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SUMMARY AND DOCUMENTARY EVIDENCE

Bending strength: BS 373

Sample code Modulus of Modulus of Elasticity | Moisture content
[where used] Rupture (N/mm?) (N/mm?) at test (%)

BD, Radiata pine 80.16 (7.41.sd) 8117 (1425 sd)
BE, LIGNIA 114.28(10.07 sd) 12180 (684 sd) 8.4
BG, LIGNIA 100.79 (17.98 sd) 10602 (884 sd) 8.4
Teak 106 (17.1 sd) 10000 1980 sd)

Summary:

The tested batches of LIGNIA
performed well in three point
bending tests, with strength
and stiffness values which were
as good as teak, or better.
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LIGNIA THREE POINT BENDING TESTS

The BioComposites Centre

The BioComposites Centre have 30 years’ experience in research and development for the timber
and wood based panels industry. Specialising in industry-facing research, the Centre also provides
consultancy, materials testing, product development and technical support for companies in the
timber, natural fibre composites, bio-based materials and biopolymer sectors. The Centre also
offers assistance to companies in scale up and process development, supported by the Biorefining
Technology Transfer Centre.

The BioComposites Centre maintains well-equipped laboratories with calibrated equipment to
provide materials testing for the determination of the mechanical and physical properties of wood,
wood based panels and other composite materials. This includes British, European and
International standard tests for wood based panels (MDF, particleboard, plywood and OSB) and
the related adhesives used in this industry. A wide range of mechanical tests can be undertaken on
solid wood, for example evaluating new species, new modified wood products and the influence of
wood treatments. Weathering, natural durability and determination of resistance to decay by
basidiomycete fungi is also routinely undertaken for timber preservative treatments, protective
treatments and wood modification systems.

Materials characterisation can also be undertaken at the ultrastructural level, including dynamic
vapour sorption, porosimetry, dynamic mechanical analysis, helium pycnometry, differential
scanning calorimetry and thermogravimetric analysis.

The BioComposites Centre has specialist testing equipment for polymers, including polymer films,
and thermoplastic matrix composites. Injection moulding of test pieces from small batches allows
mechanical properties to be evaluated for new products and blends. The Centre also has
manufacturing and testing capabilities for thermosetting composites using natural fibre
reinforcements, such as hemp, flax, jute and sisal.

The BioComposites Centre annual reports and links to recent scientific publications are available
on our website www.bc.bangor.ac.uk
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LIGNIA THREE POINT BENDING TESTS

Introduction

Material was supplied by Lignia Wood Company Limited for evaluation and comparison with
reference data for teak, which is a commonly chosen species for marine applications.

Testing was performed under BS 373, Method of testing small clear specimens of timber, which
determines the strength properties of small defect free samples of timber. This data can be
compared to published values in Lavers (1969).

Experimental

Material for test

Samples of Lignia from different production conditions were received for test, pre-cut to test
specimen dimensions. A reference set of Radiata pine was also received and used as a control set
for comparison.

Twenty specimens per batch were supplied for test. Only one sample was rejected prior to test due
to recognition of mechanical damage which would unfairly alter the test result. The majority of
samples had good alignment of the growth rings with the faces of the test piece, and were tested
with the load applied to the radial face.

There were insufficient samples to exclude those with poor alignment of growth rings, an indication
of the number of samples with rings at approx. 45° to the faces is also indicated in Table 1.

Sample code Batch information Samples tested Number of non-
aligned samples
BD Radiata pine 20 4
Untreated control
BE Lignia 19 1
Batch 20, R 17, S4
BG Lignia 20 9
Batch 24, R21, S1
90.23

Table 1. Materials tested

It was also noted that a significant number of the Radiata pine control samples were possibly from
juvenile wood, i.e. with exceptionally wide growth rings. In production, juvenile wood content is
observed and restricted for the timber feedstock.

All samples were conditioned at 20°C and 65% relative humidity until their mass stabilised prior to

testing. Moisture content at time of test was determined from a sub-set of samples from each
batch, immediately after testing.
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LIGNIA THREE POINT BENDING TESTS

Bending strength

Samples were tested in three point bending mode (Figure 1) according to the 2cm standard
specified in BS 373. The mean and standard deviation for the modulus of rupture (MOR, which is
the maximum stress) and the modulus of elasticity (MOE, flexural modulus) are recorded in Table

Figure 1. 3-point bend testing of Radiata pine samples, before and after failure.

Sample code

Modulus of rupture

Modulus of elasticity

Moisture content at

(N/mm?) (N/mm?) test (%)

BD, Radiata pine 80.16 8117 12.2
(7.41s.4d.) (1425 s.d.)

BE, Lignia 114.28 12180 8.4
(10.07 s.d.) (684 5.d.)

BG, Lignia 100.79 10602 8.4
(17.98 s.d.) (884 s.d.)

Table 2. Mean values for properties determined by three point bending test, standard deviation is

shown in parenthesis.
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LIGNIA THREE POINT BENDING TESTS

Observations

The Lignia timber batches were stronger than the untreated Radiata pine, i.e had a higher MOR,
and demonstrated a significant increase in stiffness, the MOE.

The failure mode of the Lignia samples was typically more brittle than the untreated Radiata pine
control, although a higher stress (MOR) was recorded. For the BE and BG Lignia batches, the
load-deflection graph showed a period of deformation beyond the limit of proportionality, as is
typical for timber. However in some samples this was relatively short.

Examples of failure seen in untreated Radiata pine and Lignia samples are shown in Figures 2 to
4. A typical failure of wood would present a long fingered failure on the tension face (Figure 2).
Brittle behaviour is characterised by a brash failure, with the crack propagating more directly
between the lower and upper face of the specimen (Figure 3). This was only observed in a portion
of the tested Lignia samples from batch BE. The majority of Lignia samples showed a more normal
failure mode.

Figure 2. Typical failure of unmodified wood at the tension face, Radiata pine.
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LIGNIA THREE POINT BENDING TESTS

e i

Figure 4. Failure of samples of Lignia batch BG, showing crack deflection.
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LIGNIA THREE POINT BENDING TESTS

Comparison with teak data

Values for the flexural modulus and maximum stress from these tests were compared with
reported data for teak from three different regions, as reported in Lavers (1969) The strength
properties of timbers, Forest Products Research Bulletin No 50 (see Table 3).

Reference data Region of origin Maximum stress, Stiffness,
Modulus of Rupture Modulus of Elasticity
Teak Burma 106 10000
(17.1s.d.) (1980 s.d.)
Teak Western Nigeria 111 11200
(11.1s.d)) (1270 s.d.)
Teak Northern Nigeria 100 10100
(14.4s.d.) (1360 s.d.)

Table 3. Three point bending values from Lavers (1969), note that the numbers of samples tested
were 106 (Burma), 28 (W. Nigeria) and 31 (N. Nigeria).

Using the data reported by Lavers (1969), the standard error of the mean was calculated, and used
to define the 95% confidence interval. This allows comparison of the data from these experiments
with reported data for teak.

The Modulus of Rupture (MOR) is shown in Figure 5. It is clear that batches BE and BG of Lignia
have performance which exceeds the untreated Radiata pine, and which is similar to teak. The
same observations can be made for the Modulus of Elasticity (MOE, i.e. stiffness), in Figure 6.

Modulus of rupture
140

120

100

Modulusof rupture (N/mm2)

20

0 1 2 3 4 5 6 7

Radiata Lignia Lignia Teak Teak Teak
Pine BE BG Burma  West North
Nigeria  Nigeria

Figure 5. Modulus of rupture for unmodified Radiata pine, Lignia, and teak from three regions of
origin. The 95% confidence interval of the mean is indicated by the upper and lower dashes.

7of8

10



11

LIGNIA THREE POINT BENDING TESTS

Modulus of elasticity
14000
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Pine BE BG Burma  West North
Nigeria Nigeria

Figure 6. Flexural modulus for unmodified Radiata pine, Lignia, and teak from three regions of
origin. The 95% confidence interval of the mean is indicated by the upper and lower dashes.

Summary and Conclusions

The tested batches of Lignia performed well in three point bending tests, with strength and stiffness
values which were as good as teak, or better.
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SUMMARY AND DOCUMENTARY EVIDENCE

Janka hardness test: BS 373 and in comparison
with teak data (Lavers, 1969)

Region of origin Hardness (N)

Teak Teak 4450 (718 sd)
Teak Teak 4890 (735 sd)
Teak Teak 4800(1110 sd)
LIGNIA Batch 24,set 1 5586 (239 sd)
LIGNIA Batch 23,set 1 4606 (404 sd)
LIGNIA Batch 20,set 4 5320(510sd)

Summary:

The hardness tests revealed
that LIGNIA is as hard as teak,
and that some of the materials
tested have higher levels of
hardness than Burmese teak.
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CHARACTERISATION OF Modified Pine

The BioComposites Centre

The BioComposites Centre have 30 years’ experience in research and development for the timber
and wood based panels industry. Specialising in industry-facing research, the Centre also provides
consultancy, materials testing, product development and technical support for companies in the
timber, natural fibre composites, bio-based materials and biopolymer sectors. The Centre also
offers assistance to companies in scale up and process development, supported by the Biorefining
Technology Transfer Centre.

The BioComposites Centre maintains well-equipped laboratories to provide materials testing for
the determination of the mechanical and physical properties of wood, wood based panels and
other composite materials. This includes standard tests for wood based panels (MDF,
particleboard, plywood and OSB) and the related adhesives used in this industry. A wide range of
mechanical tests can be undertaken on solid wood, for example evaluating new species, new
modified wood products and the influence of wood treatments. Weathering, natural durability and
determination of resistance to decay by basidiomycete fungi is also routinely undertaken for timber
preservative treatments, protective treatments and wood modification systems.

Materials characterisation can also be undertaken at the ultrastructural level, including dynamic
vapour sorption, porosimetry, dynamic mechanical analysis, helium pycnometry, differential
scanning calorimetry and thermogravimetric analysis.

The BioComposites Centre has specialist testing equipment for polymers, including polymer films,
and thermoplastic matrix composites. Injection moulding of test pieces from small batches allows
mechanical properties to be evaluated for new products and blends. The Centre also has
manufacturing and testing capabilities for thermosetting composites using natural fibre
reinforcements, such as hemp, flax, jute and sisal.
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CHARACTERISATION OF LIGNIA

Introduction

Material was supplied by Lignia Wood Company Limited for evaluation. This was from three
batches of treatment and an untreated Radiata pine control set of samples.

Testing was performed under BS 373, Methods of testing small clear specimens of timber, which
determines the strength properties of small defect free samples of timber. The Janka hardness test
values allow comparison with reported values for teak, which is a commonly chosen species for
marine applications. Teak data published in Lavers (1969) The strength properties of timbers,
Forest Products Research Bulletin No 50.

Experimental
Janka hardness testing

Samples of 20 x 20 x 60mm were supplied by Lignia Wood Company Limited. These were
conditioned at 20°C and 65% relative humidity until a stable weight was recorded, prior to testing.

Sample material Code assigned to samples Moisture content at time of
test (%)

Lignia, HA 7.8

batch 24, set 1, 90.23

Lignia, HB 7.7

batch 23, set 1, resin 20, 88.04

Lignia, HC 7.8

batch 0, set 4, resin 17

Control, HD 12.9

Untreated Radiata pine

Table 1. Materials tested and moisture content of samples after conditioning at 20°C and 65% r.h.

Samples were supported within a sample holder during testing on an Instron universal testing
machine using the 2cm standard parameters for test. The ball radius was 5.639 mm and cross
head speed was 6.35 mm/min.

Ten samples were indented in the tangential face and ten samples were indented in the radial
face.

The tested samples were weighed, then oven dried and re-weighed, to determine their equilibrium
moisture content at the time of test (20°C 65% r.h.). Values are shown in Table 1 above. The
equilibrium moisture content of modified woods is typically lower than unmodified woods, as shown
in these samples.
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CHARACTERISATION OF LIGNIA

Janka hardness results

The mean hardness values recorded for each material, and the standard deviation (s.d.) are shown
in Table 2. All Lignia wood samples recorded higher values than the untreated Radiata pine.

Sample Tested face Hardness
(N)
HA Radial 5688
(250 s.d.)
Tangential 5483
(187 s.d.)
HB Radial 4476
(309 s.d.)
Tangential 4735
(460 s.d.)
HC Radial 5452
(445s.d.)
Tangential 5189
(558 s.d.)
HD Radial 2861
(665 s.d.)
Tangential 3179
(757 s.d.)

Table 2. Janka hardness values recorded for three supplied Lignia products, tested in the radial
and the tangential face. Mean values are shown, with standard deviations in parenthesis.

The hardness values for Lignia were significantly higher than the untreated Radiata pine.
When tested into the tangential face, the Lignia samples had a greater tendency to split than the

untreated radiata pine. Splitting was much less frequent in the radial face (Figure 1d), which in
practice would be commonly seen in quarter sawn planks.
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CHARACTERISATION OF LIGNIA

a)

c)

Figure 1. (a) Hardness test in progress. (b) indentation into radial face of Lignia. (c) indentation into

b)

radial face of unmodified radiata pine. (d) tested samples of Lignia, upper row tangential face,

lower row radial face.

Comparison with teak data (Lavers, 1969)

Reference data Region of origin Hardness
(N)
Teak Burma 4450
(718 sd)
Teak Western Nigeria 4890
(735 sd)
Teak Northern Nigeria 4800
(1110 sd)

Table 3. Janka hardness values for teak from three sources, reported by Lavers (1969). Note that
the teak data were compiled from 109 samples (Burma), 28 samples (W Nigeria) and 33 samples

(N Nigeria).
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CHARACTERISATION OF LIGNIA

To compare the results from this experiment with the values previously reported for teak, the mean
of all samples per treatment was calculated as shown in Table 4.

Material Product reference Hardness
(N)
HA Batch 24, set 1 5586
(239 sd)
HB Batch 23, set 1 4606
(404 sd)
HC Batch 20, set 4 5320
(510 sd)

Table 4. Mean values for all twenty tested samples per supplied treatment, independent of

orientation of testing.

The data in Tables 3 and 4 were used to derive the standard error of the mean, and determine the
95% confidence interval for the populations of material tested. These are shown in Figure 2. Itis
clear that one of the Lignia products (labelled HB) has a hardness equivalent to teak. The HC
material is harder, but its range of values overlaps with the Nigerian teak material, and the HA
product is harder than all teak reference materials.

5000

3000

JankaHardness(N)

2000

1000

HA
Lignia

Comparison of Lignia and Teak

HB HC Burma
Lignia Lignia Teak

W Nigeria N Nigeria
Teak Teak

Figure 2. Mean and 95% confidence interval for Lignia and Teak, using standard error of the mean.
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| CHARACTERISATION OF LIGNIA

Summary and Conclusions

The hardness tests revealed that Lignia is as hard as teak, and that some of the materials tested
have higher levels of hardness than Burmese teak.
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SUMMARY AND DOCUMENTARY EVIDENCE

Impact resistance: Charpy impact test, derived
from BS EN ISO 179

Sample Impact of Density Moisture content
code Resistance kJ/m? (g/cm?) attest(%)

ID Radiata pine 17.48 (sd 3.62) 0.530 13.72
IE LIGNIA 9.53(sd 1.69) 0.724 8.09

IF LIGNIA 8.51(sd 1.45) 0.728 7.76
IG LIGNIA 8.96 (sd 1.49) 0.679 8.04
ITTEAK 14.55 (sd 3.34) 0.619 11.24

Summary:

The three batches of LIGNIA
showed lower values of impact
resistance than the unmodified
radiata pine and teak supplied
for test.
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CHARACTERISATION OF LIGNIA — IMPACT RESISTANCE

The BioComposites Centre

The BioComposites Centre have 30 years’ experience in research and development for the timber
and wood based panels industry. Specialising in industry-facing research, the Centre also provides
consultancy, materials testing, product development and technical support for companies in the
timber, natural fibre composites, bio-based materials and biopolymer sectors. The Centre also
offers assistance to companies in scale up and process development, supported by the Biorefining
Technology Transfer Centre.

The BioComposites Centre maintains well-equipped laboratories to provide materials testing for
the determination of the mechanical and physical properties of wood, wood based panels and
other composite materials. This includes standard tests for wood based panels (MDF,
particleboard, plywood and OSB) and the related adhesives used in this industry. A wide range of
mechanical tests can be undertaken on solid wood, for example evaluating new species, new
modified wood products and the influence of wood treatments. Weathering, natural durability and
determination of resistance to decay by basidiomycete fungi is also routinely undertaken for timber
preservative treatments, protective treatments and wood modification systems.

Materials characterisation can also be undertaken at the ultrastructural level, including dynamic
vapour sorption, porosimetry, dynamic mechanical analysis, helium pycnometry, differential
scanning calorimetry and thermogravimetric analysis.

The BioComposites Centre has specialist testing equipment for polymers, including polymer films,
and thermoplastic matrix composites. Injection moulding of test pieces from small batches allows
mechanical properties to be evaluated for new products and blends. The Centre also has
manufacturing and testing capabilities for thermosetting composites using natural fibre
reinforcements, such as hemp, flax, jute and sisal.

20of 6
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CHARACTERISATION OF LIGNIA — IMPACT RESISTANCE

Introduction

Material was supplied by Lignia Wood Company Limited for evaluation and comparison with teak,
which is a commonly chosen species for marine applications.

The Charpy impact test was performed according to an in-house method, derived from BS EN ISO
179 which is used in the plastics industry. A 4J anvil was used to strike wood samples in the
centre, while supported at each end. The energy consumed in breaking the sample was recorded
and used to determine the impact resistance (kilojoules per square metre).

Experimental

Materials supplied for test

Samples of Lignia from three different production batches were supplied, pre-cut for testing.
Additionally, samples of untreated Radiata pine and teak were provided to permit comparison of
the impact resistance values determined.

All samples were conditioned at 20°C and 65% relative humidity prior to test, and the moisture
content at test was determined.

Sample code Batch information Samples tested
ID Radiata pine 30
Untreated control
IE Lignia 30
Batch 20, R 17, S4
IF Lignia 30
Batch 23, R 20, S1
[€] Lignia 30
Batch 24, R21, S1
IT Teak 30

Table 1. Materials for test.

Sample dimensions were 100mm (longitudinally aligned) by 10mm (radial direction) by 5mm
(tangential direction).
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CHARACTERISATION OF LIGNIA — IMPACT RESISTANCE

Impact resistance

Impact resistance was tested for each material, as reported in Table 2.

Sample code Impact resistance Density Moisture content at
kJ/m? (g/cm®) test (%)

ID 17.48 0.530 13.72

Radiata pine (s.d. 3.62)

IE 9.53 0.724 8.09

Lignia (s.d. 1.69)

IF 8.51 0.728 7.76

Lignia (s.d. 1.45)

IG 8.96 0.679 8.04

Lignia (s.d. 1.49)

IT 14.55 0.619 11.24

Teak (s.d. 3.34)

Table 2. Impact resistance recorded for the Lignia, Radiata pine and teak samples.

a)

b

Figure 1. (a) Charpy impact test set up. (b) Comparing the failure mode of Radiata pine and Lignia

Examination of the tested wood specimens indicated a difference in failure mode between the
Radiata pine and Lignia (Figure 1b). The Lignia samples showed a more brittle failure mode. The
failed teak samples showed behaviour which was more similar to the unmodified Radiata pine.

Page 4 of 6

24



25

CHARACTERISATION OF LIGNIA — IMPACT RESISTANCE

Figure 2. Impact test of a wood sample.

Impact resistance
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5
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Figure 3. Comparison of the 95% confidence interval of the mean for different batches of Lignia,

alongside Radiata pine and teak.
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| CHARACTERISATION OF Modified Pine — IMPACT RESISTANCE

Summary and Conclusions

The three batches of Modified Pine showed lower values of impact resistance than the unmodified
Radiata pine and teak supplied for test.

Page 6 of 6
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SUMMARY AND DOCUMENTARY EVIDENCE

Effusivity test

Sample Mean Thermal Effusivity (Ws?/,/(m?K))

20°C 25°C 30°C 35°C 40°C 45°C 50°C
LIGNIA Blank 255.2 3.1.2 303.3 312.1 315.9 329.9 327.0
RSD(%) 5.0 5.3 4.1 3.9 6.2 2.1 6.0
LIGNIA 86.15B24 R21 Set 2 369.6 373.5 377.7 386.4 392.4 402.0 401.1
RSD(%) 0.8 24 L5 L5 2.0 0.6 10
LIGNIAB25 R20 SET 88.25 369.6 353.7 360.1 358.3 378.7 407.7 389.9
RSD(%) 18 17 19 16 34 0.5 19
Teak 1 259.0 275.4 287.2 280.7 289.0 285.5 289.2
RSD(%) 2.0 8.0 36 7.7 5.5 2.8 3.5
Teak 2 286.8 305.4 330.0 331.1 353.2 359.1 368.3
RSD(%) 14 6.4 8.5 5.6 2.6 12 26
Teak 3 368.7 379.9 374.9 385.3 391.3 390.9 406.0
RSD(%) 0.4 16 2.8 L4 L9 2.2 0.5

Summary:

Thermal effusivity provides information about how warm an object feels
when touched for a short period and when contact is made over a longer
period. It provides a measure of the rate at which a material can absorb
heat.

Surfaces of three teak samples taken from different pieces and three
pieces of quarter sawn LIGNIA® Yacht from different batches were
compared over a range of temperatures and time periods. In most
instances, the range of values for both materials are of a similar order
of magnitude meaning they feel similar when touched.
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SUBJECT:

This report summarizes the measurement of Thermal Effusivity (W-s'/2/(m?-K)),of six wood samples
received from LIGNIA Wood Company Limited. All sixsamples were measured for thermal effusivity using
the Hot Disk TPS 2500 S Thermal Constants Analyzer, from 20 to 50°C.

The ThermTest TPS 2500 S Thermal Constants Analyzer was the instrument used for bulk thermal effusivity
measurements. The TPS 2500S meets ISO 22007-2:2015-Plastics - Determination of thermal conductivity

and thermal diffusivity - Part 2: Transient plane heat source (hot disc) method.

What is Thermal Effusivity?

Thermal effusivity is a thermal property that governs heat transfer between two objects of different
temperatures. To better understand human comfort, the thermal effusivity of the provided wood samples
was measured. The thermal effusivity of the samples, or otherwise referred to as the cool to touch effect,
will determine the rate at which the material absorbs heat upon contact with the skin.

Figure 1. Visual representation of the thermal effusivity
between the skinand anobject of low effusivity (wood),
left, and an object of high effusivity (metal), right.

Figure 1 illustrates the cool to touch effect between the skin and two drastically different materials. An
object of lower thermal effusivity, such as wood, is a material that feels warm to the touch. In other words,
the material does not quickly absorb heat from the skin upon contact. A material of higher thermal effusivity,
such as metal, is a material that will feel cool to the touch. Meaning, the material rapidly absorbs heat from
the skin, allowing the body to cool faster upon contact.

Following ASTM D7984, the Hot Disk TPS measures one-dimensional thermal effusivity when testing
materials with short test times (typically 1 to 2 seconds). The one-dimensional thermal effusivity is
determined by the shape of the heat penetration, at short test times. As the Hot Disk TPS sensor has a large
diameter of 14.61 mm and a thickness of 0.01 mm, the sampling of thermal effusivity from the face of the
14.61mm sensor, has very little lateral heat loss, thus one-dimensional penetration is represented.

As a natural phenomenon, like the Hot Disk TPS sensor, the skin experiences one-dimensional penetration
upon initial contact, due to the large surface area contact, similar to the Hot Disk TPS Sensor. As contact
time increases between skin and material, the heat penetration becomes more three-dimensional. By
extending test times, one can determine the level of human comfort, or the effective thermal effusivity of
the material, with respect to prolonged exposure times. Test times from 2 to 40 seconds were performed
to mimic this prolonged exposure.
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SAMPLE DESCRIPTION:

Sixwood samples were received from LIGNIA Wood Company Limited for thermal effusivity measurements.

The samples were identified as follows:

ThermTest Inc.
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Figure 2. LIGNIA Blank. Thermtest Identifier: TT-001-501.

Figure 3. LIGNIA B25 R20 SET 88.25.Thermtest Identifier: TT-001-502.

Figure 4. LIGNIA B24 R21 SET 2. Thermtest Identifier: TT-001-503.
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Figure 5. Teak 1. Thermtest Identifier: TT-001-504.

Figure 6. Teak 2. Thermtest Identifier: TT-001-505.

Figure 7. Teak 3. Thermtest Identifier: TT-001-506.
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EXPERIMENTAL:

Thermal Effusivity was measured using the TPS Single-Sided Standard Analysis Module. With this test
module and using the TPS 2500S Thermal Constants Analyzer, effective thermal effusivity of a variety of
samples, with varying sample geometries can be easily determined.

To mimic the feeling from the hand, thermal effusivity tests were performed single-sided. With this
approach, an insulating backing material of known thermal properties is placed in contact with the TPS
sensor on the opposite face to the unknown sample.

In the process of calculations, the thermal properties of the backing material are accounted for, leaving the
thermal properties of the unknown sample. Multiple thermal effusivity measurements were performed at
each test time, to confirm precision.

RESULTS:

Thermal Effusivity Per ASTM 7984 (2s) from 20to 50°C

To demonstrate the cool to touch sensation, per ASTM 7984, a test time of 2 seconds was performed at
each temperature. Results can be found below.

Table 1. Thermal Effusivity Results per ASTM 7984 (2s) of the six Wood Samples (TT-001-501to-
506), from 20 to 50°C.

Mean Thermal Effusivity
sample (Ws1/2/(m?2K))
20°C 25°C 30°C 35°C 40°C 45°C 50°C
LIGNIA Blank 255.2 301.2 3033 3121 3159 3299 327.0
RSD (%) 5.0 5.3 4.1 39 6.2 2.1 6.0
LIGNIA 86.15 B24R21 Set 2| 369.6 3735 3777 386.4 3924 402.0 401.1
RSD (%) 0.8 24 15 15 20 0.6 1.0
LIGNIA B25 R20SET 88.25 | 3696 | 353.7 | 360.1 | 3583 | 378.7 | 407.7 | 3899
RSD (%) 1.8 17 19 16 34 0.5 19
Teak 1 259.0 2754 287.2 280.7 289.0 285.5 289.2
RSD (%) 20 8.0 36 77 5.0 2.8 35
Teak 2 286.8 | 3054 | 3300 | 3311 | 3532 | 359.1 368.3
RSD (%) 14 6.4 85 5.6 26 12 26
Teak 3 3687 | 3799 | 3749 | 3853 3913 | 3909 | 406.0
RSD (%) 0.4 16 2.8 14 19 22 0.5

Notes: For each sample, five measurements of thermal effusivity were conducted at each temperature - the mean
results are reported. Measurements were made using the TPS Single-Sided Standard Analysis Method.TPS sensor #4922
(14.61 mm radius; Kapton insulation), 2 second test times and 0.1 Watts of power were selected for measurement

parameters.
ThermTest Inc. TPS Report
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Figure 8. Thermal Effusivity per ASTM 7984 (2s), of the three LIGNIA Samples (TT-001-501to-503),from
20 to 50°C.
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Figure 9. Thermal Effusivity per ASTM 7984 (2s), of the three Teak Samples (TT-001-504to-506),from 20

to 50°C.
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Thermal Effusivity with Prolonged Exposure Time (10s) from 20 to 50°C

To demonstrate the cool to touch sensation, with a prolonged exposure time, a test time of 10 seconds was
performed at each temperature. Results can be found below.

Table 2. Thermal Effusivity Results with Prolonged Exposure Time (10s) of the six Wood Samples
(TT-001-501to -506), from 20 to 50°C.

Mean Thermal Effusivity
sample (Ws1/2/(m?K))
20°C 25°C 30°C 35°C 40°C 45°C 50°C
LIGNIA Blank 325.6 3304 330.6 337.7 345.2 346.1 360.1
RSD (%) 0.1 0.1 13 0.2 0.2 0.1 0.5
LIGNIA 86.15 B24R21 Set 2| 371.3 3724 369.4 380.7 382.1 391.8 | 401.7
RSD (%) 15 14 12 1.2 13 0.7 0.6
LIGNIA B25 R20 SET 88.25 | 372.6 3749 | 3725 3759 3940 | 3923 401.8
RSD (%) 0.7 11 0.9 18 11 16 2.6
Teak 1 330.3 335.5 3394 3413 356.4 352.7 354.7
RSD (%) 1.0 03 16 04 0.5 0.5 43
Teak 2 3344 346.8 355.0 366.0 367.3 3624 3750
RSD (%) 0.3 0.2 0.3 0.2 0.1 04 0.5
Teak 3 367.8 382.2 383.7 389.9 388.7 | 397.7 | 4043
RSD (%) 17 0.9 18 15 17 12 0.4

Notes: For each sample, five measurements of thermal effusivity were conducted at each temperature - the mean
results are reported. Measurements were made using the TPS Single-Sided Standard Analysis Method.TPS sensor #4922
(14.61 mm radius; Kapton insulation), 10 second test times and 0.1 Watts of power were selected for measurement
parameters.
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Figure 10. Thermal Effusivity with Prolonged Exposure Time (10s), of the three LIGNIA Samples (TT-001-
501 to -503),from 20 to 50°C.
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Figure 11. Thermal Effusivity with Prolonged Exposure Time (10s), of the three Teak Samples (TT-001-504
to -506),from 20 to 50°C.
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Thermal Effusivity with Prolonged Exposure Time (40s) from 20 to 50°C

To demonstrate the cool to touch sensation, with a prolonged exposure time, a test time of 40 seconds was
performed at each temperature. Results can be found below.

Table 3. Thermal Effusivity Results with Prolonged Exposure Time (40s) of the six Wood Samples
(TT-001-501to -506), from 20 to 50°C.

Mean Thermal Effusivity
Sample (Wst/2/(m?K))
20°C 25°C 30°C 35°C 40°C 45°C 50°C
LIGNIA Blank 333.0 3399 346.5 350.2 356.2 360.3 367.2
RSD (%) 0.1 0.1 0.1 0.1 0.1 0.1 0.1
LIGNIA 86.15 B24 R21 Set 2 | 354.5 360.7 366.2 3720 3776 384.3 390.1
RSD (%) 0.3 0.2 0.5 03 0.1 03 0.5
LIGNIA B25 R20 SET 88.25 | 368.1 3726 3774 385.9 389.9 394.8 | 4017
RSD (%) 0.3 0.2 04 0.1 03 04 0.3
Teak 1 3422 3489 352.0 3576 362.7 368.1 3746
RSD (%) 0.2 0.1 0.4 0.1 0.3 0.3 0.2
Teak 2 345.6 3520 356.5 3615 366.7 | 3709 3731
RSD (%) 0.1 0.1 0.4 0.2 0.1 0.3 0.2
Teak 3 3735 379.0 3815 3874 3925 396.8 399.9
RSD (%) 0.1 0.1 0.3 0.1 0.1 0.1 0.3

Notes: For each sample, five measurements of thermal effusivity were conducted at each temperature - the mean
results are reported. Measurements were made using the TPS Single-Sided Standard Analysis Method.TPS sensor #4922
(14.61 mm radius; Kapton insulation), 40 second test times and 0.1 Watts of power were selected for measurement
parameters.
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Figure 12. Thermal Effusivity with Prolonged Exposure Time (40s), of the three LIGNIA Samples (TT-001-
501 to -503),from 20 to 50°C.
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Figure 13. Thermal Effusivity with Prolonged Exposure Time (40s), of the three Teak Samples (TT-001-504
to -506),from 20 to 50°C.
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Figure 14. Thermal Effusivity with Exposure Time (2s, 10s and 40s), of the LIGNIA Blank Sample (TT-001-

501), from 20 to 50°C.
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Figure 16. Thermal Effusivity with Exposure Time (2s, 10s and 40s), of the LIGNIA B24 R21 SET 2 Sample
(TT-001-503),from 20 to 50°C.
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Figure 17. Thermal Effusivity with Exposure Time (2s, 10s and 40s), of the Teak 1 Sample (TT-001-504),
from 20 to 50°C.
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Figure 18. Thermal Effusivity with Exposure Time (2s, 10s and 40s), of the Teak 2 Sample (TT-001-505),

from 20 to 50°C.
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Figure 19. Thermal Effusivity with Exposure Time (2s, 10s and 40s), of the Teak 3 Sample (TT-001-506),
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SUMMARY AND DOCUMENTARY EVIDENCE

Surface burning test results: ASTM -E 84

Approx. time to | Maximum flame |Time to maximum |Flame Spread Index| Smoke Developed
ignition (seconds) | front distance flame front (s) (FSI) Index (SDI)
ft)

t
74 (ft): 5.9 307 25 110
(m): 1.80

Summary:

Industry documents such as the International Building Code (IBC) or
NFPA 101 Life Safety Code refer to ASTM E 84 (UL 723, NFPA 255) test
results using the following material classification categories:

Class Flame-Spread Index Smoke Development
(FSI) Index (SDI)

Class 1 orClass A 0-25 450 Maximum

Class 2 orClass B 26-75 450 Maximum

Class 3 orClass C 76-200 450 Maximum

LIGNIA falls intothe Class 1 or Class A rating.
















SUMMARY AND DOCUMENTARY EVIDENCE

Movement classes, conditioning and equilibrium
moisture content

Batch No. Radial and tangential cumulative movement 94% to 65% RH (%)

No. Boards Average Minimum Maximum

Batch 2 (LIGNIA) 6 0.94 0.46 1.38
Batch 4 (LIGNIA) 6 1.66 1.33 2.28
Batch 9 (LIGNIA) 6 1.25 0.49 1.90
Batch 11 (LIGNIA) 6 1.06 0.82 1.44
Radiata pine 5 2.31(3.2) 1.73 3.31
W red cedar (1.35)

Summary:

The moisture movement
properties test demonstrate
that LIGNIA® falls into the ‘small
movement’ category.
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7. BONDING
TEST RESULTS




Wessex Resins & Adhesives Limited
Epoxy Manufacturers & Formulators:
Cupernham House, Cupernham Lane
Romsey, Hampshire SO51 7LF
info@wessex-resins.com

WWW.W _essex-resins.com

4 March 2019

Please find below pull-off adhesion test results using ADV-170/2700n Lignia
Yacht Deckingmanufactured by D.AWatts.

Pull-off
Adhesion
(MPa)
Wood | Laminate

face face
1 293 5.74
2 431 5.36
3 4381 5.46
4 3.80 531
5 437 4.98
6 345 5.66
7 363 5.94
8 4.86 6.71
Min 2.93 498
Max 4.86 6.71
O 1.93 1.73
Average | 4.02 5.65
Median 4,06 5.56
] 0.64 0.49

64
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Both faces of the sample was tested, the plain untreated wood and the laminated face.

We have tested teak decking manufactured in a similar fashion and seen typical adhesion figures in
the range of 4 - 8 MPa.

| also attach two images which show the failure observed in each case.

For the wood face -100% cohesive failure of the wood throughout.

For the laminate face - 100 % laminating adhesive failure throughout. Worth noting however than
upon failure the studs remained firmly attached to the underlying glass cloth and not inconsiderable

force was required to detach them.

The images illustrate a clear failure of wood fibre against the A face of the deck and the laminate
failing against the wood in an area surrounding the bonded stud on the B face (laminate face ).

We would expect such a bond to indicate wood fibre as the weakest component of the joint.




8.

LIGNIA MODIFIED PINE

MAINTENANCE ADVICE

PRODUCT CHARACTERISTICS

LIGNIA Yacht has a density similar to
Burmese Teak, and the surface has a
similar wear resistance (see third party
test results). It is harder due to the
modification process JANKA test 5.7
Kn), which results in the product's grain
structure remaining flat during exposure
to UV, water, salt and wind.

Over a five-year test period in the USA, it
has been proven that eco—friendly acid-
free cleaners that are designed to be

thorough, yet gentle work best on LIGNIA.

DO NOT USE CHLORINE BLEACH in an
attempt to bleach the decks. Chlorine will
attack most caulking products, breaking
them down.

The LIGNIA deck can be scrubbed across
or along the grain with a 3M scotchbrite
scrubbing pad or a polypropylene bristle
brush. With Teak decks traditionally
scrubbing with the grain tears the soft
grain out of the planks, leaving the
surface rough. However, with a LIGNIA
deck you do not get grain tear because
the surface is harder. A rough, weathered
deck exposes more of the wood to
environmental deterioration. On larger

areas, use of rotary cleaning machines with
dispenser tanks and polypropylene bristle

brushes is appropriate.

Even with care, in time the surface of
LIGNIA may become uneven and the colour
will change from a golden brown to a sliver
grey due to the effects of UV, wind, rain
and sea water. The product may exhibit
signs of fine surface checking, similar to
Burmese Teak, when this happens, the
decks should be lightly sanded with a
sanding machine to smooth the surface
and remove the surface checks. This

will increase the life of the deck by
exposing less wood to the elements

and preventing the grain from

trapping dirt or air carried

corrosives.

LIGNIA has been proven to
provide a longer period
between maintenance than
Burmese Teak, on average
twice as long, before
remedial sanding is
required.




