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1 INTRODUCTION 

To protect a landfill liner against long-term deformation, which 
may cause creep rupture, or against penetration is a challenging 
task for a geosynthetic. Geosynthetics are also used to protect 
pipelines against falling rock. The CEN TC 189 WG 3 devel-
oped different tests to quantify the efficiency of geosynthetics in 
protecting different sub-bases. Some materials were tested in a 
thesis work with all procedures and compared. For 3 tests inter-
laboratory trials were performed and will be evaluated. 

2 PROTECTION AGAINST … 

2.1 Long-term deformation 

The failure mechanism of landfill liners of HDPE is expected as 
rupture by high long-term deformations. As long-term settlement 
of landfills is expected, the acceptable long-term deformation of 
3 % (Germany) or 5 % (USA) should be mainly available for this 
settlement. The permanent local deformation by drainage mate-
rial should be minimized. To measure the deformation of a liner 
under site specific (or close to reality) conditions a deformable 
sub-base (simulating the clay-liner sub-base) and a deformation 
memory (the liner will re-deform elastically and delayed elasti-
cally) are necessary . For the sub-base a elastomeric pad of de-
fined thickness and shore-hardness was found, for the deforma-
tion memory a lead – or lead zinc – plate. On developments in 
Germany reports are found in Brummermann at al. (1994). For 
Germany a maximum strain of 0.25 % at a 1000 h-test (40 °C, 
1500 kPa, drain gravel 16/32 mm) is the allowed limit. 

For the European test (prEN 13719) a reproducible fill was 
requested. Nuts of M 16 bolts were used as fill. The deformation 
is measured by a gauge with a defined tip as the measured inden-
tation depth depends on the tip diameter. 

Three tests with different stresses (300, 600, 1200 kPa) are 
plotted (strain vs stress). The reciprocal  of the slope of the re-
gression line is the protection efficiency in kN/m². 

Figure 1. Cylinder test prEN 13719 in rig 

2.2 Sharp elements penetrating (work item 189066) 

In tunnel construction liners are placed between permanent rein-
forced concrete structures and temporary shotcrete rock fixation. 
The surface of the shotcrete is rough, the reinforcement ends cut 
sharply. To prevent penetration of a tunnel liner by those sharp 
elements a GRi-based test was edited by CEN TC 189 WG 3 as 
the “pyramid test”, where a hard steel pyramid is pressed slowly 
onto a geosynthetic lying on a conductive sub-base. The force 
measured at closing the electrical circuit (= penetration of the 
geosynthetic) is given as protection efficiency.  

Figure 2. Pyramid test (WI 189066) 
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2.3 Impact of rounded elements (prEN 13428) 

Dropping gravel on a pipeline or against a concrete wall with a 
polymeric liner short-time impact creates different reactions than 
a slow motion loading as in 2.1 and 2.2. 
The fast compression stress may lead to 
melting of fibres in the contact point. 
This impact attack is simulated by a 1 kg 
steel rod with a 20 mm diameter hemi-
spherical shape for the contact zone, 
which is dropped from 1.0 m height onto 
a lead plate with the test specimen on top. 
The decrease of thickness of the lead 
plate as percent residual thickness (PRT) 
is the value to characterize the efficiency.  

2.4 Conical falling weight (EN 918) 

The “cone drop”-test is a harmonized EN-
standard based on an old Scandinavian 
test. For description see EN 918. Result is 
the hole diameter in mm. 

2.5 Flat rounded element (CBR) EN 12236 (4.96) 

The “CBR”-test should simulate big stones 
pressed into the geosynthetic lying on a 
soft sub-base. The test is standardized 
worldwide and was used in this compari-
son as a standard characteristic of the 
products.  

3 PRODUCTS COMPARED 

As especially the cylinder test takes a lot of time (you get the 
value from min 3 tests, each lasting 100 h) the number of prod-
ucts compared is limited. 

It were 
Terram thermobonded nonwoven (PP/PE, 350 g/m²) 
HP(S)4 needlepunched nonwoven (PP, 450 g/m”) 
HP(S)11  needlepunched nonwoven (PP, 1300 g/m”) 
HP19  needlepunched nonwoven (PP, 2200 g/m”) 
TNT450 composite of geonet (PEHD) + 2 nonwovens (PP) 
   (800 g/m²) 

4 RESULTS 

As the mass per unit area (mua) was measured for each speci-
men, the values differ for identical products. The results of dif-
ferent tests are always shown vs mua, as there is a lack of cross 
correlations to other properties. The 5 graphs are given below. 

Figure 3. Protection efficiency from cylinder test 

Figure 4. Penetration force from pyramid test 

Figure 5. Percent residual thickness (PRT) from impact test 

Figure 6. Hole diameter from cone drop test 

Figure 7. Maximum force from CBR-test 
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5 LESSONS LEARNED DURING TESTING 

5.1 Cylinder test 

The use of nuts causes 3 types of deformation: 

Figure 8. Typical impressions of nuts on nonwoven 

1 round shaped from flat lying nuts, 
2 rounded square from nuts standing upright on a flat side and 
3 sharp cornered from nuts standing on a corner. 

The decision, which causes the highest strains, requires ex-
perience – as this are not the highest/deepest indentations (it’s 
mostly the type 3). 

A test of the identical product with glass-spheres ∅ 22 mm 
shows the homogeneity of deformations, which eases the  
measurement. 

Figure 9. Lead plate and nonwoven (nut fill) 

Figure 10. Evaluation nuts: Efficiency 13,5 MN/m

The test with spheres as fill for the identical material is given in 
the next figures. 

Figure 11. Lead plate and nonwoven (spheres fill) 

Figure 12. Evaluation spheres: Efficiency 16.5 MN/m² 

There is no evidence that nuts shift fibres and lead to higher de-
formations and lower efficiency.  

Completely different is the deformation pattern for a compo-
site with an internal geonet. 

Figure 13. Lead plate of tested composite with internal geonet 

5.2 Pyramid test 

As the final value “penetration force” is measured, when a elec-
trical circuit is closed, there is a severe influence if the testing 
machine is stopped manually on a light and sound signal created 
by the closed circuit (leading to higher forces). A switch to stop 
the machine automatically is strongly recommended. Hopefully 
the braking systems of the testmachines act similarly. 

Tests on a soft sub-base (extruded polystyrene foam) ended 
with significant differences in the different lab’s due to different 
conducting materials under the tested “protection product”. 
Additional tests will be performed. 
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5.3 Impact test 

As the residual thickness of a lead plate after an impact is also 
depending from the initial thickness, a high accuracy of the lead 
platen thickness is required. Buying lead plate in different coun-
tries resulted in a wide scatter of plate thickness although there is 
a European standard for lead plates. 

A composite of geonet and nonwoven showed better results 
compared to static testing (cylinder oder CBR). 

Figure 14. Impressions into the lead plate by drop weight on 
nonwoven 

6 CONCLUSION 

The European norms on protection efficiency represent each a 
different load-deformation-time pattern. So different characteris-
tics of the product are used to resist this loading. Thus a relation 
between the test results is not valid. Each test has its value for a 
specific situation. On this basis cylinder test and pyramid test 
were required as harmonized tests for protection products. 
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