AN AN

N

ANANANANAN

N\

N\

Wood properties

& strength grading
Dan Ridley-Ellis

James Jones open day for architects & engineers

v

Edinburgh Napier
UNIVERSITY

School of Computing,
Engineering & the
Built Environment

N
Y [ISIRT

Strategic Integrated Research in Timber




Built Environment
Culture and Communities

Standards Policy Training, education & skills

ARaNly
Wood properties [

Health & Wellbeing
. ) v School of
Environment & Sustainability Edinburgh Napier Engineering & the
UNIVERSITY

Tree breeding Manufacturing
Forestry . . Grading & NDT
Harvesting Performance
Processing Environment Innovation
Recovered wood Economy Use
New species Social and culture Reuse & recycling

Molecular - Growth layer - Clear wood - Sawn timber - Log - Tree - Forest - Country



-3
HiTEAT H'
b ”ll Fdet




N

AN

ANANAN

\\

AN

NN

N

2 System design

/‘ , blogs.napier.ac.uk/cwst/ | d.ridleyellis@napier.ac.uk | @FlyingQuercus

Edinburgh Napier‘

UNIVERSITY

School of Computing,
Engineering & the
Built Environment

Transforming Timber

T

T




NETWORK

,
I |

ctlon () ‘

Wood Prol:‘m_‘c’n Q EFFECT 3
D50 e Q
Capi ..\(\\,
SNirg org,
®§\ & Mllra Sl'c,’,',".'s

g Centre 1
o@ 1re for Adv-:)'rvced

. _ .
o.;z«\&. f unumcrunng ) I E
: Centre for Advanced lq Iw I

Timber Technologies

Dhett ch's Software

Edinburgh Napier University

Centre for Offsite Censtruction
& Innovative Structures

Scottish Energy Centre

Building Performance Centre
Trimble Technology Lab
[imber Technology Lab

Resource Cfficient Built
Environment Lab

\

g
P
b
- ”? .§ &
e g & >
2 = ~ a"
3 = X o
29 F4 £ ©
% %828 5§ &
o B2 NS e @

2 eatth

n
b :::Tedge exchonge an¢
t

0 Studen.t Mentorship gng
A Mmersjve learm‘ng

() Future skills

() Collaboraitve
Projects

’n no
vth'On F
Actory,

Trimble Lab Support:

Resource Efficiency - Trimble Forestry
managing the growth o
Transportation - Trimcle T
tracking and efficiency of supply chain logistics
Design - Trimble Design & Engineering Group -
which incluces Te including \ elements
Efficiency - Trimble Design & Engineering Group
- Sefaira (through SketchUp)

Post Construction In Use - Trimgle Real Eslate
and Workspace Solutions




v g

1 e




School of Computing,
Engineering & the
Built Environment

Issues using wood Cdnburh Napier W
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=Water

=“Figure” and “Defects”

-Anisotropy (not the same in all directions)

- Inhomogeneity (not the same in all locations)
=Variation and uncertainty
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" Does it have to be a plant?
= Does it have to be a seed plant?
= Does it have to be a land plant?

" Does it have to be tall? (how tall?)
* Does what 1s underground matter?

* Does it have to have a trunk with branches?
» Does it have to be woody?
* Does it have to contain wood from secondary growth

» Does it have to live more than a year?
= Above ground more than a year?
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What makes a tree (really)? eiuonee®
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" Are all examples of the same species trees?
= ]s a tree a tree it's whole life?
* Is it enough that people call it a tree?

" Does it have to be something people describe
using the word tree?

= If 1t has an ancestor that was a tree does that
make it a tree irrespective?
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" Does this look like a tree?  winugnepe®

N

S to 10 metres
(taller than a giraffe)

Can live up to 20
years

Is a flowering plant
(angiosperm)
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~ 1to 6 cm tall

Has wood with
Ny growth rings

Can live 100+ years

| Is a flowering plant
(angiosperm)
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" Trees and wood Edinburgh Napie W | commearina s ine

(Hardwoods)

Dicots

Palms
Bamboos

S
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Trees and wood Edinburgh Napier O
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Softwoods Hardwoods
( ) Cacti /\( )

Dicots

Conifers

Palms
Bamboos

QymnospermDQngiospermD Bananas
Yuccas

Dragon trees
Grass trees
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Aesculus

Sapindaceae / Acer (maple)

\ Lychee

Aesculus hippocastanum (horse chestnut) |

Sapindales
To mango

To citrus
To cashew
To papaya
To turnip, mustard, cabbage, broccoli, cauliflower, radish, horseradish

Brassicales

?’ | )'
i -C Rosids \

To turnipwood trees

It _

@FlyingQuercus

To bottle tree and horseradish tree

School of Computing,
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Built Environment

To willow, poplar, violets and pansies

‘ ‘ _ Fagales

To hawthorn, elm, buckthorn, cherry, plum, peach, apricot, almond, apple, pear, rose, raspberry, strawberry
[ To peas and beans
To walnut

To birch, alder, hazel, hornbeam

Quercus (oaks)

Fagus (beeches)

‘. Fagaceae

Castanea Castanea sativa (sweet chestnut)
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Trees and wood Edinburgh Napier O
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Hardwoods
Cacti /\( )

Dicots

Qymnosperms Angiosperms

Seed plants

Ferns

Horsetails Vascular plants

I
<Land plants>
- ;
<Green plantD
>

Club mosses

Progymnosperms

Prototaxites
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= Elements are
= Carbon (C), Hydrogen (H) and Oxygen (O)

» Photosynthesis Wood is about 98-95%
made from the air

nCO, + 2nH,0 + photons - (CH,0), + nO, + nH,0

carbon dioxide + water + light energy — carbohydrate + oxygen + water

%/é %
- The fcircle of life

Complicated
stuff in the tree

wood Cellulose
Lignin
Hemicellulose
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Some properties that matter wivuonepe®
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= Strength (bending, tension, shear, perp to grain, fracture etc...)
= Stiffness

» Density (fasteners, charring rate, self-weight, calorific value...)
" Hardness, toughness, tendency to split

» Dimensional stability / distortion

= Natural durability / difficulty to treat

=" Appearance, colour and colour change

= Creep

» Cutting, finishing, gluing, painting etc
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D u ra bi lity Edinburgh Napier‘
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= Natural durability (heartwood only) (EN350)
=Via treatment
" Through design and detailing @

= Use classes (EN335)

Internal, will not get wet

Internal, but might get wet occasionally
Outdoors, above the ground

Outdoors, in ground contact or fresh water
In seawater

a kb~




Moisture content

Temperature (°C)
(¢2]
o

10 20 30 40 50 60 70 80 90
Relative humidity (%)

Wood Handbook, Wood as an Engineering Material (FPL USDA), March 2021
https.//www.fpl.fs.usda.gov/documnts/fplgtr/fplgtr282/fpl_gtr282.pdf
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Edinburgh Napier‘
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Moisture content = mass of water
Mass of dry wood

Fibre saturation = 30%
“Dry” < 20%
In service (indoors) = 12% (or lower)

Method of determination
e Oven dry method EN13183-1

Methods of estimation (7% to 30%)
* Electrical resistance EN13183-2
 Capacitance EN13813-3


https://www.fpl.fs.usda.gov/documnts/fplgtr/fplgtr282/fpl_gtr282.pdf

Structural engineering design

" About buildings
= Staying safe
= Staying fit for use
*Dealing with uncertainty
* Of material

= Of the actions on a structure
= Of analysis and construction

= True irrespective of the material

(There is always some uncertainty)

02/12/2022 Building from England’s Woodlands

Edinburgh Napier‘

UNIVERSITY

23
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Dealing with uncertainty cinburgh Nepier W
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AN Performance
demand

Probability of
infringement

Performance

ability/capacity

e.g. Force e.g. Strength

Frequency of occurrence

Response parameter



Statistics (as engineers see them)  inburgnnepie®

Frequency of occurrence S

Probability of
being lower =
5%

Lower 5t
percentile

Mean

/

N

UNIVERSITY

Parameter
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= Strength

* Bending or tension strength
= Characteristic is the 5t percentile

= Stiffness
* Bending or tension stiffness
= Characteristic is the mean

= Density

» Used for indirect measure of strength / fire resistance
(this 1s not density for dead weight)

= Characteristic is the 5t" percentile







Secondary properties

* Based on bending strength
» Tension strength parallel to grain
= Compression strength parallel to grain
= Shear strength (or fixed)

* Based on bending stiffness
= 5th percentile stiffness parallel to grain
= Stiffness perpendicular to grain
= Shear modulus

» Based on density
= Compression strength perpendicular to grain
= Mean density

* Fixed value (applies to all strength classes)
= Tension strength perpendicular to grain

School of Computing,
Engineering & the
Built Environment

Edinburgh Napier‘

UNIVERSITY

See EN384 table 2

For tension grades, the
primary property is
tension strength (the
type of testing, and
bending strength is a
secondary property)




EN338 Class c14 | c16 | €18 | €20 | c22 | c24 | c.
Strength properties in N/mm?

Bending Sk 14 16 18 20 22 24 y
Tension parallel frok 7,2 8,5 10 11,5 13 14,5
Tension perpendicular fto0k 0,4 0,4 0,4 0,4 0,4 0,4
Compression parallel feok 16 17 18 19 20 21 22
Compression perpendicular fe00,k 2,0 2,2 2,2 2,3 2,4 2,5 2,5
Shear fok 3,0 3,2 3,4 3,6 3,8 4,0 4,0
Stiffness properties in KN/mm?

Mean modulus of elasticity parallel bending e 7,0 8,0 9,0 9,5 10,0 | 11,0 | 1°
5 percentile modulus of elasticity parallel bending Em,ok 4,7 54 6,0 6,4 6,7 7,4

Mean modulus of elasticity perpendicular E .90 mean 0,23 (0,27 | 0,30 | 0,32 | 0,33 ] 0,37 | (
Mean shear modulus Gonean 0,44 | 0,50 | 0,56 | 0,59 | 0,63 | 0,69 | O,,
Density in kg/m?3

5 percentile density Pk 290 | 310 | 320 | 330 | 340 | 350 | 360
Mean density Pmean 350 [ 370 | 380 | 400 | 410 | 420 | 4%




EN338 Class | D18 | D24 | D27 | D30 | D35 | D40 | D45 | D50 | D55 | Déu
Strength properties in N/mm?

Bending Sm,k 18 24 27 30 35 40 45 50 55 60
Tension parallel frok 11 14 16 18 21 24 27 30 33

Tension perpendicular fro0k 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6
Compression parallel feok 18 21 22 24 25 27 29 30 32 33
Compression perpendicular fe00,k 4,8 4,9 5,1 53 5,4 5,5 5,8 6,2 6,6 10,5
Shear Sk 3,5 3,7 3,8 3,9 4,1 4,2 4,4 4,5 4,7 4,8
Stiffness properties in KN/mm?

feena;ngm"d“l“s of elasticity parallel| . ' 1 95 | 10,0 | 105 | 11,0 | 120 | 13,0 | 13,5 | 14,0 | 155 | 17
Ee[:i;iegntile modulus of elasticity parallel Ey o 8,0 8.4 8.8 9.2 101 | 109 | 113 | 11,8 | 13,0 | 1
Mean modulus of elasticity perpendicular | Ewo0,mean | 0,63 | 0,67 | 0,70 | 0,73 | 0,80 | 0,87 | 0,90 | 0,93 | 1,03 | 1,
Mean shear modulus Gmean 0,59 | 0,63 | 066 | 0,69 | 0,75 | 0,81 | 0,84 | 0,88 | 0,97 | 1,06
Density in kg/m?3

5 percentile density Pk 475 | 485 | 510 | 530 | 540 | 550 | 580 | 620 | 660 | 700
Mean density Pmean 570 | 580 | 610 | 640 | 650 | 660 | 700 | 740 | 790 | 840




EN338

Class T8 o | 1T10({T11|T12 | T13|T14 14.5 T15 | T16 |T18 | T21 | T22|T24|T26 'l‘27|
fe)
Strength properties in N/mm?
Bending fink 13,5 14,5| 16 17 18 | 19,5(20,5| 21 22 23 [25,5] 29 |30,5| 33 35 | 36.7
Tension parallel frok 8 9 10 11 12 13 14 | 14,5| 15 16 18 21 22 24 26
Tension perpendicular frook 0,4 04 104 04| 04| 04| 04 | 04 0,4 04 104 |04 | 04| 04 0,4 | v
Compression parallel feok 16 17 17 18 19 20 | 21 | 21 21 22 | 23 | 25 | 26 27 28 29
CompreS.Slon Froo0k 20 | 21| 22 (22|23 |24 |25 |25| 2526272727/ 28]|29]|29
perpendicular
Shear fox 2,8 3,0 3,2 | 3,4 | 3,6 38 | 40 | 40 | 4,0 40 | 40 | 40 | 40 | 40 | 4,0 4,0
Stiffness properties in KN/mm?
I

Mean — modulus = of . =~ =501 5580190 95 |100|11,0]11,0|115|11,5]12,0[13,0]13,0 135|140 | 150
elasticity parallel tension
> percentile modulus of| . 47 1 50 | 54 | 60| 64|67 |74|74|77 |77 |80]|87]|87]|90] 94|10,
elasticity parallel tension
Mean — modulus —— off .~ .51 095]027]030]032]033037037]038]|038]0,40|043|043]| 045|047 0,5
elasticity perpendicular
Mean shear modulus Gmean 0,44 | 0,47 | 0,50 | 0,56 | 0,59 |0,63|0,69|0,69]|0,7210,72]0,75,0,81|0,81 | 0,84 | 0,88 | 0,94
Density in kg/m3
5 percentile density Pk 290 | 300 | 310 | 320 | 330 | 340 | 350 | 350 | 360 | 370 | 380 | 390 | 390 | 400 | 410 | 410
Mean density Pmean 350 | 360 | 370 | 380 | 400 | 410 | 420 | 420 | 430 | 440 | 460 | 470 | 470 | 480 | 490 | 490
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" Strength grade

= Strength class —>
» Has numerical properties —

* Timber grades are assigned to a class grade

= EN 338 lists strength classes
* C bending classes for softwoods (now also hardwoods)
* D bending classes for hardwoods
* T tension classes for softwoods

" These are not the only strength classes (e.g. TR206)

= & just convenience - Declaration of Performance
what matters
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U n g radEd From 95% machine yield Fungi, EN350

'Species | Research* | Strength | Stiffness | Density  Grading | Durability

@ SPruce & s oy ENU, FR NUIG &) C16to C27 5-4

9 \

-lg'_ LarCh((Efr;&p!ggn,Japﬂnes&, hybrid} ENU: FR: NUIG C20 tD C35 4'3 @

£ Douglas-fir"*® ENU, FR,NUG @) Ci6to C40 43 (©

& Pine L ENU, FR, UG (2) C16to C24 43 O
Noble fir ENU, FR © C16?to ? 4
Western red cedar ENU, FR ®) C16? to ? 3

o Western hemlock ENU, FR © C16? to ? 4

'*%L Silver fir ENU, FR © C16?2to? 4

2 Grand fir ENU, FR & C16? to ? 4

g Pacific silver fir ENU, FR @ C16?to ? ?

2 Serbian spruce ENU, FR & C16?to? ?
Japanese red cedar ENU, FR & C14?to ? 3)
Nordmann fir ENU, FR C30 |C14?to ? ?

. Durability is for heartwood against fungi. 5 = 'not durable’; 4 = "slightly durable’, 3 = 'moderately durable’ ﬂ SIR'I'
blogs_napler_ac_u klcwst[ Pine grading options are limited and probably not optimal
* EMU = Edinburgh Mapier University; FR = Forest Research; MUIG = Mational University of Ireland, Galway

Strategic Integrated Ressarch in Timbwar
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Strategic Integrated Research in Timber

=Species -
=Growth area "
==&, "Forest type, & management
| | =Tree selection & breeding
el "Processing

| El =Handing after processing

Properties are influenced by oo«




“Quality” indicators onnione W | i
=sSpecies?

*Origin?

sKnots?

=Slope of grain?
"Ring width?
=Density?



® @ @ mputin
“QuahtY” 'Ind'lcatOrS Edinburgh Napier‘ \E‘;B?ﬁéﬁrﬁf; e

UNIVERSITY Built Environment

1. Things that determine
quality directly

2. Things that correlate
with quality somehow
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A key thing about indicators o ee®
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They can be useful for grading, but are often not
deterministic

Especially for:

The property that
Knots actually matters

Ring width  The thing we use

Density for grading
If this
( . changes, the
How the trees grading might
grew and were need to
processed change




~ Density & bending strength

70
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Bending strength (N/mm?)

=
o

Edinburgh Napier‘
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Density(kg/m3) at 12% mc

UNIVERSITY
Density is correlated with
some kinds of strength, but 9 oo
not very well to the most O Q ) Q < 000
important ones °% ﬁ@%)
3 _I "'.':‘I'
S
(
/e;
Raw data from SIRT benchmar(i)(ing validation study (British spruce) R2=0.2
|
200 250 300 350 400 450 500

550



“Free water”
When mc > ~30% i ibri
° — Cellulose microfibrils

“Bound water”
Water molecules
in the cell wall

Inner layer of
secondary wall

Middle layer of
5econdary wall \




w0~ Microfibril angle
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(degrees)
(o]
T

Mean microfibril angle o

]
0 10 20 30 40 25 -

Ring number from pith StiffneSS, E

Figure 2.15 Radial profile of Sitka spruce wood density. The green
lines show profiles for five individual trees sampled at Baronscourt 20
in Northern Ireland, while the black line represents a model
fitted to these data.
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= Position within the tree
= Radially & vertically ‘
=Silviculture

» Spacing, thinning, rotation length etc
=Site
= Exposure, temperature, rainfall, soil type etc

= Genetics
= Species, variety and individual
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“Rate of grcwth” Edinburgh Napier O

UNIVERSITY

Grew in ~11 years Grew in ~15 years

| |

1 |
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Bigger tree - actually
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Density & ring width (softwood) Enburonnepe ¥
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*No visible growth rings
* No correlation between growth rate and wood density.

» Gradual transition from earlywood to latewood
" e.g. the spruces and the firs
» Density might decrease with increasing growth rate,
but for timber of mixed origins, ring width alone is not
an accurate predictor of wood density
* Abrupt transition from earlywood to latewood
" e.g. the larches and the hard pines
* No correlation between growth rate and wood density.
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- Density & ring width (spruce)  einuonnepe®
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British spruce tiling batten study

_____________________________________ 498
O
_________________________ 417
o O
..1.?]_%;*, ©0p Q
335

Grouped by geographical subsample

8 10 12 14 16 18 20
Ring width (mm)



Y/ ‘Density & ring width (spruce)

Density (kg/m3)
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Figure 2.15 Radial profile of Sitka spruce wood density. The green
lines show profiles for five individual trees sampled at Baronscourt
in Northern Ireland, while the black line represents a model
fitted to these data.

Wood density (kg m™)

800 1
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500 1

400 1

300 A

200

Ring number from pith

12
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Grouped by geographical subsample

14 16 18 20
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Grading methods for timber oo ne®
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=Visual strength grading
" (not the same as appearance grading)

=Machine strength grading
» Machine control
= Qutput control

"Those are the methods in Europe, other
methods do exist around the world, such as
proof testing
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Visual Override Edinburgh Napier O
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=To remove pieces with defects like rot and insect
damage

*Things the customer wouldn’t like
=...and also drying defects

=“Dry-graded” timber

» Means, specifically, checked for fissures and distortion
at a moisture content of no more than 20%

* The rest of the grading might have been done green
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Home grown timber grading o a«¥
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https://doi.org/10.1080/20426445.2022.2050549
INTERNATIOMAL WOOD PRODUCTS MOURNAL I.M3

2022, WOL. 13, NO. 2, 127-136 Institute of Materials, Ta?-lar & Francis
https:,/doi.ong/10. 1080/ 20426445 2022 2050549 Minerals & Mining Tirybar & franch Group
RESEARCH ARTICLE 8 OPEN ACCESS | coechor g

Strength grading of timber in the UK and Ireland in 2021
Dan Ridley-Ellis @2, David Gil-Moreno ©"# and Annette M. Harte ©F

Centre for Wood Science & Technology, Edinburgh Napier University, Edinburgh, UK; "School of Engineering & the Ryan Institute,
Mational University of Ireland Galway, Galway, Ireland

SCAN ME

ABSTRACT ARTICLE HISTORY
This paper summarises the state of the art for strength grading of construction timber grown in Received 7 September 2021

the United Kingdom and the Republic of Ireland. It includes the latest approvals based on Revised 23 Movember 2021
recent research on spruce, larch and Douglas-fir. It lists the following information along with ~ Accepted 1 March 2022 : th df
the primary references: visual grading grades and strength class assignments; grading Vi eW e p
machines with approved settings for machine control grading; the species, size ranges and ¢ joc Hacees: machine

strength class combinations covered; and grade determining properties of specific strength b qrading; visual
classes for the UK and Irish markets. This paper is useful for those grading timber, and those :::E:g:h g::d::g; :::::mm to be S u re th e
information

specifying UK and Irish grown timber. timber; EN14081
displays

KEYWORDS

Introduction

exchange timber market with logs crossing the bor- CO rreC't ly
In Europe, structural timber is graded under the sys-  der. This is one of the reasons that modern grading
tem set out by the European standard EN14081-1  rules usually treat both countries as a single growth
and its supporting standards (eg. Lycken et al.  area, particularly for Sitka spruce but also more

2020). It sorts rectangular cross-section timber into  recently for Douglas-fir (Gil-Moreno et al. 2019b)
catepories based on required characteristic values  and larch. Collaborative research between Edin-
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Grading is about populations ouonepe®
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250
B Required 5th
The histogram | £ 200 percentile
: Q
is for the _J ‘3 .
timber passing| a
o]0
the grade £ oo
g Passing grading
’ - o o.- :
2 Rejected - IP below the threshold
S 50
0
0 50 100 150 200 250

Want no more Grade determining property (e.g. strength)

than 5% of the
peices passing
to be below
this value
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Visual strength grading Cinburgh Napier @
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= Visually grade to a visual grading standard
"e.g. SS, GS (softwoods to BS 4978)

" Assign to strength class based on grading
standard, species and origin
(all three must match)

=EN 1912
= e.g. British spruce SS — C18
" e.g. British spruce GS — C14
» Somewhere else (not in conflict with EN 1912)

*New assignments based on testing & analysis to
EN 384



able 3. Visual grading assi ents w ading wi 97
Table 3: Visual grading assignments when grading with BS 4978

Species Source Visual grade Strength class Reference
British UK GS Cl4 EN1912:2012 (§6)
spruce SS CI18 EN1912:2012 (§6)
British pine UK GS Cl4 EN1912:2012 (§6)
SS C22 EN1912:2012 (§6)
Larch UK GS Cl6 EN1912:2012 (§6)
SS C24 EN1912:2012 (§6)
Douglas-fir UK GS Cl4 EN1912:2012 (§6)
SS CI8 EN1912:2012 (§6)
SS* C24 PD6693-1:2012 (§6.2)

* cross-section area =20.000 mm?, width and thickness > 100 mm

Table 4: Visual gmdﬁng assfgnmems when gma’rr'n with BS 5756

Species Source Visual grade Strength class Reference
Oak UK TH2 D24 PD6693-1:2012 (§6.1)
THI1 D30 PD6693-1:2012 (§6.1)
THB* D30 PD6693-1:2012 (§6.1)
THA* D40 PD6693-1:2012 (§6.1)
Sweet UK THI D24 PD6693-1:2012 (§6.1)
chestnut
* cross-section area >20,000 mm?, width and thickness > 100 mm
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ﬁ) PhD thesis by Peter Stapel, TU Munich. https://d-nb.info/18055039805/34
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Machine strength grading e ®

UNIVERSITY

*Relates an ‘indicating parameter’ to the critical
grade-determining parameter(s)

»Better accuracy than visual grading...
...due to the parameters being measured
...and the automation
...S0 assignment to grade is less conservative

=Fast but expensive equipment
(but getting some cheaper options)



Machine types

= Bending stiffness WorkPackages -
| A quick look at grading machines |

* Bending about the minor axis
. Dyna mic (aCO ustic/vibratio n) e ‘;::‘;z:rm:ca;:,:e:;"n g e Ote St RS
» Essentially a measure of stiffness ' '
= May or may not include density
= X-rays
= A combination of knots and density
= Perhaps with optical camera

* Assessment of slope of grain
= Using laser tracheid effect

= Mixtures of the above

SCAN ME




Microtec Goldeneye EdinburghNapier‘ Eﬁ';?féiﬁf;&”?ﬁ?”q'
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Goldeneye 802
Through board 2D x-ray

This -
3D x-ray (CT) of a log

Data from
Johannes A. J. Huber

Lulea University of Technology
Wood Science and Engineering,
Skelleftea, Sweden
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This —

3D x-ray (CT) of a log

Data from
Johannes A. J. Huber

Lulea University of Technology
Wood Science and Engineering,
Skelleftea, Sweden
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Grading - IP boundaries cinburgh Napier WP
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Grading - IP boundaries

“Grade Determining Property”
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Edinburgh Napier .

UNIVERSITY

Spruce 'medium'

Grading aims that

GDP requirements

are met (at least)

subject to various
adjustments

%ile

&

med

lium”

5000

E 4y, (NMm-2)

10000

15000

“Indicating Property”

20000



School of Computing,
Engineering & the
Built Environment

British spruce ccnburgh Napier WP
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= Mostly Sitka spruce
with some Norway spruce

= Usually want near 100% yield C18 for
Strength
=.. Grading C16/reject :

*The resource is pretty Lo A 16t
close to being C16 even Density Stiffness
before grading
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C16, C24 & British spruce wiunnepe®
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*Example, with a good, realistic, grading machine
=Testing of ~2000 timbers from UK and IE

*This sampling covers a wide size range - from
22x47 mm to 7/75x250 mm

sYield of 99% C16, 1% Reject, or
nYield of 23% C24, 66% C16, 11% Reject

*If not including the small sizes, it is possible to
get about 25% C24 and 75% C16 (with minimal
rejects)



C16, C24 & British spruce  ciugeev
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Amount
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C16, C24 & British spruce  ciugeev
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C16 (66%) Stiffness is the
grade limiting
property in this
case. So it is the
property we need
to separate the
most. Fortunately
we can do it

Reject (11%) pretty well.

Amount

(8] (8} U JL s, | U TR | (N} s ) (8] (8]
& & S ST & & & S

Stiffness (N/mm?)
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C16, C24 & British spruce  ciugeev
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Amount
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C16, C24 & British spruce  ciugeev
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Strength is less critical

in this case and the
C16 C24 ends up 30%
stronger than it needs
to be - and the C16
24% stronger!

Amount

| | | | | | T
0 14 16 18 20 22 24 27 30 35 40 45 50 a0
Strength (N/mm?)
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C16, C24 & British spruce  ciugeev
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Amount
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2 HYUPANS DRSS o

Density (kg/m?)
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C16, C24 & British spruce  ciugeev
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Density is not a critical

property for grading in this

case. Even though we could
separate for density very well,

we do not need to - it exceeds

the requirements for both C16

and C24 by about 6%.

In fact, if we separated more

than this, the stiffness would

not grade so well. Reject

Amount

[ [ [ [ [
S DO ® OHHRD o0 o
A ANAEEAPEDREY SPAOETN D &

Density (kg/m?)
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Some quick points ccinburghNapie WP
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®C16 1s sufficient for many things
=*There 1s no need to over specify

=Tt is a waste of money, a waste of wood
and limits options

=If C16 is not sufficient for the design,
often the design can be adjusted to make
it work with C16
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Edinburgh Napier‘
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Wood is a Strength Renewable

material of grading is does not

the future the process mean infinite
by which

The wood of properties

the future are ensured Try not to

is already over-specify

growing
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If you want more ccinburgh Napier W
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For a fuller description of strength
grading in Europe see:

Ridley-Ellis, D., Stapel, P., and Bano,
V.. Strength gradmg of sawn timber
in Europe: an explanation for
engineers and researchers.
European Journal of Wood and
Wood Products, 74(3): 291-3060,
2016.

SCAN ME



—_ (A
NEW MODEL INSTITUTE FOR ‘ EtE ST (E} '-l-

TECHNOLOGY AND ENGINEERING Edinburgh Napier Environment ECOSYSTEMS S

rrrrrrr

UNIVERSITY  Transformaton @~ TECHNOLOGIES ' l " ' l

Building from England s Woodlands

©

"\WP1 Project management

*WP2 Wood properties categorisation
*\WWP3 Optimised engineered timber products
*\WWP4 Pilot manufacture and prototype testing
*\WWP5 Outreach and education

Funded by the

Timber in Construction Innovation Fund @ . .
Woods into Management Forestry Innovation Funds Fores"y Commission
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Preliminary target species i

=Beech msAsh

=Qak =\Willow

=Birch / poplar =sSweet chestnut
mSycamore sAlder

»)
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Thank you!
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Edinburgh Napier University
Wood Grading Game
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