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SUMMARY

e wing-rip tear strengths of a nylon and of a cotton fabric, each coated

with natural rubber, neoprene, polyurethane or chlorosulphonated polyethylene
and exposed to various weathering conditions, were determined.

The coated nylon fabrics had higher tear strengths than the cotton ones,

but were ~~re variable. Polyurethane—coated nylon increased in tear strength on
exposure at two Australian sites, but natural rubber coated cotton decreased on
exposure in UK. Load during exposure reduced the tear strengths of the natural

rubber coated fabrics.

Departmental Reference: Mat 339

Copyright
C)

ControUer 5iMSO, London
1978

* QAD Mats , Chorley

_ _ _ _ _  

78 1 2 1



2

LIST OF ~~NTENTS

Page

INTBODUC~ION 3

2 DETERMINATION OF TEAR STRENGTHS 3
3 ARRM1 (~ WNT OF RESULTS 4

4 RESULTS AND DISCUSSION 5

4. 1 Analysis of errors 5
4.2 Analyses of median tear strengths 6

5 CONCLUSIONS 8

Acknowledgment 9
Tables 1—6 10

References 25

Report documentation page inside back cover

\ .~~~~i1\

\~x_— -~-
Oo5~



3

I INTRODUCTION

The exposure of rubber—coated fabrics for up to one year of weathering and

the effects of this on their flexibilities, strengths and breaking extensions

have previously been reported
1 ’2.

In a collaborative trial involving several Establishments of )~ D(PE ) and

the Joint Tropical Research Unit (JTRU) , nylon and cotton base fabrics of

similar mass per unit area were coated with natural , neoprene, polyurethane (PU)
or chiorosuiphonated polyethylene (CSPE) rubbers. These coated fabrics were

exposed for three , six or twelve months , and a second period of six months (6$)

comeencing at the end of the f irst , under loads of 12 or 102 of the nominal

breaking strengths. Pieces of fabric were positioned at 450 to the horizontal
and facing the equator at a site in the UK (PERME, Waltham Abbey, referred to as

ERDE in the earlier reports) and at two sites in Queensland (hot, dry at
Cloncurry and hot, wet, cleared jungle at Innisfail),

The coated nylon fabrics were found to be thicker, heavier and less

flexible than the coated cotton fabrics; PU rubber, par ticularly on nylon,
stiffened more than the other rubbers during exposure. The coated nylon fabrics

were stronger and more extensible than the cotton ones, but those coated with
natural rubber lost strength and extension at a faster rate when exposed under

load. Nylon coated with PU was initially stronger and more extensible than

when coated with the other rubbers, but lost these properties faster at

Innisfail. Extension was more severely affected than strength by load during

exposure.

The present Report gives the results and their analyses for the wing—rip

tear strengths of these coated fabrics on weathering.

2 DETERMINATION OF TEAR STRENGTHS

The wing—rip tear strengths, the preferred British Standard method at slow

speeds, were determined in accordance with the standard3, except that the rate

of jaw separation was 5 cm/ mm instead of 10 ca/mm and that only two test
pieces were available per condition, both for tearing across warp threads,

instead of five (except in the original controls, though to maintain uniformity
in the subsequent processing of the results, the first two recorded were those

used).

A 15cm cut was made across the warp in each test piece, of which the
dimensions were 12.5 cm warpway ~ 20 cm weftway. Lines at angles of ~~~ to the
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cut were marked on both tails, which were then inserted in to the j aws of a
recording tensile testing machine, with the marks along the edges of the j aws;
the machine was situated in a room at 20°c and 652 relative humidity and test
pieces were conditioned in this atmosphere for at least 24 h before testing.

Ignoring the first peak in each tear trace, the median and maximum forces were
recorded.

Most specimens gave satisfactory tears, except that in eight cases, where
the tear strength was high, there was thread slippage or coating flaking. Never-

theless, tear values were obtained in all cases, and these were used in the

subsequent analyses.

The uncoated cotton fabric had a median tear strength of 5.1 N , and a
maximum of 7.1 N. The uncoated nylon fabric had a median tear strength of 100 N,
and a maximum of 255 N.

3 ARRANGEMENT OF RESULTS

The median and maximum tear strengths for each condi tion are given in
Tables I and 2 respectively, the duplicate results referring to replication. The

determinations were inevitably separated in time of determination by well over a
year, and some were not made until more than two years after the end of the
exposures. The effect of this on the conclusions is not known .

As noted previously1 ’2, the three month specimens from Australia were not

differentiated as to their loading conditions; the columns containing the lower

nylon/natural rubber tear strengths were therefore ascribed, as with breaking

strength, to the 102 loading.

The tear strengths were divided into the same nine sets as for the breaking

strengths2, it not being possible to consider the results as a whole because of

specimen losses. Since the median and maximum tear strengths were closely
correlated (correlation coefficient 0.996, slope — 1.18), only median
strengths were analysed in detail. The 368 usable values were analysed by com-

puter using the following columos from Table I:
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No.of colusuis col~~~s from . . . 1Set in set Table I used Brief description

(a) 2 A, B Controls

(b) 6 C, D, K, L, S, T 3 months

(c) 12 C, E, G, I, K, N 12

O , Q , S, U , W, Y
(d) 24 C—Z Natural rubber

(e) 8 C—J PERNE
(f) 6 A, B, C, E, G, I PE1U.IE, 12 , with controls
(g) 6 A, B, K, H, 0, Q Cloncurry, 12, with controls

(h) 6 A, B, S, U, W, Y Innisfail, 12, with controls

(i) 24 C—Z Nylon with 3 rubbers

However, because the variability of the nylon fabrics was significantly

greater than that of the cotton (see section 4.1), the analysis of variance

assumpt ion that the error was randomly—distributed over all the results was
strained. Thus significant cotton effects could be missed , and unjustifiably
significant conclusions might be drawn for the nylon fabrics . The nylon and
cotton results were therefore treated separately, though the combined analysis
was also performed for additional effects not obtainable in the separate

analyses, making 24 altogether (3 x 8 + set (i) which contained only nylon —

nylon results from set (d) which were obtainable from set (i)).

4 RESULTS AND DISCUSSION

4.1 Analysis of errors

The variances, standard deviations and degrees of freedom of the errors are

given in Table 3. The nylon/cotton error variance ratios were significant in

all the sets , necessitating separate analyses (see section 3). There was little

evidence for differences in variability between the sets, however: for nylon,
the highest variance ratio was 3.8 for (g)/(e); and for cetton , 4.4 for (a)/(b).

The means and coefficients of variation are also given in Table 3. Both
measures were smaller for cotton than for nylon. Overall, the coefficients for
tear strength were slightly higher than for breaking strength2 but as there were
no separate analyses for nylon and cotton breaking strengths , separate compari—
sons coul d not be made .

~~O5 1



6

4.2 AnalysIs of median tear strengths

4.2.1 General

Variance ratios derived from analysis of variance within each set are

given in Table 4. The effects are discussed below in their order of occurrence

in the tables, it not being possible to base them on order of importance because
this differed widely in the various sets . Only those effects which had better
than 99.92 probability of being correct were considered.

The means of the median tear strengths for each effect are given in
Table 5. These are given complete, since it was found that most were important
in at least one set, and it was felt that there might be confusion if results

were omitted in some cases.

The differences between pairs of means required for significance at 99.92

probability are given in Table 6.

The variance ratios in Table 4 for the interactions of fabric with the
other factors were obtainable only from the overall analyses. The means in
Table 5 for the fabric interactions were those from which the effects for the
individual base fabrics were derived.

4.2.2 Effect of fabric (F)

This was obtainable only from the overall analysis. The variance ratios

were upwards of 500, with the coated nylon fabrics always having higher tear
strengths than the cotton: this tear strength ratio in set (a) was 5.4; in sets

Cc) , (g) and (h), which included the longer exposures and the Australian Cites ,
it rose to about 7 (of FT and FS below).

4.2.3 Effect of rubber (B) and fabric x rubber interaction (FR)

These were important in all the sets except (a) and (i) . The effect on
th. nylon—based fabrics was greater than for the cotton ones in sets Cc), (g)

and (h) , and greate r for cotton than for nylon in sets (b), (e) and (f). This

was due mainly to an increased tear stren gth on weathering for the PU—coated
nylon, particul arly at the Australian sites, and a decreased tear strength on
weathering for natural rubber coated cotton at PE1~(E (of ES and TS below) .

j Becaus. the coating tended to come off the weathe re d PU—coate d nylon dur ing the

tear tests , its tear streng th approache d that of uncoated nylon (section 2).

4.2.4 Effect of ti CT) and fabric x time interaction (PT)

J These were import t in all sets excep t (a) and Ci) . In sets Cd) , Ce) and
005Cf) the re was a tendency for tsar stren gth to decrease with time, because of the

L A... ......1.....1....._— ~ ~~~~~~~~~~~~~~~~
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effect on natural rubber coated cotton, particularly at PERME; in sets Cc), (g)

and (h) , there was a tendency to increase , because of the effect on PU—coated
nylon, particularly at the Australian sites (of RS and TS).

4.2.5 Effect of load (L) and fabric x load interaction (FL)

In set (b) , is at short times, these were of no importance, but in (d),
(e) and (i) the higher load caused some significant loss of tear strength in the

nylon fabrics.

4.2.6 Effect of site (S) and fabric x site interaction (PS)

In set (b), the coated nylon fabrics at Cloncurry had lower tear strengths

than at the other sites; with set Cc), the coated nylon fabrics had higher tear

strengths at Cloncurry and Innisfail than at PERME, this being due to the effects
on PU—coated nylon at the longer times. For set (d), the natural rubber coated
nylon fabrics were not significantly affected by the site, but the natural rubber

coated cotton at PERNE suffered losses in tear strength. In set (i), which did

not include PU or cotton, there was no significant effect of site (of RE).

4.2.7 Rubber x time interaction (RT) and fabric x rubber x time
interaction (Fur)

In sets (a) and (i) these were of little importance. However , in (c) , the

PU—coated nylon fabric increased in tear strength with time of exposure, whilst

the natural rubber coated cotton fabric decreased. In sets (e) and (f) , the
natural rubber coated cotton also decreased in tear strength with time. With

sets (g) and (h) , the PU—coated nylon increased in tear strength with time.

4.2.8 Rubber x load interaction (RL) and fabric x rubber x load
interaction (YRL)

These were testable only in set (b), where they were not significant, and

Ce), where the natural rubber coated nylon and cotton fabrics under 102 load had

lower tear strengths than when exposed under 12 load.

4.2.9 Rubber x site interaction (RS) and fabric x rubber X site
interaction (YES)

In set (b), the PU—coated nylon bad higher tear strength at PE~~ and

Innisfail. Wi th (c), the PU—coated nylon had higher tear strength at Cloncurry
and Innisfail, whilst the natural rubber coated cotton had lover tear strength

at PERME.
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4.2.10 Time x load interaction (TL) and fabric x time x load
interaction (FTL)

In set (d), the natural rubber coated nylon fabric under 102 load lost

tear strength with time. The effects were not significant in sets (e) and (i).

4.2.11 Time x site interaction (TS) and fabric x time x site
interaction (FTS)

In set (c), the coated nylon fabrics increased in tear strength with time

at the Australian sites. In set (d), the natural rubber coated cotton fabric

lost strength with time. The effects were not significant in set (i), which did

not include PU or cotton.

4.2.12 Load x site interaction (LS) and fabric x load x site
interaction (FLS)

In set (b), is at short times, these were not significant. With set (d),
the natural rubber coated cotton fabric at PEL*1E, and, in sets (d) and (i), the
natural rubber coated nylon fabric at PERME and at Cloncurry, lost more tear
strength after exposure under the higher load.

4.2.13 Rubber x time x site interaction (RTS) and fabric x rubber
time x site interaction (Fi~rS)

In set (c), the PU—coated nylon increased in tear strength with time at

the Australian sites, and the natural rubber coated cotton lost more strength
with time at PERI€ than at the other sites. The effect was not significant with

set (i), there being no PU and no cotton.

4.2.14 Other interactions

The other testable interactions were: RTL and FRTL in sets (e) and (i),

TLS and FTLS in sets (d) and (i), LSR and FLSR in sets (b) and (i), and RILS in

set (i). Some of these just reached significance at 99.92 probability, but
they did not add appreciably to the information gained from the experiment.

5 (X)NCLUSIONS

(1) The wing—rip tear strength of nylon and cotton fabrics of similar mass
per imit area and coated with natural, neoprene, PU or CSPE rubbers have been
determined after exposure to weathering in UK or Australia for up to one year

under a load of 12 or 10% of the nominal breaking load.

(2) The ratio of tear strengths for the nylon to the cotton fabrics was more

than 5, but the nylon had greater variability.

005
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(3) The tear strength of the PU—coated nylon increased with time at the

Australian sites, due to failure of the coating permitting yarn slip and bunching.

(4) The tear strength of the natural rubber coated cotton decreased with time

in UK.

(5) The tear strengths of the natural rubber coated nylon and cotton were

lower after exposure under the heavier load, especially after longer times of

exposure.

(6) Fabrics coated with CSPE were least affected by weathering.
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Table 4

TABLE OF VARLANCE RATIOS

Effect Source ~~~~~~~~~~~~~~~~ ~°°~ mut~s —

~~~ (a) (b) Cc) (a) (.) (1) (& (h) (i)

P Overall I 2 16 51.68
P Overell I 2 48 7106 3625.6 51.0 $17 1267
F Overall I 2 96 58569
P Overall I 2 64 1695$
8 Nylon 3 4 4 5.9
& Cotton 3 4 4 12.1

8 OveralL 3 4 $ 5.3
I Nylos 3 4 *2 *2 .8 18.9 *77.7 645.9
1 Cotton 3 4 12 112.8 47.3 37.1 17.1

I Overall 3 4 24 9.5 20.5 $51.7 833.6

I Nylon 3 4 24 855.5
1 Cotton 3 4 24 *7.6

I Overall 3 4 48 912.0

I Nylon 3 4 *6 55.2
I Cotton 3 4 16 *50.4
8 Ove rall 3 4 32 73.5
8 Nylon 2 3 48 7.1

PS. Overall 3 5 4 6.6

fl Overall 3 S 12 16.5 22.5 $77.7 839.2
P1 Overall 3 8 24 m7.o

PR Overall 3 8 *6 65.3

T Nylon I 2 5 13.5
P Cotton I 2 $ 1.3

P Overall I 2 lb 12.6
P Nylon 3 4 24 128.0

P Cotton 3 4 24 50.7
P Overal l 3 4 48 114.4

Cotton 3 4 12 154.3

P Overall 3 4 24 11 .3
P Nylon 3 4 16 9.2

P Cott on 3 4 lb 12 1.4
P 0,.rali 3 4 32 25.6

P Nylon 5 6 8 S I  65.5 125.4
P Cotton S 6 8 72.9 36.4 23.2
P Overall 5 6 56 5.9 93.3 111.1
P Nylon 3 4 36 2.4

FT Overall I 4 S 14.3
PT Overall 3 5 24 141.3
PT Overal l 3 S 12 4.7
FT Overall 3 8 *6 6.0
FT Overall 5 12 S 6.1 *02.8 36.3
I. Nylon I 2 24 0.0
L Cotton I 2 24 0.0 3.4
I. Ove rall I 2 45 0.0 72.9
F. Nylon I 2 32 - 17.5
L Cotton I 2 32 2.9
F. Overall I 2 64 *5.7
F. Nylon I 2 72 23.4

.005
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Table 4 (continued)

~~ 
Set

Effect Source 
~ ~~~~~ 

re.ul t. — — — ______

per eve (a) (b) Cc) (1.) Ce) (1) (a) (b) (I.)

IL Overal l I 4 24 0.0 65.S

Pt. Ov irall I 4 32 12.1

S Nylon 2 3 16 22.1

S Cotton 2 3 *6 *0.6 189.5
5 Overall 2 3 32 23.4 4.0
S Nylon 2 3 32 $45.4
S Cotton 2 3 32 11.7

S Overall 2 3 64 $92.1

S Nylon 2 3 46 3.7

IS Overall 2 6 lb 20.7 4.6

PS Overall 2 6 32 175.9

FT Nylon 3 $ 2 1.6

FT Cotton 3 $ 2 0.1

FT O,.rslI 3 $ 4 5.5

FT Nylon 9 56 6 120.5 -

FT Cotton 9 16 6 29.7

FT Overall 9 *6 12 132.4

U Nylon 9 16 4 2.2

U Cotton 9 lb 4 64.9

1? Overall 9 lb $ 4.1

U Nylon IS 24 2 2.2 69.2 15 1.6

FT Cotton IS 24 2 24.2 7.6 6.0

U Overal l *5 24 4 I . ?  7 1. 4  152.1

8? N,lon 6 *2 *2 5.6
78? Overall 3 *6 2 1.6
P U Overall 9 32 6 122.1

PIT Overal l 9 32 4 5.6

PIT Overall *5 4$ 2 4 .2  66.6 *47.5

. Nylon 3 $ 6 4.6

IL Cotton 3 5 6 7.1

IL Overall 3 8 12 4.6

1.1. Nylon 3 6 S 17.1

IL Cotton 3 $ 8 6.6 (
IL Overall 3 S $6 26.5
IL Nylon 2 6 24 43.5

1$. Overall 3 lb 6 4.7

1$. Overall 3 16 5 19.1
96 Nylon 6 12 4 7.4

U Cotton 6 12 4 6.2
U Overall 6 52 S 7.9
MS Nylon 6 12 5 *70.2

Cotton 5 12 $
U Overal l 6 12 56 181 .1

U Nylon 4 9 16 6.0

150 Overal l 6 24 4 6.9
VU Overall 6 24 $ 1.1.6
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Table 4 (concluded)

Effect Source ~~~ 

~ 
reeulta — — — — —per level (a) (1.) Cc) (a) (a) (2) (a) (b) CL)

TI. Cotton 3 $ 6 5.8
TI. Overall 3 S $2 $2.9
‘IL Nylon 3 $ $ 4.7

~~ . Cotton 3 S S 2.S
TI. Overal l 3 lb 12.1
11. Nylon 3 S IS 5.7

PT!. Overall 3 lb . 6 10.0
PT!. OveraLl 3 6 $ 3.2
TI Nylon 6 12 5 S3.7

• PS Cotton 6 12 S 14.1

PS Overall 6 12 56 95.5
PS Cotton 6 12 4 50.3
PS Overall 6 12 5 6.9

PS Nylon 6 12 12 . 
3.7

P?S Overal l 6 24 $ 91.7
PTS OveralL 6 24 4 3.2
LI Nylon 2 6 S 4.5
LS Cotton 2 6 S 3.3 S.3

LI Overall 2 6 lb 5.2 14.4

U Nylon 2 6 24 12.5

11.5 Overall 2 12 $ 4.3 12 .3
EL Nylon 9 32 2 4.0

ftP!. Cotton 9 32 2 3.0

IT!. Overall 9 32 4 6.3
Ut Nylon 8 24 6 10.0

1ITL Overall 9 64 2 4.7

US Nylon IS 45 2 70.0
ITS Cotton IS 4$ 2 $4. 1
US Overall IS 45 4 15.0
US Nylon 12 36 4 3.2

PUS Overall IS 94 2 73.7
TLS Cotton 6 24 2 2.3

itS Overall 6 . 24 4 5.5
P1.6 Nylon 6 24 6 3.4

FItS Overall 6 4$ 2 5.6
Lift Nylon 6 24 2 3.2
LII Cotton 6 24 2 4.5
LU Overafl 6 Zt. 4 3.1
LII Nylon 4 IS 5 3.5

VLSI Overall 6 41 2 5.2
ELI Nylon *2 72 2 4.1

k. ~~~~~~~~~~~~~ . - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •
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Table 5

TABLE OF MEAN MEDI AN TEAR STRENGTHS1 N

Sit
Fact.r Loul .

(a) (0) (c) (d) Ce) (f) (
~
) (ss) (I)

Ipl.e 23.0 - 
23.2 25.1 21.1 21.5 23.4 27.0 iLl

4.5 4.1 3.5 3.7 3.7 4.0 4.0 4.1

Ue$ v . ILl 13.0 13.5 12.3 13.4 14.4 12.7 21.1
Inspruie 14.1 13.2 13.1 12.5 13.2 13.1 13.1 22.5
N 15.4 14.5 24.0 15.1 15.1 22.4 25.0 -
OlE 13.5 13.4 13.0 12.1 13.0 13.3 13.4 23.6

II Spins tall. . Mph. tatti. SpIns C.tt.. Ipi.. tithe Iy1~~ titles Split tith e Spins Cettes
labi al 71.0 4.5 21J 4.4 23.0 3.5 21.5 3.0 23.2 5.7 24.1 4.3 21.1 4.3
Isiprese 23.5 4.7 22.2 4.3 23.2 3.9 21.1 4.2 22.0 4.4 22.2 4.0 23.2 4.1
N 21.5 4.3 25.4 3.0 44.1 3.9 21.4 3.5 21.5 3.5 tO.? 4.1 47.1 4.0
OlE 23.3 3.5 23.2 3.5 22.5 3.7 21.1 3 1 23.2 3.1 23.0 3.? 23.1 3.0

Olglusi 14$ . 14.1 14.1 14.1
Ansi 13.1 13. 1 13.1 13. 1
3 uss$a 13.5 13.0 14.0 14.4 12.1 13.5 22.4
S .~itle 15.5 12.0 13.3 13.7 13.3 I I I  21.5
12 ..atls 15.2 IllS 12.4 12.5 22.1 19.0 21.5
SI .satle 11.4 . 13.5 13.2 13.2 17.5 11.1 22.1

FT Spies taft.. Spies titles lp)ns Cattle Spins tilt.. Spies C.tti. Spins C.t$.. Spies Csttais
5lq Iiel 25.3 4.3 25.3 4.3 23.3 4.3 25.3 4.3
Aiti . 21.5 4.4 • 21.5 4.4 21.0 4.4 21.9 4.4
3 ...tO. 23.2 4.1 21.5 4.4 24.3 4.2 24.0 4.2 21.1 4.0 23.2 4.0
S ..tls 27.5 3.5 11.0 3.7 22.5 3.5 23. 1 3.7 23.2 3.1 35.0 3.5
12 ...tI. 33.2 3.5 $1.S 2.5 21.S 3.1 23.5 3.2 41.5 3.5 34.3 3.1
63 .estle 39 3.1 23.4 4.1 22.7 3.5 22.1 3.5 31.5 3.1 32.4 4.0

L 1Z 13.S 13.5 13.5 • 22.0
loX 13.5 11.4 17.9 21.0

ft 
. 

Ii!.. til t .. Spins CelIa, Up).. CitIes
ii 23.2 4.1 23$ 3.5 23.l 3.1
loX 23.1 4.1 10.0 3.7 11.0 3.7

S lENS. 14 .2 13.5 12.3 
- 21.5

Cla.cs,ry 12.5 1$.? 13.2 22.3
Insisfel I 14.0 17.1 12.4 27.5

FT Ivies tilt.~ Ipins tat’... Ipies Cell..
hOlE  24.3 4.2 23.6 3.7 21.5 3.0
C1.acarry 21.0 4.0 21.5 3.5 22.3 4.1
InsIsfel i 24.0 4.1 31.4 3.0 21.5 4.2

IL iX i$ 12 1$ 12 11$
letrel 13.7 12.5 13.7 10.6 23.1 19.0
Suprese 13.3 13.0 12.0 12.5 22 .2 22.0
N 14.0 15.2 13.0 15.2
C$1I 13.3 13.5 12.5 12. 5 27. 5 22.1

11 loX 12 102
Spins

23.0 21.5 24.1 ILl
luprese 22.5 i tS  21.5 21.7
N 242  $1.5 25.2 2S.I
OlE 230 23.4 21.7 22.0
Call.
labial 4.4 4.4 3.2 2.1

• Iespra,e 4.7 4.4 4.2 4.3
N 3.S 35  3.S 3.5

— 
WI 2.5 3.7 35 3.. 
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Table 5 (continued)

sat
Fact.- L~~ I

(I)
— 

- ab el iapr . Pu CIII labia) 1 5r.. PU WI labial kures. WI
IS WI 13.1 13.5 11.3 13.3 13.? 12.0 15.0 12.8 21.5 21.0 21.1

I.ac.-ry 12.5 12.1 11.1 13.3 15.2 12.8 at 13.2 22.1 22.0 22.5
Iiel .f.l t 17.5 13.4 15.0 13.1 13.1 13.4 31.7 13.3 L I  23.5 23.3

• ms Sphs abel kipr... PU WI label lapron PS WI
P6* 23.4 22.5 L5 23.0 24.1 22.1 28.5 2?.?
Clesnsrp LI LI 11.1 22.5 LI 21.5 47.8 22.8
I..l.faI I 21.1 23.1 27.1 23.8 21.2 23.1 LI 23.0

taft..
P6* 4 . 1  5 . 9  4.1 3.7 3.2 4.2 3.0 LI
Ch.esrp 4.5 4.2 3.7 3.1 4.1 3.? 4.0 3.5
l..S.f.II 4.4 4.1 3.9 3.0 4.1 3.8 3.9 3.7

3 6 Ii 1$ 3 8 12 1$ 3 S 12 6$
II 13. 7 12.2 14.5 14.5 14.1 ILl 12.1 13.2 22.1 72.4 23.2 23.2

17.5 11.3 6.0 IL? 14.1 12.8 11.5 13. ? 21.0 21.7 21.5 22. 3

Fit Ipla 3 6 - I ?  85 3 S 12 63
i i .  • 23.0 21.1 251 25.8 7 . 6  23.8 22.8 22.6
ItO 21.4 II. ? 15.4 . 21.4 LI 21.6 21.8 22.8

Cell’.
13 4.4 3.6 3.0 4.2 4.2 3.6 3.2 3.1

4.4 3.5 LI 4.0 4.1 3.5 2 . 6  3.8

3 S 12 6$ 3 6 12 8$ 3 9 12 6$
p4585 14.4 13, 12.0 13.2 13.1 12.3 10. 3 17.7 23.0 21.6 21.0 21.5

12.1 13.3 22.5 ¶ 7.6 12.5 12.2 14.2 14.1 21.4 21.0 23.0 225
laIsfal l ¶3.5 18.8 19.0 18.1 12.5 11.0 11.0 14.7 22.5 21.1 72.1 23.0

• F7$ Up?.. 3 • 5 12 63 3 6 12 IS
P4585 24.5 23.5 23.5 22.1 8.’. 21.5 11.5 21.9
CI..~~-,p 21.1 23.2 41.0 31.8 7 .4  Ii.? 24.7 240
l.sIsfsII 23.2 LI 34.3 32.4 21.8 ILl 11.1 3 .8

taft..
POSIt 4.2 3.8 3.2 3.6 4.3 3.0 1.1 3.7
Cli... ,-, 4.0 3,6 3.6 3.1 4.5 4.2 3.0 4.1
Issisfal l 4.0 3.6 • 3.1 4.0 4.4 3.6 3.6 4.6

it 1$ ii lit
P4585 14.4 14.1 13.7 10.8 22.5 21.8
the.. ,, 12.5 12.2 15. 2 11.0 23.8 L I
heI.t.lI 13.5 fl .S 12.1 12. 1 22.4 22.5

P15 IpI.. IX lit 13 1*
14511 24.8 24.0 - LI 15.5-
Che..r, 21.1 10.3 7 .5  11.1
lisIsfell 23.2 240 21.2 21.2

Cell..
P6* 4.2 4.1 3.2 2.8
CIa... ,., 4.5 4.5 4.1 4.0
leslefalI 4.0 4.1 4.1 4.2

— 
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Table 5 (continued)

sit
Factor L.v.l

(c) (I)

3 6 12 6$ 3 6 12 6$
RTS PERIl

Natural 14.2 13.8 13.4 13.3 23.4 21.5 19.5 21.6
Nsopr*s 13.6 13.3 12.3 12.3 22.5 21.9 22.8 20.5
PU 16.3 14.8 14.1 14.8
CSP( 13.5 13.2 11.7 12.6 23.0 21.5 20.6 22.3

Clon curry
Natur al 13.3 12.1 19.3 16.0 20.4 20.2 24.7 24.0
Naoprsns 12.3 12.7 12.3 13.3 20.9 22.6 22.2 22.3 (
PU 12.4 14.6 47.6 28.9
CSPt -13.6 14.0 12.0 13.2 22.9 22.9 21.8 22. 5

Innlsfal l
Natural 13.5 10.6 11.1 15.4 21.6 18.1 18.1 24.8
N.opr.n. 14.2 13.4 13.3 12.9 23.1 24.1 25.2 23.4
PU 13.5 41.5 38.6 31.2
CSPt 13.0 13.8 13.2 13.3 23.6 23.2 23.1 23.2

FRTS Nyl on
PERIl
Natural 24.0 24.5 25.3 22.8
N.opr.ns fl.5 22.6 23.2 20.2
PU 28.6 25.7 25.9 25.9
CSPE 23.2 22.4 19.6 21.4
Cloncurry

Natural 22.2 21.4 34.8 27.7
Nsoprsn. 20.4 21.6 21.1 22.9
Pu 21.0 25.3 90.7 54.0
CSPE 23.3 24.5 20.7 22.8
Innlsfal 1
Natural 22.8 17.3 18.1 26.4
N.opr.ns 24.5 23.2 22.9 21.6
P11 23.2 79.0 73.4 58.2
CSPE 22.0 23.7 22.9 23.2

Cotton
PERIl
Natural 4.4 3.0 1.6 3.9
N.opmnn. 4.? 4.1 3.9 4.2
P11 4.1 3.9 3.6 3.6
CSPE 3.? 4.0 3.7 3.7
Cloncurry
Natural 4.5 4.0 3. 7 4.4
Nsc~rsn. 4.0 3.7 3.4 3.8
PU 3.7 3.8 4.4 3.9
CSPE 3.9 3.5 3.1 3.6
Innlsfa l 1
Natural 4.3 3.8 3.9 4.4
Nsoprsne 3.9 3.7 3.? 4.0
PU 3.8 3.9 3.8 4.3
CSPE 4.0 3.9 3.6 3.5

L £~~~ -~~~~~~~—• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Table 5 (continued)

______________
sit

______________— Factor Livel
• (d) (I)

3 6 12 6S 3 6 12 6S

U.S l~ 
-

PERIl 14.2 13.8 13.4 13.3 23.2 23.2 22.7 21.5
• Cloncurry 13.3 12.7 19.3 16.0 22.0 22.5 25.5 24.4

Innlsfal l 13.5 10.6 11.1 15.4 23.1 21.4 21.3 23.7

10%
PERIl 13.5 10.8 7.2 12.0 22.6 20.1 19.2 21.5
Cloncurry 11.6 11.4 9.1 12.2 20.8 21.2 20.3 21.4
Innlsfall 12.5 11.5 10.9 14.0 22.5 22.3 22.9 24.0

FItS Nylon
1%

PERIl 24.0 24.5 25.3 22.8
Cloncurr y 22.2 21.4 34.8 27.7
Inn ls fa l l 22.8 17.3 18.1 26.4

101
PERIl 22.8 18.4 13.7 20.4
Cloncurry 18.6 18.9 14.6 20.4
Innisfal l 20.4 19.0 11.9 23.2

Cotton
lx

PERIl 4.4 3.0 1.6 3.9
Cloncurry 4.5 4.0 3.? 4.4
InnIsfal l 4.3 4.4 3.8 4.0

10%
PERIl 4.3 3.0 0.5 3.5
Cloncurry 4.4 4.3 3.5 3.9
Inn ls fa l l 3.9 3.9 4.4 4?

_____ 

(b) (I)

L~ 1% Natural Neops-sn. PU CSPE Nat ural Nsoprsns CSPE
PER Il 14.2 13.6 16.4 13.5 24.1 22.1 21.?

• Cloncurry 13. 3 12.3 12.4 13.6 26.2 21.5 22.9
Innisfal l 13.5 14.2 13.5 13.0 21.2 23.1 23.0

10%
PERIl 13.5 13.4 16.3 13.1 18.8 21.7 22.0
Cloncurry 11.6 12.9 11.1 13.0 18.0 22.5 22.2
Innlafall 12.5 12.9 18.1 14.5 21.1 24.9 23.6

t
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Table 5 (concluded)

Factor IsysI sit (b)

FL~1 Nylon Natural • hopr.n. PU CSPE
ii

PERIl 24.0 22.5 28.~ 23.2
Cloncurry 22.2 20.4 21.0 23.3
InnIsfal l 22.8 24.5 23.2 22.0

10%
PERIl 22.8 21.4 28.4 22.6
Cloncurry 18.6 21.4 18.6 22.4
Innlsfal l 20.4 21.6 32.4 25.3

Cotton

1%
PERIl 4.4 4.7 4.1 3.7
Cloncurry 4.5 4.0 3.? 3.9
Innlsfal l 4.3 3.9 3.8 4.0

10%
PERIl 4.3 4.5 4.1 3.7
Cloncurr y 4.4 4.3 3.6 3.?
Inn ls fa ll 4.4 4.3 4.0 3.?

sit (i)
RU.S 3 .onths 1% Natural N.opr.ne CSPE

PERIl 24.0 22.5 23.2
Cloncurry 22.2 20.4 23. 3
Innlsfal l 22.8 24.5 22.0

10%
PERIl 22.8 22.4 22.6
Cloncurry 18.6 21.4 22.4
Innisfall 20.4 21.6 25.3

6 .ontha 1%
PERIl 24.5 22.6 22.4
Cloncurry 21.4 21.6 24.5
Innlafal l 17.3 23.2 23.?

10%
PERIl 18.4 21.2 20.6
Cloncurry 18 3 23.5 21.2
Innlsfal l 19.0 25.1 22.8

12 aonths 1%
PERIl 25.3 23.2 19.6
Cloncurry 34.8 21.1 20.7
Innlsfall 18.1 22.9 22.9

10%
PERIl 13.? 22.4 21.6
Cloncurry 14.6 23.3 22.9
Inntsfall 17.9 27.5 23.3

6S .onths 1%
PERIl 22.8 20.2 21,4
Cloncusry 2?.? 22.9 22.8
Innlsfal l 26.4 21.6 23.2

20.4 20.0 23.2
Clonc.rry 20.4 21.1 22.1
hsnlsfsl) 23.2 25.4 23.3_- 

(
~)5
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I Effec: Source 

BETWEEN MEANS , N , REQUIRE D AT 99 .9% PROBABILITY 
-
•

(a) (b) (c) Cd) Ce) Ct) (g~ (h) (1)

F Overall 1.9 0.8 0.6 1.0 0.5 0.8 1.2 0.8

T R Nylon 6.7 2.4 1.8 1.6 2.4 3.5 2.4 1.1
R Cotton 0.7 0.2 0.1 0.2 0.2 0.2 0.2

( R Overall 2.6 1.1 0.9 0.7 1.1 1.7 I I
FR Overall 5.4 2.3 1.7 1.5 2.2 3.2 2.2
T Nylon 4 .7 1.8 1.6 3.0 4.3 2.8 1.3
T Cotton 0.5 0.1 6.3 0.2 0.3 0.3 0.3
T Overall 1.9 0.9 1.5 0.7 1.3 2.0 1.4
PT Overall 3.8 I .?  2.9 1.5 2.6 4.0 2.6
L Nylon 1.7 1.2 0.9
L Cotton 0.1 0.2 0.2
L Overall 0.8 1.0 0.5
FL Overall 1.6 2.1 1.0
$ Nylon 2 .1 1.6 1.1
S Cotton 0.1 0.1 0.2
S Overall 1.0 0.8 1.3
VS Overall 2.0 1.5 2.5
RT Nylon 13.3 5.2 4.6 8.4 17.1 8.0 3.2
Itt Cotton 1.4 - 0.4 0.6 0.8 0.8 0.9
rr Overall 5.4 2.5 2. 1 3.6 5.6 3.7

Overall 10.7 4.8 4.0 7.3 11.3 7.6
EL Nylon 4.8 3.3 2.3
EL Cotton 0.3 0.4
RI. Overall 2.3 1.5
FRL Overall 4.5 2.8
ES Nylon 5.9 4.5 2.8
ES Cotton 0.4 0.3
ES Overall 2.7 2 .1

• YES Overall 5.5 4.2
It Nylon 3.3 2.7
TI. Cotton 0.6 0.4
it Overall 2.9 1.5
FTL Overall 5.9 2.8
IS Nylon 4.5 3.2
IS Cotton 0.3 0.7
IS Overall 2. 1 3.1
ITS Overall 4 .2 7.2
LB Nylon 4.1 2.3
LB Cotton 0.3 0.3
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