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Testing of sweet chestnut glulam beams and finger joints

1 Introduction

The Shorne Wood project was proposed to have glulam beams made from coppiced
sweet chestnut derived from sources within the authority of Kent County Council, the aim
of the project being to demonstrate the use of the sweet chestnut resource.

To design glulam effectively to BS5268: Part 2 — 2002" a timber must be attributed to
one of a series of strength classes in that code. Though sweet chestnut has been
evaluated from structural use it has not been attributed to a strength class as the
characteristic value for the material is below the requirements of the lowest hardwood
strength class (D30). To be acceptable for a strength class strength, stiffness and
density must all meet or exceed the minimum requirements for that strength class. For
sweet chestnut the strength and density are just below that required to meet the D30
strength class, therefore, the structural properties exist only as grade stresses. Though
the grades stresses in BS5268 do not allow sweet chestnut to be allocated to the D30
strength class judicious grading and material selection has the potential to enhance the
structural performance such that it could perform as well as timber meeting the D30
strength class.

This is further complicated by the source of the timber being coppiced grown material,
predominately juvenile wood as compared to the material used to derive the stresses in
BS5268. The timber used to derive the stresses was mainly from seed grown single
stem trees of much greater age. Therefore, there was also the possibility that the
structural properties may be different from normal tree gown material. Evidence from
testing ring porous hardwoods (like sweet chestnut) carried out in the 1960’s and 1970’s
showed that certain properties were enhanced in timber that was young and quickly
grown, as in the case of coppiced material, toughness or impact strength was particularly
improved. There was also the possibility that some of the properties may be diminished
and therefore the basis of design may be incorrect.

BRE was commissioned to carry out a series of duration of load tests to demonstrate
that the assumptions made for the basis of design were sound and resulted in safe
beams when tested against the requirements of Section 8 in BS5268: Part 2. If the basis
if design proved to be incorrect then the work could supply useful data such that
corrections to the basis of design could be made that would result in safe and
serviceable sweet chestnut glulam beams.

In addition to the testing of the large laminated beams there was to be testing carried out
on the finger joints used to end join the timber that made up the individual lamellae. The
importance of testing the finger joints is to demonstrate that they are as strong as or
stronger than the timber in which they were formed.
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2 Details of tests carried out

An initial inspection of the beams before testing indicated that the adhesive application
may not have been fully optimised. In some of the beams (particularly 1, 2 and 3) the
adhesive may have been less that desirable. This was indicated by the very low squeeze
out from the sides and ends of the beams and that some of the finger joints on the tops
of the beams did not have the pits at the base of the finger joints fully filled. Beams 4 and
5 had a greater degree of squeeze out and better filled pits in the finger joints. The
finger joints for tension testing also showed some instances of unfilled pits at the base of
the finger joints.

There was also the concern about the frequency of high levels of slope of grain in the
beams. Whilst it is true that in general the effects of slope of grain are mitigated by the
lamellae either side of the affected lamella this assumes that the grain in the adjacent
lamellae is relatively straight. But where there is a high frequency of severe slope of
grain it is possible to have several adjacent lamellae all with high level of slope of grain,
compromising the integrity of the beam.

The timber for tension testing of the finger joints also showed severe slope of grain. It
became apparent that the worst slope of grain was always associated with one end of
the material and this was a consequence of being coppice grown. Coppice timber has a
tight curve at the butt end where the branch grows out from the root stock before it
straightens to grow upwards. This could, therefore, be controlled by careful pre-selection
of the material working to acceptable limits of slope of grain whilst attempting to
maximise the amount of usable timber from the resource.

Testing the glulam beams

BRE was supplied by Mr West of Faber Maunsell with a work briefing sheet (Briefing
sheet1/C) detailing the work to be carried out for the testing of the glulam beams and the
finger joints.

The testing for the large gluam beams was as follows:
Pre-load

Carry out the initial pre-loading of the beams as described in BS 5268: Part 2 -2002
Clause 8.5.2.

Deflection test

Having carried out the pre-load continue with the deflection test as described in BS 5268:
Part 2 -2002 Clause 8.5.3.

Strength test

Having completed the requirements of the deflection test proceed to carry out the
strength test as described in BS 5268: Part 2 -2002 Clause 8.5.4.
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Testing of sweet chestnut glulam beams and finger joints

Test to destruction

Having demonstrated that the beams can carry the required load as set down in clause
8.5.4 complete this clause by taking the beam to ultimate load.

Acceptance criteria

Evaluate results against the acceptance criteria in BS 5268: Part 2 -2002 Clause 8.6.2.

Test procedure

The loading required to carry out the test work was based on the calculation supplied by
Mr West in the briefing sheet. It would normally be expected that the beams would be
subjected to a uniformly distributed load (UDL), however in testing at high loads this is
difficult to achieve and the accepted practice is to use a point load at mid span and apply
only half of the UDL. This meant for the pre-load a point load of 5.5kN was applied and
for the defection test an applied load of 38kN was applied.

The basic procedure is outlined below:
Pre-load

A load equal to the dead load is applied and held for 30 minutes and the deflection is
recorded. After 30 minutes the load is released the deflection is immediately recorded
and again after 15 minutes. The last record of deflection is taken as the datum for the
subsequent deflection test.

Deflection test

Immediately following the pre-load the dead load is applied once more and held for
fifteen minutes. At the end of this time the design load is applied over a period of not less
than thirty minutes and not more than forty five minutes from zero load. The design load
is then held for 24 hours and the deflection is monitored over this period with particular
records of deflection being taken at:

Fifteen minutes after the application of the dead load
Fifteen minutes after the application of the design load
At intervals throughout the twenty four hours
Immediately before the load is released

Immediately after the load is released

Fifteen minutes after the load in released
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Strength test

Within one hour of completing the deflection test the design load should be reapplied in a
similar manner to the deflection test and a load applied equal to 1.25 x the design load x
the K85 factor in BS5268 for the appropriate load duration condition, this was the target
load. As five beams were being tested once the target load had been reached the load
was allowed to increase at a steady rate until failure occurred and the maximum value
was recorded.

Acceptance

The acceptance level for deflection depends greatly on the functional requirements for
the particular structure. Though, ideally the deflection at the end of 24 hours should not
exceed 0.8 of the deflection stated in the design. The rate of increase in the deflection
during the twenty four period should also have decreased.

For strength the lowest recorded value for load of the five beams tested must exceed the
load duration factor x a factor for sample size x design load

Modulus of elasticity

During the testing of beam 1 the defections recorded seemed high, in excess of the rule
of thumb guidance value for deflections of 0.003 of the span. Therefore, from the data
being recorded during the application of the design load a three point Modulus of
Elasticity (MoE) was recorded sometimes called a Global Modulus of Elasticity or Ep, .
Using a method outlined in EN384” this could be converted to a shear free MoE as used
in design. This may help with the calculation of the overall defections. Though it is
important to point out that this MoE is not exactly the same as the BS5268 MoE but is
closer to an EN338° MoE but there were slight differences in the loading arrangements
of the beam even for an EN338 MoE.

Finger joints

The original aim was to test the finger joints in tension as this would have allowed an
alternative design approach based on EN1194" if difficulties with the basis of design in
BS5268 had proved problematic. EN1194 allows for defining of glulam strength classes
by determination of tension strength of the timber and factoring the other stresses from
that.

50 lamellae with the finger joint positioned at the centre of the span were supplied along
with 50 lamellae that had solid timber at the centre of the span. The tension test was to
be carried out as described in EN408°.

Initial testing quickly demonstrated with a width of only 90mm there was insufficient
material to be firmly gripped in the machine and the specimens pulled out under load.
Therefore, after consultation with Mr West the decision was taken to test them in
bending. The only other viable alternative would have been to machine the specimens
into a dumbbell shape thereby reducing the width of the profile over the finger jointed
section, this is not recommend when tension testing finger joints.
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Testing the specimens in bending did lead to one unforeseen advantage, the bending
test at the finger joint could be end matched to the solid timber in the same lamella. This
gave a much better comparison of the strength of the finger joints to that of solid wood,
than would results taken from differing pieces of timber.
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3 Test results

The recorded load / defection curves with time for the five beams are shown in Appendix
A and Table 1 contains the pertinent results for the five beams.

Table 1. Results for the five beams

Test requirements Beams
1 2 3 4 5
Pre-load — Deflections (mm)
Immediately before +4.61 +4.39 +4.622 +4.88 +4.3167
release of the pre-load
Immediately after release +0.19 +0.9 -0.9483 +0.54 +0.2787
of the pre-load
15 mins after release of the +0.19 +.0.5 -1.08 +0.5 -0.21
pre-load
Deflection test — Deflections (mm)
15 mins after application of +4.55 +4.47 +3.44 +5.16 +4.34
pre-load
15 mins. after application +17.99 +17.79 +17.12 +18.82 +17.39
of design load
Immediately before release +19.05 +19.68 +18.54 +20.32 +18.47
of load after 24 hours
Immediately after release +1.24 +1.09 +0.63 +0.94 +0.463
of the design load
15 mins. after the release +0.84 +0.81 +0.32 +0. 62 +0.216
of the design load
Total deflection +18.86 +19.18 +19.62 +19.82 +18.68
Total load to failure (kN) 100 107.2 122.5 1335 140
Moisture content (%) at 16 16 16 16 16

point of failure
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Testing of sweet chestnut glulam beams and finger joints

Deflections

All the beams showed an appreciable initial deflection due to settlement and embedment
with the application of the pre-load. Total deflections for all beams were considerably
greater than had been expected based on a serviceability deflection of 0.003 of the span.
This tends to suggest that the modulus of elasticity of the lamellae was not as high had
have been indicated by the sweet chestnut grade stresses in BS5268. This may have

been for a number of reasons:

The material draw from young coppiced timber is predominantly juvenile timber
which has a higher microfibril angle than mature wood and this can reduce the
MOoE of timber® (see Appendix B).

The beams contained material with a high slope of grain and it has been
demonstrated that as the slope of grain increase the MoE reduces® (see

Appendix B).

If the spread of glue had not been fully optimised then local delamintion could
account for some of the resultant lack of stiffness. Some beams did have glue
lines that opened up whilst loaded to the design load, sometimes to a depth of

30mm.

As stiffness was a concern the global MoE was calculated for each beam from the data
collected during the ramping of load from the pre-load level to the design load level. The
data used was from the region of the loading regime within the elastic limit of the beams.
The results for calculated MoE are shown in Table 2 along with the shear free MoE
derived from the calculated values.

Table 2. Calculate Global MoE and derived shear free MoE

Calculated Global MoE Derived Shear free MoE
Beam 1 8774.3 8716.6
Beam 2 8787.3 8716.6
Beam 3 8660.2 8568.3
Beam 4 8995.4 9004.6
Beam 5 9071 9102.4

It would appear that basing calculations on the mean value for stiffness for sweet
chestnut as set out in the grade stresses in BS5268: Part 2 over estimated the actual
stiffness of the beams and calculations based on the determined MoE may give a better

prediction of performance.
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Testing of sweet chestnut glulam beams and finger joints

Strength

The target load that needed to be exceeded by the lowest recorded result for the five
beams to meet the requirements of BS2568: Part 2 — clause 8.6.2 was:

1(k73) x 1.79 (kgs) x 38kN = 68kN
The lowest record failure load for the five beams was 100kN.
Therefore the strength is acceptable.

Although there was concern as to the amount of adhesive and the amount of high slope
of grain present the beams performed well with regard to the strength requirements. In
general the mode of failure of the beams was predominately within the timber. It
developed on the tension face and propagated up through the beam as the failure
developed. Though the predominating failure mode was in the timber some
delamination of the glue lines did occur as did failures at or around some of the lower
finger joints. The failures at the finger joints were mainly due to high slope of grain. The
performance of the beams could be improved if the slope of grain was restricted to that
considered acceptable within solid timber, many cases of slope of grain were found that
were well above acceptable limits for solid wood.

Finger Joints

The aim of this work was to demonstrate that the finger joints were as strong as or
stronger than the timber in which they were formed. Originally the intention had been to
carry out tension tests on the finger joints but this proved difficult. Their width of 90mm
gave an insufficient area to hold the specimens in place when subject to high tensile
load, in consequence, the specimens pulled out of the test machine. One option would
have been to reduce the section width of the timber over the gauge length of the
specimen by machining a dumbbell shape into the specimens; this is acceptable for solid
timber but not recommended where finger joints are being tested. Therefore, the
decision was taken to test them in four point bending. The benefit that resulted from this
approach was that end matched specimens of finger joint and solid timber was possible
and would give a more accurate prediction of the joint effectiveness compared to solid
timber.

The mean values for the 50 finger joints and solid timber tested are shown in Table 3
and first impression would suggest that the finger joints were significantly weaker than
the solid timber. However, this impression was incorrect as what the testing did reveal
was that no finger joint failed through an adhesive failure but all failed in the timber at or
about the joint. The main reason was severe local slope of grain at or in the finger joints.
Slope of grain as high as 1:2.8 on the edge of a lamella was recorded, though this was
local slope of grain the location in relation to the finger joints was significant and resulted
in significant reduction in strength.
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Table 3. Mean results for the ultimate load to failure for the finger joints and solid timber.

Mean values for the ultimate load to failure for the finger jointed material and solid wood

Finger jointed material (N) Solid timber (N)

5353.96 6395.04

The level of severe slope of grain has had an adverse effect upon the mean values for
both samples but the finger jointed sample contained both the greatest amount and the
most severe slope of grain, in consequence, this sample has suffered the most. The
ultimate loads are used to calculate the bending strength of both samples and these
values are shown in Table 4.

Table 4. Bending strength for the two samples derived from the ultimate loads

Mean values for the ultimate load to failure for the finger jointed material and solid wood

Finger jointed material Solid timber
(N/mm?) (N/mm?)
At test 5" percentile 30.45 At test 5" percentile 36.81
value strength value value strength value
Permissible stress 2.57 Permissible stress 3.59
for BS5268 for BS5268
comparison comparison

When deriving BS5268 permissible stresses there is a requirement to adjust the strength
for the depth at test (22mm) to strength at a reference depth of 200mm, using the
formula (200/h)°'4 where h is the depth of the test specimen. This is a particularly harsh
adjustment for small cross section timber and was never intended to be used on such
material. This reference depth for determination of permissible stresses should not be
confused with the reference depth for design in BS5268. Additionally the moisture
content has to be adjusted to fibre saturation, around 28% for sweet chestnut; this
reduced the value of the test data still further. The resultant value is the green
characteristic bending strength. Having made the adjustments for depth and moisture the
“Green Characteristic Value” is used in Equation 1 to derive the permissible stress:

Equation 1: Dry permissible stress = green characteristic bending strength x 0.346 / 0.8

Where 0.346 is the permissible stressed reduction factor and 0.8 is the moisture content
adjustment factor from green to dry stresses.
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The derivation of the permissible stress indicates that material with no control on of slope
of grain gave results that are unacceptable. Therefore, an exercise was carried out to
determine an acceptable slope of grain at the finger joints and within the timber as a
whole. The data was limited due to the amount of slope of grain present in both samples
but from the limited data a general slope of grain of 1:10 looked promising; supporting
evidence from BS5657 also showed that the TH1 visual grade also had a general slope
of grain of 1:10. The number of pieces available to determine the strength for an
approximate slope of grain of 1:10, as already mentioned, was limited, 9 finger jointed
specimens and 14 solid timber specimens. A similar process was carried out on this
limited data to that for the 5" percentiles of the whole samples and the results are
presented in table 5:

Table 5. Permissible stresses calculated for material with an approximate slope of grain
of 1:10

Mean values for the ultimate load to failure for the finger jointed material and solid wood

Finger jointed material Solid timber
(N/mm?) (N/mm?)
At test 5™ percentile 60 At test 5™ percentile 60.9
value strength value value strength value
Permissible stress 7.75 Permissible stress 7.9
for BS5268 for BS5268
comparison comparison

The values used to calculate the permissible stresses were the lowest value for each
sample as there were too few pieces to determine a true 5 percentile value. Therefore,
the values in Table 5 should be regarded as indicative rather than definitive.

The values in Table 5 are a considerable improvement on those for both samples shown
in Table 3 and they fall just below the required value of 9 N/mm?for the D30 strength
class in BS5268. D30 being the assumed strength of the timber for design purposes.
BS5268 — Section 3; clause 3.4 requires finger joints in D30 timber to have a strength
not less than the strength class of the timber. Whilst the evidence in Table 5 suggests
this might not be the case the severe reduction in strength calculated to meet the
reference depth and moisture content condition is primarily responsible. As has already
mentioned the correctness of the adjustment to a 200mm reference depth has never
been demonstrated on small section timber and therefore is possibly unrealistically
punitive. There is no adjustment to strength for moisture content in the soon to be
applied European harmonised structural standards that will replace BS 5268 as the
design code for structural timber. Therefore, it can be assumed that the stresses
recorded are not a true reflection of the materials full potential, but may understate them.
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However, it has been clearly demonstrated is that the finger joints are as strong as the
solid timber when slope of grain is taken into account and controlled.

Normally slope of grain on the face need not be controlled but it was noted that several
of the finger joints showed cross grain on the face that resulted in broken fingers during
the machining process or as a result of the testing. The cross grain was a result of
severe slope of grain. Finger joints made with broken fingers caused in the machining
process are an obvious point of weakness as the joint is not properly formed. Fingers
that have a weakness due to cross grain similarly should be included in the beams.

A slope of grain of 1:10 at finger joints will improve the strength. Strength does not
improve so dramatically with lower slope of grain, therefore, there is little benefit in
imposing a lower value. The slope of grain in the solid timber away from the finger joints
should be as straight as can be achieved and to maximise the yield of timber a limit on
general slope of grain of 1:7 is suggested, this is higher than the 1:10 for comparison of
finger joint strength but this portion of the timber considered slightly less critical than the
finger joints. Additional to the 1:7 general slope of grain the local slope of grain within this
area should be limited to 1:5 or lower.

Epicormic growth

Some of the lamellae contained areas of epicormic growth which is abnormal growth
arising from several possible causes and result in a high frequency of small and closely
spaced adventitious knots associated with an increase in the growth of reaction wood
which has a confused, contorted and twisted grain structure. Timber with this feature can
be significantly weakened. However, it is dependent upon the location within the timber
and such growth is not recommended close to the edges or near to the ends of lamellae
where finger joints are to be cut.

General comments on grading.

The timber used for the beams appears not to have undergone any grading process and
therefore it might be appropriate that for features, other than those specifically addressed
in this report, should be assessed against the criteria for the TH1 visual grader in BS
5756"
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4 Conclusions and recommendations

1. The spread of adhesive should be fully optimised in line with the adhesive
manufactures recommendation to ensure that a full and effective bond is achieved
between the lamellae and at the finger joints. Though no direct failure of any part of the
laminated material can be attributed to the lack of adhesive the bond between lamellae
give the system it strength and should be of the utmost importance, see conclusions /
recommendations number 12.

2. The defections recorded for all five beams were greater than would have been
expected from calculations based on a mean stiffness of 11300N/mm?. This suggests
that the value in BS5268: Part 2 — 2002 does not truly reflect the stiffness of coppice
grown material. The juvenile wood that comprised most of the coppiced material and the
severe slope of grain have had a considerable influence on the over all stiffness.

3. The stiffness calculated during the testing process may help in the design process for
the calculation of an appropriate depth for the beams. It seems that the depth of the
beam will need to be increased to meet serviceability requirements as a result of the
measured stiffness being less than the stiffness used for design and the measured
defections for all beams exceeded the normally acceptable acceptance criteria in
BS5268 — clause 2.17.2. But this decision would be at the discretion of the designer with
relation to the limits acceptable within the design.

4. The assumption of a D30 strength class for design has proved appropriate for strength
as all beams tested exceeded the strength requirements of BS5268 Clause 8.5.4. The
strength of the beams not only met the requirements of the testing code but also showed
a good degree of extra capacity, especially beams 4 and 5 that employed a different
approach to the application of adhesive and lay-up compared to beams 1, 2 and 3.

5. The mode of failure of the beams was predominately within the timber and initiated at
the tension face. However, there were some instances of delamination of the glue line,
which it is thought, could be prevented by better optimised spread of adhesive and also
some failure at the finger joints due to excessive slope of grain. The slope of grain at the
finger joints is a matter that needs to be addressed, see conclusion / recommendation
number 13.

6. There was no failure of the adhesive at the finger joints when they tested in bending,
all the failures at or around the finger joints were associated with failures within the
wood. Be that within the joint due to severe cross grain on the face of the lamella or in
the wood adjacent to the finger joint due to slope of grain on the edge.

7. Slope of grain at or adjacent to the finger joints has a significant weakening effect
upon the timber and this can lead to premature failures at or around the finger joints on
the tension face of the glulam beams. If the depth of the beams needs to be increased
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then this will increase the need to reduce the influence of slope of grain as the tensile
forces will increase with depth of beam.

8. Where slope of grain was approximately equal within the wood at the finger joint and
the solid timber then there was little difference in load carrying capacity.

9. In general for glulam the slope of grain on the face of the lamellae is not critical
however, at the ends being finger jointed severe slope of grain cause weakness in the
fingers due to cross grain. Where this occurs the fingers are fragile and instances have
been noted where fingers have failed during the finger jointing machining process. The
occurrence of severe cross grain within a finger joint significantly reduces the effective
strength of the finger joints. Therefore, the slope of grain on the face as well as edge
should be controlled at the end portions being finger jointed, see conclusion /
recommendation number 13.

10. Epicormic growth was noticed within some of the lamella and this can, depending on
its position cause a reduction of strength as the grain is frequently wild and contorted
and will adversely affect the quality of any finger joints formed in this material, therefore,
there should be control this feature, see conclusions / recommendation number 14.

11. It is believed that the reduction of the at test strength to meet the reference depth
requirements for BS5268 (22mm to 200mm) is an extreme measure that reduces the
value for strength to an unrealistically low value. This reduction was never designed to
be used with such small section timber. There is some degree of scepticism regarding
the resultant low stresses and they are not believed to be a true reflection of the
materials full potential, but the reduction must be applied when calculating the
permissible stress. It is believed that the strength of the timber and of the finger joints is
suitable for use with the glulam beams as designed. This belief is borne out by the load
to failure results that showed the beams had a load carrying capacity well in excess of
that required to meet the acceptance criteria in BS5268.

12. The recommendations for the spread of adhesive are:

“The adhesive should be applied at an appropriate rate of spread, inline with the
recommendations and guidance given by manufacture of the adhesive, so that an even
spread of adhesive is obtained that is capable of achieving an adequate bond suitable
for the use in glue laminated timber”.

“The adhesive should be applied to the finger joints at an appropriate rate of spread,
inline with the recommendations and guidance given by manufacture of the adhesive, so
that an even spread of adhesive is obtained that is capable of achieving an adequate
bond suitable for use in finger jointed timber and such that the pits at the bottom of the
finger joints are filled with adhesive”.

13. The recommendations for slope of grain are:

General slope of grain excluding the ends that are used to form finger joints.
“The general slope of grain on the edge should be as straight as can be achieved and
should not be greater than 1:7 and localised slope of grain should not be greater than
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1:5. The slope of grain on the face of the lamellae need not be checked, except were
finger joints are to be formed”.

Slope of grain at the finger joints
“The local slope of grain on the edge of the lamellae where the finger joints are being
formed should not be greater than 1:10".

“The local slope of grain on the face of the lamellae where the finger joints are being
formed should not be greater than 1:10".

“Only well formed joints where all the fingers are in tact should be used in the
construction of the beams”.

14. The recommendations for epicormic growth are:

“Where the amount of epicormic growth is small and limited to the central region of the
lamella it can be accepted but were it encroaches on the edges of the lamella or at the
ends where finger joints are to be formed then it should be excluded.”

15. The recommendations for general timber quality are:

“The timber should be graded to meet the requirements of the visual grade TH1 in
BS5756 for all other growth features not mentioned above”.
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Testing of sweet chestnut glulam beams and finger joints

Appendix A — Load deflection curves for the five be ams

Each of the load deflection curves will appear slightly different in appearance and this is
due to the range of time bases used to scan the defection and load, within any one graph
more than one time base has been used and the time bases will vary between graphs. In
most cases the aim has been to show the initial stages of the load and then compress
the remaining time period.

Graph 1 — Load defection curve for beam 1
Graph 2 — Load defection curve for beam 2
Graph 3 — Load defection curve for beam 3
Graph 4 — Load defection curve for beam 4

Graph 5 — Load defection curve for beam 5
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Testing of sweet chestnut glulam beams and finger joints

c
o
E=
|3}
o}
=
J3}
[a]

o
IS
©
O
m -
5 £
L 3
g c
j-l []
=] O
o 2
c o
§e] 1S
© =
Q
o
)
©
o
©
o
|
Te)
<
[=%
©
S
]

o o o o o o o o o o o

o o o o o o o o o o o

=} =} =} =] =} =] =} S =} =} =}

n o 0 o [Te) o n o n o Yo

< < ™ [32) N N — — '

(ww) udonoayd / (N) peo
Test report number 220-574 © Building Research Establishment Ltd 2010

Commercial in confidence Page 24 of 28Report Ends



Testing of sweet chestnut glulam beams and finger joints

Appendix B - Relationship of slope of grain to stif fness and
Microfibril angel to stiffness

Figure 1 — Relationship of slope of grain to stiffness

Figure 2 — Relationship of microfibril angel to slope of grain
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Testing of sweet chestnut glulam beams and finger joints

Figure 1. Relationship of slope of grain to stiffness
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The two graphs above show the trend of decreasing stiffness with increasing grain angle,

though for Sitka spruces and beech the same trend is thought to hold true in general
terms for sweet chestnut.
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Testing of sweet chestnut glulam beams and finger joints

Figure 2. Relationship between microfibril angle and stiffness
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Once again not specific to sweet chestnut but the general trend is believed to hold true.
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Testing of sweet chestnut glulam beams and finger joints

Appendix C - Showing the effects of slope of grain on the lamellae

A
Brash failures at the - — _ _
finger joints due to The failure in this section of timber
cross grain on the face clearly shows the influence of
of the lamella caused severe local slope of grain.
by severe slope of
grain.
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