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BS EN 12326 Assessment of “Matthew Charlton
Chinese Blue Black 4-7mm” Natural Roofing Slate

Executive Summary

Advised “Matthew Charlton Chinese Blue Black 4-7mm” natural roofing slate has been
subjected to the test requirements of the current applicable European Standard. The
findings have then been employed to classify the slate, providing an indication of likely
performance.

The “Matthew Charlton Chinese Blue Black 4-7mm” natural roofing slate was confirmed
to be true slate in that it comprised very finely crystalline metamorphic rock exhibiting a
slaty cleavage. The various tests determined the following information:

Dimensional requirements all within acceptable tolerances.
Good flexural strength both transversely and longitudinally.
No evidence of a grain or secondary splitting plane.
Exhibited the top Class Al for water absorption.
Freeze-thaw cycling not required to be carried out.
Exhibited the top Class T1 for thermal cycle resistance.
Exhibited the top Class S1 for sulfur dioxide exposure resistance.
No requirement for thickness adjustment.

Acceptable non-carbonate carbon content.

Unlikely to release dangerous substances in normal use.
Satisfactory external fire performance.

Exhibited the top Class Al for reaction to fire.

On the basis of the various test results the advised “Matthew Charlton Chinese Blue
Black 4-7mm” natural roofing slate is considered by BS EN 12326: Part 1: 2004 to be
suitable for use in traditional slate roofing construction assuming the average thickness
is greater than the determined minimum thickness for the country within which it is
being deployed.

The European Standard does not provide advice on the life expectancy based on
performance in the tests. Taking guidance from the American roofing slate standard
specification and performance in both the strength and absorption tests, it is suggested
that a trouble free service life of over 75 years should be expected.

The petrographic examination identified the presence of finely disseminated carbonate
minerals that could reduce life expectancy where there is acidic precipitation. In the
longer term the presence of metal sulfides may also reduce life expectancy whilst
increasing the potential for aesthetic changes over time.

NOTE: This executive summary is provided for initial briefing purposes only and should not be substituted for
the main body of the report and the detailed conclusions and recommendations provided therein.
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BS EN 12326 Assessment of “Matthew Charlton
Chinese Blue Black 4-7mm” Natural Roofing Slate

1 INTRODUCTION

At the request of the Client, IBIS has conducted an investigation in to the
properties of advised “Matthew Charlton Chinese Blue Black 4-7mm” natural
roofing slate. A set of 70 roofing slates were sampled from the stockyard of the
Client; the details of the samples are provided in Table 1.1 below. Testing was
carried out in accordance with the current European Standard. The schedule of
the testing is also included in Table 1.1.

This report describes the investigation carried out and then provides and
discusses the findings. Conclusions are then provided concerning use of the
slate for roofing purposes along with any salient recommendations for further
investigation. A number of standard remarks conclude the report.

Table 1.1: Schedule of Samples and Testing

Sample Details IBIS Test Carried Out
Reference
1 Dimensional Properties

Advised “Matthew Charlton 2-41 Flexural Strength
Chinese Blue Black 4- 42-46 Water Absorption
7mm™ natural roofing slate
with nominal dimensions of 47-49 Carbonate and Non-carbonate
400mm by 250mm Carbon Contents

50-55 Sulfur Dioxide Exposure
Samp]es received from the 56-61 Thermal Cycle Resistance
Client 62 Petrographic Examination

63-70 Spare
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2.1

2.2

2.3

2.4

INVESTIGATION METHODS AND RESULTS
Introduction

The advised “Matthew Charlton Chinese Blue Black 4-7mm” natural roofing
slate was subjected to testing following the methods given in BS EN 12326:
Part 2: 2000". Each of the separate facets of the Standard are described in the
following sub-sections.

The detailed methods and results for each test are provided in Appendix A
whilst a summary of the findings is provided in Section 3 of this report.

In Section 4 of this report the pass/fail criteria given in BS EN 12326: Part 1:
20042 are provided and the level of compliance with them is indicated.

Dimensional Properties

A single slate was selected at random and subjected to testing to determine the
deviations from its assigned length and width, edge straightness, rectangularity
and flathess. The thickness and deviation of this thickness were also
determined.

During the sampling in the store yard, the packed thickness of 100 slates was
determined to allow the individual packed thickness to be calculated using a
thickness reduction factor based on the surface finish.

The detailed dimensional properties results are provided in Appendix A as
Certificate of Examination No. 2131/1448.

Three Point Flexural Strength

A set of 20 slates was randomly selected for three point flexural strength
testing. Each slate was sufficiently large to allow the preparation of two test
specimens of nominal 200mm by 125mm size, one parallel the other
perpendicular to the long dimension.

Each slate from the two sets of 20 test specimens was rapidly loaded via an
upper bar centrally located between two lower bars set 180mm apart. The
applied load was increased at a rate of 1.00 + 0.25 MPa/s until failure occurred
and the maximum load achieved was recorded. The thickness of each test
specimen was recorded at three locations and the average value used to
calculate the flexural strength. The characteristic modulus of rupture was
determined by applying environmental factors given in the Standard for the UK
environment.

The detailed three point flexural strength results are provided in Appendix A as
Certificate of Examination No. 2132/1448.

Water Absorption

A set of five slates was randomly selected for the determination of water
absorption. From each slate a nominal 100mm square test specimen was
prepared. Each test specimen was first dried to constant mass and then
immersed in water for 48 hours. The increase in mass due to absorbed
moisture was used to calculate the water absorption.

BS EN 12326-2: 2000, Slate and stone products for discontinuous roofing and cladding — Part 2:
Methods of test. Published by the British Standards Institution, London, England.

BS EN 12326-1: 2004, Slate and stone products for discontinuous roofing and cladding — Part 1:
Product Specification. Published by the British Standards Institution, London, England.
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2.5

2.6

2.7

2.8

2.9

The thickness of the five test specimens was determined at four locations and
the results averaged to provide the basic individual thickness value.

The detailed water absorption results are provided in Appendix A as Certificate
of Examination No. 2133/1448.

Freeze-Thaw Resistance

This test is only carried out if the results of the water absorption test determine
the slate to be Class A2. In this instance the slate was Class Al and thus the
test was not required.

Carbonate and Non-Carbonate Carbon Content

A set of three slates was randomly selected for the determination of the
carbonate and non-carbonate carbon contents. A representative portion was
removed from each slate and then ground to a fine powder for chemical
analysis. A direct estimation of carbon content was made by the LECO
method.

The detailed carbonate and non-carbonate carbon content results are provided
in Appendix A as Certificate of Examination No. 2134/1448.

Sulfur Dioxide Exposure Resistance

A set of six slates was randomly selected to determine their resistance when
exposed to sulfur dioxide vapour. The test method was determined by the
content of calcium carbonate, which in this case was less than 20%.

From each slate a pair of test specimens with nominal dimensions of 150mm
by 100mm was prepared and any defects visible to the unaided eye were
removed. The two sets of six test specimens were each sealed for 21 days
inside separate containers that each contained a tray with a different solution of
sulfuric acid.

The detailed sulphur dioxide exposure resistance results are provided in
Appendix A as Certificate of Examination No. 2135/1448.

Thermal Cycle Resistance

A set of six slates was randomly selected to determine their resistance when
exposed to cyclic wetting and drying. A test specimen with nominal dimensions
of 300mm by 200mm was prepared from each slate and any defects visible
using a low power magnifying or hand lens were removed.

The six test specimens were repeatedly immersed in water for six hours and
then dried at 110°C for 17 hours. Before placing back into the water the
samples were allowed to cool for one hour. A total of 21 cycles of wetting and
drying were carried out. After each cycle the specimens were inspected for
evidence of deterioration, this repeated using a hand lens after every fifth cycle.

The detailed thermal cycle resistance results are provided in Appendix A as
Certificate of Examination No. 2136/1448.

Petrographic Examination

A visual and low-power microscopic examination was carried out assisted by a
Leica MZ16 binocular zoom microscope employing magnifications up to x160.
This examination was supported by a variety of simple physical and chemical
tests. The examination was used to select specimens for the preparation of
thin-sections for high-power microscopical examination. The thin-sections
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were prepared after impregnation with an epoxy resin containing an ultraviolet
light sensitive fluorescent dye.

High-power microscopical examination was carried out using both the
polarising binocular zoom function of the Leica MZ16 microscope and also a
Leica DM RXP petrological microscope at different magnifications up to x3000.
The thin-sections were examined in both transmitted plain and cross-polarised
light and reflected ultraviolet light. High-power photomicrographs (photographs
taken down the microscope) were prepared to illustrate microscopical features
of importance.

The detailed petrographic examination results are provided in Appendix A as
Certificate of Examination No. 2137/1448.
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SUMMARY OF FINDINGS

Table 3.1: Summary of BS EN 12326 Test Results

Slate Type Matthew Charlton
Chinese Blue Black

IBIS Reference 1448/1-70

Commercial Definition Slate

Source Ex-China

Nominal Size, mm 400 x 250

Nominal Thickness, mm 4-7

Slate Finish Type Normal

Test Description Result

Basic Individual Thickness, mm 3.4

Packed Thickness, mm 5.1

Deviation from Length / Width, % 0.0/0.2

Deviation from Edge Straightness, % 0.1/0.2

Deviation from Rectangularity, % 0.9

Deviation from Flatness, % 0.4

Defects None observed

Mean MoR, MPa, Longitudinal 69

Mean Failure Load, N, Longitudinal 1050

Standard Deviation, Longitudinal 16.31

Characteristic MoR, MPa, Longitudinal | 41

Mean MoR, MPa, Transverse 62

Mean Failure Load, N, Transverse 900

Standard Deviation, Transverse 16.71

Characteristic MoR, MPa, Transverse 33

Grain Direction None apparent

Water Absorption, % 0.21

Freeze-Thaw Resistance

Not required

Thermal Cycle Results No changes
Carbonate Carbon Content, % 0.3
Sulfur Dioxide Exposure Results No changes
Non-Carbonate Carbon Content, % 0.4
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SUMMARY OF PERFORMANCE

Table 4.1: Performance Based on Requirements of BS EN 12326

Slate Type Matthew Charlton
Chinese Blue Black
IBIS Reference 1448/1-70
Commercial Definition Slate
Source Ex-China
Nominal Size, mm 400 x 250
Nominal Thickness, mm 4-7
Slate Finish Type Normal
Criteria Performance
Individual Thickness of Slates shall not
Pass
be less than 2.0mm
Manufacturers Declared Nominal
. 4-7
Thickness, mm
Minimum Individual Thickness, mm 3.4 (UK)
Individual Thickness within +35% of
. . Pass
Nominal Thickness
Packed Thickness within +15% of
. . Pass
Nominal Thickness
Slates not to Deviate by more than Pass
5mm from Declared Length/Width
Edge Straightness Deviation shall not
Pass
exceed 5mm
Edge Straightness Deviation shall not Pass
exceed 1% of the length
Rectangularity shall not deviate by Pass
more than £1% of the length
Flatness shall not deviate by more than Pass
1.5%
Absorption Class Al
Declared Characteristic Modulus of 33
Rupture, MPa
Thermal Cycle Class T1
Carbonate Carbon Content, % <5
Sulfur Dioxide Exposure Class S1
Thickness Adjustment None
Non-Carbonate Carbon Content < 2% Pass

Release of Dangerous Substances

None in normal use

External Fire Performance

Deemed to satisfy

Reaction to Fire

Class Al
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5.1

5.2

DISCUSSION OF FINDINGS
Classification

The “Matthew Charlton Chinese Blue Black 4-7mm” natural roofing slate was
confirmed to be true slate in accordance with BS EN 12326 in that it comprised
extremely finely crystalline metamorphic rock that exhibited a well developed
slaty cleavage. The mineral components included chiefly muscovite, chlorite
and quartz with minor metal sulfides, dolomite and graphite.

Fitness for Purpose

The slate passed the various physical, chemical and dimensional criteria given
in BS EN 12326, achieving the top classifications for water absorption, thermal
cycling and acid resistance. In accordance with the standard it is considered
that the slate is acceptable for roofing purposes.

The petrographic examination did not identify any obvious features suggesting
that the slate could suffer premature failure. Specifically, the opaque material
was not found to exhibit any signs of oxidation such as the release of coloured
oxide and hydroxide compounds. However, the presence of metal sulfides
such as pyrite could reduce life expectancy and increase the potential for long
term colour changes.

Finely disseminated carbonate was identified that comprised probable dolomite
[Ca,Mg.2(CO3)]. Under acidic environmental conditions the presence of the
dolomite will slightly increase the rate of weathering. Furthermore, there is
always a chance that an increase in the carbonate content may increase the
potential for rapid lightening in the slate colour. The size, quantity and
distribution of carbonate minerals should be monitored.

A number of the slates exhibited fine joints, some of these mineralised and thus
would be better termed as veins. The veins were found to contain mostly
quartz and thus appeared to be strongly knitted together. However, it is likely
that the presence of these veins has caused the reasonably wide variation
determined during the flexural strength testing. The joints and veins appeared
to be unaffected by any of the tests; however, their number, size and mineral
components should be monitored.

The flexural strength results are used to determine the minimum thickness of
slate required. The thickness determined is then increased based on the
results of the various carbonate determinations and acid exposure test results.
In this instance no increase in the determined minimum thickness is necessary.

Table 5.1 below provides a summary of the calculations of minimum thickness
for the different countries that so far have declared national values for a
constant that is applied to the thickness result based on local climate conditions
and traditional construction techniques.

Table 5.1;: Minimum Slate Thickness Based on National Factors

National Factors Minimum Thickness, mm
Country
Transverse | Longitudinal | Transverse | Longitudinal

Belgium 1.35 1.35 3.72 4.22
France 1.25 1.4 3.44 4.37
Germany 1.2 1.2 3.30 3.75
Italy 1.2 1.2 3.30 3.75
Spain 1.2 1.2 3.30 3.75
UK 0.9 11 2.48 3.44
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The actual calculated minimum thickness value is taken to be the higher of the ERvicEs

two values determined for each country. Therefore, when used in the UK, the
“Matthew Charlton Chinese Blue Black 4-7mm” slate should have a minimum
thickness of 3.4mm, whilst in France this should be increased to 4.4mm.

BS EN 12326 does not provide guidance concerning the potential service life of
the slate. Therefore, guidance has been sought from the current American
standard specification for roofing slate: ASTM C406°, which provides the
criteria given below in Table 5.2.

Table 5.2: ASTM Requirements for Roofing Slate

5.3

Property Grade S; Grade S, Grade S3
Flexural Strength*, min, MPa 62 62 62
Water Absorption, max, %, 0.25 0.35 0.45
Acid Resistance, max, mm 0.05 0.20 0.36
Predicted Life, years Over 75 40-75 20-40

* Strength determined across the grain only.

The ASTM flexural strength and water absorption test procedures are nearly
directly comparable with the BS EN test procedures, there being a number of
subtle differences. It is thus considered that the results of the different tests
would not differ significantly and that the values obtained during the BS EN
tests could be applied.

The ASTM acid resistance test is similar to one of the BS EN tests that may be
carried out for slates with carbonate contents of greater than 20%. It would
appear that the BS EN standard assumes that slates with carbonate contents
lower than 20% are unlikely to suffer softening to the extent where this is
clearly measurable when their surfaces are scraped.

Given the results obtained during the BS EN 12326 testing, the advised
“Matthew Charlton Chinese Blue Black 4-7mm” natural roofing slate would
probably have exhibited the ASTM Grade S; performance for all three tests.

Taking guidance from ASTM C406, a predicted trouble free service life of over
75 years is expected. The actual service life will depend on additional factors
such as workmanship, roof maintenance and environment. It should be
assumed that the predicted service life is for correctly installed and maintained
roofs experiencing unexceptional exposure conditions.

Recommendations

The packed thickness of slate should be determined for every crate or pallet.
This should be undertaken before the slates are removed.

The investigation of bending strength, grain orientation, water absorption,
thermal cycle resistance, carbonate content, sulfur dioxide exposure
resistance, carbon content and petrography must be carried out at least once a
year or every 25,000 tonnes of finished product, whichever is the sooner.

Where different geological horizons or veins are worked, the frequency of
testing should be applied to each situation.

American Society for Testing Materials (ASTM), Test Designation C406-96, Standard Specification
for Roofing Slate. Published by ASTM International, 100 Barr Harbor Drive, PO Box C700, West
Conshohocken, PA, 19428-2959 USA.
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The investigation of thickness of the product should be set on the basis of the ERvicEs

test results, primarily to avoid supplying materials below the minimum individual
thickness requirement

The deviation from the declared length, width, rectangularity, flathess and edge
straightness, and the individual thickness should be carried out more regularly
with an acceptable guality level of 4% using the sampling schemes described
in ISO 2859-1: 1999", Clause 10, using inspection level S-3.
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ISO 2859: Part 1: 1999. Sampling procedures for inspection by attributes. Part 1 - Sampling
schemes indexed by acceptance quality limit (AQL) for lot-by-lot inspection. Published by the
British Standards Institution, London, England
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REMARKS

An assessment has been carried out to determine the properties of advised
“Matthew Charlton Chinese Blue Black 4-7mm” natural roofing slate. The slate
was confirmed to be true slate and passed the various physical, chemical and
dimensional criteria given in BS EN 12326, achieving the top classifications for
water absorption, thermal cycling and acid resistance. In accordance with the
standard it is considered that the slate is acceptable for roofing purposes when
compliant with the determined minimum thickness requirements.

BS EN 12326 does not provide guidance concerning the potential service life of
the slate. Taking guidance from the current American ASTM specification for
roofing slate a predicted trouble free service life of over 75 years is expected.

These remarks conclude the work so far requested and should be taken as
being applicable only to materials properly represented by the samples
supplied. Natural roofing slate resources may be expected to exhibit both
lateral and vertical variations in composition and properties and single or small
samples may not necessarily be reliably representative of a resource or even
specific locations within that resource.

To maintain compliance, BS EN 12326 recommends testing is repeated at
regular intervals based on either time or volume of material produced.

Any samples taken for laboratory investigation will be retained for a period of
one month from the date of this report. After this time the samples will be
disposed of unless otherwise instructed. On request the samples may be
either returned or stored, either action incurring a small administration charge.

If you require any further assistance in this matter please do not hesitate to
contact us.
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Certificate Number 2135/ 1448
Page 1 of 1

Certificate of Testing & Analysis

Sulfur Dioxide Exposure Test
BS EN 12326: Part 2: 2000

Client and Sample Details

Client The Charlton Group Ltd, Charlton House, Chisholm Place, Hexham,
Northumberland, NE46 1QL
IBIS Ref. No 1448 Sample No 50-55
Source Ex-China
Sample Details Nominal 400mm by 250mm natural roofing slate
Advised to be “Matthew Charlton Chinese Blue Black 4-7mm” slate
Sampled by Client Date Sampled Not advised
Tested by PS-JEL Date Tested 04.04-01.05.07

Methods of Testing and Analysis

Carbonate, % < 20% (as determined by Section 14 of the Standard)
Method BS EN 12326: Part 2: 2000. Slate and stone products for discontinuous
roofing and cladding — Part 2: Methods of test.
Ccomments Samples for test taken from a batch of 70 received.
Both Solution A and B testing carried out.
Accreditation The test was carried out by a UKAS accredited laboratory.
Results
Splitting or cracking of the edges None observed in either solution
Swelling, softening or flaking of the surface None observed in either solution
Colour changes None observed in either solution
Classification (Test Code) S1
Remarks

BS EN 12326: Part 1: 2004 classifies that the slate as Test Code S1, when subjected to
the sulphur dioxide exposure test. Therefore, the slate is considered acceptable for use
in all conditions.

Date of Issue: 05.05.07

Barry Hunt

Barry J Hunt
Director, IBIS Limited
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