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Extreme
Trees

Monuments to nature’s possibility, some tree
n go to extremes—{rom towering canopies.
oastal forests led branches
ant cover over arid la
have fallen prey to lo a

encroachment over the years. But a few persist.

THE RECORDS

VOLUME (Main trunk)

1,489 m?

Giant
sequoia

e 4,800 years old

Great Basin
bristlecone pine*
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* Water

* “Figure” and "Defects”

* Anisotropy

* Inhomogeneity

* Variation and uncertainty
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Timber; Its Nature and Behaviour (Dinwoodie)

Pitch pine (Caribbean) —

Yew —

European larch

Douglas fir

Scots pine (redwood)
Western hemlock

Norwai si uce —™

Western red cedar —

b

<— Purpleheart
-— Afzeha, Hickory
- 800 <— Jarrah

l

<— Kapur, Keruing

<-— Beech, Oak, Ash
-— Afrormosia

<— Iroko, Teak, Utile
=~ Sapele, Makoré

+ 700

Abura
Elm, Mahogany (C. American)

African mahogany
Agba, Ramin

Jelutong

beche

g

=-— Balsa

- 100

4l

s

706 pieces of UK grown larch
(Resource: 83% Hybrid 17% European)

863 pieces of British spruce
(Resource: 92% Sitka 8% Norway)
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Timber; Its Nature and Behaviour (Dinwoc

Elastic deformation 11

o Air-dried E = 25.156 G®%*5 air-dried
o Green

E = 13.517 G*97%° green

706 pieces of UK grown larch
®  (Resource: 83% Hybrid 17% Europear

o® 863 pieces of British spruce
. .;3 x (Resource: 92% Sitka 8% Norway)
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Stress and strain Edinburgh UNNSLE!‘?I’

Surface of
interest
Force
Area
A small element Normal stress Shear stress
Surface of
interest
Change in dimension
Original dimension
A small element Normal strain Shear strain
N
S
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Stiffness and strength

(Strength (tensile, compressive, bending)
 Stiffness (modulus of elasticity, MoE) = E

‘Shear strength
\Shear modulus = G

Stress Stress Stress
F 'y
strength strength strength
(a) (b) (C)
stiffness stiffness stiffness

r.. r.. 1..
Strain Strain Strain
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Anatomy
reaction wood
heartwood

sapwood

rruer Evbucation
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Cellulose microfibrils

 a

Inner layer of
secondary wall

Middle layer of

5eaandary wall % ~
_sOuter layer of
secondary wall
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Perpendicular to grain
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Parallel to grain

Perpendicular
to grain
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Compression and tension Fdinburgh Napier W

Perpendicular to grain

—>
Parallel to grain

Perpendicular to grain
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Compression

“Thickness”
is the “Depth”

“Thickness”

“Width”

“Width” is

the “Depth” \

Tension

Minor axis
(as a board)

Major axis
(as a joist)







EN408 bending test Fdinburgh UNNS‘EEL?’

6h + 1.5h 6h 6h + 1.5h

A

/

Worst defect positioned centrally
(random whether tension or compression side)

Bending strength, f., (Modulus of Rupture MoR)
Stiffness, E (Modulus of Elasticity MoE)
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Shear

Shear modulus, G
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ii" Compression ",/

Tension

Major axis Minor axis
(as a joist) (as a board)
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ii" Compression 'j,/

s

Tension

Major axis Minor axis
(as a joist) (as a board)
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Density and bending strength cnburgh Napier W
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Bending strength and stiffness Edinourgh Napier B
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Raw data from SIRT benchmarking validation study
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Density and bending strength cnburgh Napier W

70
60 L 0000983058
& O &db@e © g
E 50 QO
2 < & %
£ 40 S 5
5 O OO0
530 9 : O@% &
o7 @) ) &
3 20 02w o
c O WO o7
@)
3 A oo OB
10 ©
O -
0 Raw data from SIRT benchmarking validation study Rzl =0.5818
| I
0 2 4 6 8 10 12 14
Bending stiffness (kN/mm?) N

. THE QUEEN’s
blogs.napier.ac.uk/cwst 3'd February 2016 23 [fmmmerte



Mechanical properties Edinourgh Napier B

« Amount of cell wall material
— Wood density

 How that cell wall material is arranged
— Grain, earlywood, latewood

* How that cell wall material is made up
— Cellulose : lignin
— Microfibril angle
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Juvenile core (softwoods) Fcinourgh Napler B

Microfibrill angle Figure 2.20 Example of the radial variation in modulus of elasticity

K e for two specimens of Sitka spruce wood. Modulus of elasticity

was estimated from data on density and microfibril angle obtained
from SilviScan-3.
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Stiffness, E

Figure 215 Radial profile of Sitka spruce wood density. The green
lines show profiles for five individual trees sampled at Baronscourt 20
in Morthern Ireland, while the black line represents a model

fitted to these data.
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Factors — softwood quality Edinourgh Napier B

 Position within the tree
— Radially & vertically @ @ @
* Silviculture

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

« Genetics
— Species, variety and individual J
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* From species to species

» Within species / species group
— Between countries
— Within countries
— Within a forest
— Within a stand
— Between trees in a stand
— Within a tree
— Within a board
— Depending on how the board is loaded

Variation of properties

& correlation between
properties
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