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Image: Kim Traynor (via Wikimedia Commons)  Image: Historic Scotland(?)
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Scottish painted ceiling
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Properties of interest

« Strength

o Stiffness

* Density

 Thermal movement
* Moisture movement
 Distortion

* Creep
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Non-destructive methods

* Visual

* Acoustic

* Mechanical

¢ X-ray

 Cores

* Spectroscopy?
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Ultrasonic

Image: Proceq

Indirect or surface
Id | Name | Date &vTime Measurement Type | Velocity |Time 1 |Time 2 | Distance |Crack Depth | Correction Factor |Tempetature | Compressive Strength
% 65970 04/18/2012 12... Direct (default) 5652 m/s OOl oops  0299m  0000m 1.00 27°C =
Signal curve Settings
#100% Pulse length: 9.3 ps
100- Probe frequency: 54 kHz
53.0us Pulse amplitude: 350V
= = ﬂ (\ [\ [\ Rx probe gain: 5%
@ e Calib. time offset: -6.1 ps
N R 7 /\/\ D o AADDND DA D o B Clotmeotser  Sas
2 + + U i t \/ \/ v \/ \/ \/ \_/ \/ T T =, evice name: undit Lab+
E = Serial number: PL02-001-0038
=y Software version: 205
-100 } | } } } } ' ' ‘ ' ' ' Hardware index: BO
0 20 40 100 120 140 160 200 220 240 26[} 280 300 320 340 360 380 400 420 44[} 46[} 480
Time/[ps] Comment
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Mechanical loading
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But it’s not that simple

« Static properties vary
— With direction and within a piece
— With moisture content

* The relationships between dynamic and
static properties varies
— By origin
— Because of degradation
* Biological, environmental, mechanical
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How to interpret results?

* Growth region
 The way It was processed
* What happened to it since
— Time
— Light
— Moisture
— Biological
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Dynamic stiffness

20
Sitka spruce (Napier University) Scots pine (Gradewood data, bending)
(UK) (Sweden, Poland, Germany, Finland, Russia)
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Global modulus of elasticity (kN/mm?)

Scots pine (Gradewood data, bending)
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The Prestongrange ceiling

Image: MOW (via Canmoré)
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The Prestongrange ceiling
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Density of the pine offcuts

[Prestongra nge offcuts]

Finland
Germany (North)
France

Sweden

Russia

Latvia

Poland

_| Gradewood data for Scots pine

Strength of European timber.

Part 1. VTT Publications 706

Part 2. VTT Working paper 179
| |
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Stiffness of the pine offcuts

Prestongrange offcuts (54kHz) /
R 7
Prestongrange offcuts (24kHz) /

r

Prestongrange offcuts (54kHz) / 1.25 v

Prestongrange offcuts (24kHz) / 1.25 Y
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Gradewood data for Scots pine

Strength of European timber. 0 5 10 15 20 25

Part 1. VTT Publications 706
Part 2. VTT Working paper 179 Stiffness (kN/mmZ)
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Stiffness of the pine off-cuts
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Stiffness of the pine off-cuts
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Stiffness of the oak beams
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Concluding remarks

54 kHz transducers most easiest to use
Waveforms need inspection for correct time
Are local measurements

Cannot really work with assumed density

Need to know how dynamic and static
properties are correlated

..depends on the origin of the timber
Need to understand wave propagation better
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Reason for research

* Inspection and repair
* Understand wood aging
« Knowledge of historic timber trade

« Painted cellings In particular
— Cannot see wood features
— Elements In storage
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Factors affecting softwood quality

e Position within the tree

_ Radially & vertically
 Silviculture

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

« Genetics
— Species, variety and individual
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Wood structure

Tree Building
m Log Assembly
Sawn timber R
cm Clear wood
mm Growth layer
Wood anatomy ST
Cell
/5" Cell-wall
pm Cell wall ’
Microfibril
Cluster Molecular
Cell wall layers
o e
Microfibril clusters “’WQ’Q
nm Molecular

Harrington, J. J. (2002). Hierarchical Modelling of
Softwood Hygro-Elastic Properties. PhD thesis,
University of Canterbury.



Cellulose microfibrils

Inner layer of
secondary wall

Middle lay%of

secondary wall I~
_XOuter layer of
C‘f. secondary wall
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