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The paper deals with the mechanical properties of 
geotextiles, in particular with tensile, tear and 
puncture tests. Experimental results obtained from 
different nonwoven geotextiles are described, according 
to different fiber nature and bonding system of the 
materials and to different sizes of the specimens. 
A comparison between the resul ts obtained from the same 
sampIes at two different laboratories (ENEL and FS) is 
given. This research program gave the support to the 
standards concerning tensile and tear tests, made by the 
Road Materials Sub-Commi ttee of the National Research 
Centre (CNR): the reasons for the final choice of test 
modalities are presented. 
Finally some considerations about the puncture test and a 
comparison wi th the resul ts obtained from tensile tests 
are given. 

1. FORE\tIORD 

In civil engineering the mechanical properties of 
geotextiles are very important both for on-si te quali ty 
control and for design of soil structures: in view of 
these different purposes it seems suitable to define two 
categories of tests, usually called "index tests" (used 
for on site reception) and "design (or performance) 
tests" (used for design). 
The paper presents the experimental works carried out in 
this Held by the Special Materials Laboratory of the 
Research Centre for Hydraulics and Structures of ENEL 
(Italian Electricity Board) and by the Non-Metallic 
Laboratory of the Experimental Institut of FS (Italian 
Raylways Board). 
The research was limited to nonwoven geotextiles, because 
woven geotextiles and related products were only very 
recently introduced in the Italian market. The 
experimental activity here presented gave the support to 
some standard drafts, prepared by the Geotextiles \tIorking 
Group of the Road Materials Sub-Commi ttee of CNR 
(National Research Centre) and by the Nonwovens \tIorking 
Group of UNI (Standardization Italian Society). 

2. TENSILE TEST 

2.1 Selection of the dimensions of the test specimen 

Italian CNR standards chose the following specimen 
dimensions for the tensile test: width 500 mm and gauge 
length 100 mm. The selection was made after aseries of 
tests carried out at ENEL's and FS's Laboratories. 
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Der Beitrag behandelt die mechanischen Eigenschaften von 
Geotextilien im besonderen Zug- Wei terreiss - und 
Stempel durchdruck Prüfungen. Laboratoriumergebnisse 
erhalten von verschiedenen Vliessen sind beschrieben, 
entsprechend verschiedenen Rohstoffen und Verfestigungs
systemen und verschiedenen Grössen des Probestreifens . 
Ein Vergleich zwischen den Resultaten von den selben 
Mustern in zwei verschiedenen Laboratorien (ENEL und FS) 
ist gegeben. Dieses Untersuchungs programm gab den Grund 
zu den Normen betraffend Zug - und Weiterreissproben, 
welche durch das Nationale Versuch-Zentrum (CNR) gemacht 
wurden. Die Gründe für die entscheidende Wahl der Prüfung 
modalitäten sind dargestellt. 
Zum Schluss, sind einige Gedanken über Stempeldurchdruck 
Prüfungen und der Vergleich zwischen den Resultaten der 
Zugprüfungen gegeben. 

Particularly, 
examined: 

three different specimen sizes were 

- width: 500 mm and gauge length: 100 mm, 
AIPCR, RILEM and AFNOR proposals; 

- width: 200 mm and gauge length: 100 mm, 
the proposals of ANDRAWES et al. (1:) , 

BELL (~), SCHRODER and SCHNABEL (~); 

according to 

according to 
SCHRESTHA and 

- width: 100 mm (tubular) and gauge length: 200 mm, 
according to UNI 8639 and DIN 53857. 

Table 1 gives the results obtained from tensile tests on 
4 different representative nonwoven geotextiles, in terms 
of force per unit width at failure (a ) and of strain at 
failure (e

f
). For the specimen (500X1bo) mm

2
, the strain 

at failure takes into account the lateral contraction; 
therefore, it is calculated according to LEFLAIVE et al. 
(~) by the following formula: 

5f = (eI + 52 + 81 • 8 2 ) • 100 

br 

(1) 

E
~ ' --------------- ~ 
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7---------------\1 
j . bo .1 

Fig. 1: Dimensions of the tensile test specimen 
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where 8 1 and 8 2 parameters are eva1uated by the 
following expressions, according to Fig. 1: 

(1 - 1 )/1 
r 0 0 

(2) 

(b - b )/b 
r 0 0 

(3) 

For the specimens (200x100) mm
2 

and (100x200) mm
2

, the 

strain at failure is calculated by the ususl formula: 

(4) 

Table 1: Results obtained from tensile tests on nonwoven 

geotextiles with different specimen sizes 

(average values on 10 specimens tested only in 

longitudinal direction , with displacement rate 
of 100 mm/min) 

IHIITlTIU ~ :::a::: 
TYPE OF /k Tens.Test 500x100 200x100 100x200 

PRODUCT (gjm 2 ) Parameter mm2 mm2 mm 2 

ar(kN/m) 24,4 22 ,4 22,5 

NW NP PES CF 380 
8f (%) 39 63 71 

ar(kN/m) 17,3 15,5 15,6 

NW NP PES SF 358 
8 f (%) 66 93 90 

ar(kN/m) 22,4 21 ,5 21,9 

NW NP PP CF 378 
€ r (%) 57 94 88 

a r(kN/m) 24,4 24 ,0 18,4 

NW TB PPPE CF 258 
€ r (%) 26 33 33 

As shown in Table 1 , for needle-punched nonwovens there 

is no substantial differen~e in resul ts bet~een the two 
specimen sizes (200x100) mm and (100X220) mm . 

Besides, for the specimen (500x100) mm it's possible to 

obtain higher values of force per unit width , according 

to the theoretical analysis made by RIGO and PERFETTI 

(~). This specimen size makes it possible also to have a 

better collaboration of fibres, even for staple-fibre 

geotextiles 1 and to account for local structural 

variabili ty of nonw02en geotextiles. Finally for the 

specimen (500x100) mm i t' s possible to obtain a stress 

and strain distribution more representative or the 

operating conditions, as already emphasized in (2). 

2.2 Selection of the displacement rate 

Italian CNR standards adopted the following displacement 

rate for tensile tests on nonwoven geotextiles: ranging 
from 10 to 100 mm/min. 

Table 2 gives the resul ts of tensile tests on 

needle-punched nonwoven geotextiles for different 

specimen sizes and different displacement rates. 
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Table 2 : Results obtained from tensile tests on nonwoven 

geotextiles with different displacement rates 

TYPE OF /k Sizes ar(kN/m) €f (%) 

PRODUCT (g/m2 ) (mm 2 ) 
100 10 100 10 

mm/min mm/min mm/min mm/min 

NW NP PES CF 380 200x100 22,4 23,6 63 64 

NW NP PES SF 358 200x100 15, 5 15 , 2 93 94 

100 50 100 50 

mm/min mm/min mm/min mm/min 

NW NP PES CF 280 500x100 18,7 19,1 44 45 

NW NP PES SF 300 500x100 12,6 12,3 51 53 

According to (~) the displacement rate has not an 

important influence on the resul ts for needle-punched 

nonwovens. On the contrary, thermobonded nonwovens are 

little affected by the displacement rate changes: their 

structure may not have enough time to realign, so that at 

high displacement rates the structural bonds in 

particular are being tested. Anyway, it seems advisable 

to adopt a displacement rate of 50 mm/min for all the 

types of nonwoven geotextiles, also in order to have a 
good agreement with international standards. 

2.3 Interlaboratory reproductivity 

Table 3 gi ves the resul ts obtained from tensile tests, 

according to Italian CNR standards: the tests were 

carr ied out on the same samples at ENEL's and FS's 

Laboratories with different equipments and different 

operators. The analysis of the results confirms the good 

reproductivity of the selected wide strip tensile test 
method. 

Table 3: Tensile test resul ts according to Italian CNR 

standards obtained at ENEL's and FS's 

Laboratories on the same sampies (average values 

on 10 specimens in longitudinal direction, with 
displacement rate of 100 mm/min) 

/k Tensile Test 
ENEL FS TYPE OF PRODUCT 

(g/m2 ) Parameters 

ar(kN/m) 23,00 21,50 

NW NP PES CF 363 
€ f (%) 38 39 

af(kN/m) 16,56 16,20 

NW NP PES SF 350 
€ f (%) 43 39 

af(kN/m) 5,16 4,90 

NW TB PP CF 112 
€ f (%) 23 26 
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3. TEAR TEST (TRAPEZOlDAL METHOD) 

3.1 Selection o~ the dimensions o~ the test specimen 

ltalian CNR standards chose the ~ollowing dimensions o~ 

the trapezoidal specimen ~or the tear test: major base 

450 mm, minor base 150 mm, height 300 mm, cut 30 mm, as 

shown in Fig. 2 (Trapezium B). The selection was made 

after aseries of tests, carried out at ENEL's and FS's 

Laboratories, also on the following sizes of the test 

specimen: 

- Trapezium A: major base 670 mm, minor base 225 mm, 

height 445 mm, cut 50 mm (as recommanded by AlPCR) 

- Trapezium C: major base 75 mm, minor base 25 mm, height 

50 mm, cut 15 mm (as recommanded by EDANA) 

Therefore the AlPCR specimen is about 9 times greater 

than the EDANA specimen, whereas the ltalian CNR specimen 

is 6 times greater than the EDANA specimen. 

100 lOl)fflm 
$ I 

Fig. 2: Different specimen dimensions examined ~or the 

trapezoidal tear test 

Table 4 gives the resul ts obtained from tear tests and 

tensile tests on three di~ferent representative nonwoven 

geotextiles. For each type of product the ~ollowing 

characteristics are described: the mass per uni t area 

(g/m
2

), the ~orce per unit widtha'f (kN/m), evaluated 
from tear tests made on the three di~ferent specimen 

dimensions shown in Fig. 2, and the fo~ce per unit width 

a
f 

(kN/m), obtained on the (500x100) mm specimens. 
... 

TYPE OF !k @a'r ®af @a'r af 
PRODUCT (g/m 2 ) (kN/m) (kN/m) (kN/m) (kN/m) 

NW NP PES CF 380 5,25* 5,74 11,57 24,40 

N\~ NP PES SF 358 2,78* 3,19 7,43 17,30 

,,;JJ TB PP PE CF 206 3,24 4,15 10,28 18,90 

* Tear not completed 

Table 4: Resul ts obtained from tear tests and tensile 

tests on nonwoven geotextiles, wi th different 

dimensions of the specimens used for tear tests 

(average values on 10 specimens in longitudinal 

direction, with displacement rate of 100 mm/min) 
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partic~larly, a'~ is calculated as following: 
.TrapeZlum A: 

a'f (kN/m) F
T 

(kN)/(O,445-0,050) m (5) 
.Trapezium B: 

a'f (kN/m) F
T 

(kN)/(O,300-0,030) m (6) 
.Trapezium C: 

a'~ (kN/m) = F
T 

(kN)/(O,050-0,015) m (7) 

where F
T 

(kN) is the breaking force in a tear test. 

The analysis of the resul ts in Table 4 suggests the 
~ollowing comments: 

- the values o~ a' f' obtained from tear tests on the 
Trapezium C, are comparable wi th the values of a f' 

obtained from tensile tests: in fact, according to PUlG 

at al. (~), the dimensions of the tear test specimens, 

as proposed by EDANA, cause a pseudo-tensile behaviour 
and not an actual tear; 

- the v~lues of a' f' obtained ~rom tear tests on the 
Trapezlums A and B, are very similar between them and 

very different in relation to the values a f obtained 
~rom tensile tests; 

- for the two needle-punched nonwoven geotextiles, the 

tear was not completed in the case o~ the Trapezium A 

dimensions: this fact was caused by the high capability 

of these products to be deformed, with respect to the 

actual stroke of the dynamometer available at ENEL' s 

and FS' s Laboratories (the possible displacement is 

about 0,50 m, without clamps and loading cell). 

Fig. 3 represents the curves obtained from tear tests, 

carried out on three different representative nonwoven 

geotextiles, according to the two different specimens 

dimensions (Trapeziums A and B): taking also into account 

the two dif~erent recording rates in abscissa (20 mm/min 

for Trapezium A and 40 mm/min for Trapezium B), the two 

curves ~or each product are very similar. 

The resul ts of Table 4, together wi th the analysis of 

Fig. 3, suggested to select the dimensions o~ the 
Trapezium B, for the tear test specimens. 

Table 5: Resul ts obtained ~rom tear tests and tensile 

tests on nonwoven geotextiles (only longitudinal 

direction), according to Italian CNR standards 

TYPE OF !k ar FT a'f (ar/af ) '100 

PRODUCT (g/m 2 ) (kN/m) (kN) (kN/m) l%) 

NW NP PES CF 207 11,50 0,89 3,30 28,7 

NW NP PES CF 274 17,12 1,21 4,48 26,2 

NW NP PES CF 280 19,22 1,42 5.26 27,4 

NW NP PES CF 286 16,58 1,17 4,33 26,1 

NW NP PES CF 298 19,64 1,29 4,78 24,3 

NW NP PES CF 301 20,70 1,35 5,00 24,2 

NW NP PES CF 353 24,52 1,27 4,70 19,2 

NW NP PES CF 359 19,54 1,47 5,44 27,8 

NW NP PES CF 372 20,34 1,66 6,15 30,2 

NW NP PES SF 293 11,24 0,66 2,44 21,7 
NW NP PES SF 371 10,40 0,75 2,78 26,7 

NW NP PES SF 438 12,68 1,02 3,78 16,7 

NW NP PES SF 527 23,60 1,21 4,48 19,0 

NW TB PEPP CF 186 17,84 1,11 4,11 23,0 

NW TB PEPP CF 264 21,02 1,36 5,04 24,0 

NW TB PP CF 302 18,70 1,13 4,19 22,4 

NW TB PP CF 313 20,10 1 ,62 6,00 29,9 
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Fig. 3: Results obtained from a te ar test on three different nonwoven geotextiles, according to different dimensions 
of the specimens (Trapezium B on the left column, Trapezium A on the right column) • Tear not completed 

Table 5 gi ves a wider series of experimental resul ts, 
obtained from tensile tests and tear tests (only for 
Trapezium B dimensions), For each type of product, the 
following c~aracteristics are given: the mass per unit 
area !.t (g/m ). the force per unit width at failure a 
(kN/m), evaluated only in longitudinal direction: 
according to Italian CNR standards, the breaking force in 
a tear test F

T 
(kN), evaluated only in longitudinal 

direction, the force per uni t width at failure a' f 
(kN/m), evaluated from a tear test, according to the 
formula (6), and finally the ratio between a' and a 

f f 
(%). From Table 5, it's emphasized that the ratio 
(a'f/ a f ), included from 17% to 30%, ensures that there 
is not tensile behaviour with respect to the Trapezium B 
dimensions. 
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This observation is experimentally confirmed for all the 
types of nonwovens. The dimensions of the Trapezium B 
make it possible to have three different zones during the 
tear test: a first zone already teared, a second zone in 
tension and a third zone not subjected to any important 
stress. 

3.2. Evaluation of the breaking force in tear tests 

The results of the te ar tests, discussed in 3.1, were 
obtained from an evaluation of the breaking force at the 
highest value in the tear curve. On the contrary, AIPCR 
and AFNOR recommended to subdivide the tear curve in 
five zones and then to calculate the breaking force as 
average value of the highest values of each zone. 
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Table 6: Resul ts ob1;ained from tear tests on nonwoven 
geotextiles, with different specimen sizes 
(average values on 10 specimens in longitudinal 
direction) and wi th different ways to evaluate 
the breaking force (I: AIPCR and AFNOR; II: 
Italian CNR standards) 

TYPE OF PRODUCT Ik @FT @FT 
(g/m2 ) (kN) (kN) 

I 2,00* 1,57 
NW NP PES CF 380 

II 2,21* 1,72 

I 0,82* 0,97 
NW NP PES SF 358 

II 0,93* 1,06 

I 1,15 1,00 
NW TB PP-PE CF 206 

II 1,28 1,12 

* Tear not completed 

According to the different behaviours of the different 
types of products shown in Fig. 3, this evaluation is "not 
easy, above a11 because of the interpretation of the 
actual tear beginning for each material. Therefore, it 
was preferred to calculate the breaking force at the 
highest value in the tear curve, in order to have an 
unambiguous identification. The comparison of the results 
obtained wi t h the two different ways to calculate the 
breaking force, illustrated in Table 6, shows that the 
consequent increase of this value is not very important 
(less than 12%). 
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4. PUNCTURE TEST 

4.1 Selection of test methods 

Italian UNI Standards adopted a puncture test method 
based on DIN 54307. A circular specimen (diameter 150 mm) 
is subjected to a penetration of a cylindrical plunger 
(diameter 50 mm) wi th a constant displacement rate (50 
mm/min): from the curve force-displacement so obtained, 
it's possible to know the value of the breaking force in 
a puncture test F (kN) and to calculate the value of the 
strain at failur~ 8 (%). Table 7 shows the results 
obtained from punctule and tensile tests on 17 nonwoven 
geotextiles. For each type of product, the following 
char~cteristics are given: the mass per unit area 
(g/m ), the force per uni t width at failure a (kN/m) 
and the strain at failure 8 (%), obtained fromftensile 

f 
test on the (500xlOO) mm2 specimens and expressed as 
average value of the longitudinal and transversal 
directions, the breaking f orce i n puncture tes t s F (kN), 
the strain at failu r e S (%) , evaluated accordi ngPto DIN 
54307 and to a new pr opgsal by ENEL end FS desc r i bed in 

-1 
4.2, and fina11y the r atios a /F (m land 8 /8 
(pure number). Regarding values f of breaking fo r Ee iR 
puncture tests F, a comparison was made with the force 
per unit width a

P
f

, obtained from tensile tests. For the 
17 different geotextiles teste~~ the ratio (af/F ) gives 
an average value of 6,30 m , with a veryP little 
coefficient of variation (0,52 rn-I). 

For all the types of isotropie nonwoven geotextiles, it 
seems that it's advisable to assurne: 

(8) 

This conversion between puncture and tensile tests 1s 
also valid for staple-fibre geotextiles, differently from 
what found by MORITZ and MURRAY (Z). 

Table 7: Results obtained from tensile tests and puncture tests on different nonwoven geotextiles according to Italian 
standards (with scheme of the different evaluations for the strain at failure in puncture tests proposed 
DIN and ENEL-FS) by 

TYPE OF Ik af er Fp 8p af/F~ 8fl 8p 
PRODUCT (g/m 2 ) (kN/m) (%) (kN) (%) (m- ) (-) 

DIN "ENEL-FS DIN El'IllL-FS 

NW NP PES CF 207 11,6 39,5 1 , 85 44 39 6 , 27 0,90 1 , 01 
NW NP PES CF 274 17,6 48,5 2,55 52 47 6,90 0,93 1,03 
NW NP PES CF 280 10,6 39,5 3,16 46 41 5,89 0,86 0,96 
NW NP PES CF 286 16,8 39,5 2,96 44 39 5 , 68 0,90 1 , 01 
NW NP PES CF 298 19,9 41,0 2,95 44 39 6,75 0,93 1 , 05 
NW NP PES CF 301 30,3 42,0 3,24 44 39 6,27 0,95 1,08 
NW NP PES CF 353 22,6 40,5 3 , 49 45 40 6 , 48 0,90 1,01 
NW NP PES CF 359 22,0 32,0 3 , 55 35 31 6,20 0,91 1,03 
NW NP PES CF 372 21,3 40,5 4 , 14 46 41 5 , 14 0,88 0 , 99 

NW NP PES SF 293 12,8 44,5 2,29 53 47 5 , 59 0,84 0,95 
NW NP PES SF 371 11,2 61,5 1,83 64 57 6,12 0,96 1,08 
NW NP PES SF 438 21,0 59,0 3,42 66 58 6,14 0,89 1,02 
NW NP PES SI' 527 23 , 1 55,5 3,78 62 55 6 , 11 0,90 1,01 DIN 54307: 

NW TB PE-PP CF 186 15,3 20 , 0 2,18 24 22 7,02 0,83 0,91 
8p = x; a .100 

NW TB PE-PP CF 264 20 , 2 23,0 3,05 31 27 6,62 0 , 74 0,85 ENEL-FS: 
NW TB PP CF 302 18,4 49,0 2,57 39 34 7 , 16 1,26 1,44 
NW TB PP CF 313 20,0 47,0 2,83 36 32 7,07 1,31 1,47 

[.n-{R + r)'X+.1H·] _ nR' 
8p = .100 

nR' 
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4.2 Evaluation of the strain at failure in puncture tests 

The strain at failure € is first calculated according 
to DIN 54307, as shown i~ the formula on the right side 
of Table 7: the hypothesis is that the specimen is not 
subjected to any deformation in contact with the circular 
surface of the plunger. 
Nevertheless, i t seems convenient to adopt a different 
calculation system of the strain at failure in puncture 
tests, according to the same principle used for the 
evaluation of the strain at failure in tensile tests, as 
described in 2.1. Therefore the strain at failure € 

is also calculated according to the ENEL-FS proposal, a~ 
shown in the formula on the right side of Table 7: the 
formula is based on the comparison of the specimen 
surfaces at the beginning of the test and at failure. In 
fact, it was experimentally observed that also the 
specimen surface und er the plunger is subjected to 
relevant deformations. This approach seems to be correct 
by considering the ratio (€fl 8 ). For needle-punched 
nonwoven geotextiles, it was obta~ned: 

(ENEL-FS) 
(9) 

(DIN 54307) 

This good agreement between the strain at failure of 
tensile tests ~nd the strain at failure of puncture tests 
also confirms the reliability of the strain calculation, 
for tensile tests, as described in formula (1). 
Besides, according to <:~), puncture tests and tensile 
tests give results as much more similar, as the tensile 
test specimen dimensions increase. 

5. CONCLUSIONS 

For ci viI engineers, sui table test methods represent a 
first step in order to define mechanical properties of 
geotextiles. Nevertheless, nowadays it becomes more and 
more important to study test methods with respect to the 
actual use of geotextiles: also during the last 
Geotextiles Working Group Meeting of RILEM 47-SM, the 
problem of analysing and solving controversies on the 
classification of geotextile tests was discussed (~). 

This paper intended to present the Italian position about 
three mechanical tests on nonwoven geotextiles: the wide 
strip tensile test, the tear test and the puncture test. 

According to the experimental results here presented, it 
seems useful to adopt the puncture test described in 
chapter 4 as "index test", in order to evaluate 
mechanical properties of nonwoven geotextiles during the 
on si te reception, because of the easy availabili ty of 
CBR equipments too. 

On the other hand, it seems convenient to use the wide 
strip tensile test described in chapter 2 as "performance 
test" , in order to define mechanical characteristics of 
nonwoven geotextiles for design purposes ; nevertheless 
the proposal (l) of testing the specimens confined 
in-soil is very interesting for a further development of 
the research in this field, particularly with reference 
to the growth of important geotextile applications. 
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Finally, the tear test described in chapter 3 is regarded 
as "index test", in order to control the tearing 
behaviour of nonwoven geotextiles. The method here 
proposed represents a sort of compromise 
different positions (EDANA and AIPCR): in 

between two 
fact in the 

same time i t' 5 possible to use simple equipments and to 
obtain an actual tear (and not a pseudo-tensile 
behaviour) . 

In conclusion, i t seems important to plan a further 
research in this field, in order to extend the resul ts 
presented in this paper to a wider series of geotextile 
products. 

SYMBOLS 

The following symbols were used in the paper to define 
some types of geotextiles products: 

NW nonwoven 
NP 
TB 
PES 

needle-punched 
thermo-bonded 
polyester 

PP polypropylene 
PP-PE: polypropylene-polyethilene 
SF staple-fibre 
CF continuous-filament 
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