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What we knew about the UK'’s
Sitka spruce resource.

...At the time published in 2011

Research Report

Wood properties and uses
of Sitka spruce in Britain
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Mechanical properties

« Amount of cell wall material
— Wood density
* How that cell wall material is arranged
— Grain, earlywood, latewooc
* How that cell wall material is made up

— Cellulose : lignin
— Microfibril angle
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NN for two specimens of Sitka spruce wood. Modulus of elasticity
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Figure 215 Radial profile of Sitka spruce wood density. The green
lines show profiles for five individual trees sampled at Baronscourt
in Morthern Ireland, while the black line represents a model
fitted to these data.
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Factors affecting softwood gquality

 Position within the tree

— Radially & vertically @ , @
e Silviculture

— Spacing, thinning, rotation length etc
« Site
— Exposure, temperature, rainfall, soil type etc

» Genetics
— Species, variety and individual
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Grade-determining properties

« Strength at 12% MC
— Major axis bending strength

« Stiffness at 12% MC
— Major axis bending stiffness

* Density at 12% MC

— Also an indirect measure of strength in some
elements of timber design

* (All other properties are derived from
these 3 properties)




EN 338

Softwood species I
Ci14 J C16 | C18 | C20 | C22 | C24 | C27 | C3D0 | C35 | C40 | C45 | C50
Strength properties (in N#mmz}
Bending Fmx 14 16 18 20 22 24 27 30 35 40 45 50
Tension parallel Frox 8 10 11 12 13 14 16 13 21 24 27 30
Tension perpendicular Fteax 0.4 0.4 0.4 0.4 0.4 04 0.4 0.4 0.4 0.4 0.4 0.4
Compression parallel fenx 16 17 18 19 20 21 22 23 25 26 27 29
Compression perpendicular feoox 2.0 2.2 2,2 2.3 2.4 2.5 2,6 2.7 2.8 29 3.1 3,2
Shear Fex 301 32| 34|36 )38 |40 40| 40 | 40 | 40 | 40 | 40
Stiffness properties (in kN/mm?) |
Mean modulus E0,mean [ 8 9 95 10 11 11,5 12 13 14 15 16 -
of elasticity parallel
5 % modulus of Eoos 4.7 5.4 6,0 6,4 6,7 7.4 f.r 8.0 a.r 94 | 10,0 | 10,7
elasticity parallel
Mean modulus Foomean | 023 J 027 | 030 ) 032033 | 037 | 038 | 040 J 0431047 | 050 053
of elasticity perpendicular
Mean shear modulus Gmean | 044 ] 05 | 056 | 055 | 063 | 069 JO72 10751081 088|094 7] 1.00
Density (in kg/m’
Density Pk 290 | 310 | 320 | 330 | 240 | 350 | 370 | 380 | 400 | 420 | 440 | 460
Mean density Prmean 350 I 370 | 380 | 3590 § 410 | 420 I 450 | 460 | 480 | 500 | 520 I 550 I




AEaNk
S Sustainable
Construction

Characteristic values

4 Frequency of occurrence

Lower Mean — E
characteristic

value

> Parameter

I

Probability of
being lower
5%

24/05/2015 www.napier.ac.uk/fpri



E3 LISIRT N g
Critical property

» Grades are defined by characteristic
— Strength (lower 5™ percentile)
— Stiffness (mean)
— Density (lower 51" percentile)
* The limits are general across species
— Softwoods (C classes...major axis bending)

— Hardwoods (D classes...major axis bending)
— Density (lower 5 percentile)

UNIVERSITY

14 Edinburgh Napie’

European Regional Development Fund
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Critical property

* To comply with the grade, characteristic
values must be met (at least)

* For a species and grade combination
usually one property is limiting
— Strength
— Stiffness
— Density

* So strength grading isn’t always about
predicting strength
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Critical property for UK spruce

British spruce: Sitka spruce and Norway spruce combined from UK and Ireland

SIRT benchmarking validation, 957 pieces

—

British spruce Cl4 C16 C18 C20 C22
Strength 20.9 N/mm? 14 16 18 20 22
Stiffness @ KN/mm? 7 [E 9 9.5 10
Density 338 kg/m3 290 310 320 330 340

It isn’t density that is limiting

i }X‘ Edinburgh Napier

UNIVERSITY
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Actually...more correctly

SIRT benchmarking validation, 957 pieces

British spruce Cl4 C16 C18 C20 C22
Strength 20.9 N/mm%j 1250 14.29 16.07 17.86 19.64
Stiffness 8.2 kN/mm? 6.65 7.60 8.55 9.03 9.50
Density 338 kg/m3 290 310 320 330 340

For machine grading (EN14081 & EN384):
The mean stiffness requirement is reduced to 95% of the figure in EN338
The 5t %ile strength requirement is reduced by a factor of 1.12 for grades less than C30 (k)

}X‘ Edinburgh Napier

UNIVERSITY
EUROPE & SCOTLAND

European Regional Development Fund
Investing in your Future
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Approximate yields

(with a perfect grading machine)

The other 74% is C16

(Single grade / reject) l
Cl4 C16 C18 C20 C22 C24

|10 100% 9% 3% S 26%

For higher grades, density becomes critical. Yield of C27 ~ 9%

24/05/2015 www.napier.ac.uk/fpri
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Other species

SIRT benchmarking validation, 957 pieces
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British spruce Cl14 C16 C18 C20 C22 C24 Cc27 C30 C35 C40
Strength 20.9 N/mm? 14 16 18 20 22 24 27 30 35 40
Stiffness 8.2 kN/mm? 7 8 9 9.5 10 11 11.5 12 13 14
Density 338 kg/m3 290 310 320 330 340 350 370 380 400 420
James Ramsay PhD, 166 pieces

Scottish larch Cl4 C16 C18 C20 C22 C24 Cc27 C30 C35 C40
Strength 23.8 N/mm? 14 16 18 20 22 24 27 30 35 40
Stiffness 9.4 kKN/mm? 7 8 9 9.5 10 11 11.5 12 13 14
Density 407 kg/m3 290 310 320 330 340 350 370 380 400 420
Tom Drewett PhD, 188 pieces

Scottish&Welsh Douglas-fir Ccl4 C16 C18 C20 Cc22 C24 Cc27 C30 C35 C40
Strength 18.8 N/mm? 14 16 18 20 22 24 27 30 35 40
[Stiﬁness 9.2 kN/mm? 7 8 9 9.5 10 11 11.5 12 13 14
Density 398 kg/m3 290 310 320 330 340 350 370 380 400 420

EUROPE & SCOTLAND

European Regional Development Fund

Investing in your Future
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Bending strength

The strength
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O siRT 1.
Sources of the variation
Sowce | Densiy | Suength | Stfiness _

l Between sites l 23% 18% 26%
Between trees on a site 51% 25% 36%
Between logs in a tree 2% 5% 2%
Within log 25% 52% \ 35% )

Moore, J. R., Lyon, A. J., Searles, G. J., Lehneke, S. A., Ridley-Ellis, D. J. Within- and
between-stand variation in selected properties of Sitka spruce sawn timber in the
United Kingdom: implications for segregation and grade recovery. Annals of Forest
Science (February 2013)
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Variation in the resource

SIRT benchmarking validation

Construction
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Variation in the resource

SIRT benchmarking validation
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Grading simulation

Using a perfect grading machine

C16/C24/R threshold based on overall population Graded timber % of required
MoE
Site Cl16 C24 Reject Cl6 C24
339 Ci4 98% 1% 1

<7 285 Cl6 94% 6%
23 Ci4 90% 8% 2
5313 Ci14 99% 1%

99% 1%

84% 16%

74% 26%

87% 13%

5544 (18 84% 16%

59 157 C20 65% 35%
250 C22 41% 59%

29% 71%

24/05/2015 www.napier.ac.uk/fpri
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Tree MoE and C24 yield

30%

20%

% vyield of C24 with perfect grading machine
o )
R R
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SIRT benchmarking data
- With a perfect grading machine e
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Benchmarking extension
* 64 original sites + g
+ 37 new sites T

« Adding latitude

Original

24/05/2015 www.napier.ac.uk/fpri g 1po  2p0km
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Variation (PROVISIONAL DATA)

« -0.13 kN/mm? for each 100 km north

* -0.28 kN/mm? for each 100 m elevation
« +0.72 KN/mm? for every 10 years age

« Although there is a lot of scatter

Edinburgh Napley

IIIIIIIIII
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What else can this research tell us?

* If we know approximate relationships
— Small clear properties to structural size
— Log and tree measurements to structural size

 \WWe can make estimates from limited data

14 Edinburgh Napie’
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UK-grown timber

Ci4 Ci6 Ci8 C20 C22 C24 C27

T T T T
litka spruce & Norway spruce
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Distortion

* Ongoing ...but no silver bullet (sadly)
 Measurement and description of distortion

 Compare models from literature
— Spiral grain, ring slant, radial position,
shrinkage, compression wood
* Determine true causes of distortion
* Prevention/avoidance ...perhaps

At least characterise

14 Edinburgh Napie’
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CHALMERS Steel and Timber Structures

Marie Johansson, Robert Kliger,
Sigurdur Ormarsson, Magnus Backstr¢

Chalmers University of Technology
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Grading machine settings

* For TG1 meeting in 9-10 October 2014

* British spruce down to 20 mm thickness

— Brookhuis MTG 920, 960, and MTG batch
* Green and dry

— MICROTEC
« GOLDENEYE 702 and 706
* VISCAN basic, plus, and compact

 Also larch (separate project)
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Strategic Integrated Research in Timber

Research into practice
Dan Ridley-Ellis

Edinburgh Napie’

UNIVERSITY

24/05/2015 www.napier.ac.uk/fpri



4@ ANl -
The core standards

EN 14081, Timber structures - Strength graded structural timber with rectangular cross section
Part 1. General requirements

Part 2: Machine grading, additional requirements for initial type testing

Part 3: Machine grading; additional requirements for factory production control

BS 4978, Visual strength grading of softwood. Specification
BS 5756, Visual strength grading of hardwood. Specification

EN 336, Structural timber - Sizes, permitted deviations
EN 338, Structural timber - Strength classes
EN 1912, Structural timber - Strength classes - Assignment of visual grades and species

EN 408, Timber structures - Structural timber and glued laminated timber - Determination of
some physical and mechanical properties

EN 3_?4, Structural timber - Determination of characteristic values of mechanical properties and
ensity

EN 14358, Timber structures - Calculation of characteristic 5-percentile values and acceptance
criteria for a sample

24/05/2015 www.napier.ac.uk/fpri
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The maintenance of standards

* The European Commission

« CEN TC124 “Timber Structures”
—WG1 “Test Methods”

— WG2 “Solid Timber”
 TG1 “Grading”

— Approves machine settings, and assignments in EN 1912

« BSI B/518 “Structural Timber”
« UKTGC “UK Timber Grading Committee”
* “Industry” and “Notified Bodies (SG18)




O [ =
Process (simplified)

CEN committees draft or amend standard

~~

“Enquiry” Goes to National Standards Bodies for publication as draft for public comment

~>
Comments within countries are collated by National Standards Bodies.
A UK position is formulated by BSI B/518 and UKTGC

~~
Comments from all countries are reviewed by the CEN committee , debated and the
standard changed (perhaps)

J L
Standard is sent to National Standards Bodies for Formal Vote

<>

Passed — Standard published
Failed — Standard goes back to CEN committee for more work / is dropped

14 Edinburgh Napie’

UNIVERSITY
EUROPE & SCOTLAND
European Regional Development Fund
Investing in your Future
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Things that can go wrong

Negative impact on yields (without reason)

Expensive or impractical FPC
requirements (without reason)

Complicated or ambiguous standards —
loss of confidence In structural timber

Unsafe on unreliable standards — loss of
confidence In structural timber

14 Edinburgh Napie?

UNIVERSITY
EUROPE & SCOTLAND
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Immediate I1ssues

 EN 14081-1 (? pages of comments)
— CE marking, DoP and FPC requirements
— Notably moisture content & preservative treatment
 EN 338 (13 pages of comments)
— Addition of CT (tension grades)
 EN 384 (21 pages of comments)
— Global to shear free equation
— Removal of kv
« EN 14358 (8 pages of comments)
— Potential for lower yield from new settings

i > 4 Edinburgh Napley

UNIVERSITY
EUROPE & SCOTLAND
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Some related concerns

* Testing to EN 408 and EN 384
— How MoE is measured
— Location of the critical section
— Conversion of global to shear free MoE

24/05/2015 www.napier.ac.uk/fpri
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Measurement of MoE

6kt 1,5k 64 64kt 1,54
— ¥ = e e >
1, =5k
b > .;2
2 2 }
Local MoE — t s
T 85 |
N \ / 7~ T
F 3 'y
I=18k + 3h
b+ 1.5k B Bkt 1,5k
"]
Global MoE o0
— \L/ . —
i v Difference = 1
~0.6 kN/mm?
=184+ 54
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Treatment of MoE

BS EN 384:2010
EN 384:2010 (E)

Eo= Emg*1,3-2690

24/05/2015 www.napier.ac.uk/fpri
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C22
C18
- C16
Stiffness is based on mean.
| Alot needs to be removed
in order to shift the mean.
| |
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C22
Strength is based on 5™ percentile.
The 5% percentile shifts very quickly as
|1 samples are removed.
| | |
[ [ [
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Yields with perfect grading machine

Mean MoE =8 kN/mm?2

C14 C16 C18 C20 C22 C24
82% 64% 46%
C27 C30 C35 C40 C45 C50

Mean MoE =7.5 kN/mm?2

Ci14 Cl16 C18 C20 C22 C24
60%
C27 C30 C35 C40 C45 C50

Mean MoE =7 kN/mm?2

C14 C16 C18 C20 C22 C24
77%
C27 C30 C35 C40 C45 C50

24/05/2015 www.napier.ac.uk
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3 LISIRT
Treatment of MoE

SIRT benchmarking validaton (3 sites)

20000
Our data
[Local MoE] = 1.29 [Global MoE] - 1591 °
R*=0.69
15000
EN384 ° °
[Local MoE] = 1.3 [Global MoE] - 2690
10000
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0
0 2000 4000 6000 8000
-5000

Global MoE (N/mm?)
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Adjustment : measured global to shear free MoE
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Measured global MoE

Expected adjustmentbased
on shearmodulus alone

EN384 decreases MoE relativeto | EN384 increases MoE overand
whatis expected fromshear | above thatexpectedfromshear

Bl TRt ettt it Wi correction. | correction; T
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Stiffness of the resource

200 T
— We are here —
Ci6/R Ba;ed on local MoE
100%
80%
° EN384 equation
| | 8.2 kN/mm2 to 7.2 kN/mm2
60% — ------------------------------
= = -#-Pass rate based on previous settings when
| : population MoE was 8.5 kN/mm?2
40% --------------------
5 5 Timber passing: mean MoE % of grade characteristic
v | X
20% ——Pass rate that would maintain correct grade
| characteristic MoE
0% i i i i i |

5.5 6.0 6.5 7.0 7.5 8.0 8.5
Population mean MoE kN/mm2 (CoV 20%)




How conversion between global MoE and E; affects optimum yield for C16
(required mean MoE = 8 * 0.95=7.6 kN/mm?

120

100

We are here.
A difference
between 0%

B0%

Optimum yield (perfect grading machineg)

60% and 10%
reject
Optimum yield
40% between 100% and
55% depending on the
conversion equation!
20%
0%
5 55 & B.5 7 75 B BS
Mean global MoE of timber sample (assumed normal with cov of 22%)
- & =EN3B4 —g— Bostrim & Holmgvist [1599) —a— Ravenshorst & van de Kuilen (2009)
Soll (2000) —— Holland (2000) —g— Holland (2000) Annex 2
—a— Denzler et al. (2008) —a— £l =Global —a— [0 &= EN3E4 but no less than global

—e— E0=1.03 Global
e
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More general concerns

» Growth areas — and variability

— Machine grading and visual grading
* Quality shifts

— During production

— Since settings were approved

— Output control is too slow to adjust

« Complexity of the grading standards
* A European visual grading standard
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Looking further...

« Should settings have an expiry date?

* New approach
— Prediction limit
— Adaptive settings

* Need to know how timber properties vary!

24/05/2015 www.napier.ac.uk/fpri
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Summary

* Development requires industry input

* And the underpinning of research
— To see the problems
— To convince the committees

Small changes can have massive impact
— Maybe for no good reason at all

UK has a pretty unique situation
— Sitka spruce, stiffness limited

There are a lot of changes to come

i > 4 Edinburgh Napley
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