads Administration 
(NPRA) controls the quality of geotextile products 
through collecting samples from the field and testing 
them for some of the important mechanical proper-
ties and comparing results against NorGeoSpec 
(Nordic system for specification and control of geo-
textiles) requirements as well as declarations on 
product certificates made by geotextile producers. 
The background for this paper is a road construction 
project called Smestadkrysset where a nonwoven 
geotxtile was used for the purpose of separation.      

Nonwoven geotextile samples were collected from 
the field, prepared and tested for three directly 
measured properties: mass per unit area, tensile 
strength and corresponding tensile strain. Test re-
sults of tensile strength and calculated strain energy 
index values showed that the collected samples 
didn’t comply with the requirements of NorGeoSpec 
and declared properties by the geotextile producer. 
This situation led to a discussion between NPRA, 
which was the owner and supervisor of the project 
and the geotextile distributor on behalf of the geo-
textile producer.  

 
 
 
Later SINTEF as mandated certification body for 

NorGeoSpec became involved in the discussion. The 
out come of the discussion was to perform a Round 
robin test which will provide more information 
about the properties of the nonwoven geotextile 
product under investigation and thereby understand 
why discrepancies have occurred in relation to the 
quality of the product. 

2 THE ROUND ROBIN TEST 

The experimental method Round robin test was se-
lected as a good alternative for the situation dis-
cussed above due to the participation of different 
testing laboratories and hence the possibility of 
studying results of tests made on a specific product 
with different testing conditions. 

Four different laboratories were involved in the 
Round robin test where European standards: EN ISO 
9864 and EN ISO 10319 were used for carrying out 
the tests in all laboratories. But the laboratories have 
different testing equipments and measurement me-
thods which were applied in determining some of 
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the required parameters. Therefore one could also 
use test results in order to analyze the accuracy re-
lated with different measuring techniques. 

The four laboratories who took part in the Round 
robin test were:  

i. Institut für textile Bau-und Umwelttechnik 
GmbH (tBU) – Lab.1 

ii. The producer’s own laboratory – Lab.2 
iii. NPRA’s central laboratory – Lab.3 
iv. The British Textile Technology Group 

(BTTG) – Lab.4 

2.1 Sampling for the Round robin  

SINTEF as mandated certification body for Nor-
GeoSpec took the responsibility of collecting sam-
ples. Samples were collected from two different rolls 
where two sample sets A1 and A2 were taken out 
from one roll and sample set B from a different roll. 
Then samples A1 and B were sent for testing to the 
laboratories while A2 samples were kept as reserve 
until the end of the Round robin test.  

2.2 Experiments 

The control tests carried out by NPRA’s central la-
boratory demonstrated discrepancies in properties of 
the nonwoven geotextile which included tensile 
strength, associated tensile strain and strain energy 
index, a parameter computed from tensile strength 
and strain. Hence the Round robin test scheme also 
consisted of tensile strength test with measurement 
of strain and in addition, determination of mass per 
unit area. 

2.2.1 Mass per unit Area  
The European standard EN ISO 9864 was followed 
in three of the four laboratories to perform the mass 
per unit area experiments. Laboratory 3 used a 
handbook for laboratory practices published by 
NPRA. Summarized information for this experiment 
is given in the following table, Table 1. 
 
Table 1. Samples for the Mass per unit Area experiment 

 
Labora tories 

Preparation 
apparatus

 
Size 

Total
specimens

 
Lab.1 

 
Die 

 
Dia. Φ = 200mm 10

 
Lab.2  

 
Die 

 
100mm x 100mm 10

 
Lab.3 

 
Scissors 

 
200mm x 300mm 10

 
Lab.4  

 
Die 

 
100mm x 100mm 10

 
 
 

2.2.2 Tensile Strength 
All four laboratories used the European standard EN 
ISO 10319 for testing the nonwoven geotextile 
product. Details related to sample preparation, sam-
ple size, equipment for measurement of deformation 
and testing machine’s jaw surface are summarized 
below in Table 2.  
 
Table 2. Samples for Determination of Tensile Properties 

Laboratories Lab.1 Lab.2 Lab.3 Lab.4 
Preparation 
apparatus Die Die

 
Scissors 

 
Die 

Size 
200mm

x 
100mm*

200mm
x 

200mm

200mm 
x 

300mm 

200mm
x 

300mm

Jaw surface Silicon 
surface 

Silicon 
surface 

 
Serrated 

metal 
wedge 

 
Waved 
metal 

surface

Deformation 
measurement

Video –
infrared

Jaw 
deformation 

 
Exten-

someter 

 
Video 
camera

* Free length between top and bottom jaws 

2.3 Experiment Results 

Results of tests carried out on both A1 and B sam-
ples are summarized and presented in Table 3 - 5. 
Test results include mass per unit area, tensile 
strength with associated strain and calculated strain 
energy index. NorGeoSpec defines strain energy in-
dex as half of the product of average maximum ten-
sile strength and associated strain. Maximum tensile 
strength values in machine and cross-machine direc-
tion with respective strain values are used to calcu-
late the average maximum tensile strength and 
strain.  
 
Table 3. Summary of mass per unit area, ρA 

Sample - A1 
Mass per  unit area, ρA

(g/m2) ρA, PC 
(g/m2) 

Tolerance for 
ρA, NGS 
 (g/m2) Lab. 1 Lab. 2 Lab. 3 Lab. 4

240 267 256 270 234 - 286 ± 10% 

Sample - B 
Mass per  unit area, ρA

(g/m2) ρA, PC 
(g/m2) 

Tolerance for 
ρA, NGS 
 (g/m2) Lab. 1 Lab. 2 Lab. 3 Lab. 4

261 256 254 253 234 - 286 ± 10% 
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Table 4. Summary of tensile strength and strain test results  
Sample - A1 

 
Labor-
atory 

MDI CMDII Average
F 

(kN/m) 
ε 

(%)
F 

(kN/m) 
ε 

(%) 
F 

(kN/m)
ε 

(%)
1 19,5 44,3 19,8 50,2 19,7 47,3
2 21,7 46,6 20,5 53,9 21,1 50,2
3 20,0 42,4 20,4 51,3 20,2 46,8
4 20,7 42,4 21,6 44,5 21,2 43,4

PC 20-22 44-52 20-22 48-57 20 46 
NGS     18-20 24-30

Sample – B 
 

Labor-
atory 

MDI CMDII Average
F 

(kN/m) 
ε 

(%)
F 

(kN/m) 
ε 

(%) 
F 

(kN/m)
ε 

(%)
1 20,0 41,2 22,3 47,4 21,2 44,3
2 22,4 45,0 24,2 53,3 23,3 49,1
3 19,5 39,8 21,1 49,7 20,3 44,7
4 22,2 41,8 24,5 47,9 23,4 44,8

PC 20-22 44-52 20-22 48-57 20 46 
NGS     18-20 24-30

 
Table 5. Summary of energy index calculations  

Sample - A1 
Strength &  
deformation 
 Properties 

Laboratory

PC NGS1 2 3 4 
Fa,  (kN/m) 19,7 21,1 20,2 21,2 20 18-20

εa, (%) 47,3 50,2 46,8 43,4 46 24-30
Ra, (kN/m) 4,6 5,3 4,7 4,6 4,9* 4,5*

Sample – B 
Strength &  
deformation 
 Properties  

Laboratory

PC NGS1 2 3 4 
Fa, (kN/m) 21,2 23,3 20,3 23,4 20 18-20

εa, (%) 44,3 49,1 44,7 44,8 46 24-30
Ra, (kN/m) 4,7 5,7 4,5 5,2 4,9* 4,5*

I - Machine Direction, II - Cross Machine Direction 
F - Tensile strength, Fa – Average tensile strength 
ε - Tensile strain, εa – Average tensile strain 
Ra = ½* Fa*εa - Strain energy index 
PC - Declared values on the Product Certificate  
NGS - Minimum values according to NorGeoSpec  
* - Minimum required value 

3 ANALYSIS OF RESULTS AND DISCUSSION 

3.1 Mass per unit area 

Mass per unit area test results (Table 3) showed that 
the variation of results is well in the range declared 
by the producer of the geotextile. This range was de-
fined according to the NorGeoSpec and hence all 
test results were acceptable.  

3.2 Tensile Strength and Tensile Strain 

It is observed that tensile strength and strain results 
of tests performed in the four different laboratories 
vary to an extent that some of the tests produced re-
sults that are under declared values by the geotextile 
producer (Table 4). Despite this variation the regis-
tered properties satisfy the requirements set up for 
class 4 nonwoven geotextile product according to 
NorGeoSpec.  

Major variation in test results for both A1 and B 
samples is observed among results of tensile strain 
while a marginal variation is also experienced on re-
sults of tensile strength. Further all test results from 
Lab. 2 (geotextile producers own laboratory) show 
that both tensile strength and tensile strain results 
comply with the declared properties on the product 
certificate while all the other three laboratories re-
ported one or more variation in comparison to de-
clared properties.  

3.3 Strain Energy Index 

Results of strength tests from the four laboratories 
are used to calculate the strain energy index and the 
result is presented in Table 5. It is again to be ob-
served that all strain energy index values comply 
with the requirements of NorGeoSpec. However al-
most all results from the three laboratories other than 
lab. 2 resulted in lesser strain energy index values in 
comparison with the declared values.  

3.4 Discussion on Results 

Data from the round robin test results are collected 
in to three data sets: mass per unit area, tensile 
strength and tensile strain. Each of these data sets is 
plotted together with its mean and standard deviation 
as presented in Fig.1-3. The first figure shows mass 
per unit area data with a relatively substantial scatter 
for results from the first two laboratories while re-
sults from the third laboratory cluster near to the 
mean and fall mostly with in the range defined by 
the standard deviation. Lab.3 followed a different 
standard in preparation of test specimens where scis-
sors were used to cut out test specimens in stead of 
die. But despite this difference results from lab.3 
were close to the mean value, which may be due to 
usage of relatively larger sample sizes (Table 1). 

 The remaining two figures (Fig.2 & Fig. 3) sum-
marize test results from tensile strength tests. The 
scatter in test results for tensile strength is limited 
and most of the data fall in the range defined by the 
standard deviation. In contrary to the tensile 
strength, tensile strain values vary to a relatively 
significant extent and exhibit more scatter. Further 
tests made along the cross-machine direction in all 
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the laboratories gave higher strain values in compar-
ison with those of the machine direction. Moreover 
as mentioned earlier in section 3.2 and observed in 
Fig.3, tensile strain results from Lab. 2 have rela-
tively higher values, which may have happened due 
to inaccuracy in determining tensile strain with em-
ployment of jaw deformation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Mass per unit area results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Machine and cross machine directions’ tensile strength 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 Machine and cross machine directions’ tensile strain 

4 CONCLUSION 

Results of the round robin test show that the nonwo-
ven geotextile under testing fulfills requirements of 
NorGeoSpec but fails to demonstrate the same prop-
erty as described on its product certificate when it 
comes to the tensile strain values and hence the 
strain energy index. Based on this fact it was possi-
ble to decide on two issues: 

• The geotextile company was allowed to ad-
just declared values on the product certificate 

• Specification during procurement must be 
stated clearly and geotextiles must be con-
trolled against specified requirements.  

Proper usage of scissors to cut out test specimens 
didn’t affect test results of Lab.3. But it was noted 
that a die should be used according to EN ISO 9864. 

Reported test results showed that the use of  dif-
ferent jaw surfaces such as silicon, serrated or waved 
metal surfaces doesn’t affect the measurement of 
strain in the nonwoven geotextile. Whereas mea-
surement of strain employing jaw deformation gave 
higher values compared to strain measurements on 
the nonwoven geotextile itself by the use of either 
video or extensometer. Therefore it is recommended 
to use thoroughly formulated correlations when jaw 
deformations are to be used for determination of 
strain in testing of nonwoven geotextile.     
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