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SUMMARY

The report describes the effect of long term weathering on

polysulphone. Both unpigmented samples and samples containing

carbon black were exposed for up to 4 years at two tropical and

one temperate site. Visual appearance, weight, tensile and

flexural strength and electrical properties were recorded and

used to monitor the effects of weathering on polysulphone.

Unpigmented samples were found to embrittle rapidly while

carbon black filled samples showed no loss of flexural strength

and losses of ductility smaller than those observed with the

natural material.
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1 INTRODUCTION

The aims of this trial were to determine the extent to which certain

mechanical and electrical properties of moulded polysulphone were retained

on weathering. Polysulphone has been introduced as a transparent

engineering thermoplastic having good high temperature performance,

exceptional resistance to creep, and high toughness and rigidity. However,

little information is available concerning the effect of long term

weathering on these properties.

One grade of material was investigated with and without the addition

of carbon black. Both unpigmented and carbon black filled specimens were

exposed for periods of up to four years at two tropical sites in Australia

and at one temperate site in the United Kingdom.

Specimens stored in the dark under controlled laboratory conditions

at Innisfail, Australia and Waltham Abbey, UK, were tested at each

withdrawal.

Details of the trial are given in the schedule (Appendix i).

2 EXPERIMENTAL

2.1 Materials

The polysulphone used was "Udel" P1700 a product of Union Carbide.

This was purchased in the natural and carbon black pigmented state

( . pph).

2.2 Specimens

Four types of mouldings were produced, all nominally 3.2 mm thick,

under conditions recommended by the material suppliers.

a Tensile specimens: Dumb-bells (Bs 2782, 301.11).

b Flexural specimens: 102 mm x 12.7 mm rectangular bars.

c Weight and dimensional change specimens: 102 mm diameter discs.

d Electrical properties specimens: 50.8 mm diameter discs.



2.3 Exposure

2.3.1 Temperate

The site is at the Propellants, Explosives and Rocket Motor Establishment
(PERME), Waltham Abbey loW 510 N) in Southern England and is semi-rural in
character. Specimens were mounted in wooden frames facing south and at 450

to the horizontal.

2.3.2 Hot/Wet (Clearing)

The hot/wet cleared site is situated at the Joint Tropical Research

Unit (now JTTRE), Innisfail, Australia (146 0E 170S). The site comprises
2

an area of some 3500 m jungle clearing, sloping down towards north and

clear of trees so that specimens are exposed to the full effects of the
sun, wind and rain in addition to the heat and humidity characteristic of

the forest itself. The ground cover consists of grass which is regularly

cut. Spenimens were mounted in light alloy frames inclined at 450 to the

horizontal facing north. Meteorological instruments are mounted within the

cleared area.

2.3.3 Hot/Dry (Desert)

This is situated at Cloncurry about 400 miles SW of Innisfail

(140E, 210S) and comprises 18000 m2 enclosed by a fence on level ground

at the edge of a small airfield. Specimens are exposed to intense

sunlight, long periods of low relative humidity, sparse rainfall and

abrasion by windblown sand. The meteorological instruments are mounted

about 1 km to the south without intervening obstructions. Specimens were

mounted as in 2.3.2.

2.4 Control Specimens

Sets of control specimens were stored in conditioned rooms at JTRU

and at PERME for testing at the beginning and end of the trial and at each

withdrawal.

2.5 Conditioning of SDecimens before Laboratory Testing

Specimens were conditioned for 28 days at 20 + 20C and 65 + 2% Relative

Humidity prior to testing.
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2.6 Test Methods

2.6.1 Visual Assessment

=1 Control specimens were maintained in the dark under conditions as

in 2.5. At each withdrawal changes in appearance of exposed specimens

were classified as chalking, cracking, crazing, erosion, dirt collection

and colour, using a scale of increasing severity of 0 to 3.

2.6.2 Weight Changes

Conditioned specimens were weighed to the nearest mg before exposure.

Weights were approximately 32 g. On withdrawal, loosely adherent matter

was removed with a camel-hair brush and more strongly adherent matter

(generally from areas shaded by the mounting channels) was wiped off

with a soft tissue. Specimens were then conditioned and reweighed.

Changes in weight were calculated as percentages of the original

weight.

2.6.3 Dimensional Changes

Conditioned specimens were measured to 0.025 mm with vernier

callipers before and after exposure and changes expressed as percentages

of the initial dimensions.

2.6.4 Mechanical Properties

Measurements were generally made on five replicates. Sectional areas

were determined by measuring dimensions to 0.025 mm and testing was

carried out under a controlled atmosphere as in 2.5. Details of the test

methods are given in Appendix 2.

3 RESULTS

3.1 Visual Assessment

The changes observed after four years exposure are given in

Table 1.

DJ
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TABLE 1

Appearance after Four Years axosure

Polyuiphne Eposue 1DirtPolysulphone Exposure Colour Chalking Cracking Crazing Pitting Collection
Type Site Cleto

Natural Hot/Wet 3 1 0 3 3 1

Hot/Dry 2 1 0 3 3 0

Temperate 2 2 0 2 1 3
Black Hot/Wet - 3 0 3 3 1

Hot/Dry - 3 0 3 3 1

Temperate - 3 0 0 3 2

Colour change according to BS 2662: 5 = no change, I severe change.

All others: a = none, I = slight, 2 = moderate, 3 = severe.

There was a marked "darkening" of the natural material at all three sites

and also chalking, particularly of the black specimens. Cracking was absent

but crazing and pitting occurred in both types particularly at the tropical

sites. Most dirt collection occurred at the temperate site.

3.2 Weight Changes

These are given in Table 2.

TABLE 2

Weight Changes (% of Original Weight)

Exposure Time Natural Black

in Years Control Hot/Wet Hot/Dry Control Hot/Wet Hot/Dry

0.5 < -0.1 -0.7 J -0.1 <-0.1 -0.6 -0.3
1 -0.1 -1.2 i -. 5 -0.1 -0.9 -0.5

2 -0.1 -2.8 -1.4 -0.1 -1.8 -1.2

4 -0.1 -6.o -3.0 -0.1 -3.3 -2.5

3.3 Mechanical Properties

3.3.1 Tensile Properties

The results of tensile tests are summarised in Tables 3 and 4. Results

are given as mean values. Detailed results are shown in Appendix 3.



Changes in mean values are plotted in Figs 1 to 3.

TAELE 3

Yield Strength and Breaking Strength (MPa)

Exposure TolaProperty Type Time Tropical Ho Temperate Temperate(years) Control t/Wet Hot/Dry Control Exposed

0 65.3 65.3 65.3 73.7 73.7

1 77.6 ) ) 72.8 )

Natural 1 69.9 )Did )Did 74.0 )Did
2no ) yel not )not2 74.3 )ield )Yield 72.7 )yield

4 73.5 ) )72.1I
Yield 7
strength

0 63.7 63.7 63.7 74.4 74.4

1 75.7 75.0 76.0 72.7 73.0
Black 1 75.7 69.7 69.4 73.6 73.6

2 72.5 72.7 73.2 72.8 71.6

4 73.8 73.3 73.9 74.1 71.3

0 50.1 50.1 50.1 50.1 50.1

53.3 58.3 63.9 51.9 65.4

Natural 1 47.6 49.1 50.4 53.0 60.7

2 52.3 48.5 46.3 50.0 51.8

4 50.0 48.1 47.2 52.4 55.9
Breaking
strength strngth0 50.4 50.4 50.4 50.4 50.4

1 51.7 51.1 .50.5 51.1 56.2

Black 1 54.3 j47.8 47.1 49.9 49.9

2 51.3 49.4 49.7 50.1 49.0

4 , 50.4 53.7 50.4 51.6 54.0
__9 i I
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TABLE 4

Yield Strain and Breaking Strain

Exposure TrpclTemperate Temperate
Property Type Time Ctrol Hot/W*et Hot/Dry Control Exposed

(years)

0 7.7 7.7 7.7 7.7 7.7

I1- 5.9 )
Natural 1 5. D )id - ~ Did

255 )no not 6.1 not

2 .5 )notl ~yield 6. yield

Yield strain45. )yed9 )I

0 8.8. 8.8 8.8 8.8 8.8
I

7- - - 5.7 5.8

Black 1 5.9 5.9 5.9 3.0 3.0

2 5.4 5.4 5.1 5.9 61

4 5.2 5.1 5.1 5.0 5.7

0 89 89 89 89 89

1 72 1.4 1.6 50 4.1
Naurl 1 86 2.3 23 9 .
Ntrl 2 - -t.8 1.6 .

Breaking 4 57 2.2 2.1 - 2.4
strain
(per cent) 0 62 62 62 62 62

I60 26 132 1 30 14

Black, 151 43 4289 2

2___ -_ 47 29 1541 17
____________4 34____ 8_____ 13____ 19 40

Necking occurred with many of the specimens, resulting in a wide range

of values of breaking strain being obtained in a large proportion of

tests.
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3.3.2 Flexural Properties

Flexural strength and flexural modulus results are given in Tables 5

and 6. Results are given as mean values. Detailed results are shown in

Appendix 3.

Mean values are plotted in Figs 4 and 5.

TABLE 5

Flexural Strength (MPa)

Exposure
Type Time Tropical Hot/Dry Temperate Temperate

(years) Control Control Exposed

0 94.1 +  94.1 +  94.1 +  94.1 +  94.1'

2975 8I.o 97.7* 93.2+  95.7+

Natural 1 91.6 +  73.4* 78.0* 96.8+  101 +

2 93.5+  70.6 65.4 95.3+  70.9

4 103 74.9 70.9 98.8+  56.3

0 91.0 91.0 91.0 94.6+  94.6+

1 + +
97.9 102 101+  92.1+  90.4 +

Black 1 92.0+  99.4 96.8+  97.8 +  104 +

2 92 .6
+  100+ 97.0+  94.6+  99.0+

103 108 +  104 +  99.7 91.4 +

+Indicates that the specimens did not break, and the figure

represents the mean strength at a deflection of 6.35 mm.

*Indicates that at least one of the specimens did not break.



TABLE 6

Flexural Modulus (GPa)

Exposure Tropical
(ye ieas Cotl Hot/Wet Hot/Dry Temperate TemperateType Ty e  Control Control Exposed

1

2 2.63 2.75 2.80 2.45 2.52

Natural 1 2.46 2.55 2.56 2.61 2.81

2 2.29 2.33 2.34 2.40 2.42

4 2.66 2.69 2.70 2.74 2.80

0
1 2.66 2.69 2.69 2.43 2.42

Black 1 2.42 2.45 2.44 J 2.65 2.70

2 2.34 2.39 2.36 2.39 2.44

4 2.72 2.77 2.67 2.72 2.52

3.4 Electrical Properties

The electrical results presented in Tables 7 to 10 are based entirely on

the second and fourth year withdrawals.

TABE 7

Permittivity at I MHz

T
Type Site 2 Years 4 Years

Natural Hot/Wet 2.95 3.28

Hot/Dry 2.89 3.26

Temperate 2.93 3.23

Natural Tropical 2.91 3.21
Control Temperate 2.91 3.17

Black Hot/Wet 2.97 3.29

Hot/Dry 2.95 3.28

Temperate 2.91 3.22

Black Tropical 2.96 3.25
Control Temperate 2.88 3.23

12
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TABUE 8

Loss Tangent at I Mlz

Type Site 2 Years 4 Years

Natural Hot/Wet 0.0059 0.0081
Hot/Dry 0.0056 0.O86

Temperate 0.0051 0.0070

Natural Tropical 0.0050 0.0067
Control Temperate 0.0045 O.oo6z

Black Hot/Wet 0.0052 0.0071

Hot/Dry 0.0056 0.0074

Temperate 0.0048 0.0064

Black Tropical 0.0053 0.0070
Temperate O.006 0.0062

TABLE 9

Surface Resistivity (Log10 OHMS)

Type Site 2 Years 4 Years

Natural Hot/Wet 15.57 14.29

Hot/Dry 11.54 12.55

Temperate 14.54 15.3

Natural Tropical 15.57 14.21
Control Temperate 13.93 15.3

Black Hot/Wet 15.57 15.00

Hot/Dry 11.73 11.11

Temperate 14.57 15.3

Black Tropical 15.57 13.91

Control Temperate 14.57 j 15.3

13



TABLE 10

Volume Resistivity (Log o-OHM.CM)10 t
iI  I

Type Site 2 Years 4 Years

Natural Hot/Wet 16.10 15.59

Hot/Dry 14.76 15.90

Temperate 12.86 15.7

Natural Tropical 16.io 15.42
Control Temperate 13.05 15.7

Black Hot/Wet 16.11 15.51

I Hot/Dry 14.36 15.82

Temperate 12.90 15.7

Black Tropical 16.1o 16.10
~Control Cno Temperate 13.16 15.7

4 DISCUSSION

4.1 Visual Changes and Weight Measurements

Unpigmented polysulphone darkens in colour to a reddish brown hue inside

6 months at the tropical sites. This change is the result of photolytic

breakdown of the polymer hence the fact that samples at the tropical sites

show change before temperate site specimens. Fortunately the new colour

centres produced filter the damaging solar UV radiation and the rate of

degradation tends to decrease with time of exposure. The surface nature of

the weathering of polysulphone is highlighted by the significant degree of

pitting erosion and dirt collection shown by both the natural and black

materials. The black and natural materials also show severe surface crazing

inside 6 months at the tropical site - a phenomenon also shown by

polycarbonate on weathering. The black polysulphone specimen, in common

with other black pigmented polymers lost lustre and suffered chalking inside

a year's exposure at all sites.

From the weight change measurements which were only made at the tropical

sites it is seen that for both natural and black polysulphone there is a

14



continuous loss in weight over the whole of the 4 year trial. These

weight changes are greater for the natural than for the black material and

for both materials the weight losses observed are more pronounced at the

hot/wet than the hot/dry site.

4.2 Tensile Properties

The strength at yield and the strength at break of the black polysulphone

showed very little difference between the exposed and control specimens at all

three sites. At the tropical sites there was a small overall increase in

strength at yield, which was also seen in the controls, but the temperate

specimens showed virtually no change. Breaking strength was unchanged at all

sites. There is an apparent decrease in yield strain, the extent of which is

difficult to define, due to the large scatter of the initial control results,

caused by isolated high values.

Because necking occurred during many of the tests, elongation at break

results are very scattered and of little practical value. However, after

4 years of tropical exposure embrittlement had occurred, particularly at the

hot/wet site where breaking elongation had decreased to 8% from its original

value of about 60%.

Whereas the yield and tensile strengths of the black polysulphone showed

little significant change during exposure, yield was no longer observed in

the natural material, after only 6 months exposure at all sites, the breaking

elongation having decreased to 4% at the temperate site and less than 2% at

both tropical sites. Clearly the material has become brittle inside 6 months.

On the other hand, the tensile strength increased over the first six months at

all sites. At subsequent withdrawals there was a decrease, but even after

4 years tropical exposure it was no different from the controls. Similar

changes were not observed in the control specimens and it can be inferred

that they are attributable to weathering effects and not to ageing.

Tropical exposure produces a greater loss in ductility than temperate

exposure, but there is little difference between the two tropical sites. The

nature of the small changes found in tensile strength is clarified by

considering the stress/strain curve for an unexposed natural polysulphone

specimen (Fig 6). As the material weathers the original stress/strain curve

is in effect retraced (ABC) but after 6 months the specimen has lost much of

its elongation and its tensile strength is to the left of B but still above

15



its original value C. With further exposure tensile strength is reduced

slightly. It is worth noting that the energy to break the specimen, that is

the area under the curve, is reduced for weathered specimens and indicates

that the impact strength of natural polysulphone will be severely reduced by

weathering.

4.3 Flexural Properties

The flexural strength and flexural modulus values of black specimens

showed little variation between exposed and control specimens in all cases and

relatively little change overall. There is, however, a tendency for all the

black tropical specimens to show a general increase in flexural strength with

time, similar to that obtained for yield strength of the tensile specimens.

On the other hand, the flexural strength of the natural material falls

appreciably at all the exposure sites. It is surprising that the temperate

site shows more degradation in 4 years than either of the tropical sites.

However, flexural properties are to a marked extent dependent on the surface

properties of the material, the nature and condition of which must be changing

continuously. The apparent anomaly may be due to this as also may be the

apparent fluctuations observed in flexural modulus values.

4.4 Electrical Properties

All samples showed increasing permittivity with similar rate of change

over the last two years with little difference between natural and black,

control and exposed conditions. Natural samples exhibited a higher rise in

loss tangent for temperate and tropical conditions than control samples,

whereas for black samples control and exposed showed the same increase.

Hot/dry conditions had a more pronounced effect (lower resistivity) than

other exposed conditions. As regards volume resistivity no distinct

difference between control and exposed samples was observed.

4.5 General

The results of this trial indicate that while natural polysulphone shows

little change in tensile strength as a result of outdoor exposure, it rapidly

became brittle as indicated by the decrease in elongation at break. This

embrittlement together with the observed surface degradation suggest that the

impact resistance of this material would be adversely affected. In

16



comparison black polysulphone shows no loss of flexural strength and less loss

of ductility and would therefore be expected to show a smaller loss of impact

resistance. The results of a recent investigation confirm this. It has been

found that if polysulphone is not pignented with carbon black its impact

resistance falls sharply as a result of outdoor exposure.
2

As part of a programme to evaluate the stability of polysulphone, film of

the unpigmented material has been examined after natural weathering and after

exposure to artificial light. The results of tensile and UV spectra

measurements indicate that the material has a marked sensitivity to solar

UV radiation. Whilst the chemical entities formed have the effect of

reducing the rate of subsequent degradation, a 30 um thick film becomes

extremely brittle after only a few days of temperate exposure. The spectral

sensitivity of the film has been determined by following changes in its UV

spectrum and it has been found that it is only affected by wavelengths below

about 330 nm. Making use of this property, polysulphone film has been used

to monitor solar UV radiation and it is currently being used as a personnel

dosimeter in medical applications.3

5 REPERENCES

1 Davis A, Deane G H W, Diffey B L Nature, 261, 169 (1976)
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APPENDIX 1

Trial Schedule

Subject: Plastics - Polysulphone.

1 Sponsor: Joint Services Research & Development Committee on

Plastics.

Manufacturers: Granules from Union Carbide. Mouldings by PmME

Waltham Abbey.

2 Purpose of Trial: To study the rates of degradation as shown by changes

in physical properties of polysulphone, when exposed

to tropical and temperate outdoor climates.

3 Scope of Trial: Number of types - 8

Number of replicates - 5 of types 1A, 1B, 2A, 2B,
3A, 3B.

3 of types 4A, 4B.

Number of withdrawals - 4

Number of sites - 2 tropical, 1 temperate.

Number of specimens -

on sites 288 tropical 144 temperate

controls 180 " 180 it

totals 468 324

4 Exposure: Sites - Hot/wet, clearing tropical

Hot/dry )
Rural temperate

Types - See Appendix 2

Specimens - Test pieces on Appendix 2

Methods - Specimens held at edges in aluminium
channel on stands at 459 facing north

in Australia and South in UK.

Controls - One set stored in conditioned room at JTRU

and at PEME for testing at beginning and

end of trial and at each withdrawal.



APPENDIX 1

5 Assessment: Visual on site

Tensile strength and elongation

* on types 1A and B (5 replicates)

Flexural strength

on types 2A and B (5 replicates)

Weight and dimensions

on types 3A and B (2 replicates)

Volume and Surface Resistivity

on types 3A and B (3 replicates)

Loss Tangent and Permittivity

on types 4A and B (3 replicates)

See Appendix 2

6 Withdrawal Programme: 6 months

12 months

24 months

48 months

7 Meteorological Data: Routine

8 Reports: At each withdrawal

9 Dates: Estimated exposure 1967

19



APPENDIX 2

Specimens and Methods of Test

I Types of Specimen

Each specimen in this trial is a test-piece of P.1700 grade material as

(A) natural with no additivies

(B) carbon black-filled

injection moulded into pieces of

(1) 216 mm x 19 mm shaped as BS 2782, 301.11

(2) 102 mmnx 12.7 nun rectangular

(3) 102 mm dia discs
(4) 50.8 mm dia discs

at 3.2 mm thick.

Number of specimens required:

Tropical Temperate

Type 2 Sites Controls 1 Site Controls

1A 40 25 20 25

1B 40 25 20 25

2A 40 25 20 25

2B 40 25 20 25

3A 40 25 20 25

3B 40 25 20 25

4A 24 15 12 15

4B 24 15 12 15

2 Methods of Test

Tensile Strength and Elonation

Apparatus

The testing machine shall be capable of applying a load in tension to a

test piece gripped in wedge-type self-aligning grips. Provision shall be made

for making simultaneous measurements of both load on the test piece to within

20



APPNDIX 2

2% and the distance between reference lines on the test piece to within 5%

of the true values and preferably recording these values automatically on a

load extension curve throughout the test.

Test Pieces

Five replicates shall be used for each test. The pieces shall be moulded

shapes to BS 2782/1965, 301.11. When the test pieces have been selected to be

the specimens for exposure, they shall not be cut or sanded in any way between

- I withdrawal and testing.

Procedure

Before testing, the test pieces shall be conditioned for at least 28 days

at 65 + 5% rh and 20 + 2°C. The test shall be carried out at 20 + 2C

immediately after removal from the conditioning atmosphere.

Reference lines shall be marked 50 mm apart on the central parallel/

portion of the test pieces as shown in Fig 301.11 of BS 2782 and described in

method 301J.

The width and thickness of the test pieces shall be measured at three

points between the reference lines to the nearest 0.025 mm and the mean width

and thickness calculated.

Each test piece shall be gripped with a fixed distance of 115 mm between

grips and the load applied at a rate to give a rate of separation of the Jaws

of 25 mm/min to break.

Calculations

The tensile strength of each test-piece shall be calculated from the

maximum load sustained and the original area of cross section and shall be

expressed in Pascals. The elongation of each test piece at yield and at break

shall be expressed as a percentage of the original distance between the

reference lines. Both tensile strength and elongation shall be reported

respectively as the aritthetic means of the five readings.

Report

The report shall state:

21



APPENDIX 2

I The individual test results

2 The test pieces which broke at the grips

3 The tensile strength of the material

4 The elongation and strength at yield*

5 The elongation at break

*If obtainable (weathered specimens may not exhibit a yield)

Flexural Strength and Elastic Modulus in Flexure

Apparatus

The testing machine shall be capable of applying a bending load by means

of a loading block parallel to and exactly mid-way between two parallel

* supporting blocks placed 50 ± 0.75 mm apart. Provision shall be made

for making simultaneous measurements of both load on the test piece and its

deflection at its midpoint to within 2% of the true values, and for recording

these values automatically on a load/deflection curve. The contact edges of

the supporting and loading blocks shall have a radius of 1.6 mm and shall be

not less than 25 mm long.

Test Pieces

Five replicates shall be used for each test. The dimensions shall be

nominally 102 mm x 12.7 m x 3.2 mm, the larger surfaces, being called the

faces. When the test pieces have been selected to be the specimens for

exposure, they shall not be cut or sanded in any way between withdrawal and

testing.

Procedure

Before testing, the test pieces shall be conditioned for at least 28 days

at 65 t 5% rh and 20 +20 C. The test shall be carried out at 20+ ±2c

immediately after removal from the conditioning atmosphere.

The width and thickness of the test pieces shall be measured at three

points along the length to the nearest 0.025 mm and the mean width and

thickness calculated. The points of measurement shall not be within 25 mm

of either end of the test piece.

The test piece shall be placed symmetrically across the two supporting

blocks with the face which was uppermost on the exposure rack, ie the
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APPENDIX 2

weathered face, resting on the two supports. After having ensured that a

suitable load-measuring scale is in use, the load shall be applied by moving

the loading block relative to the support at a substantially constant rate of

approximately 5 mm/min.

The load and deflection shall be recorded continuously until the test

piece breaks or until the deflection is 6.3 mm.

Calculations

I If the test piece breaks, the flexural strength (Pa)

1.5 WL
=.ED

2

where W = load N at fracture

L = distance between supports in metres

B = width of test piece in metres

D = thickness of test piece in metres

2 If the test piece does not break, the stress at 6.3 mm deflection (Pa)

1.5 WL
= 2BD

where W = load in Newtons at 6.3 mm deflection

L = distance between supports in metres

B = width of test piece in metres

D = thickness of test piece in metres

3 Elastic modulus in flexure (Pa)

wL
3

# 4+BD~e

where w = load in Newtons

e a deflection in metres

as read from the load/deflection curve at a point to be agreed.

Report

The report shall state:
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APPENDIX 2

1 The number of test pieces which fractured and the individual

results of cross-breaking strength.

2 The number of test pieces which deflected to 6.3 mm and the

individual results of load at 6.3 mm deflection.

3 The individual results of elastic modulus in flexure if required.

Volume Resistivity and Surface

The test pieces, discs 102 mm diameter and 3.2 mm thick, shall be tested

according to BS 2782, Part 2, 1965, Method 204C, except that the pieces shall

not be dried and then immersed in water but tested after conditioning for

28 days at 65 + 5% rh and 20 + 20 C. Three replicates of each type of specimen

shall be tested and the mean of this logarithms of the readings reported.

-Loss Tangent and Permittivity

*The test pieces, discs 50.8 mm diameter and 3.2 mm thick, shall be tested

according to BS 2782, Part 2, 1965, Method 207A, at 1 MHz.

Three replicates of each type of specimen shall be tested and the

arithmetic mean reported.

2
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APPUD 3

Mechanical Properties of Controls and Exposed Specimens

Exposure Changes % Tensile Properties Fleral
Proportion:- I

site Type Months Weight Length Breadth S MPa e % beb MPa A, aPA

68.0 48.2 93
61.3 55.7 61 Not

0 67.2 53.8 66 measured

61.2 44.7 66
69.0 48.3 74

1 Mean 65.3 7.7 50.1 50.1 72

-0.1 Nil Nil 77.9 53.1 51 97.2 2.60

76.5 Not 53.0 72 97.3 2.60

6 77.9 measured 53.4 94 08.6 2.69

77.9 53.2 41 97.2 2.66
77.9 53.9 104 97.2 2.60

Mean 77.6 53.3 72 97.5 2.63

-0.'. 68.9 5.8 46.5 36 91.0* 2.43

I 69 7 5.8 47.3 68 91.0- 2.43
12 70.3 5.8 47.6 94 91.0% 2.46

70.3 5.8 47.8 104 91.7* 2.43

70.3 6.1 48.8 128 93.4 2.55

Mean 69.9 5.9 47.6 b6 91.6* 2.46

-0.1 +0.2 -0.1 74.2 5.3 52.7 92.7' 2.25
74.2 5.4 51.4 Not 94.0* 2.29

24 74.7 5.3 50.5 measured 95.- 2.29
74.1 5.6 56.2 92.8- 2.29

74.1 5.7 50.8 92.9' 2.31

Mean 74.3 5.5 52.3 93.5' 2.29

-0.1 + 0.3 o.03 74.0 5.2 50.0 89.9 102 2.60
74. 1 5.3 49.8 21.8 107 2.63

48 74. 1 5.2 50.0 7.8 102 2.65
71.0 5.2 49.8 106.9 102 2.72

74.4 5.2 50.4 56.8 101 2.72

Mean 74. 1 5.2 50.0 56.6 102 2.66

'Did not break, strength at 6.3 m defleotion

Tenlle propertles: a¥ - yield strength 8Sb " breaking strength Flexura l properties S femrel strngth
a, - Yield *train eb . breaking strai *f flexwel makaLs
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APPENDIX 3

kpoauz. Changes % Teansle Poperties Flexural
Propertles

Site Type Months Weight Tength Breadth Sy MPa e Sb Pa •b  S N E, OPa

65.0 65.4 103

63.9 45.6 103 Not.
064.0 45.7 79 measurelt

61.8 46.5 90

49.0 79

Mean 63.7 8.8 50.4 50." 91

-0.1 Nill Nil 81.4 52.8 74 97.2 2.66

74.1 Not 51.1 54 98.6 2.63
673.8 meaure 50.9 39 93.6 2.66

74.5 - - 96.6 2.66

74.5 51.8 72 98.6 2.66

Mean 75.7 51.7 60 97.5 2.66
S-0.1 74.4 5.9) 54. 9  142 93. 1* 2.43

75.8 6.1 53.9 146 90.9* 2.41

12 77.2 5.8 56. ,(6 92. 1* 2.41

w 75.8 5.8 53.3 150 93.1* 2.43

75. 1 6.0 52.9 140 91.0* 2.41

Mean 75.6 5.9 54.2 151 92.0- 2.42

-0.1 -0.1 Nil 73.4 5.2 52.9 93.5* 2.35
73.2 5.7 50.3 Not 92.4* 2.33

24 73.5 5.7 50.3 measured 92.4" 2.37

69.9 5.4 51.7 92.4- 23

72.4 - 51.4 92.4- 2.33

man 72.5 5.41 53.1 92.6- 2.34

-0.1 -0.1 40.3 73.4 5.1 49.3 31 102 2.72

74.0 5.2 50.9 51 102 2.66

48 74.o 5.3 50.6 12 101 2.71

73.9 5.2 50.4 21 105 2.78

73.8 5.2 50.6 51 103 2.73

mean 73.8 5.2 50.4 31 103 2.72

*Did not break, strength at 6.3 mm defleoton

96



3 kpemrue Cban~ea Tensile Properties Fexural
Properties

Site 1 e Months Weight Length Breadth 8y Mpa 0y b MP' •b % a MPS t a

73.2 Not All not 95.6' Not

75.5 measured awles measured 95.0' measure!broke
0 73.8 In gips 95.64

7580 so not 92.8'
74.3 reoorded 94.20

mean 74.7 94.6'

72.4 50.8 92.1' 2.34
72.4 51.1 93.2' 2.52

6 72.4 51.0 91.0' 2.39
72.4 51.6 92.1* 2.48
"3.9 51.1 92.1' 2.42

Mean 72.7 5.7 51.1 30 92.1' 2.43

73.7 3.0 50.0 106 98.6- 2.66
73.0 2.9 50.0 96 9.6' 2.63

2 74-.4 2.8 50.6 106 98.6' 2.65
73.0 3.2 49.6 83 95.9' 2.65
73.7 3.0 49.3 52 97.2- 2.66

man ".6 2.8 9.9 89 97.80 2.65

73.8 5.9 48.1 ,143 96.60 2.43
72.1 5.9 50.3 M0e 93.1* 2.42

24 72.4 5.7 50.0 107 93.8- 2.36

72.8 5.8 51.1 209 95.2' 2.40
73.- 6. 1 51.0 211 93.8' 2.36

Moan 72.8 5.9 50.1 154 94.60 2.39
75.0 4.8 53.9 29 99.4 2.74

74.1 4.9 52.0 177 100.0' 2.75
48 74.6 5.0 50.4 152 99.1' 2.64

73.5 5.1 51.2 201 99.8- 2.78
73.3 5.1 50.3 1148 100.0' 2.71

Me 74.1 5.0 51.6 193 99.7- 2.72

*Md not break, strength at 6.3 m defleotion
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APPEIX 3

Mepoaure Changes Tensile PropertiesFlexural

S1te Type Months Weight Length Breadth 7y MPas y 3b 1Pa eb S NP& Ef OP.

0

Mean

69.0 4.5 94. 1 2.44
62.5 3.3 96.1* 2.56

6 No yield 65.4 3.3 96. - 2.57
58.9 2.8 97.2' 2.54
71.0 6.5 95.2- 2.48

Mean 65.4 4.1 95.7 2.52

58.3 1.6 98.6- 2.79

61.8 1.6 103.4 2.85
12 No yield 58.6 102..1i* 2.79~.

60.2 ;.4 102.1* 2.85
64.8 1.7 98.6- 2.79

Mean 60.7 1.6 101.3 2.81

51.5 2.4 70.3 2.43

51.3 2.5 71.0 2.43

24 No yield 52.1 2.6 71.0 2.39
51.8 2.4 71.0 2.48

52.3 2.6 71 .0 0.36

Mean 51.8 2.5 70.9 2.42

58.9 2.7 61.9 2.80

59.1 2.6 54.0 2.80

48 No yield 49.0 2.0 52.9 2.80

56.6 2.5 - -

M 55.9 2.4 56.3 2.0

*DMd not break, strength at 6.3 I deflection

A



Ilp su ,Chang s Tem lle ?rpertles Flexm ral
Properties

31e ?no. Months Veight jLength Breadth SM Pa, O bNO0b31f a% fW s.

0

Mean

71.7 66.4 95.2- 2.4

72.4 60.7 87. 1- 2.6

6 73.1 52.0 88.3- 2.40

73.8 51.0 86.1- 2.46
73.8 51.0 95.4- 2.45

,a 73.0 5.8 56.2 14 90.4' 2.42

73.7 3.0 50.0 25 to. - 2.79
73.0 2.9 50.0 20 M3.4 2.69

12 74.4 2.8 50.6 PO 104.8' 2.63

73.0 3.2 9.6 24 104.8* 2.61
73.7 13.0 49.3 20 103.4* 2.79

Mean 73.6 3.0 49.9 22 103.6* 2.71

71.4 6.1 48.8 13 98.9 .0

72.0 6.1 49.0 7 98.9 2.45
24 71.7 6.1 19.9 8 98-9* 2.47

71.7 6.0 49.2 17 98.3 2.41

71.0 6.1 18.2 42 100.0* 45

bun71.6 6.1 49.o 17 99.0% 2.45

71.9 5.4 53.7 25 91.0' 2.47
71.2 5.2 - -- -

18 70.6 6.0 55.1 22 90.5* 2.61
71.0 6.0 54.4 54 92.0' 2.53

1 1 71.6 6. 52.9 60 91.5' 2.47

YM7. 5.7 54.0 40 91.4' 2.;

Ol3d not eWk . stregth at 6.3 m defleet en



loperties
alto M Moth Weight Lengt Badt yp -, is ab M, %3 a Ir af

0

mean

-0.7 Nil Nil 60..3 1.4 8o.o 2.82

57.8 1.4 83.4 2.76
6 No yield 57.1 1.4 83.4 2.64

59.0 1.4 77.3 2.78
57.4 1.4

mean 158. 1.4 81.0 2.75

-1.2 Nil Nil 49.0 2.3 70.3 2.59

- 46.9 2.2 69.0 2.5312 No yield 50.1 P.4 68.5 2.49
49.4 4.3 79-00 2.57

___ _______50.1 1 2.5 80.3* 2.59

mean 49.1 2..3 73.% 2.55

-2.8 il +0.1 47.0 1.6 66.1 2.28
48.2 1 .9 71 .3 2.33)

24 Mo yield 46.8 1.7 73.0 2.37
49.9 1.9 69.7 2.32

50.7 2.0 73.0 2.37

PMan 48.5 1.8 70.6 2.33

-6.0 40.2 40.1 49.4 2.2 75.2 2.80

47.0 2.1 74.0 2.64

48 No yield 47.2 2.1 79.6 2.72

49.0 2.2 76.6 2.68
47.9 2.2 69.0 2.59

-ea- 48.1 2.2 74.9 2.68

*d tot break, strength at 6.3 m deflection
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i7

* ~aa D !uis1ie frop.wtl.. PlinWSIl
T mlI ap -t e P r s p u tla s

-0.6 il nil 74.5 50.3 25 103.4 2.69
75.2 Not 51.0 24 99.3 2.72

6 75.9 uamwd 52.0 30 IOJ.4 2.69
74.5 51.2 25 103.4 2.66

mean 75.0 51.1 2 101.4 2.69

-0.9 Nil Nil 69.6 5.8 47.5 32 99.3 2.41
69.3 5.8 50.5 30 100.3- 2.46

12 69.3 5.8 45.6 66 99.6- 2.46
j 69.7 6.1 47.2 zo 9B.79 2.46

70.7 6.0 46.9 48 9.3' 2.46

mean 69.7 5.9 47.5 43 99.0- 2.46

-1.8 Nl Nil, 72.6 5.4 49.4 36 1oo.5 2.38
72.6 5.3 49.2 83 100.60 2.8

2472.6 5.4 49.4 29 101.00 2.39
72.9 5.4 49.4 39 9.0 2.39

Mean 72.7 5.4 49.4 46 100.2a 2.39

-3.3 40.2 4.04 72.8 5.2 49.6 13.8 105 2.80
73.3 5.1 51.6 5.6 1lop 2.72

48 73.8 5.t 67.5 5.6 108 2.78
73.4 5.1 49.8 - 110, 2.80
73.4 5.0 50.2 5.5 110' 2.76

m n 73-3 5.1 53.7 7.6 106' 2.7

*ed net keak, 8ten9th at 6.-3 m 4ftn*e lm
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Mapoemie ohms" T I lle Popertlos neJ8]
Properties

Site Ty"p Oblthl Va1g Lsgg nm&dt h y", e a f mV 810 OP.

0

Mean

-0.1 ml Nil 65.9 1.6 95.2 2.66
6 61.8 1.4 li.6- 2.80

6 61.06 10.o. 2.83
S 63.4 100.7- 2.91

__67.2 1.8 91.0 2.80

Mean 63.9 1.6 97.7 2.eo

-0.5 50.6 2.3 84. i* 2.50

1250.7 2.4 7.60 2.66
12 50.5 2.3 77.9 2.50

51.5 .-. 5 73.0 2.59
Mean _8.7 2.2 77.4 2.53

- -50.4 2.3 78.0 2.56

-1.4 40.1 Nil 46.o 2.3 63.8 2.29
45.2 1.8 63.8 2.36
47.3 1.8 66.9 2.32

48.2 1.6 66.9 2.36
- 4.9 1.6 65.4 2.06

.0 0 4 46.3 1.9 65.4 2.34

-3.0 .1.0 40.3 4.5 2.0 69.5 2.70
49.3 2.2 72.9 2.66

48 45.4 2.0 70.2 2.66

47.2 2.0 69.1 2.70
48.8 2. 1 71.9 2.80

M 1 47.2 2.1 70.7 2.71

*ftd not break, utrnth at 6.3 derleotin



APIMi=: 3

Expo ure Changes % Tensile Propertes Flexural
Properties

74.1 1. 0 % o~o 3 .72 U

Lite Type Months Weight Length Breadth y. ey %l~ 8bP.&

0

-0.3 Nil Nil 73.1 #9.2 31 iO.6* 2.61

74.1 Not 50.6 26 102.00 2.66

6 84.8 mesured 50.6 39 iO.6. 2.73

74. 1 51.4 30 100.0- 2.72

-1 74.1 50.9 33.10070. 2.73

mean 76.o 50.5 32 '00.8* 2.6o

-0.5 Nil Nil 70.0 5.9 48., 40 96.6* 2.45
68.5 5.6 46.6 52 94.50 2.4,

12 69.3 5.9 47.2 4P 95.3* 2.46
70.3 5.9 47.5 .14 97.1* 2.4

68.7 6.2 46.1 38 100.7- 2.45

Mean 69.4 5.9 47.1 42 96.8- 2.44

-1.2 Nil Nil 72.9 5.1 52.9 - 93.6 2.33

72.8 5.0 48.9 24 97.9* 2.32

24 73.6 5.2 #6.9 - 99.00 2.40

73.8 4.9 49.9 - 99.6" 2.42

73.0 5.3 49.8 3, 95.1* 2.'3

Mm 73.2 5.1 49.7 29 97.00 2.36

-2.5 0.4 40.1 73.4 5.) 52.1 5.8 103 2.76
73.1 5.1 48.6 9.9 103. 2.76

48 74.1 4.9 49.5 5.7 105* 2.70

74.7 5.1 51.0 22.9 105* 2.64

74.1 1 5.2 50.9 17.8 io6* 2.5'

ean 73.9 5.1 50.4 12.4 104. 2.67

-ad not breah, strength at 6.. m donLection

33
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