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Comparison Between Different Tensile Tests and the Plunger Puncture Test (CBR Test) 

Comparaison entre differents essais de traction et I'essai de poin~onnement CBR 

As an integral part in the preparation of guidelines 
for the use of geotextiles in Germany, comparative 
tests with different test methods ara earried out 
on non-woven fabrics. The objective was to select 
a suitable test method, and led to a programme whieh 
systematically evaluated the influenee of different 
samp1e widths on the resu1t of the strip tensi1e 
test. The tensile tests were carried out on two 
products from eaeh of 8 producers from Germany and 
abroad. Both meehanica11y bonded and heat bonded non­
wovens were inc1uded. The resu1ts of the series of 
tensi1e tests were statistieal1y evaluated; standard 
deviation and eoefficient of variation of breaking 
load and extension at break were reeorded. The mo­
du1usat different load steps was caleu1ated and 
typiea1 differences between different types of fabrie 
registered. The results were compared with fabric 
uniformity tests. Correlation with the resu1ts of 
the CBR test (plunger puncture test) common1y used 
in Germany make comparisons between the various tests 
possib1e and a110w the se1ection of a test suitable 
for the highway engineer. 

INTRODUCTION 

Guidelines for the use of geotexti1es in road 
construction are being prepared in Germany by a 
working party of the German Transport and Road Research 
Institute. During the course of the work, the suita­
bility of standard textile tests for use in highway 
engineering was ca11ed in question. The Norwegians 
(1) had already answered this question in 1977 with 
the development of the CBR test, a test tai10red to 
the needs of the highway engineer. Since 1980 this 
test has been increasing1y been used in Germany for 
contro1 purposes (2). The work described in this 
paper WBS intended-to compare the resu1ts of different 
tensi1e tests as regards breaking load, extension at 
break and load/extension characteristics. 

1 TEST PROGRAMME 

Dans 1e cadre 1e l'etablissement d'une notice pour 
l'emp1oi de g~otextiles on a €tudi6 en R~pub1ique 
Federale d'Al1emagne des non-tisses par des essais 
comparatifs a l'aids de differentes methodes d'essai. 
Le but de l'€tude a ~te de choisir une methode d'essai 
convenable. Cet objectif a exigeun programme d'essais 
devant permettre d'explorer systematiquement l'influ­
ence de differentes 1argeurs des bandes de 100 - 600mm 
sur les resultats de l'essai de traction sur bande. 
Les essais de traction ant ~te effectues avec deux 
produits ä chaque fois de huit fabricants du pays et 
de l'etranger. On a ~tudie les geotexti1es aiguil­
let~s et thermopondes. On a realis~ une exploitation 
statistique des r~sultats reellS de 1a serie d'essais 
de traction. Ont 6te d~termines, l'ecart type et le 
eoefficient de variation de 1a resistance a la dechir­
ure ainsi que de l'a1longement a la rupture. L'etude 
comprend la definition de 1e module pour differents 
niveaux de sollicitation et 1a presentation de dif­
ferences typiques constat~es entre 1es differents 
procedes de fabrication. Lee resultats ont egalement 
~te campares avec des ~tudeB de Ilhomog~n{it{. Des 
correlations avec les r6sultats de l'essai de poin­
ronnement (CBR) qui eBt uBuel en RFA rendent leB 
differents essais comparables et menent au choix d'une 
methode d'essai practicab1e en construction routiere. 

1.1 SELECTION OF THE GEOTEXTILES 

On1y non-wovens were included in the test program 
on two grounds: 

- the use of geotextiles for separation and filtration 
in highway engineering in Gerrnsny is confined almost 
entirely to non-wovens. Wovens and composite materi­
als are used only in special ca ses e.g. reinforce­
ment or structure drainage. 

- The CBR test cannot be used to compare different 
types of geotextile (wovens, non-wovens, composites). 

Non-wovens currently availab1e can be divided into 2 
groups of polymers snd 2 of production methods. The 
principa1 raw materials are polypropylene (PP) and 
polyester (PES), production methods heat bonded and 
mechanica1 bonded. 

First tests with wide sarnples (3) carried out on a 
mechanica11y bonded PES non-wov~n. In the programme 
described here, samples from a total of 8 producers 
were tested,covering all possib1e raw material/ 
production method cornbinations. 
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TYPES OF TEST 1.2 

1.2.1 CBR TEST (PLUNGER PUNCTURE TEST) 
The CBR test for geotextiles was first des­

cribed by Alfheim and Särlie (1), and Wilmers (2) 
compared the Grab Test with the CBR Test, now stan­
dardized in Germany as DIN 54307 E. The non-wovens 
reported on here were CBR-tested at the Building 
Materials Testing Station in Wetzlar in accordance 
with the DIN norm (ring diameter 150 mm, plunger dia­
meter 50 mm, speed of penetration of plunger 60 ± 
10 mm/min). 

1.2.2 TENSILE TESTS 

The only standardized German tensile test for 
non-wovens which records both breaking load and ex­
tension is the strip tensile test DIN 53857 Part 2. 
Gauge length is 200 mm, sampie width SOor 100 mm 
and crosshead speed 50-200 mm/min. The considerable 
necking down of non-wovens in this test makes inter­
pretation of their load/extension behaviour a doubt­
ful matter (see (1). 
Sissons (4) attempted to exclude the influence of 
necking by the uBe of spreeder bars (sampie size 200 x 
200 mm, crosshead speed 20 mm/min). This test is con­
sidered rather too complicated in Germany, and the 
possible influence of the pins on the results has not 
been fully clarified. 

Rigo and Perfetti (3) presented another means of 
reducing the influence of necking down. In aseries 
of experiments they tested sampies of an mechanically 
bonded polyester non-woven with widths of up to 800 
mm, gauge length 100 mm and a crosshead speed of 
50 mm/min. 

Based on the above information, the fol1owing test 
programme was carried out in the Federal Highway 
Research Institute (BASt) in Co1ogne: 

- Strip tensile tests in accordance with 
DIN 53857 Part 2 

- tensi1e tests with 100mm gauge length, sampie 
widths of 100, 200, 300, 400, 500 and 600 mm, and 
a crosshead speed of 50 mm/min. 

1.3 SCOPE OF TESTING 

For the CBR tests, 10 sampies per product were 
tested (as la i d down in DIN 54307 E), this represent­
ing a total of 1600 individual tests. The following 
were measured:-
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- sample weight 

- push-through force 

- extension at 100, 500, 1000 N. push-through, and 
push-through minus 300 N 

- additionally, efter exceeding push-through force, 
extension at push-through minus 300 and 500 N. 

At each configuration of the tensile tests, 5 sampies 
per product were tested in machine and cross directions, 
this respresenting a total of 1280 individual tests. 
The following were measured: 

- sampie weight 

- max. load 

- extension at max. load 

- neck down at break 

The load/extension curve was plot ted mechanically. 

2 RESULTS 

2.1 CBR TESTS 

The results of the CBR tests which had been 
carried out by the beginning of March 1982 are pre­
sented in the following table. 

Table 2. 
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Dia.l shows the typical shape of the load/deformation 
curves of a mechanically bonded end a heat bonded con­
tinuous filament non-woven in the CBR test. 
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Fig. 1 Load/deformation curves 

2.2 STRIP TENSILE TESTS 

The results of the different tensile tests are 
shown in tables 3 - 5. 
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Table 3. Breaking load (kN/m) 
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Table 4. Extension at break (%) 

L '~1;/' [~~J '<00 '-'0. 

Iv,,, (I, [~~J SO -fee> '''' ?,. 3" 1'00 5co 

Prbd. .... d rype 
lJ,rf:r{.(7t 

0' 
t~r/ 

Trtv,'rQ 
'l't'Icr c~ . Ss ,s 7~ 63 n ,.- 7. 20. 

)pvn6 o "l'{ 
, roll ;e 6J 8. 6~ 6, 6" G] 

~ . J.. ,6 
Soo 

'0 G8 63 63 ,e ~ 
e raff '9 66 66 63 se 62 6'1 

......,,, c~ , :/, .(6 :/q 2~ ;1,9 JZ 2~ 

tc:.r rGl.""'" 
'1000 

cr"rf 2, ;l' .<e ~8 28 ;1,' .2.J 

4000 

,..,...,qcs<. :;"1 2' ,. ?2 3, 3' 37 

crorJ ;/P 25 '<6 2e U 2P 1'7 

~<.c~ . S2 i'1 9f .., e>. t'I SZ 
pO{'1r~(t 

rJ Soo 
n-orr 3~ n ~6 ~Z 3e ?7 31 

"l'n"(:/.. 60 ,~ -1.<- 90 ('6 ", W 
TJ7o() 

crorl ~o ,6 S'1 49 46 4', ~a 

SIlo'! '"1Qt'~ "5' '6 6" 6s 6. SI ss 
feTTe. {f Ir( crorr 36 ',J 32 36 36 SJ 'iS-

Sr 5"0'1' "'-"4ct !4 7] 18 '<. 6'1 '0 6, 

CToH ~J ~, (fl/ '" J8 "" \0 

Afr .......,c.C''l . &'''' ~oS >'fo'; l'J 12 ." --,s 
roa/ace, <,0 ero,!J 7(. ~'7 1'{ 2', ?9 81 ~~ 

Arr """,at/.,. 18 ~oo "". M< CQ2 ..,,y.? 28 
lt:?o erar!" M< 97 'f2" ~13 ...,1' -..,.,. 

759 



Session 6C: Properties and Tests 11 

Tab1e 5, Neck down (mm) 
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Dia 2 shows the shape of three typical load/extension 
curves. To the mechanica11y and heat bonded fabrics in 
Dia 1 has been added the curve for a mechanica11y 
bonded staple fibre fabric. 

F 

PP, endi., thermo 

Fig. 2 Load/extension curves. 
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3 EVALUATION 

At the time of preparation of this report, 
mid-March 1982, the testing in the BASt had not yet 
been comp1eted. Fabrics from five of eight producers 
had been tested. This evaluation inc1udes the cor­
relation between load and extension for different 
strip tensi1e tests and tha CBR test. The presenta­
tion in Las Vegas will evaluate all eight products • 

3.1 COMPARISON OF DIFFERENT TENSILE TESTS 

The results of the 50 X 200 mm strip test 
were first correlated with those of the 100 X 100 mm 
to 500 X 100 rnm tests. The corre1ation coefficients 
are detailed in Tab. 6. 

Tab1e 6. 
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The corre1ation coefficients for FR ave r age 
over r = 0,953 and, for twenty va1ue pairs, guarantee 
the existence of a formal relationship. Dia 3 shows 
this grafical1y with a plot of the road/extension 
curves for one product at widths of 100, 300 and 500 rnm. 

F PP, endl., mech. 

Fig. 3 

Analysis of the regression coefficient s givea the 
relationship 

FR (50x200) = 0,8 FR (1) 
Dia 4 shows a plot of this relationship. 
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Fig. 4 Relationship Eq. (1) 

Simi1ar equations can be formu1ated to re1ate the 
resu1ts fram different samp1e widths to one another. 

Re1ating the breaking loads to the fabric weight leads 
to only a s light alteration in correlation. 

The vK of individual strip tests was ca1cu1ated for 
the who1e range of fabrics tested. Dia 5 shows that 
above a sampie width of 200 mm, the resu1ts of the 
strip tensi1e tests are representative for the products 
in question. 
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Fig. 5 Variation coefficients 
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4.2 COMPARISON OF THE CBR AND STRIP TENSILE TESTS 

The push through force and the extension at 
push through were corre1ated with the breaking load 
and extension at break of strip tensi1e tests at 
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differing widths and in different test directions 
(machine and cross). 

Tab1e 7. 
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The tab1e indicates a poorer agreement between strip 
and CBR tests than between different strip tests. The 
agreement between strip and CBR appears to improve 
with increasing sarople width. Further evaluation of 
these resu1ts is planned for the presentation of the 
paper. 

5 CONCLUSIONS 

The resu1ts discussed here are based on tests 
on five products which had been eva1uated at the time 
of writing. The inclusion of the remaining three 
products in the intervening period may lead to a1tera­
tions and additions at the presentation in Las Vegas. 

1. The load/extension behaviour of non-wovens in the 
CBR test is dependent on the type of bonding. 
Heat bonded fabrics exhibit a re1at i ve1y quick load 
uptake, the extension at push-through i s lower, and 
the breaking point is gradual (not an abrupt tear). 
The initial extension and the extension at push­
through of mechanica11y bonded fabrics is higher, 
and they teer abrupt1y when push-through force is 
exceeded. 

2. The breaking load measured in a tensi1e test at a 
certain width can be converted to another width by 
a mu1tiplication factor. This does not hold true 
for extension at break. For each product, however, 
the characteristic load/extension curves for dif­
ferent samp1e widths are simi1ar and translation 
from one width to another is possib1e. 

3. As in the CBR test, the load/extension curves of 
of heat bonded non-wovens in the tensi1e test exhi­
bit a steeper slope i.e. a higher initial modu1us 
than the mechanica11y bonded. The work done (the 
area under the curve) bui1ds up more quick1y at 
first in the case of heat bonded fabrics, but does 
not attain the va1ue achieved by mechanica11y bonded 
geotextiles. 
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4. A feature of ~ stnple-fibre geotextiles sre irregulari­
ties io the load/extension curves prior to breaking 
load or push-through force . Thh Buggests that in­
dividual groups of fibres are tom or pulled out of 
the fibre msss. 

5 . Conversion bet,ween CBR and tenslle tests is only 
possible to a limited ext ant, beCBuse of the dif­
ferent stress distributioD in ehe different tests. 
This i8 particularly marked io the C88e of staple­
fibre geotextiles . 

6. Inhomogeneities in ncn-woveno have 8 more pronouneed 
effect 00 the results cf the C1IR test than on thoOe 
of wide width tens!le tests . 

7. Both types of t 'es t should be rated equ811y wheo 
carrying out selectioo aod routine control tests. 
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