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SUMMARY

A worldwide survey of lumber drying researchers was conducted to collect 
information on state-of-the-art methods for measurement of moisture content 
in wood. The DC resistance meter is by far the most widely used method of 
estimating moisture content (MC). It is used primarily for measurement of 
dry MC but some manufacturers have adopted it for use at MC's normally 
considered to be out of its range. Oven tests and sample boards are 
considered as the standard against which all other techniques are compared 
in the industry. In-line meters are becoming more widespread. A number of 
methods of estimating MC of material in the kiln have been developed and 
are used mainly as part of an automated control system. These have gained 
limited acceptance. Other potential techniques for measuring MC are 
identified in the report. All relevant information collected will be input 
to the BAT data storage and retrieval system.
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1.0 OBJECTIVES

The primary objective of this study Is to collect, through a survey, 
Information on equipment and procedures used throughout the world to 
measure moisture content (MC) of wood. Further Information was obtained 
from equipment manufacturers and trade journal articles. The final 
objective Is to summarize the data and Identify that which is suitable for 
input to the Best Available Technology (BAT) Information storage and 
retrieval system.

2.0 INTRODUCTION

The Best Available Technology program has been established as a joint 
venture of the Lumber Manufacturing Technology departments at Forlntek's 
Ottawa and Vancouver laboratories. Its aim Is to set up an Information 
storage and retrieval system which can be easily and readily accessed by 
Industry, government and research personnel. At this stage, the subject 
matter Includes specific Information on sawmilling, drying and planing 
operations. As the name Implies, the scope of the Information Is anything 
deemed to be the best alternative of available equipment or techniques.

This study was Initiated to collect Information on a particular subject 
area - that is, the measurement of moisture in wood at the various stages 
before, during and after lumber production. This area has been receiving a 
lot of interest from industry lately due to: 1) problems with meeting MC 
standards; 11) new moisture measuring equipment on the market; and 111) 
introduction of more sophisticated kiln controllers which use various means 
of estimating MC of material in the kiln.

By collecting information on technology used worldwide, areas of potential 
benefit to the Canadian industry will be identified. At the same time, 
Forlntek's research staff will be kept abreast of new developments and work 
being carried out at other research facilities.

3.0 BACKGROUND

The Canadian softwood lumber industry relies heavily on moisture measuring 
equipment to: determine when to stop drying lumber and, assess the final MC 
of dried material. Most of this equipment is calibrated to provide an 
estimate of the actual (oven-dry) moisture content. However, inaccuracies 
result due to effect of such things as: moisture gradient, wood 
temperature, wet pockets, and natural variability within and between 
species.

In drying softwoods, the critical decision to be made is when to stop the 
drying process. In this respect, there is very little information or 
equipment available to assist the kiln operator. Any Improvements in this 
area will help reduce the possibility of over-drying (with increased 
degrade and lower kiln productivity) or underdrying charges of lumber.
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A study of practices and equipment used elsewhere may reveal ways in which 
our present testing practices for dry lumber can be improved. With 
more/improved information available on dry MC, companies will be less 
likely to encounter problems with shipments being rejected on the basis of 
MC.

P. Garrahan
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5.0 MATERIALS AND METHODS

A major sources of information was the response to a survey of 39 
researchers working at various government, educational or industrial 
centres in 14 countries. The questions concerned industrial practices 
regarding measurement of MC, equipment information and any new trends they 
could foresee. A sample questionnaire is included in Appendix I.

Information was also requested from known suppliers/manufacturers of 
moisture measuring equipment. Trade journals were searched for any 
relevant articles as well as information for advertisements on available 
products.

6.0 RESULTS AND DISCUSSION

A total of 15 responses to the survey were received from 8 countries. 
Although we had hoped for a higher return rate, we were quite impressed 
with the thoroughness and quality of the responses. The respondents had 
taken a great deal of care in answering our questions and in most cases had 
included extra information such as copies of technical articles or 
equipment brochures. A summary of the responses follows for each of the 
major question areas.

6.1 Testing of Green MC

Testing of green MC is desireable in many mills to help select the most 
appropriate schedule or segregate material on the basis of MC differences. 
Most countries reported no segregation of green material. Those that do, 
base their segregation on appearance differences (i.e. heartwood vs. 
sapwood, sinker vs. normal logs, etc.). Several countries reported some 
experimental work in this area. A university in Japan is investigating the 
use of a medical X-ray CT scanner to measure high and low MC's.
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DC resistance is used in a number of countries to estimate high MC's of 
material before and during kiln drying. In most cases, the information is 
used by a microprocessor to determine appropriate kiln settings. All of 
the researchers reporting this type of application also pointed out the 
limitations of this measuring principle. Almost every country reported 
that sample boards are still the most reliable and widely used means of 
estimating green and in-kiln MC's. A capacitance type meter sold in Canada 
is also used by industry in several countries. This system gives an 
estimated average MC for a portion of a stacked pile containing up to 2-3 
Mb f.

6.2 MC Testing of Dry Lumber

DC resistance meters are by far the most widely used means of determining 
MC of dried lumber. This type of meter is manufactured under different 
brand names in a number of countries including the United States, Japan, 
Brazil, Germany and Norway. The traditional meters are calibrated for a 
single species at a given temperature, and correction factors are required 
for any other applications. Australia and Canada are the only two
countries, from our survey, which have developed independent correction 
factors for these meters. All other countries surveyed rely on the meter 
manufacturer supplying such information or use no correction factor at all. 
With advancements in technology, some meter manufacturers have been able to 
incorporate correction factors into the meter. The user then selects the 
species and in some cases, the temperature of the material being tested. 
Several researchers expressed some concern over using correction factors 
supplied by the manufacturer regardless of whether or not they are 
incorporated into the meter.

A number of countries also reported using the capacitance principle to 
measure dry MC's. This electrical property of wood and moisture can be 
measured with a handheld portable meter or in-line meter. Aside from 
Canada, in-line capacitance meters are used to a limited extent in 
Australia and the United States. Correction factors for both the handheld 
and in-line meters are restricted to those supplied by the manufacturer. 
Other than one study carried out in the United States (Breiner, 1985), 
there is very little information on accuracy of in-line meters of this 
sort, especially under varying mill conditions.

6.3 Measuring MC of Material During Drying

An indirect method of determining in-kiln and final MC's is the application 
of temperature drop across the load. The tençierature drop measured as air 
passes through the kiln load is believed to be related to the MC of the 
material. This principle is generally applied as part of a microprocessor 
based kiln controller. Such systems are being sold in Australia, Canada
and the United States. The models relating temperature drop to MC have 
been developed by various manufacturers and do not appear to be based in 
any case on any exhaustive independent research.
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6.4 Government Standards

Standards for measuring wood MC In most countries allow the use of either 
oven tests or resistance meters. Australia, Canada, the United Kingdom and 
the United States all have formal standards for measurement of MC approved 
by a government standards board.

6.5 New Technology

The final area covered in the survey was the respondents' views on new 
technology which they feel has promise for the future. Some of the areas 
identified are basically improvements to existing technology. For example, 
temperature drop across the load was mentioned by several researchers as 
needing further work before gaining broader acceptance. Capacitance and RF 
power loss meters were also mentioned as requiring further work both in the 
area of equipment improvement and development of correction factors.

Load cells for weighing a portion or the entire kiln load was mentioned by 
several as a possible means of monitoring MC change in the kiln. Another 
variation on this is relating volume, weight and specific gravity to get an 
estimation of MC.

Ultrasonics was seen by several people as having potential in this area but 
there appears to be no work underway in this area. As mentioned earlier, a 
Japanese university is studying the application of X-ray CT scanning as 
well as nuclear magnetic resonance. Some other areas for potential 
development include: a Beta-gauge to measure beta particles or rays emitted 
during radio-active decay, gamma radiation and detection system, and speed 
of reflected neutrons.

7.0 CONCLUSIONS AND RECOMMENDATIONS

The Canadian softwood dimension lumber industry is quite conscious of the 
importance of meeting MC requirements. The industry has been fairly quick 
to adopt new technology to help make the process of estimating MC a more 
precise operation. In-line moisture meters and revised correction factors 
for DC resistance meters are two examples of changes that have been applied 
and tested recently by industry.

From the Information gathered in this study, it is apparent tnat current 
Canadian industry practices are at a par and in many respects ahead of 
those being practiced in industry elsewhere. Measurement of green MC is 
considered desirable by most people involved in lumber drying. However, 
there is nothing at this time, which appears to be close to offering a 
practical solution to this problem.

Methods of determining in-kiln MC, for control of kiln conditions and 
deciding when to stop drying, have progressed rapidly over the past few 
years. Again, the Canadian industry has kept pace and is aware of new 
products in this area. A number of manufacturers in other countries have 
developed and introduced similar products, to those on the Canadian market. 
It is Important that we follow the development of those products and help 
identify any which show potential. For example, temperature drop across
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the load Is being tested in many countries but there does not appear to be 
any one system, at this time which could be considered superior or to even 
have all of the bugs ironed out.

Use of DC resistance meters is widespread throughout the world and will 
likely remain as the most common method of estimating dry MC for many 
years. In-line moisture meters have proven to be equally effective as DC 
resistance meters but their application is limited. Again, the equipment 
available in Canada has not been improved upon elsewhere.

Work being carried out on more sophisticated systems using new technology 
deserves attention but does not as yet appear close to having industry 
application. Further work on implementation of existing technology is 
recommended by most researchers in the field.
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SURVEY ON MEASUREMENT OF MOISTURE CONTENT OF WOOD

The following questions are related to equipment and practices presently 
employed by industry, lumber inspection agencies, and research personnel 
for the measurement of moisture content in green or kiln-dried lumber.

1 a) What non-destructive test methods are used to measure moisture content 
of green lumber?

1 b) Are these test methods used by industry?

2 a) Do any wood industries in your area segregate green material on the 
basis of initial moisture content?

2 b) If you have answered yes to 2 (a), how is this segregation achieved?

3 a) What techniques or equipment are used to measure or estimate moisture 
content of lumber during the kiln drying process?

i) for hardwoods

ii) for softwoods

3 b) What techniques or equipment are used to determine when lumber being 
kiln-dried has reached the desired final moisture content?

i) for hardwoods

ii) for softwoods

1 - 1



A a) What types of moisture meters 
of dried material? are used to measure moisture content

* b) tee any correction factors used in conjunction with 
If SO, what type and where did they originate (i e 
instrument, research lab, etc.) 1

the above meters? 
manufacturer of

5) What (if any) is the 
to ensure conformity

agreed procedure for measuring 
with standards in your country

moisture content 
or region?

i) for hardwoods

ii) for softwoods

6) What new equipment or technology do you see bieno aoDli^ -u 
measurement of moisture in wood in the near future? * 1116

7) Any literature you can provide on moisture 
or procedures would be greatly appreciated.

content measuring equipment
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