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SUMMARY

The effects of 1 year of weatheriog on the flexibility of rubber—coated

fabrics was studied in 208 combinations of base fabric, rubber type , time, site

and stress level. Throughout, coated nylon fabrics were thicker, heavier and

less flexible than coated cotton fabrics, the base fabrics being similar in mass

per unit area. Fabrics coated with polyurethane or chlorosulphonated polyethy-

lene tended to be thicker than those with natural or neoprene rubbers, whilst

chlorosulphonated polyethylene coated fabrics were the heaviest. Polyurethane

stiffened more than the other rubbers on storage or exposure, particularly when

used on nylon. Load level had little effect on flexibility.
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I INTRODUCTION

Considerable work has been done on the weathering of uncoated textiles.

Little has been published, however, on rubber—coated fabrics, probably because

it has generally been assumed that deterioration is considerably less than with

uncoated textiles and the problem therefore less urgent. Thus, a neoprene

sleeve was found to protect a nylon rope for at least two years1 .

This paucity of data on coated fabrics shoved the need for a study of their

properties when exposed to various types of weather, and shared work was there-

fore undertaken by interested parties within the Ministry of Defence (see

section 2). The aims of this work were:

(a) to prove a method of exposing rubber—coated fabrics under stress;

(b) to evaluate test methods for assessing the degradation arising

therefrom;

(c) to obtain data on cotton and nylon fabrics coated with four types

of rubber on exposure.

The present Report sunmarises the trial and gives the results and their

analysis for the flexibility of coated fabrics. A forthcoming RAE publication

will deal with the strengths of the fabrics on weathering.

2 DIVISION OF EFFORT

The organisations which participated and their contributions were:

(a) RAE, Cardington: design, construction and testing of a prototype

exposure unit; making ready fabrics for despatch to sites; cutting and

despatch of fabric pieces to laboratories for testing after exposures.

(b) DR Mat /Mat R6: financial support for supply of eight coated fabrics

from a contractor (Dunlop Ltd) and for material for exposure rigs.

(c) RAE, Bedford: making up kits for exposure rigs.

(d) ERDE , Waltham Abbey : writing of trial schedule; exposure of one set

of fabrics; liaison with JTRU; transport arrangements for exposure rigs
• and fabrics; direct—tension adhesion testing of coatings to base fabrics.

(e) JTRU, Queensland: exposure of sets of test fabrics at Cloncurry

and Innisfail (UK Trial 81).
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(f) MQAD, Woolwich and Chorley: determination of hydrostatic—head

permeability, Martindale abrasion resistance and wing—rip tear strength

of fabrics.

(g) RAE Materials Department: chairmanship (Mr J.E. Swallow) and

secretaryship (Mrs M. Webb) of Working Party (formed in 1968 from members

of the Coated Fabrics Sub—Committee which reported via the Rubber

• Committee to the Joint Services Non—Metallic Materials Research Board;

all these committees are now defunct); determination of and analysis of

data on flexibility and strength of fabrics.

3 MATERIALS

The following base fabrics were selected as being as similar as possible

to each other in mass per unit area:

(a) Nylon to Specification2 UK/AID/961 , designation 85 g. This fabric

is required to be scoured and heat set so as to be suitable for subsequent
rubber coating. It has a maximum permitted mass per unit area of 88 g/m2

and a minimum average breaking strength of 230 N/cm.

• (b) Cotton to Specification3 BS 27 (now 3F) 57 C fabric, scoured and
rotproofed4 with 22 lauryl pentachlorophenol. The fabric has a maximum

mass per unit area of 80 g/m2, and a minimum average breaking strength
of 75 N/cm.

The base fabrics had the following measured properties (see section 5):

(i) Thickness, (ii) Mass per (iii) Bonding (iv) Flexural (v) Bonding
unit area, length, rigidity, modu1~s,

me g/m2 mm N ma N/sin’

Nylon 0.13 77 29.5 0.019 105

Cotton 0.14 82 206 0.007 34

The following rubbers were applied, nominally at 100 g/m
2 to each face,

and the resultant coated fabrics identified by Roman numeral:

Measured total rubber, glut2

Nylon Cotton Mean

(a) Natural I : 213 V : 190 202

(b) Neoprene II : 237 VI : 1 97 21 7

1
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Measured total rubber, g/ut2

Nylon Cotton Mean

(c) Polyesterurethane III: 230 VII : 190 210
(PU)

(d) Chiorosuiphonated IV : 241 VIII: 236 238
polyethylene (CSPE)

Mean 230 203 217

The compositions of the rubbers were agreed by the Working Party in
consultation with the Rubber Committee, and adopted with slight modifications by

the Contractor as given in the Appendix.

4 EXPOSURE CONDITIONS

The rigs on which the specimens were exposed are illustrated in Fig 1.

They were constructed so as to carry the specimens, under load, at 450 to the

horizontal, and were disposed at the sites so that the fabrics faced the equator.

The specimens were 2 in long by 40 cm wide. Each end was turned twice over

a webbing 5 cm wide by 6 ~~~i thick, and cemented to it with a neoprene adhesive.

• Fabrics were identified by marking their Roman numeral (I to VIII, see section 3)

with paint on the under side, and further by notches cut into each end according

to a binary code corresponding to I to 8. Both methods proved satisfactory; the

first made visual identification easier, whilst the latter was more permanent

and was not positioned in the exposed portion of the specimen. The specimens

were then mounted in the rigs as shown in Fig 2, five bolts being inserted

through the fabrics and webbings; this system was adopted so as to minimise

slippage, though it was not entirely eliminated and some degree of uneven loading

across the specimens had to be accepted.

The lower ends carried masses of concrete or railway sleeper which,

inclusive of fittings, were 9.5 kg or 94.6 kg for the nylon fabrics, and 3.2 kg

or 32 kg for the cotton fabrics, producing 17. and 107. load levels, relative to
the nominal breaking loads, respectively.

Each rig carried three specimens, so that 16 rigs (for 2 fabrics x

4 rubbers x 3 times x 2 load levels/3 specimens per rig) were required at each

site for the coated fabrics. In addition, 4 rigs (for 2 fabrics x 3 times x

2 load levels/3 specimens per rig) were supplied to each site for exposures of

016 uncoated fabrics.

___________



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
•,‘_!._—

6

Exposures were commenced at ERDE on 4 July 1973, at the hot, dry (MD)
desert site at Cloncurry on 27 July 1973, and at the hot,wet cleared (HWC)

jungle site at Innisfail on 16 August 1973. Three specimens of each fabric were

exposed at each site and load level so that one could be withdrawn after each of

3, 6 and 12 months, and at the end of 6 months a further specimen of each was

exposed to give a 6 montha’ ‘stepped’ result.
In Australia, 12 of the coated fabrics under 107. load (5 nylon/PU,

2 cotton/PU, 3 cotton/neoprene and 2 cotton/CSPE), and almost all the uncoated

fabric specimens at all the sites, broke before their due withdra~wal date, and

sometimes within a few hours of exposing. These became too badly creased for

subsequent reliable measurements of flexibility, and in some cases were lost

altogether.

Initial control specimens were taken at the commencement of the trial,

and final controls, having been stored flat between sheets of capacitor tissue,
in the dark, and without mechanical stress, were taken at the end of 12 months.

The controls and the specimens received back from the exposure sites were
cut into test pieces of the required sizes and despatched, flat and wrapped with

capacitor tissue, to the various laboratories, no test piece being taken closer

than 5 cm from an edge or a clamped region.

The 3 month Australian specimens were not marked so as to distinguish

between 1% and 102 loadings. The flexibility results did not obviously separate
them, but the breaking strengths5 of the nylon/natural rubber specimens at

3 months in comparison with the results at the other times gave what was

considered to be a reasonable probability to the tabulation in columns K, L, S

and T in Tables I to 5 (see section 6). Should this be incorrect, however, the

effect would be an inflation of the error rather than a reversal of conclusions

concerning the influence of load level: there were more marked than unmarked

specimens, and these were exposed for longer times so that any effects might be
expected to be more noticeable.

Prom visual examination of the test pieces the most noticeable change was

with the PU specimens at Inniaf all where there was marked dulling and blotching

on both upper and lower faces. This result probably reflects hydrolytic action

on PU which would be worst at the hot wet site, and is in line with observations

on the effect of PU finishes on nylon yarns6. The natural rubber and neoprene

coatings on nylon were somewhat dulled and blotched at both Australian sites.
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There was only slight dulling or blotching at ERDE, and the CSPE coating was
not noticeably altered in appearance at any of the sites.

5 TEST METHODS

The following tests were performed mainly by one operator (BMM) after

conditioning the samples for at least 24 h in a room maintained at 20°C and 65%
relative humidity.

2 .(1) Thickness was measured in u~ on a 100 cm piece of each fabric,

using a Schopper automatic micrometer exerting a pressure of 0.5 N/cm2

over a circle of diameter 3.0 cm. Five determinations were made and the

mean taken.

(ii) Mass per unit area was calculated in glut2 after weighing the above
pieces of fabric.

(iii) Bending length ~as determined by the method given
7 in the 1956

edition of BS Handbook 11 , where it is stated that it gives “a measure

of draping quality”. Two warpway 25mm wide strips were used . The mean

of four determinations of the bending angle for a measured length of each

strip was found and converted to bending length (the length which would

bend to an angle e such that cos e — 8 tan 0, or 0 ~ 7
0) ,  by means of

a table given in the Handbook. The mean of the two bending lengths,

expressed in mm, was taken.

(iv) Flexural rigidity, stated7 to be “one of the chief factors in

handle”, was obtained in N mm by multiplying the cube of the mean bending

length (iii) by the mass per unit area (ii) and a constant (g/109,
where g — 9.81 ~~~~

(v) Bending modulus, which according to Ref 7 “characterises fullness

and paperiness”, was obtained in N/mm2 by dividing the flexural rigidity

(iv) by the cube of the thickness Ci) and a constant (1/12).

6 METHOD OF ANALYSIS OF RESULTS

• The loss of 12 specimens nullified the possibility of analysing all the

exposure results together. Nevertheless, it was still possible to analyse five
complete factorial sub—experiments8 in the following sets:

(a) The ‘controls’ (Tables I to 5, columns A and B).

016 (b) All the ‘3 month’ exposures (Tables I to 5, columns C, D, K, L, S, T).

IL
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(c) All exposures under ‘12’ load (Tables I to 5, columns C, E, G, I, K,

N, 0, Q, 5, U, W, 7).

(d) All exposures with ‘natural rubber’ coating (Tables 1 to 5, columns
C to Z, rows I and V only).

(e) All exposures at ‘ERDE’ (Tables 1 to 5, columns C to J).

The controls were also incorporated into the analysis by considering them

in conjunction with the results at 1% loading at each site, giving three more

sub—experiments:

(f) “ERDE, 1%, with controls” (Tables I to 5, columns A, B, C, E, 0, I).

(g) “Cloncurry, 1%, with controls” (Tables I to 5, columns A, B, K, N, 0,
Q).

(h) “Innisf ail , IX, with controls” (Tables 1 to 5, columns A, B, S, U, W,

7)

It will be noted that (f), (g) and (h) cannot satisfactorily be combined,

nor can (a) be included with (b), (c), (d) or (e) because of the usual unavoid-

able inadequacies of the factorial arrangement (ie in the construction of the

tree diagram) in accommodating controls.

These eight sets were subjected to analysis of variance by computer for

each of the five properties, viz thickness, mass per unit area, bending length,

flexural rigidity and bending modulus..

7 ANALYSIS OF ERRORS

Table 6 gives the error variances for the analyses8. The 3 month results

had the lowest errors for thickness and mass per unit area, whilst the natural
rubber results were lowest for flexibility. Innisfail had the highest errors for

flexibility.

Coefficients of variation are also given in Table 6. For thickness and
mass per unit areas they were about 2 to 3%, for bending length generally about

twice this, and for flexural rigidity and bending modulus mainly about tenfold.

8 RESULTS AND DISCUSSION

• 8.1 Thickness

The measured thicknesses are given in Table 1 , and analysis of variance

for each set in Table 7. The coated nylon fabrics were thicker than the coated

-
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Cotton, usually at the 99.9% level of probability, reflecting the greater uptake

• of rubber on nylon (section 3), and the thicknesses in the natural rubber set (d)

were less than in the other sets.

Mean thickness, mm

All sets exceptFabric type , , Natural rubbernatural rubber

Nylon 0.267 0.257

Cotton 0.237 0.226

The effect of rubber type was also significant, usually at the 99.9% level

of probability. The PU and CSPE coated fabrics were thicker than the natural

rubber and neoprene, but there were no significant differences between sets
• (a) to (ii) except (d).

Rubber type Mean thickness,

pu 0.262

CSPE 0.262

Neoprene 0.244

Natural 0.239

Mean difference required for

significance at 99.9% level 0.009

There was no evidence that thickness was affected by the site, or by the

interactions between fabric and time, fabric and site, fabric and load, rubber
and time, rubber and load, time and site, time and load, or site and load.
There was only slight evidence that thickness was affected by the time, the

load, or by the interactions between fabric and rubber or rubber and site.

8.2 Mass per unit area

The masses per unit area are given in Table 2, and analysis of variance

for each set in Table 8. The coated nylon fabrics were heavier than the coated

cotton, usually at the 99.9% level of probability (of section 8.1), and the
masses in the natural rubber Set (d) were lower than in the other sets.

Mean mass per unit area, g/m2

Fabric type All sets except natural rubber Natural rubber

0 1 6 Nylon 300 269
Cotton 280 260
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The effect of rubber type was also significant, usually at the 99.9% level
of probability. The order was CSPE > neoprene > PU > natural, this

reflecting the higher densities of the chlorinated rubbers. There was also

evidence of weight loss for all the rubbers except CSPE in all sets, compared

with the controls (a):

Mean mass per unit area, g/m2

Rubber type Sets (b) to (h), except Cd) Controls (set (a))

CSPE 315 316

Neoprene 291 300

PU 281 290

Natural 266 280

Mean difference required at

99.9% level of probability 9

The weight loss with time was most significant at Inxiisfail (set (h)), for
which the results were :

Time, ‘months

Initial Final 3 6 12 6 ‘stepped’

Mass per unit area, gIn2 296 297 285 283 274 288

There was no evidence that mass per unit area was affected by the load or

by the interactions between fabric and time, fabric and site, fabric and load,
rubber and time, rubber and load, time and site, time and load, or site and
load.

8.3 Bending leng~~

The bending lengths are given in Table 3, and analysis of variance for
each set in Table 9. The bending lengths of the coated controls were ~n the

average 30% higher than of the uncoated controls (section 3). The bending

lengths of the coated nylon fabrics were greater than of the coated cotton,

usually at the 99.9% level of probability, possibly partly due to the greater

amount of rubber on the nylon (section 3). The results in the natural rubber

set (d) tended to be lower and those in the other sets higher than those in the

control set (a). The mean values in un were:

Fabric type Controls Natural rubber Others
Nylon 36.2 33.8 39.5
Cotton 28.2 25.1 30.2

•—.-•
~
—“——,

~
----•‘.•—-•-—----

~
- •

~ •_; :
A -



r pr 
‘
~ ~~~~~

‘_ “

~ ~

—_

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-..,- ..,,,-—•‘—

~

-,-,—

~
—.—

~~~

-—-,.•— 

~~~~~~~~~~~~~~~~~~~ 

- 

‘

The effect of rubber type was also significant, usually at the 99.9% level

of probability. The PU had a higher bending length than the neoprene, which in

turn had a higher bending length than CSPE or natural. This result did not

appear to be due entirely to the amount of rubber, since the order did not
correlate with the order of rubber masses (sections 3 and 8.2).

ERDE, Cloncurry, Innisfail ,
Rubber type Controls 3 months 1% ERDE 1%, with 1%, wi~h 1%, with

Controls controls controls

PU 43.3 46.0 51.2 45.5 45.6 49.8 50.2

Neoprene 29.5 32J 34.1 33.0 31.7 32.9 33.1

CSPE 29.1 29.9 30.1 29.6 29.5 30.1 29.6

Natural 27.0 28.0 29.4 29.3 28.7 28.4 28.7
• Difference 17.0 3.0 2.0 3.1 2.1 2.9 3.8
• required at

99.9% level of
probability

Exposed specimens had increased bending length compared with the controls,

and this tended to increase with time of exposure, though not always signif i—
cantly at the 99.9% level of probability.

N 1 ERDE , Cloncurry, Innisfail,
Time, months 1% atura ERDE 1%, with 1%, with 1%, withrubber controls controls controls

• Initial 30.9 30.9 30.9

Final 33.6 33.6 33.6

3 34.2 28.0 33.8 34.1 34.3 34.1

6 36.4 29.0 33.7 33.4 37.3 38.4

12 37.4 31.2 34.9 36.1 38.2 37.8

6 ‘stepped’ 36.8 29.7 35.0 35.2 37.4 37.8

Difference required 2.0 1.9 3.1 2.7 3.6 4.7
at 99.9% level of
probability

The mean bending lengths at both Australian sites were greater than at

ERDE in the ‘1%’ set Cc).
Bending length,

~ite

ERDE 34.7

Cloncurry 36.8
Innisfail 37.0

016 Difference required at 1 .8
99.9% level of probability

• _ ___________________________________________________  
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There was evidence that PU on nylon had a higher bending length than

expected from these components. Thus, from the ‘1%’ set, the mean values in
were:

Rubber type

Fabric type Natural Neoprene PU CSPE

Nylon 34.-I 39.0 59.2 31.9

Cotton 24.7 29.2 43.2 28.3

There was no evidence that bending length was affected by the load, or by

the interactions between fabric and time, fabric and site, rubber and load,
tine and load, or site and load; there was only slight evidence that bending
length was affected by the interactions between fabric and load, or time and

site.

8.4 Flexural ri~idity

The flexural rigidities are given in Table 4, and analysis of variance

for each set in Table 10. For the coated controls, the values were on average

about an order of magnitude higher than for the uncoated controls (section 3),

due partly to increased bending length and partly to increased mass per unit
area. Those variance ratios which were significant were similar to. those for

bending length, though the values were generally lower because of the higher
errors.

The flexural rigidities of the coated nylon fabrics were higher than

those of the coated cotton, usually at the 99.9% level of probability, the mean
values in N ~n being:

EBDE, Cloncurry, Innisfail,
Fabric Controls 3 months 1% Natural ERDE 1%, with 1%, with 1%, withru er controls controls controls

Nylon 0.174 0.205 0.245 0.103 0.195 0.200 0.235 0.228

Cotton 0.069 0.074 0.099 0.040 0.080 0.076 0.094 0.097

The effect of rubber type was also significant, usually at the 99.9% level
of probability . The order was PU > neoprene > CSPE > natural, though CSPE

was not significantly higher than natural.

N _
— —------‘- -•-- ;- 
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Rubber ERDE, Cloncurry, Innisfail,

t e Controls 3 months 1% ERDE 1%, with 1%, with 1%, withyp controls controls controls

PU 0.270 0.304 0.401 0.291 0.305 0.394 0.385

Neoprene 0.080 0.106 0.324 0.109 0.099 0.131 0.117

CSPE 0.077 0.085 0.086 0.081 0.081 0.087 0.081

Natural 0.059 0.063 0.073 0.070 0.068 0.067 0.067

Flexural rigidity tended to increase during exposure in sets Cd), (f),

(g) and (h), the mean values in N mm being:

ERDE, Cloncurry, Innisfail,Time months Natural rubber 1% IX

Initial 0.060 0.097 0.097 0.097

Tine 0.058 0.146 0.146 0.146

3 0.063 0.142 0.148 0.140

6 0.069 0.123 0.213 0.211

12 0.080 0.163 0.203 0.174

6 ‘stepped’ 0.074 0.158 0.187 0.206

The PU on nylon had a higher flexural rigidity than expected from these
components, the interaction between fabric and rubber usually being significant

at the 99.9% level of probability. Thus, from the 3 month set, the mean values
inNmm were:

Rubber type

Fabric type Natural Neoprene PU CSPE

Nylon 0.094 0.148 0.474 0.104

Cotton 0.032 0.064 0.133 0.066

There was no evidence that flexural rigidity was affected by the load, or

by the interactions between fabric and time, fabric and site, rubber and load,

or time and load .

8.5 Bending modulus

The bending moduli are given in Table 5, and analysis of variance for

each set in Table 13 . The bending moduli of the coated nylon fabrics were not,
on the average, significantly higher than those of the uncoated fabrics (see

section 3), though those of the cotton fabrics probably were. This reflects

016 the introduction of thickness into the calculations. Those variance ratios which 
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were significant were similar to those for bending length, though the values

were generally lover, and also usually lower than for flexural rigidity.

The bending moduli of the coated nylon fabrics were higher than those of

the cotton, usually at the 99.9% level of probability, the mean values in N/mm2

being:

ERDE, Cloncurry, Innisfail,Fabric Controls 3 months ~ 
Natural ERDE 1%, with 1%, with IX , withype ru r controls controls controls

Nylon 109 317 147 73 116 123 141 138

Cotton 58 63 84 41 71 67 83 79

The effect of rubber type was also significant, usually at the 99.9% level

of probability. The PU had higher values than the other rubbers, and neoprene

often was higher than CSPE or natural.

R bb ERDE, Cloncurry, Innisfail ,
U er Controls 3 months 3% ERDE 1%, with 1%, with 1¼ , withype controls controls controls

PU 173 183 252 176 188 250 238

Neoprene 63 78 95 87 79 84 90

CSPE 50 54 56 56 56 55 5!
• Natural 48 50 59 57 58 55 54

Time was significant, sometimes at the 99.9% level of probability, the

effect being ar increase in bending modulus:

Bending modulus, N/mm2

EBDE, Cloncurry, Innisfail
Time, months Natural rubber 1%, with 1¼ , with 1%, with

controls controls controls

Initial 48 65 65 65
Final 49 103 103 103

3 50 92 97 90

6 54 84 341 140

12 65 116 335 III

6 ‘stepped’ 60 112 326 I4~

The PU on nylon gave a higher bending modulus than expected from these

components, the interaction between fabric and rubber often being significant at

the 99.9% level of probability. Thus, for the 3 months set, the mean values in
2 were:

I

~~~~~~~~ ::— - __________



Rubber type

Fabric type Natural Neoprene PU CSPE

Nylon 66 95 249 56

Cotton 34 60 312 52

There was no evidence that bending modulus was affected by the interactions

between fabric and time, fabric and site, or time and site; there was only
slight evidence that bending modulus was affected by the site, the load, or the

interactions between rubber and load, time and load, or sits and load.

9 CONCLUSIONS

(I) A method for exposure of coated fabrics has been proved. Data on flexibi—

lity of a nylon and a cotton fabric coated with natural rubber, neoprene,
polyurethane or chlorosulphonated polyethylene have been determined after

weathering for up to 1 year in UK and Australia.

(2) Throughout, the coated nylon fabrics were thicker, heavier and less
flexible than the coated cotton fabrics. Fabrics coated with polyurethane or

chlorosulphonated polyethylene tended to be thicker than those coated with

natural rubber or neoprene whilst those coated with chlorosulphonated polyethene

were the heaviest.

• (3) Polyurethane stiffened more than the other rubbers on storage or exposure,

particularly when used on nylon.

(4) Stiffening tended to increase with tine of exposure or storage.

(5) Stiffening after weathering in UK was less than that in Australia.

(6) Load level had little effect on stiffness.
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Appendix

COMPOSITION OF RUBBERS BY MASS

Ingredient Natural Neoprene PU CSPE

Natural rubber smoked sheet 58
Neoprene 54.5

Polyurethane (PU) 77

Chlorosulphonated polyethylene (CSPE) 50

• Black 34.8 32.7 22.8 7.5

Antioxidant (phenol condensation product) 1.25 3.06

Sulphur 0.75

Nercaptobenzthiazole 0.5

2-Mercaptoimidazoline 0.25

Tetramethylthiuramdisulphide 0.125 1.0

Stearic acid 0.5 0.25

Pentaerythritol 1.5

Paraffin wax 1.25 1.06

Process oil 5.5

Polyisocyanate phenol adduct 15.5

Magnesium oxide 2.2 2.0

Zinc oxide 2.8 2.8

Whiting 38

Lauryl pentachlorophenol, % 2 2 2 2
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r Table 7

VARIANCE RATIOS FOR THICKNESS

1st (ass s.ct ios 6)
la . of 10. 02 — —

~~~~~~ z.v.i . ruvit. d.~x..s of (a) Cb) (C) (4) (s) (1) Ci) Ch)
~~r lsvsl frsadss Coatrol. 3 .ootbs IX Datural rubb.r UDZ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

7.bric S I 
~~~~

32 I 
M540 20940 IS2f~ 243(3~ 20940

4. _____ 

43 40 _______ ____________

Lbbsr 
- 4 3 - 42.4

‘ ‘ 
~~~~ 

39.040

24 3 ~~00 ____________ _______ ________

Xis. S I 3.9~,
4’ 32 3 0.94’6 3 5.0

4 24 3 D S p
$ 3 ______ ______ — 

41 “II 3.1
36 3 4.9k O.Sp

$ 32 3 _______ _______ 

3.2w ____________ ____________ _____________ _____________

24 2 ½  9.2
L 32 I _______ ______ ___________ 5.0 ___________ ____________ ____________

fl 2 3 I.4p
$ 6 3 4.dp 0.94’ 3.4 4 . I
$ S 3 4.4
• 12 3 _______ _______ 3.3 ____________ ____________ _____________ _____________

PT 4 4 0.2p
• 6 3 -½
• 5 3 0.S~

*2 ~.½ 0.7 1, 2 . $ ~~ 2.I~— - ‘

~~~~ 

- — I.5~ 0.74” 
-_________

IL $2 0.lp 0•741 0 7 4’ _________ ___________ ___________

S 0.6k
lb 4 9 D S p

24 2 _______ ______ ___________ 

0.4~ 0.6k ___________

92 32 4 6 5.6
32 S 6 1.5$ 

___________ __________ ___________ ___________

22. 5 6 3 0.641$ 3 
____ ____ _______ 

1.3
4’ _______ _______ _______

15 12 4 6 3 3 4132 $ 6
XL $ 6 3 1.3w

• $ 
________ _______ ______ ___________ 

0.2p
~1L ~ 8 2 

_______ 

D.4~ 
‘ 0.3k 

— __________ ___________

1,02. 1 Par •rror v.r1aac.. ~ is. Tobli 6.

GO $i oificoat at 91.92 1.,. ) of probability .

O Ii1nific.nt at 911 isv.) of prob ability .

1,~ •uff La Ii5aiftcast at 952 1.,.) of probabi lity.

P IigaLfic.nt at isis thas 952 Isv.) of prob .,biiity.

I
~; -~~~~~~~~~~~~~~~~~~~~~~~—-~~~~ .-~~~~~~-——
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Table 8

VARIANCE RATIOS FOR 14&SS PER UNIT AREA

Set (as. section 6)

Factor (a) Cb) Cc) (d) (a) (f) (~) 
(I,’.)

h I N 1 bbs ERDE ERDE, IX . Cloncur ry, 12, Inr*i.fail , 12,OtTo 5 Uont S stun ru r with controls with controls with controls
Fabric

3BOcc 1 9 0 G 93~~ 55.6~~ 94GG

________ _________ _________ 

I67~~ _______________ ______ _____________ _______________ _______________

Rubb.r 4 4 6 o
R 346~~ 63.3~~ 69.5~~ 119~~

________ ________ ________ 

222~~ 
1140G

T1~. 0.141
6.4

0.8k

2.8 t .9~ I3 .4~~
Sit. 0.341 8 ~ 

3.7k

PP. 6.bp 
- 

0.441 
- 

- G 
___________ _____ __________ ___________ ___________

I4.5~ 2.241 1.7G I0.7~~
U.6~~ 

_____________ _____ ____________ _____________ _____________

rr 0.241 
- ___  _ _ _ _ _ _ _  ___  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _

0.941

______ _______ ________ ______ ____________ _____ 

0 4 41 
1.0

41 2.141
PS 2 .441 1.941 

0.341 
-

FL 0.5k 0•141

RT 1.l~

______ _______ ________ ______ ____________ _____ - 
0.641 

0.7
41 

2 .2

IS
_______ ________ ________ 3.1 _____________ ______ _____________ _____________ ______________

RL 2.241

____  ____  _ _ _ _ _  

1.941 
1.641 

— —
TL 0.3 41 0

~~N ___________ ___________ ____________

SI. 
______ 

2./ 41 ______ 

0.5w _____ ___________ -

~~~~ For n’.s~b.r of l.v .l., nunbsr of rsaults p.r tsvsl, and nwabe rs of degrees of frssdon, ass Table 7.

For error variances , see Tab). 6.

OS Significant at 99.91 level of probability.

O Significant at 992 level of probability .

No suit L~c Significant at 952 level of probability .

N Significant .t 1... than 931 l.v.1 of probability.

0i6

L-A 
_



Table 9

VARIANCE RATIOS FOR BENDING LENGTH

Set (ass s.ction 6)

Factor (a) (b) Cc) Cd) (a) Ct) Cs) (h)
Controls 3 sontha IX Natural rubber ERDI IRDE . IX , Cloncurry . IX , Inni sfail , IX .

with control . with controls with contr ols
Fab ric 74.I ~
P 792..~ 1597OS 600~~ 340GO

760 3~~OG
_ _ _ _  _ _ _ _  _ _ _ _  

GO 
_ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

Rubber 64.7~P. 536GO 452~~ 381OS 233GO

________ _________ _________ 

842GG 
850

T1~s 8.4417 37•4~~ 2•3~
13’7GG 15•3 CG 

2I•3~~ 14 1
GG

Site 1.241 6.9s 
_____  _____  

I8~~50 _________  ____ ________  _________  _________

L d  0.041 0.441 2.3k 
___________ ____________ _____________

8.1k
72.350 49.850 29.350 12.950

5 3 9  22.5$~
____  _ _ _ _ _  _ _ _ _ _  

CO 
_ _ _ _ _ _ _ _  ____  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

17 1.5k 4.t~4 2 .4k
2•2~ 2 .6 w I~ 341 I~~I~

PS O.6~ 0.241 
0.441

FL 3.641 7.9
______ _______- -_______ _____ ___________ 5.0 ___________ ___________ ____________

RT 6.941 h I41
3.SQ S.6

0 3.ec
IS 2.5$ 8 8 G5 

_____________ _______ ____________ _____________ ______________

RL 1.341 2 .041 
_______ ____________ _____________

IS 5.3 
— ______________ _______________

________ ________ ________ 3. 1 
______________ _______ _____________ ______________ _____________

XL 1 .7 41 I.

SI. 
_______ 

2 . 4 41 _____ 

3.3~q 
—

Note: For n~~~sr of level. 1 ns~ b.r of result s per level , and nuabsr of degree , of fr..dos, see Table 7 .

For error variances, see Table 6.

GO Significant at 99.92 l.vsl of probability.

C Significant at 992 level of probability.

No suff ix Significant at 932 level of probab ility,

N Significant at less than 95% level of probability .
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Table 10

VARIANCE RATIOS FOR FLEXURAL RIGIDITY

Set (ace section 6)

Factor (a) (b) Cc) Cd) (a) Ct) (g) (h)
Control. 3 month. IX Natural rubber ERDE ERDE , IX . Cioncurry , IX , Innisfail , IX,

with controls with control. with control.
Fabric 14.1

P 2417GO 166 
161 cc 112 50 6500

________ __________ __________ 

206CO 
GO

Rubber 12.8
1 26550 I3 

~~ 
I34~~ 84~~

_______ ________ ________ 

24250 ______________ ______________ ______________ ______________

Time 3.1 41
T

3.6 
I.8~

4,3 6.9~ 
______________

Sits 1.2 41 6.3~ 
4.541

I d  0.0k

FR
10850 44.850 35.850 I6.6G~

55 2 38.4~~
_ _ _  _ _ _  _ _ _  

• 50 
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _

FT 1.2w 4.241
1.6410.741 1.6.~ I .4~ 1.4k 

—
PS 0.241 0.541 

1 6 41

FL 3.341 I4.~~

RI 2.641 
-

I.2~
1.741 2.4 3.6~ 2.5

13 1.641 4.O
o 

___________ _____ ___________ ____________ ____________

RL 24~ - 
- 

3.0
41

75 5.6
____  _____  _____  

I•7 41 

::~ 
1.4 41 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

Note: Per n,~~~ .r of level. , number of r. .ult. per level , and number of degrees of fr eedom , see Table 7 .

For error variance., see Table 6.

OS Significant at 99.92 level .f probabil ity.

O Significant at 992 level of probability .

No suffix Significant at 952 level of probability.

41 Significant at lees than 952 of probability.
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Table 11

VARIANCE RATIOS FOR BENDING MODULUS

Set (.ee a.ctioo 6)

Factor (a) Cb) Cc) Cd) (e) (f) Cs) (h)
Control s 3 months 12 Natural rubber KIDS wi~~~~n~~ ls with controls with cont rols

Fabric 9.6
r *2450 41950 12050 31 .850

94 9 GG
_ _ _ _  _ _ _ _ _  _ _ _ _  GO _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

Rubber 13.4
a 173GO *5250 12805 ~ OG

_______ _________ ________ 

207~~ 
13750

Time 5.3417 l7.6~ 5.9

_______ ________ ________ ______ _____________ _______ 

9.350 ~~~~ 5.3~~
Site I .3~ 0.9w
S ________ ________ 3.2 _____________ _______ — _________ ______________ ______________

Load 0.$~ 6.9
L ________ ________ ______ _____________ 

10.0 
____________ _____________ _____________

FR 3.041 39.1 05 28.850 I . 7~ 6.l oI8.2 ~~
______ ________- _______ 

21.905 ____________ -______ ___________ ____________ ____________

FT 1.541
2.2w 2.9k

I .041
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _  _ _ _ _ _ _ _  _ _ _  

I .8~ 1.041 1.341
U 0.141 hO41

______ _______- _______ 
O.I~ ___________ _____ -__________ ___________ ____________

FL 2.841 18.8 0 
~ __________ ______________ ______________

RI 4.2 N 2.041
2. 1 41 4.2~ 4.05 2.7

IS 2.~
_______ ________- ~ 4.5$ 

_____________ ______ ____________ _____________ _____________

51. 1.5
_______ ________ ________ ______ ______________ 

4.0 ____________ ______________ ______________

______ _______ _______ 

2.241 
1.441 

-

TI. 

~.L!it.._ 
— ______ ______________

II. 
________ 

0.1.41 
______ 99 _______ ____________ ______________ ______________

Note : Par oa~~~er of livele , number of results per level , end numbe r of degrees of fr.edo., see Table 7.

For error veniance., se. Table 6.

00 Significant at 99.9% level of probability .

O Significant at 992 level •f probability.

Po suffix Significant at 952 level of probability .

N Significant at less than 93% of probability.

_ _ _ _ _ _ _ _ _ _ _ _  

________________________
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