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Long term durability of PVA reinforcing
fibres in a cement matrix

S A. S Akers* J B. Studinka®, P. Meier*, M. G. Dobbt, D. J. Johnsont
and J. Hikasat

Synopsis The long term durability of PVA (polyvinyl alcohol) fibres used as reinforcement in cement-based
products has been assessed after exposure of the products to natural weathering and an accelerated ageing
process. The PVA fibres were extracted, then characterised by X-ray diffraction techniques. The mechanical
properties of the extracted fibres were compared with the mechanical properties of the composite. In general
an increase in composite strength and stiffness was evident; this may in part be associated with carbonation
of the matrix and increase in the PVA fibre-matrix interfacial bond.

X-ray diffraction studies on the extracted PVA fibres indicated in some cases a loss of crystalline order
with age (natural weathering) related to a disordering of the hydrogen-bonded sheets. The possible changes
are minor and have no influence on the tensile properties of the PVA fibres or the ageing properties of the
composites.

It is suggested that PVA fibres which participate in the reinforcement of the cement matrix are durable
over a period of at least 7 years, and there is every reason to believe that these fibres will continue to be
durable for extended pericds.

Keywords Fibre cement composites, durability, synthetic fibres, polyvinyl alcohol fibres, tensile strength,
X-ray diffraction, ageing, weathering tests, accelerated tests, cement composites, flexural strength, elastic

May 719839

modulus.

INTRODUCTION
During the past decade, many innovative programmes
have been established to find suitable replacements for
asbestos fibres in ashestos cement products. The basic
requirements for the mechanical properties of a reinfor-
cing fibre for a brittle material such as cement are high
elastic modulus, high tensile strength, and a low
elongation to break. The fibres must also be stable in a
highly alkaline envirenment, have good affinity for the
cement matrix, and have good dispersion properties in
an aguecus cement siurry.

The criteria used to judge the suitability of the
alternative fibres can be complex, since they involve both
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short term and long term properties of the newly
developed fibre cement composites. Concerning the
assessment of the short term properties, the products
are normally evaluated according to their function, and
minimal standards are set 10 ensure adeguate perfor-
mance according to application. Of equal importance is
the requirement that the product performs satisfactorily
inservice. The long term durability aspects of the product
can be difficult to predict and require a cocmplete
understanding of the changes which take place mn the
various components with age. The compaosites studied
here comprise: two fibre types, PVA (polyvinyl alcohol)
and cellulose, a cement-based matrix, and some type of
coating; the pores within the system must aiso be taken
into consideration. The long term behaviour of each
component must be investigated, both separately and
together, as well as their interactive participation, in
order to predict the service life of the product. This paper
concerns the structural changes which could take place
in the PVA fibres during natural and accelerated ageing,
the development of mechanical preperties in the compao-
site and the changes in the properties of the PVA fibres.
In a separate paper the cellulose component of this
composite has been discussed [1].
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EXPERIMENTAL PROGRAMME

Products investigated
Various fibre cement composites were manufactured on
a full scale production Hatschek machine. The compe-
sites all contained chopped PVA fibres and fibrous
cellulose pulp with portland cement as the matrix
material.

The specimens examined consisted of:

fa) A non-aged composite together with extracted
fibres.

(b} Naturally weathered composites exposed for
periods of 7, B, 4 and 3 years respectively in
Switzerland, depending on the year of manufacture;
extracted fibres from these composites.

{c)  Accelerated aged products exposed to a test pro-
gramme for periads of 2, 4 and 6 months; extracted
fibres from these composites. The accelerated
ageing test method is described elsewhere {1].

{d} Virgin fibres non-aged and accelerated aged.

Extraction of PVA fibres from the composite

The PVA extraction procedure was developed speci-
fically to prevent physical and chemical damage. Cement
was removed by treatment with a 10% HCl solution for 6
minutes followed by washing in running water. The
cellulose component was removed by treatment with
cuprammonium hydroxide for 10-15 minutes followed
by washing and drying. A feasibility study {2] using X-ray
diffraction analysis showed that there was no significant
structural change to PVA fibres after such a treatment.

Mechanical property tests on the compeosite and
fibres

In order to monitor possibie changes in mechanical
properties of the composites, flexural strength, E-modu-
lus and density data were determined using standard
test methods. For single fibre iensile testing, single
fibres were glued across 1 mm gaps cut with a special
punch in graph paper strips. The fibres were then
conditicned for 24h at 20°C and 65% RH. The instru-
ment used to test the fibres was a Fafegraph T-Tex-
techno. The rate of extension was set at 0.6 mm/min;
the breaking loads were then calculated from traces for
at least 100 individual fibres from each sample.

SEM examination of PVA fibres

Scanning Electron Microscope (SEM) examinations of
gold-coated extracted fibres were carried out in a Cam-
bridge 150B Stereoscan cperated at an accelerating
potential of 20kV. In this way it was possible to identify
morphological changes and the presence of con-
tamination.

X-ray diffraction studies of PVA fibres

X-ray diffraction traces were recorded on a horizontal-
circle diffractometer driven by a stepping motor under
programme control from a local microprocessoer. The
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fibres were mounted in a vertical circle device running
continuously to randomise the X-ray scatter. Data was
collected under software controb and stored on a 10
Mbyte hard disk; it was later transferred to the Amdahl
mainframe computer for normalisaticn and peak resolu-
tion following methods described previously {3}

The nature of the PVA diffraction pattern (see Figure
3a), with closely overlapping 101 and 101 peaks,
together with very weak 100 and 001 peaks, made
profile resolution exceptionally difficult. When two peaks
overlap closely it is not possible to suggest that a unigue
mathematical fit has been obtained in any resolution;
consequently, only the 200 peak could be determined
with accuracy, and this peak has been used throughout
as a possible indicator of crystallographic change in the
fibres.

Accelerated ageing tests on PVA fibres

A saturated cement slurry was prepared by stirring 0.2 kg
of portland cement in 1 litre of water in a plastic bottle for
12 hours. The cement was filtered off and the liquid {pH
12.5) used for the ageing tests. Approximately 50 fibres
each of 100 mm length were immersed in the cement
liguid and the samples were kept in a sealed plastic bottle
at 80°C for 1 week. The samples were then transferred
to an oven {dry air at 80°C) for one week. The cycle was
repeated for a period of 2 months. Before measuring the
fibre properties the fibres were cleaned in 0.1 N HCI for
15 minutes at recom temperature, rinsed with distilled
water for 30 minutes, and stored for 3 days at 20°C and
85% RH. The tensile properties were then measured.

CHARACTERISATION OF THE HIGH MODULUS PVA
FIBRES

The PVA fibres used in the fibre cement composites
described in this paper have unique properties such as
non-fusibility at elevated temperatures, good affinity to
water and high degree of crystallinity. These properties
depend on the polymer structure and the presence of
hydroxyl groups.

The hydroxyt groups of PVA, according 1o Bunn's
crystallographic model [4] are randomly arranged in ieft-
and right-hand positions along the polymer chains.

The dimensions of the unit cell of PVA were
calculated by many authors from X-ray diffraction pat
terns. The dimensions proposed by Bunn are as follows:

Unit cell: monoclinic system, a = 0.781nm,
b=0262nm,¢c=055Tnm, g =91°42

The unit cells proposed by other authors are all
monoclinic, and the dimensions are approximately the
same, The b axis projection of the molecular chains on
the {ac) plane in Bunn's model is represented in Figure 1.

As the intermolecular attraction is strengthened
because of the hydregen bond formation between two
hydroxyl groups of neighbouring chains, erystallisation
occurs easily during manufacture and crystallites are
oriented in the direction of the fibre axis. The PVA fibres
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Figure 1 Bunn’s madel (b-axis projection)

used for this investigation have dimensions, length =
Bmm and diameter = 14 pm and mechanical properties
as foliows:

1534 N/mm? (12.0%)
36573 N/mm? (22.6%)
7.4% { 0.8%)

The figures in brackets represent the variation
coefficient. The major criteria for assessing ageing in
PVA fibres were:

{a) The observation of possible damage; for example
fibrillation or kinking using the SEM.

{b) Possible changes in the crystaliographic structure
using X-ray diffraction analysis.

{c)  Apossible decreassin tensile strength using special
tensile testing equipment.

Tenacity {Tensile strength)
Initial modulus
Elongation at break

TEST RESULTS

Influence of composite production processing on
PVA fibres
During the production processing of fibre cement pro-
ducts on the Hatschek prccess, the PVA fibres are
" subjected to a highly alkaline environment. Also at the
curing stage after production the temperature of the
finished product can rise to 80°C for several hours. In
order to ensure that these conditions did not have any
adverse influence on the fibre properties a simple test
was developed. This test involved the treatment of the
fibres at different temperatures in a cement slurry for 24
hours. The results given in Table 1 indicate that for
temperatures from 40°C 10 80°C no significant change in
the tensile properties took place. It may therefore be

assumed that any temperature increases and high
alkalinity which may be present during the production
process would not influence the properties of the PVA
fibres 1o any extent.

Mechanical damage occurring during the production
process, however, may not necessarily be neglected. As
pointed out later, 'kinking” of the fibres may take place
during the production stage and this could fead to a drop
in the measured tensile strength of the fibre. Scanning
eleciron microscope observation of fibres extracted
from the products do occasicnally show evidence of
abrupt kinking (Figure 2a). The fibres are continuous with
little indication of gross deformation or damage in the
way of fibrillation. Compared with the virgin fibre (Figure
70 there is evidence of small amounts of adhering
particulate material on the extracted fibres.

Figure 2(a) SEM micrograph of extracted aged PVA fibres

Figure 2(b} SEM micrograph of a virgin fibre

ol
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Figure 3

{a) X-ray diffraction traces
of virgin; (b} accelerated
aged fibres Tm; {c]
accelerated aged fibres 2m
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Accelerated ageing tests on virgin PVA fibres

This test may be regarded as a rather extreme
accelerated ageing testinvolving elevated temperatures,
high alkalinity oxidation and wet/dry cycling.

Tensile properties The results given in Table 2 indi-
cate that for ageing times of 1 month the fibre properties
are only slightly affected by this treatment, whereas,
after 2 months’ accelerated ageing. a substantial
decrease in the tensile strength can be observed. For a

o2

direct comparison with results presented later in this
paper, the ageing test was repeated using 100mm
length PVA staple fibres under identical conditions. The
results presented in Table 3 confirm basically the
findings obtained with the long PVA fibres. It should be
apprecialed that the test results presented later, deal
with 6mm fibres extracted from the products after
ageing. Therefore the influence of gauge length on the
tensile test results had to be clarified for comparative
purposes,
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X-ray diffraction analysis The resolved diffraction
trace for a typical fibre is given in Figure 3a. The
parameters for height A, width W, corrected position P,
together with the crystallite size L and ratio of the 20C to
101 + 107 areas R are given in Table 4. Each figure
(Figures 3 to 5} shows the normalised diffraction trace,

Table 1 Influence of temperature on fibre properties

Fibre properties Tensile Elongation
{tested at 20°C and strength at break
RH of 656%]) Nfmm? %o
Temperature of cement
slurry in °C
Control 20° 1612 (10.6%}* 7.5 {0 6%:
40° 1560 (8.4%) 8.5 (0.8%)
60° 1547 {13.6%) 8.51(1.1%)
80° 1484 {16 7%} 83(1.1%)
* 04 seatter in results n = 50 variation coelficient
Tzbie 2 Influence of ageing on fibre properties
Tensilet Elongationt
strength at break
Ageing time Nimmy? %
Control 1660 (8.4%)" 7.3 {0.2%}
7 days 1402 {15.0%) 8.7 {0.68%)
14 days 1483 {6.1%)]) 7 6{0.4%)
30 days 1362 {9.6%) 7.8 (0.3%}
B0 days 1021 (1.3%) 7.110.4%)

the best-fit mathematically resolved peaks, the best-fit
envelope of the resolved peaks, and the background
above which the best fit is made. it must be noted that
the 200 peak arises from the planes normal to the planes
containing the hydrogen-bonded molecular chains. Since
the 200 peak is the only peak resolved to high accuracy,
only the d-spacing for this peak is given. The 200
d-spacing may be compared with the value of 0.380nm
given by the Bunn unit cell.

By comparison, the accelerated-aged virgin fibres,
(Figures 3b and 3¢} show very little change from normal
virgin fibres (Figure 3a) and have similar parameters (see
Table 4), particularly the ratio of peak area R {around
0.40). It may pe concluded that there is no significant
change in the crystal structure of PVA virgin fibres
subiected to the accelerated ageing tests in a cement
slurry for periods of 1 and 2 montins.

X-ray diffraction studies on extracted PVA fibres
extracted from the composite

Naturally weathered products Resolved X-ray dif-
fraction traces from rotated PVA fibres extracied from
naturally weathered products are lilustrated in Figures 4a

Table 3 Influence of ageing on fibre properties

Tensilet
sirength
Ageing time N/mm?
Control 1690 (17.0%)*
30 days 1794 (19.0%)
60 days 1607 {21.7%)

* 04 scalter in resuits n = 50 variation coefficient
t gauge length 80mm

* o4 seatter in results n = 50 variation coefficient
t gauge length 1Tmm
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Intensity

Figure 4

Resolved X-ray traces of
various natural weathered
products

22 4 26 28
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{a} Product A aged 7 years

Intensity

2 24 26 8
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(b} Product B aged 6 years

to 4d, with the parameters given in Table 5. Product A
was somewhat difficult to resolve, requiring an additional
peak (not included in Table 5) to achisve & good fit. The
200 peak has a relatively large amplitude and is broad
compared to the 200 peaks in virgin fibres, indeed the
peak area ratio R is 0.73 compared to 0.43 for a typical
virgin fibre. However, repeated experiments on the
extracted fibres from the same product gave R values of
0.54 and G.43.

o4

There is no significant change in the crystallite sizes
measured from the 101 and 107 profiles, despite the
change in proportions of scatter with respect to the 200
peak. It may be concluded that some crystallites remain
unaffected by the ageing process whereas others
become disordered into effectively separate sheets of
hydrogen-bonded chains. Product B (8 years aged) and
oroduct C (4 years aged) have high peak area ratios of
0.63 and 0.60 respectively. it would seem that there is a
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{c) Product C aged 4 years
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{d) Product D aged 3 years

good indication of change due to natural weathering in
these three samples, with the sheets of hydrogen
bonded chains becoming somewhat disordered with
time. Because the 200 peaks are broadened, no import-
ance can be attached 1o the measured d spacings.
Product D (3 vears aged) shows no significant
change from the virgin fibres with a sharper 200 peak
than products A and C and with an R value of 0.44.

Accelerated aged product Figures 5a to 5d illustrate
the X-ray diffraction traces from rotated specimens of
PVA fibres from Product E in the non-aged and
accelerated aged states after 2, 4 and 6 montns. The
resolved peak parameters are given in Table 6. The most
noticeable change is the surprising increase in the heignt
of the 200 peak after 2 months ageing; this s followed by
areduction after 4 months and 6 months ageing. Thereis
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no significant change in crystallite size or in the 200
d-spacing despite the variation in height. The changes in
the ratio of the 200 profile to the combined 101 and 101
profiles are given in Table 6. The value of R for the 2
months aged sample (0.85) is higher than that for the
longest naturally aged specimen, but after 4 months the
value of R (0.40 and 0.45 respectively) is no different
from the virgin sample. A repeat experiment with a
similar product gave values of 0.98 and 0.4b for the 2
month accelerated aged specimens.

Tensile properties of extracted PVA fibres from the
composites

The results of the tensiie tests on various virgin PVA
fibres and fibres extracted from naturally aged and
accelerated aged products are given in Table 7. From the
data obtained with 1mm gauge length specimens it is
clear that the extracted fibres are appreciably weaker
than the virgin fibres, although there appears to be no
significant  difference between the sirengths of
extracted fibres subjected to different ageing periods.
Also there is no significant difference between the fibre
tensile strengths of the non-aged and aged products. The
significant difference between the extracted fibres and
virgin fibres may however be related to the production
processing technigues used in the Hatschek process as
indicated in the results given in Table 7. The products
manufactured for this study were processed according
to the ‘old’ preparation technigue and recently the
producticn process has been modified.

Composite property development with age

The development of the mechanical properties and
density of the products exposed to natural weathering
and accelerated ageing tests are presented in Table 8.
The general trend in all products exposed to natural
weathering was an increase in flexural strength, E-modu-
lus and density with age. Similar trends were found with
the accelerated aged product with one exception
however and that was the 2 month exposure period. This
phenomenon cannot be explained at this stage in time,
however, a repeat experiment on a similar product gave a
value of 22.9 N/mm? indicating that no decrease in
flexural strength had occurred.

DISCUSSION OF TEST RESULTS

The aim of the studies described in this paper was t¢
investigate the durabiiity of the PVA fibres used to
reinforce cement-hased composites. It has been pointed
out that during the production of the products, tem-
peratures of up to 80°C, which could be achieved at the
curing stage in the stack, and the high alkalinity of the
cement do not in any way have an adverse effect on the
PVA fibres. However, mechanical damage may occur
during the production processing if certain precautions
are not taken. ft was found that production technigues
used during the early stages of the development of
asbestos-free products resulted in a kinking of the PVA
fibres which caused a localised weakness within the
ficre. This would not be revealed by X-ray diffraction
analysis which effectively averages many fibres.

Table 4 Peak parameters for virgin PVA-fibres and accelerated aged fibres

Peak (hkl)
Sample Parameter 100 001 101 101 200
Virgin A 2.04 1.10 23.06 18.40 11.84
PVA fibre p 10.97 16.44 19.43 19.88 22.19
non-aged W 1.13 212 1.31 1.28 2.15
L 7.1 4.1 57 6.3 3.6
d - - - - 0.400
R 0.43
Accelerated A 1.81 1.24 17.63 19.40 10.85
aged P 1103 16.54 19.45 20.09 22.60
1 month W 0.83 1.77 1.00 1.15 1.65
L 10.5 4.84 7.09 6.32 4.7
d - - - - 0.393
R 0.41
Accelerated A 1.31 1.02 18.46 18.85 10.43
aged P 1095 16.32 19.43 20.04 22.60
2 month W 0.97 0.97 117 1.20 1.69
L 804 8.08 6.20 6.03 483
d - - - - 0.393
R 037

A, Amplitude {electron units); P, Corrected position (two theta); W, Width (theta); L, Crystallite
size from W (nm); ¢, Interplanar spacing inm}; R, Ratio of areas 200/101 + 101
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Table 5 Peak parameters for naturally aged PVA fibres extracted from the composite

Peak (hki)

Sample Parameter 100 001 101 101 260

Product A A 0.62 1.00 10.16 836 10.00
P 11.14 16.65 16.63 2017 22.67

(7 yrs) W 0.93 1.96 141 171 2.45
L 8.5 4.4 572 4.6 3.6
g - . - 0.392
R 0.73

Product B A 0.05 1.32 15.09 10.34 8.34
P 11.16 17.29 19.61 20.31 22.67

(6 yrs) W 077 2.49 128 1.18 2.99
L 11.4 3.64 576 743 3.23
d - — - - 0.392
R 0863

Product C A 1.29 0.96 13.86 12.10 7.77
p 11.19 17.08 19.41 20.07 2247

{4 yrs} W 070 2.31 1.11 1.13 2.85%
L 12.6 383 5.43 717 3.2%
d - - — -~ 0.396
R 0.60

Product D A 1.06 134 20.08 12.08 8.79
P 11.08 17.47 19.59 20.49 22.52

{3 yrs) W 1.00 2.54 1.31 085 2.02
L 85 3.8 6.1 8.2 4.1
g : - - 0.395
R 0.44

Table 6 Peak parameters for accelerated aged PVA fibres extracted from the composites

Peak (hkl)

Sample Parameter 100 001 107 T 200
Product £ A 213 2.02 22.61 26.83 12.38

P 11.00 16.41 1941 2012 22.57
non-aged W 1.29 1.10 1.04 1.14 1.79

L 6.9 7.4 8.2 7.1 4.8

d - . - 0.394

R 0.35

A 1.98 1.06 2174 272.86 23.33

P 10.98 16.32 19.486 20.08 22.58
aged 2 months W 1.15 1.95 1.24 1.43 1.83

L 8.0 45 6.8 5.6 4.6

d - - 0.394

R 0.85

A 1.42 1.0 15.66 14.53 8.48

P 1099 16.56 19.42 2010 22.54
‘aged 4 months W 1.21 2.03 1.13 111 1.77

L 70 4.3 6.3 68 4.5

d 0.395

R 0.40

A 1.65 1.49 20.99 16.96 11.62

P 11.06 16.54 19 49 2014 2257
aged 6 months W 140 1.86 114 110 1.81

L 6.7 4.6 6.3 6.5 4.4

d : - - : 0.394

R 0.45
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Figure 5
Resolved X-ray traces of
Product E products. Non
> aged {a) and accelerated
- aged (b} aged 2m, {c} aged
P 4m and {d) aged 6m
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However, because of the nature of the tensile teston the
single fibres, the fibres will naturally break at their
weakest point resulting in lower tensile strengths than
the undamaged virgin fibres and fibres prepared accora-
ing to the modified production processing used today in
the industry.

ft may in tumn be argued that the kinking of the fibres
could adversely influence the composite properties. [tis
suggested however, that this is less likely as the fibres
are completely embedded in the cement matrix and the
probability of the fibre breaking exactly at the “kink” when
subjected to a flexural test is very remote.

In order to assess the durability aspects of the PVA
fibres accelerated ageing tests on the single fibres and
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composites were conducted and compared with ageing
of composites in natural weathering. The accelerated
ageing tests on single fibres indicated no significant
change in tensile properties or crystal structure over a
period of 2 months. This test is regarded as rather a
severe test and the positive results obtained from the
tests provided the first evidence that the fibre should be
durable.

X-ray diffraction studies conducted on extracted
fibres from naturally aged products and accelerated aged
products showed evidence of a change in the crystal
structure of the fibres suggesting that sheets of hydro-
gen bonded chains become disordered with age.
However, it should be pointed out that in some repeat
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_experiments on the same or similar products no
difference could be detected between the aged and
non-aged products. There appeared to be a large scatter
in test results obtained from extracted fibres. As this was
not the case for tests conducted on virgin fibres it is
suggested that there could be localised patches within
the praducts where fibres do undergo changes.
Although there appear 10 be minor changes in
crystal structure taking place during ageing this has no
influence on the tensile properties of the extracted
fibres. Furthermore, the mechanical property develop-

ment of the compaosite with age does not suggest any
negative change in PVA fibres which would adversely
influence the behaviour of the product during
weathering.

it shouid be pointed out that the absolute values
given for flexural strength in Table 8 indicate a very
significant increase for product A whereas for product B
rather insignificant changes occur. This may be related to
various matrix additives which varied from product to
product depending on the stage of the asbestos-free
development programme.
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Table 7 Tensile properties {breaking load in kN) of single
PVA fibres extracted from products (compared
with virgin fibres)

Virgin fibres 258 £ 4.4kN
Extracted fibres from products
{old preparation technigue)
non-aged {Product £} 14.3 £ 4.4kN
natural weathering
7 years (Product A} 15.9 + 3.7kN
6 years (Product B} 9.9 £ 2.8kN
4 years (Product C} 11.9 & 4.3kN
3 years (Product D} 127 £ B.BkN
accelerated aged (Product E)
2 months 13.7 £ 4GkN
4 months 10.1 £ 2.8kN
6 months 12.0 £ 4.3kN
Extracted fibres from 'green’ sheets
old preparation technique™ 16.8 £ 3.1kN
{Hatschek)
new preparation technigue™ 23.8 £ 5.0kN
{Hatschek)
n =50

* = standard deviations
* the old and new preparation technigues referred to are

confidential to the industry and therefore are not elaborated on

CONCLUSIONS

1. ThePVAfibres studied are resistant to high alkalinity,
temperatures up to 80°C and show no indication of
mechanical damage such as fibrillation or kinking when
the modern Hatschek processing technigue is used.

2. Accelerated ageing tests conducted over a peried of
2 months on the PVA fibres show some evidence of
deterioration in tensile properties but no changes in
crystal structure.

3. Xray diffraction studies reveal in certain cases a
reduction in overall scatier with age of fibres extracted
from naturally aged products, compared with non-aged
material. This is probably due to a disordering of the
hydrogen-bonded sheets.

4, This disorder was also revealed in a product exposed
to accelerated ageing tests for two months. Variations in
test results may be related to localised changes within
the product.

5. Although there might be minor changes (according
to X-ray diffraction analysis) in the PVA fibres in some
cases with age, these do not appear to influence the
tensile properties of the individual fibres.

Table 8 Development of the mechanical properties and density of the fibre—cement

composite with age

Natural weathering in Switzerland

Flexural strength

development E-medulus Density
Period (tested wet) development development
Manulacture of N/mm? kN/mm? kg/m?
Product date exposure non-aged aged non-aged aged non-aged aged
A 1979 7 years 17.3 27.4 111 12.5 1610 1660
£1.6% +1.3 +1.2 +1.8 +10 =10
B 1980 6 years 13.2 147 8.7 16.2 1720 1770
£10 +0.6 +15 +1.7 +10 +50
C 1982 4 years 181 19.8 15.3 20.6 1870 1930
11 +0.8 +2.7 +0186 +10 =10
D 1983 3 years 18.2 206 16.5 19.8 1820 1830
=07 *1.3 +1.3 +1.2 +10 +20
Accelerated aged {laboratory environment)
Product E Fiexural strength
exposure {tested wet) E-modulus Density
period Nimm? kNimm? kg
Non-aged 228 171 1830
+£1.5 *1.7 +10
Z months 18.3{22.9) repeat 17.9 1830
09 test +1.3 =10
4 moiths 231 20.8 1870
+2.1 +0.6 +10
6 months 23.9 21.0 1870
+1.8 +0.8 +20

#

standard deviaticn
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6. Flexural strength of the products increase with age;
this is partly associated with matrix carbonation and an
increase in nterfacial {fibre/matrix) bond with age.

7. It appears from the composite and single fibre
properties presented in this paper that the PVA fibres are
adequately durable over a period of 7 years natural
weathering and there is every reason 1o believe that this
should not significantly change over extended periods of
ime.

REFERENCES

1 Akers, S.A. S and Studinka, J. B., "Ageing behaviour
of cellulose cement filbre composites in natural
weathering and accelerated tests’. International

Journal of Cement Composites and Lightweight
Concrete, Vol. 11, No. 2, May 1889, pp. 83-7.
Johnson, D. J. and Dobb, M. G., 'Feasibility study on
PVA fibres from cement-based composites’, Internal
Report from a ioint project, University of Leeds and
Ametex AG, 24th June 1986.

Hindeleh, A. M., Johnson, D.J. and Montague, P. £,
‘Computational methods for profile resolution and
cyrstallite size evaluation in fibrous polymers’,
American Chemical Society Symposium Series No.
141, {eds A. D. French and K. H. Gardner), American
Chemical Society, 1980, pp. 149-82.

Bunn, C. W. and Peiser, H. 5., "Crystal Structure of
PVA fibres’, Nature, Vol 181, No. 403, February
1948, pp. 929--30.

97



