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Comparison Between Ditferent Tensile Tests and the Plunger Puncture Test (CBR Test)
Comparaison entre différents essais de traction et I’essai de poingonnement CBR

As an integral part in the preparation of guidelines
for the use of geotextiles in Germany, comparative
tests with different test methods are carried out

on non-woven fabriecs., The objective was to select

a suitable test method, and led to a programme which
systematically evaluated the influence of different
sample widths on the result of the strip tensile
test, The tensile tests were carried out on two
products from each of 8 producers from Germany and
abroad., Both mechanically bonded and heat bonded non-
wovens were included. The results of the series of
tensile tests were statistically evaluated; standard
deviation and coefficient of variation of breaking
load and extension at break were recorded. The mo-
dulusat different load steps was calculated and
typical differences between different types of fabric
registered. The results were compared with fabric
uniformity tests., Correlation with the results of
the CBR test (plunger puncture test) commonly used

in Germany make comparisons between the various tests
posgible and allow the selection of a test suitable
for the highway engineer.

INTRODUCTION

Guidelines for the use of geotextiles 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-
bilityof standard textile tests for use in highway
engineering was called in question, The Norwegians
(1) had already answered this question in 1977 with
the development of the CBR test, a test tailored to
the needs of the highway engineer. Since 1980 this
test has been increasingly been used in Germany for
control purposes (2). The work dese¢ribed in this
paper was intended to compare the results of different
tensile tests as regards breaking load, extension at
break and load/extension characteristics.

1 TEST PROGRAMME

Dans le cadre le L'établissement d'une notice pour
1'emploi de géotextiles on a &tudi& en République
F&dérale d'Allemagne des non-tissés par des essais
comparatifs 3 1'aids de différertes méthodes d'essai.
Le but de 1'&tude a &té de choisir une méthode d'essai
convenable, Cet objectif a exigéun programme d'essais
devant permettre d'explorer systématiquement 1'influ-
ence de différentes largeurs des bandes de 100 - 600mm
sur les resultats de 1l'essai de traction sur bande.
Les essais de traction ont été effectués avec deux
produits & chaque fois de huit fabricants du pays et
de 1'étranger. On a étudié les géotextiles aiguil-
let&s et thermopondés. On a réalis€ une exploitation
statistique des résultats recus de la serie d'essais
de traction. Ont &t d&terminés, 1'écart type et le
coefficient de variation de la resistance 3 la déchir-
ure ainsi que de l'allongement 4 la rupture. L'étude
comprend la définition de le module pour differents
niveaux de sollicitation et la présentation de dif-
férences typiques constat@es entre les différents
procédés de fabrication., Les répultats ont &galement
£t& comparés avec des &tudes de 1'homogénéité, Des
correlations avec les résultats de l'essai de poin-
gonnement (CBR) qui est usuel en RFA rendent les
differents essais comparables et ménent au choix d'une
m&thode d'essai practicable en construction routidre.

1.1 SELECTION OF THE GEOTEXTILES

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

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

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

Nom-wovens currently available can be divided into 2
groups of polymers and 2 of production methods. The
principal raw materialgare polypropylene (PP) and
polyester (PES), production methods heat bonded and
mechanical bonded,

First tests with wide samples (3) carried out on a
mechanically bonded PES non-woven. In the programme
described here, samples from a total of 8 producers
were tested,covering all possible raw material/
production method combinations,
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Table 1,

F e

Producer Product Mame| Fibre Raw Mérl. Type o([i,;n;/im;
awnil Typr

Hoeeh st Trevira Spunbsstl PES  combimunys| mmechamical

(C1 Fibreg Terram PP4RE comtimuous | heat bomuen

Cheamie Lemp Polyfele PP combimugusr medhamice(

Nawe Faserb | Terrafex PES staple mceha nical

Sodoca Sodoca PP comtinvous mechamical

Féberdex Flbertex PP stap(e heqt + mech,

Lobravel lutractur PES comlimuous | heal bomceu

Du Pont Typar PR coalemuvaws heal bemieecee

.2 TYPES OF TEST

1.2.1 CBR TEST (PLUNGER PUNCTURE TEST)

The CBR test for geotextiles was first des-
cribed by Alfheim and Sorlie (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, sample width 50 or 100 wm

and crosshead speed 50-200 m/min.

The considerable

necking down of non-wovens in this test makes inter-
pretation of their load/extension behaviour a doubt-
ful matter (see (3).

Sipsons (4) attempted to exclude the influence of

necking by the use of spreader bars (sample 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 a series

of experiments they tested samples 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 following test
programme was carried out in the Federal Highway
Research Institute (BASt) in Cologne:

- Strip tensile tests in accordance with
DIN 53857 Part 2

- tensile tests with 100mm gauge length, sample
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 samples per product were
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- sample weight
- push-through force

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

- additionally, after exceading push-through force,
extension at push-through minus 300 and 500 N.

At each configuration of the tensile tests, 5 samples

per product were tested in machine and cross directions,

this respresenting a total of 1280 individual tests.
The following were measured:

- sample weight
- max. load
- extension at max. load
- neck down at break
The load/extemsion curve was plotted mechanically.,
2 RESULTS
21 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,
o, -
Producer r\/pe DP £ [ 721 Welgl‘é
[ ~] “oon (0] [9/’»\11
Ir. Sp. 200 2020 72 69 Lot
Hoechst
Tr fp Soo S452 3 56 509
| Terram Tooo |-16-11 4 5| 736
a4 =
Teryamm Yooo | 47133 2 36 245
Chermie Palyfele IS Soo | 1436 iA 4p RELY
lima Polyfelé TS Joo | 2352 A 98 PR RN
S 307 7193 | 12 53 | 362
/qu e =
ST 509 2824 g | s5 | $77
S AST 250 | 209 3 ¥ | 287
edoca | st 4z |3092| 4 | g | 426

Dia, 1l shows the typical shape of the load/deformation
curves of a mechanically bonded and a heat bonded con-
tinuous filament non-woven in the CBR test.

tested (as laid down in DIN 54307 E), this represent-
ing a total of 1600 individual tests. The following
were measured:-
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Table 3. Breaking load (kN/m)

Lc-v\,f‘t Lo om) 2o0¢ o0
Wed th LommY | 50 |00 |00 | 200 | 208 | oo [520
= Drrection
Proctect T\L[Jf of
tegt
Trewtes T mach. | 22 we| 92|70 11 42,4 |-m,5
G ot crofd \zafue|wios|ssinofa
madhe fane| 232|203 2030253 |64 | 236
$oo
crors \aatabizl o3| ave] 228 22,129
mach | s2|eu| 29| oul 22| o5
T _— & 7 2| 951 9.9
PP endl., cross | 56| 80| 6.5|8 9|4acl 43| 79
wads, 21, 8|z2 Hanrfind 202 (02| 110
4000
crosS Mu.olino|ar#| 2|25, | 203l 24
- mach | €1 o5 9.9)28| 92|07
-~ So0
Polyfel€ =
cross | 78| 93| s8] en| 93] 22|26
. e chi | ol 2ok )15 | o
I %00
crofy Mbole |t w2 3 elva i
kst on mach | 28] 46 37| 45|, 4| 0,554
é—__ rff”l(“' crofl | 95| 28|22 0|09 9,3 [#12|-r12
i ool mach | 9] 22| 96| 90| 9.2 03] 5.4
croll |\n g |4 s 38z bl 77
/ 258 | e ny |l s ) eei|-Z e plr g
Fig, 1 Load/deformation curves < z
. odoca | 250 | reors s a| mol< 2| ol o] s 9bss
2.2 STRIP TENSILE TESTS B e e gt it oy
‘20 | crosr |reglarifanalesfane :u-l::r

The results of the different tensile tests are
shown in tables 3 - 5,

Table 4, Extension at break (%)

Lemgéh  [m=7 | 200 oo
Wd th L m-m] | 50|70 |7e0 | 200 |3¢0 | lioo |5e0
Direetion)
Product | Type | of
fegt

mache | 5o | 35| 79|69 92 |35 |70
croff \rplon|so |6y |62 ]os |63

Trevica | 5,40

Spunbome
madh. | ol 30|62 |63 |63 |58 |59
Soo
croff 19 |46 | 66|63 | 5062|064
~ach, | 26| 26 |29 | 27|29 32| 22
Terram Yeon
crosy |21|2%+ (28|28 |28 |23 |22
mmadh |24 | 2% )30 |22 343437
4000
cross |ap |25 |26 |28 |22 |28 |37
4,
pece 7500 mach |52 | 91|90 95|82 |0 (2
oly crosy | 31| 32|46 |42 |38 |37 |37
mach, IS G RALA KRS
Is fo0 = of %ol

croff |40 |36 |59 |49 |46 | ve |0
57307 |mach |4 | %[ 646560 |S7 |55

Terrafex crom |36 |4z 32| 26| 3¢ i |z

o soo|mach fsy [33]22] 2] 69 [0 | &2
cross {4z | 43| 4y |45 38 |47 |0

Asr |mach| g1 lrostny| ez | 92| 94 bss
Sodloca | 350

Crosf | 360 ga| W lov | 19187 5

ACT | amadh. |38 |00 [2a |t 2z 107 Br2g

420 |cross faaa| 57| |2z|ersleatc)rre
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Table 5, Neck down (mm)

Lewagth  [am3 | 200 oo
Width Lomm3 | 50 |700 | 720 | 260 | 328 | lico |S00
Direediomf
Proctuct | Type | of
tesé

Treviea | 54, machs | o] e | aelvsaloee 3o feaz

Shunbosy Crofs | | 47 | 42 | 1z9) 222 | 3o}026
madii |2 | 25 | 39 |729| 222|226 423

Soo
crost 42|24 | 41 | 36| 230 226)447
mach. | 38| 82|53 |7z | 2|z |

7'cr‘ ™ 7000
e <ross | 33) o0 | <3 || 256 | Yo lusz
e, | 32| 0 | €8 sz 237|303

booo
<ross | 35189 | 36 {269 |31 [432

e ch,

e 550 12 | 22| 44 |13 | R0 | 222 |2k
2% crosy | | 29 | o7 |se|2es | 204 | %63
meachi|as | 29|59 |29 222 204 | 026
700 i Sl

crosf |43 | 3o | sty |vec| 25| 36| 44

57309 |mach |12 |37 |42 |1z | 220 | zre 40

Terra fox crows | 42|36 | 56 |sg|au9| 359)eas

509 mach |- 35| v |e2v| 232) 322|934

croff |19 | 39| & |Aey 260 | 209 |G

asr |maens|as o0 | bo Jo|are|:

Soctoca | 250 | crom [z [ 32|67 Lugloen |30

¥]
“
I

AT |mach.|ur| 37| 3¢ |73 222|257 f 22
iz

420 |cross || 33| 2y |137) 234 %o

Dia 2 shows the shape of three typical load/extension
curves, To the mechanically and heat bonded fabrics in
Dia 1 has been added the curve for a mechanically
bonded staple fibre fabric.

FA

PP, endl., therm.

PP, endl., mech.

my

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 completed. Fabrics from five of eight producers
had been tested. This evaluation includes the cor-
relation between load and extension for different
strip tensile tests and the 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 mm tests. The correlation coefficients
are detailed in Tab, 6.

Table 6.

5t“l'c'p g
[ m1 Fr R

oo % Too | 0,957
Reo x 700 | 0,967 | 4 q45
Yoo » 7¢0| 0, 93¢ 0,934

boo X 700 | 0,959 | 0,938

Sea ¥ 700 | ¢, asYy o, qua

The correlation coefficients for F, average

over r = 0,953 and, for twenty value pairs, guarantee
the existence of a formal relationship. Dia 3 shows
this grafically with a plot of the road/extemsion
curves for one product at widths of 100, 300 and 500 mm.

PP, end!l., mech.

Fig. 3

Analysis of the regression coefficients gives the
relationship

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

Similar equations can be formulated to relate the
results from different sample widths to one another.

Relating the breaking loads to the fabric weight leads
to only a slight alteration in correlation,

The vy of individual strip tests was calculated for

the whole range of fabrics tested. Dia 5 shows that
above a sample width of 200 mm, the results of the
strip tensile tests are representative for the products
in question.

A *— FR
VK[%J &0
O===0 Egq
9
o
\
8- \\ °
F— 4 +
\\ v *\\::::ti;;;;ﬂfd
2 4
7 o "
6
5 T T T T s
0 100 200 300 400 500
Breite [m]

Fig. 5 Variation coefficients

4,2 COMPARISON OF THE CBR AND STRIP TENSILE TESTS
The push through force and the extension at

push through were correlated with the breaking load
and extension at break of strip tensile tests at

.60 HE0 I3 ING0 M8 a6a3 ALsd
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differing widths and in different test directions
(machine and cross).

Table 7.

gf‘ftp

L oo ]

CLZZ ﬁw\ch s Crosl

Fe | 0852|0830 0,824

So ¥ Leo
£ 0,912 | 5,15 | o Y05
Fo 0, 896 [0, 226 | 0,957
Seco x 7o

& |0 M 10253 |o 928

The table 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 sample width. Further evaluation of
these results is planned for the presentation of the
paper.

5 CONCLUSIONS

The results discussed here are based ou tests
on five products which had been evaluated at the time
of writing, The inclusion of the remaining three
products in the intervening period may lead to altera-
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 relatively quick load
uptake, the extension at push-through is lower, and
the breaking point is gradual (mot an abrupt tear).
The initial extension and the extension at push-
through of mechanically bonded fabrics is higher,
and they tear abruptly when push-through force is
exceeded.

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

As in the CBR test, the load/extension curves of

of heat bonded non-wovens in the tensile test exhi-
bit a steeper slope i.e. a higher initial modulus
than the mechanically bonded. The work done (the
area under the curve) builds up more quickly at
first in the case of heat bonded fabrics, but does
not attain the value achieved by mechanically bonded
geotextiles.

W
.
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4. A feature of staple-fibre geotextiles sre irregulari-
ties in the load/extension curves prior to breaking
load or push-through force. This suggests that in-
dividual groups of fibres are torn or pulled out of
the fibre mass.

5. Conversion between CBR and tensile tests is only
possible to a limited extent, because of the dif-
ferent stress distribution in the different tests.
This is particularly marked in the case of staple-
fibre geotextiles,

6, Inhomogeneities in non-wovens have a more pronounced
effect on the results of the CBR test than on those
of wide width tensile tests.

7. Both types of test should be rated equally when
carrying out selection and routine control tests.
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