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Destructive strength testing at TNO IDestructive strength testing at TNO I

Timber strength research at TNO Building and Construction Research
in Delft, The Netherlands

Destructive strength testing at TNO IIIDestructive strength testing at TNO III
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Developing grading rules at TNODeveloping grading rules at TNO

Maximum knots size Maximum Grain angle Maximum fissures size

Visual grade

Strength class

S7,S10,S13,B,C,T1,..

C16,C30,C35,D30,D60,…Traditional method!

… based on destructive testing

Testing Testing MoEMoE in laboratory at TNOin laboratory at TNO

Dynamic Modulus of 
Elasticity

Static Modulus of 
Elasticity



Strength Grading & Moisture Content

©2007 Brookhuis Micro-Electronics BV 4

Modelling at TNOModelling at TNO

Developing grading rules at TNODeveloping grading rules at TNO
… for simple non-destructive testing

MoE dynamicDensity Predicting 
model 

Strength class C16,C30,C35,D30,D60New method!

MoE static



Strength Grading & Moisture Content

©2007 Brookhuis Micro-Electronics BV 5

Mobile Timber Grader at TNOMobile Timber Grader at TNO
… developing of a mobile device for strength prediction

Non destructive laboratory testingNon destructive laboratory testing
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Non destructive field testingNon destructive field testing

Timber Grader MTG by Timber Grader MTG by BrookhuisBrookhuis
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More then 35 species testedMore then 35 species tested

Softwoods douglas, fir, larch, pine, radiata pine, spruce

Hardwoods angelim vermelho, azobe, bangkirai, 
basralocus, beech, bilinga, chestnut, cumaru, 
cupiaba, denya, greenheart, karri, limbali, louro
itauba, massaranduba, muiracatiara, 
mukulungu, niove, oak, piquia, piquia marfim, 
robinia, sapucaia, sucupira amarelo, sucupira
vermelho, tali, uchi torrado, vitex.

European verification test EN 14081European verification test EN 14081
VTT

Spruce & Pine, 1st project 200 boards, 2nd project 2800 boards

CTBA

Douglas fir, 1800 boards
SHR

Radiata Pine, 100 boards

TU Delft

Larch, 300 boards

CNR
Spruce, Pine, Larch, Chestnut +/- 2000 boards

TU Graz

Oak, Beech, Robinia, 300 boards
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Higher grading yields on softwoodHigher grading yields on softwood

With Timber Grader MTG more than 25% in strength cl asses C24 and
C30 than with visual grading

Higher grading yields on hardwoodHigher grading yields on hardwood

With Timber Grader MTG more than 60% in strength cl asses D60 and
D70 than with visual grading
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Grading Hardwood in AustraliaGrading Hardwood in Australia

Grading Hardwood in AsiaGrading Hardwood in Asia
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Grading softwood in the Netherlands IGrading softwood in the Netherlands I

Preparing

Grading softwood in the Netherlands IIGrading softwood in the Netherlands II

Support & optional Scale
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Grading softwood in the Netherlands IIIGrading softwood in the Netherlands III

Measurement 
on top end

Timber Grader MTG ITimber Grader MTG I

Measurement - Repeatability
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Timber Grader MTG IITimber Grader MTG II

Timber Grader Software

Timber Grader MTG IIITimber Grader MTG III

Reporting
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Ing. Pieter Rozema (B. sc.)

24 April 2007
MC measurement

Moisture Content Measuring systemsMoisture Content Measuring systems

Why to measure the MC?Why to measure the MC?

• Why do we have to know the MC?
• How do we know what MC we need?
• What MC spread is allowed to meet the requirements of 

the final product?
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RH and MCRH and MC

Species 40% RH 60% RH 85% RH 90% RH 100% RH 
Pine 9 – 10% 12 – 13% 15 – 18% 17 – 19% 30% 
Fir 8 – 9% 11 – 13% 17 – 20% 20 – 22% 30% 

Oak 9 – 10% 12 – 13% 17 – 20% 19 – 22% 32% 
Meranti 8 – 9% 11 – 13% 17 – 20% 18 – 22% 29% 

 

Equilibrium MC

How to measure the MC?How to measure the MC?

• How do we measure the MC?
• How do we know the measured MC is correct?
• What accuracy can we achieve with common MC 

measuring methods?
• How can we compare different MC measurement 

methods?
• Does the drying process affect the MC measurement?
• Does the wood affect the MC measurement accuracy?
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Dry oven testDry oven test

• Reference method

• Characteristics
– Measurement according to EN 13183-1
– Destructive

Resistance type (handheld)Resistance type (handheld)

• Resistance measuring method
– Set instrument according to wood species and wood temperature
– Measure surface and/or at 1/3 thickness
– Read MC

• Characteristics
– Measurement according to EN 13183-2
– Simple
– Relatively fast
– Measurement at 1 spot
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Capacitive type (handheld)Capacitive type (handheld)

• Capacitive measuring method
– Set instrument according to wood density
– Measurement in depth up to either 20 or 30 mm
– Read MC

• Characteristics
– Measurement according to EN 13183-3
– Simple
– Fast
– Measurement average MC

Capacitive type (inCapacitive type (in--line)line)

• Capacitive measuring method
– Non contact
– Measurement through wood

• Characteristics
– Measurement according to EN 13183-3
– Simple
– Very fast
– Measurement average, minimum and 

maximum MC
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Where to measure (I)Where to measure (I)

Where to measure (II)Where to measure (II)

Preference in connection 
with moisture gradient
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Where to measure (III)Where to measure (III)

Where to measure (IV)Where to measure (IV)

Wood

Electric field

Wood

Electric field

Moisture profile after drying
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How good is a measureHow good is a measurementment

Examples inExamples in--line (longitudinal)line (longitudinal)

RHI (A) / STIA (A)
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Examples inExamples in--line (longitudinal)line (longitudinal)

Yinbin Flooring (CN)

Examples inExamples in--line (transversal)line (transversal)

Schwörer Haus (D) / Klausner Nordic Timber (D)
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How do we achieve accuracy?How do we achieve accuracy?

• Dry-Oven test
– Quality of work (it is precise work)
– Accuracy balance
– Have patience

• Resistance type measuring method
– Species and temperature correction
– Type of species (some species are very difficult to measure)
– Moisture spread

• Capacitive type measuring method
– Density correction
– Type of species (some species have very wide density range)
– Moisture spread

SummarySummary

Professional instruments, worldwide available
• Brookhuis Micro-Electronics supplies professional 

instruments. The products comply with international 
standards and are certified according to Brookhuis’ own 
quality management system. With a worldwide network 
of competent agents and dealers, users can be sure of 
expert advice and the best service.

• Brookhuis Micro-Electronics is a reliable partner, 
converting the requirements and desires of you the user 
into high-quality products.


