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Summary 
 
The wood industry is facing some serious challenges in how end users view the long-term reliability of 
wood construction systems. The 1990s have seen the industry hit with a series of high-profile wood 
product failures due to decay, for example in North Carolina and coastal British Columbia. There are 
several efforts underway in North America and around the world focused on developing predictive 
models for moisture conditions in exterior wall systems. All of these models can predict temperature and 
wood moisture content change over time, but the consequences of those conditions in terms of decay are 
not yet predictable. While it is known that wood below 20% moisture content will not decay and wood 
above 28% moisture content will decay, fungal response to conditions between 20 and 28% is not well 
documented, particularly for North American fungi and wood species. Forintek Canada Corp. has a 
project underway to determine the time required for wood products to suffer detectable strength loss 
under a variety of temperature and moisture conditions. The focus is on sheathing as it is the last place to 
dry out after wetting events. Since this project was initiated, other researchers have become involved in 
this issue and it is therefore timely to review the state of the knowledge in this area. There is a 
considerable volume of work published and a limited amount of work underway but little of this is 
directly relevant to developing damage functions for hygrothermal models. The work underway at 
Forintek needs to be completed to define the time to initiation of decay under constant moisture 
conditions. Further work needs to be done to define the time to initiation of decay under fluctuating 
conditions.  Data on the initial rate of decay under limiting conditions should also be generated from this 
work. 
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1 Objectives 
 
To review the available information and work underway on limiting conditions for decay. 
 
 

2 Introduction 
 
As a result of major decay problems in residential construction, especially apartment buildings, there has 
been an increased focus on building moisture management and an interest in more closely defining the 
moisture conditions under which decay can occur. The building science community is actively engaged in 
developing models that will predict the occurrence of decay in buildings.   Research by the Moisture 
Management in Exterior Walls (MEWS) consortium led by the National Research Council of Canada’s 
Institute for Research in Construction (IRC) has explored the hygrothermal properties of various 
construction materials, as well as the spread of water in various construction assemblies, and used this 
information to develop a damage function for use in models to predict the durability of building 
components (Nofal and Kumaran, 1999a; 1999b; Nofal et al, 2001.)  The focus is on the sheathing as it is 
typically the last place to dry out after a wetting event (Hazelden and Morris, 2001).   
 
While it is known that wood below 20% moisture content will not decay and wood above 28% moisture 
content will decay, fungal response to conditions between 20 and 28% is not well documented, 
particularly for North American fungi and wood species. Morris (1995) stated that while interior 
conditions in buildings generally produce wood moisture contents (MC) of 4-8% in the absence of 
condensation, outside the vapour barrier the equilibrium moisture content (EMC) can reach 15-18%, 
while condensation can create MCs in excess of 30%.  This emphasises the need to design buildings to 
shed water and allow the escape of water vapour without condensation. Dirol and Vergnault (1992) 
studied the water transfer process from surface condensation to diffusion into wood and reported that the 
EMC of wood at high relative humidity (RH) was insufficient for the initiation of decay but that cyclical 
condensation occurring at night, coupled with insufficient drying, could be sufficient for decay initiation.  
They established a numeric model to describe water absorption and calculate water concentration profiles 
in large pieces of wood. 
 
Development of these predictive models has been hampered by a dearth of information directly applicable 
to the situation, viz. the precise MC at which wood becomes susceptible to infection, colonisation and 
ultimately decay by wood-destroying fungi.  Verification of these models requires the development of 
data suitable for this purpose.  While some decay data are available, much is unsuitable for modelling use, 
and where data are suitable it is often incomplete.  The most common problem with the available decay 
data is that most was originally developed for purposes other than modelling.  For example, Schmidt 
(1988) and Schmidt et al (1978; 1983) examined strength losses in waferboard and particleboard under 
optimal decay conditions; their results have been used by modellers without regard for the fact that decay 
initiation, rate of decay, and strength losses under these optimal conditions do not realistically represent 
what occurs in a building.  
 
Another issue is that much of the data development and subsequent modelling has focused on moulds, 
often with respect to health implications, whereas the concern with infection by decay fungi is the 
resulting strength loss in the affected wood.  Decay fungi require different growth conditions than 
moulds.   Extrapolation from mould data and models often results in inaccurate predictions detrimental to 
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the use of wood in buildings.  Mould has different nutritional, temperature and moisture requirements 
than decay fungi.  Non-biologists developing models are often not aware of these distinctions and can 
erroneously use mould and decay data interchangeably.  There are a number of excellent mould studies 
published. Clarke et al (1996; 1997; 1999), Rowan et al (1997; 1998; 1999), Doll (2002), Pasanen et al 
(2000), Hukka and Viitanen (1999), Viitanen (1995; 1997a), Viitanen and Bjurman (1995) and Wang 
(1993/1994) have all reported on moisture conditions permitting the growth of mould fungi.  All save 
Doll, Pasanen et al and Wang have further developed the information into models to predict mould 
growth inside buildings.  Information on growth conditions for moulds is being developed in Forintek’s 
Eastern Laboratory in the project “Limiting Conditions For Mould Growth” with D-Q. Yang as project 
leader.  
 
In the absence of the complete data set required to develop a reliable decay damage function for North 
American conditions, IRC/NRC have proposed using a function that captures the duration of co-existence 
of moisture and thermal conditions above threshold levels. Viitanen (1997b) suggested the cumulative 
sum of periods of RH between 95-100% and temperatures above 0-5C can be used to predict the risk of 
decay. The thresholds were therefore selected as 5C and 95% RH and the index has been termed RHT 
(95). This allowed researchers to use various hygrothermal models to predict the relative impact of 
climate, wall design, material properties, and construction deficiencies on the development of conditions 
required for decay (MEWS, 2001). 
 
The purpose of the project reported here is to provide decay data suitable for use in computer models, 
focusing on the limiting moisture conditions which just prevent or just permit decay in two sheathing 
products, plywood and oriented strandboard (OSB), with decay measured as strength loss.  Solid hemlock 
is used as a reference material. Progress reports by Clark et al (2000; 2002) have indicated the major 
decay fungi causing damage in buildings in Vancouver are brown rot fungi, often of the genus 
Gloeophyllum, while white rot fungi commonly decay OSB (Schmidt, pers. comm.); based on this the 
Forintek studies have used G. trabeum and Trametes versicolor as test organisms.  A variety of potential 
strength test methods were considered and ultimately one was selected that examined bending stiffness 
and bending strength loss in test material exposed to a range of RH and therefore EMCs.  A pilot test was 
conducted on OSB at approximately 96% RH.  Although losses in bending strength were first evident at 
eight months, there was minimal bending strength loss after one year in test.  Based on the pilot test 
results, modifications were made to the test protocol and a full size test of all three commodities at three 
RH’s was initiated.  This test is still ongoing with no appreciable strength losses at moisture contents at or 
below fibre saturation after approximately 32 months. 
 
Since this project was initiated, other researchers have become involved in this issue and it is therefore 
timely to review the state of the knowledge in this area. 
 
 

3 Staff 
 
J.E. Clark  Mycological Technologist 
 
P.I. Morris  Group Leader – Durability and Protection 
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4 State of Knowledge 
 
4.1 Effect of Moisture Alone on Strength Properties 
 
The effect of moisture on OSB strength properties in the absence of decay is of interest.  Wu and 
Suchsland (1997) looked at five commercial OSB panels and found that generally the Modulus of 
Elasticity (MOE) and the Modulus of Rupture (MOR) decreased linearly with increasing humidity 
conditions from 35-95% RH.  They established predictive equations expressing MOE, MOR, and 
thickness swell as a function of MC and reported a reduction in MOE and MOR as a function of thickness 
swelling.  For an MC change from 4% to 24% there was an average MOE loss of 72% in the parallel 
direction and 83% in the perpendicular direction; and an average MOR loss of 58% (parallel) and 67% 
(perpendicular).  All of the strength measurements were done while the samples were wet, at the EMC for 
the test RH.  Further work by Wu (1998) with the above data reported that an MC change from 4% to 
24% led to an average bending resistance loss of 37% (parallel) and 51% (perpendicular); and an average 
breaking resistance loss of 31% parallel and 43% perpendicular.  Since most uses require sustained high 
board strength and stiffness, the presence of moisture in the absence of decay could affect the suitability 
of OSB for some uses.   
 
Pritchard et al (2001) also found that higher RH had a noticeably detrimental effect on MOE and MOR.  
OSB conditioned and tested at 65% RH had a mean MOR of 27.9 MPa and a mean MOE of 6.8 GPa; 
samples conditioned and tested at 85% RH had a mean MOR of 21.7 MPa and a mean MOE of 1.9 GPa. 
Tang and Lee (1999) looked at the RH effect on MOE on several wood composite boards, reporting that 
MOE decreased as MC increased, with significant RH effects on MOE’s at high RH and water soaking 
with smaller effects at low and medium RH.  Their strength tests were also conducted wet, with the 
specimens at the EMC for the test RH/MC. 
 
Lee and Biblis (1979) looked at MOE, MOR and Fibre Stress at Proportional Limit (FSPL) of southern 
pine plywood at 4, 7, 10, 13, 16, 19% MC and water soaked. In general, MOE, MOR, and FSPL was 
reduced 2.3 and 4 % (based on strength value at 12% MC) respectively, for a 1% increase in MC, valid 
between 7 and 28 % MC. 
 
Watkinson & van Gosliga (1990) induced a range of MC’s by a range of RH, and looked at tempered 
hardboard, UF flooring particleboard, and MDF. They found significant differences between control 
humidity and other humidities for MOE, MOR, Internal Bond Strength, and compressibility except for 
tempered hardboard - it only varied for MOE and compressibility. At 95% RH, MOE of flooring 
particleboard was lowered by 47% to 63%. All measurements were done with wet samples, at the EMC 
for the test RH. 
 
Wang et al. (2004) found the MOR of OSB and Southern pine without fungus both declined 56% 
respectively over 20 weeks, hem-fir dropped 25% over 15 weeks. It was considered unclear why declines 
in panel properties occurred, possibly due to separations between wood and resins as a result of wetting 
and drying, but progression with time may imply a more fundamental moisture-induced effect on the 
wood-resin interface. MOR tests were done on samples re-conditioned at 20C and 60% RH. 
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4.2 Strength Testing of Decayed Wood 
 
Wilcox (1978) in his review of the strength effects of wood decay said that the major effects on strength 
occur very early in decay.  Structural lumber is primarily softwood, and softwood is primarily decayed by 
brown rot fungi.  The strength properties most severely and rapidly diminished are toughness and impact 
bending; when weight loss reaches 5-10%, these strength properties drop by 60-80%.  The next most 
sensitive properties to decay are measurements of work associated with bending where weight losses of 5-
10% result in losses of 50-70%.  MOE and MOR are also reduced by 60-70%.  Wilcox stated that if decay 
was detectable, the wood should be suspected of lacking almost all strength in all the above properties. 
 
A later review of strength testing as a measure of wood biodeterioration was done by Hardie (1980).  She 
stated that while weight loss is the most frequently used criterion, strength loss is a more sensitive and 
rapid measure of biodeterioration.  Brown rot decay causes a rapid depolymerisation of the cellulose and 
a general reduction in strength properties while white rot causes an early reduction in toughness but does 
not affect other properties as quickly.  There is an initial rapid loss of strength at low weight loss during 
the early stages of decay, followed by a gradual decrease in the rate of strength loss at higher weight 
losses. 
 
A variety of methods have been developed for decaying wood for strength testing.  Deon and Trong 
(1985) and later Curling et al (2000; 2002a) both concluded that testing samples with a vermiculite 
overlay allowed adjustment of the moisture levels to optimise decay.  Curling’s work reported that 
massive inoculation with a brown rot and the resultant rapid decay resulted in a 90% strength loss and a 
40% weight loss in 12 weeks. 
 
Curling et al (2003) confirmed loss in bending strength was more sensitive than weight loss. Evaluating 
the MOR of OSB was a problem because of variation in mechanical properties due to particle orientation 
and size, compounded by small specimen size – a high variance decreases the sensitivity of an 
experiment. Small specimens have significantly higher level of variance in bending strength over standard 
(ASTM D1037 - 11 x 75 x 300 mm) size. They developed a method for sorting small specimens based on 
strand orientation on the tensile side to reduce variation. Solid wood tests use matched samples but this 
was considered not possible with composite boards. 
 
Sexton et al (1993) proposed the use of toughness testing as an alternative to weight loss determinations 
for assessing large numbers of small samples.   
 
4.3 Effect of Moisture Content on Decay Initiation 
 
In a complex discussion of water potential and fungal decay, Griffin (1977) stated that the rotting of wood 
by fungi will be insignificant if the water content of the wood is less than 0.3 g/g, which is roughly the 
same as the water in wood at fibre saturation.  Water potential in wood is done by extrapolation from 97% 
RH to 100% RH because of the difficulty in stabilising water potentials at these high humidity levels.  
Additionally, fungal metabolic water production is sufficient to significantly alter the water content of the 
substrate.  Thus, once decay has been initiated, enough water is produced metabolically to permit decay to 
continue unless there is active drying of the substrate.   
 
Zabel and Morrell (1992) stated that wood-inhabiting fungi require free water on the surfaces of the cell 
lumina for growth.  Water is tightly adsorbed to cell-wall polymers at levels below the fibre saturation 
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point.  They explain Griffin’s paper as follows: Water potential measures the relative availability of the 
water in the wood to the passive osmotic capabilities of the fungal hyphae in contact with it.  Griffin 
further defined the fibre saturation point as the condition when all voids of a radius greater than 1.5 µm 
are devoid of water.  The limiting growth level for fungi is -40 bar, which is consistent with the 30% 
value often given as the approximate lower limit for decay.   
 
Morton and French (1966) examined basidiospore germination and found that a RH in excess of 99% was 
required for maximum germination of basidiospores, and that germination was also temperature sensitive, 
with 25 C providing the maximum germination for two Gloeophyllum species tested.  Basidiospores were 
less tolerant of preservatives than was mycelium of the same species. 
 
In 1988 Viitanen and Paajanen wrote the first of a series of papers from Finland examining the critical 
moisture and temperature thresholds for decay fungi on solid wood.  They monitored the growth of the 
decay fungus Coniophora puteana at EMC and reported that the fungus grew on Norway spruce or Scots 
pine sapwood only at 96-100% RH, where the EMC was over 25% MC. Both agar and spore inoculum 
were used.  The growth rate was very slow at 96%, with low weight losses after one year; at 100% RH 
weight losses were approximately 12% after 3-4 months and by 14 months the wood MC was 60% with a 
weight loss of 40%.  There was no growth at 92% RH. 
 
Viitanen & Ritschkoff (1991) stated decay in Finnish houses is primarily caused by water leakage and 
moisture damage, due to either construction defects or insufficient ventilation. They tested Scot’s pine 
and Norway spruce (sapwood) at 20C, RH 86-100%, using C. puteana, G. trabeum, and Serpula 
lacrymans. They stated for germination of spores and mycelial growth of brown rot fungi the wood MC 
must be close to fibre saturation and the RH above 95-98% depending on temperature. Optimum MC for 
brown rot decay was 30-70%, increasing as decay progressed, reaching 150-250% in some cases. Non-
sterile conditions resulted in very slow initiation of growth. C. puteana (unsterile) on pine grew slowly at 
100% RH and eight weeks was required to detect weight losses. At 14 weeks, weight losses were 12-14% 
with noticeable pH changes in wood where the fungus was growing. As fungi grew, the MC of wood 
increased. Sterile blocks under the same conditions did not change MC. At 97% RH, C. puteana growth 
was slow and slight. At 14 weeks weight loss of pine was 0.6%, spruce was 2.8% and the MC was 
approximately 26%. There was no growth at 92% RH or lower. S. lacrymans grew more slowly than C. 
puteana at the same RH. There was a clear positive regression between wood MC and weight loss caused 
by all three fungi, G. trabeum had highest regression coefficient of the three. 
 
Lea (1992) assessed moisture effects and the risk of decay on wood based panel products and determined 
that short-term dampness or intermittent high RH increased the risk of fungal decay of panels normally 
protected from wetting.  She also reported that panels wet differently at high RH, resulting in different 
EMCs for various products at the same RH.  The decay risk is determined by both the threshold moisture 
content for decay, i.e., the MC at which measurable weight loss will occur over a 12-week period, and the 
EMC under specific RH conditions.  She reported the threshold MC for a number of products and the 
percent RH which produced that threshold MC.  The RH’s ranged from 90% for MUF/UF particleboard 
to 97-99% for tempered hardboard, with Douglas fir-faced plywood at 93-96%, Canadian softwood 
plywood at 96-97%, birch/spruce plywood at 92-94% and softwood OSB at 97-99%.  The lower RH is 
that at which the threshold MC is reached on a drying cycle, the higher value is for a wetting cycle. 
 
Morris and Winandy (2002) suggested the key issue in decay initiation is the time required for wood 
rotting basidiomycetes to become established on wood which is controlled by a) development of suitable 
conditions for germination of spores and b) the probability of their arrival at that location. Germination 
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requires MC above threshold, adequate temperature, nutrient availability, non-durable wood, and absence 
of antagonistic fungi. Decay establishment is normally sequential, with decay following bacteria, moulds 
and staining fungi which use up non-structural carbohydrates, become moribund and are replaced by 
decay fungi. Based on measured air spora and rates of infection of outdoor exposed L-joints, there is 
approximately a 0.18 probability of infection with a wood-rotting basidiospore each year (Morris and 
Winandy, 2002). Wall components would be expected to have considerably lower exposure to the air 
flora. 
 
4.4 Effect of Moisture Content on Rate of Decay  
 
Curling et al (2002b) studied the effect of decay on hemicellulose composition and relationship of decay 
to mechanical properties. For brown rot on Southern pine, strength:weight loss ratio was 4:1. The 
significant reduction in strength during incipient decay was considered likely to be caused by 
hemicellulose decomposition. Significant loss of glucan (representing cellulose) was only detected at 80% 
MOR loss. MOR loss occurred at a greater rate than MOE loss. MOE loss and weight loss increase 
rapidly when MOR loss reaches 80% and glucan (cellulose) starts to break down. Wood stiffness is 
related to the cellulose rather than the hemicellulose composition. At weight loss values below 5%, 
strength loss was approximately 40% and the work required to produce failure was reduced by 70-80 %.  
 
Morris & Winandy (2002) reviewed Forintek and US Forest Products Laboratory (USFPL) work in the 
area of limiting conditions for decay. It had been suggested that the decay process under fluctuating 
conditions has 3 stages (Nofal and Kumaran, 2000)  

1. Establishment, 
2. Growth and decay, 
3. Survival. 

 
Establishment is considered in section 4.3. Key factors in growth and decay are a) wood MC, b) wood 
durability, c) type of decay fungus (Morris and Winandy 2002). Most experiments on effect of fungi on 
strength properties have been done with wood in contact with a liquid water source and air at close to 
100% RH. At just above threshold MC in the presence of competing fungi the rate of strength loss will be 
much slower. 
 
Key factors in stage 3 are the type of decay fungus (affecting resistance to desiccation and temperature 
variation) and speed of wood drying. Another factor is the resistance to secondary moulds occurring 
between decay minimum MC (approximately 25%) and mould minimum MC (approximately 16%). A 
faster wood drying rate means less time for mould growth.   
 
The USFPL is looking at the rate of decay under a wide range of moisture conditions with a massive 
inoculum. They found brown rot quickly progressed at 32% MC, and more slowly at 29% MC. They 
were unable to initiate decay after 4 weeks at 26% followed by slow desiccation to 22% at the10th week. 
 
Forintek did not get infection from inoculated basidiomycetes on OSB at 95% RH. Natural infection 
fruitbodies were visible by ten months, with a drop in the mean MOE starting at eight months. There was 
also a drop in load capacity, initiated at eight months. Specimen MC was 27% prior to eight months, 
rising to 32% at 13 months and 34% at 16 months as decay progressed. 
 
Hedley et al (2002) constructed model frame units, wetted the lumber to 35-40% MC and covered them in 
black polyethylene. These were inoculated with a pre-infected feeder strip. A pre-wetted fiberglass batt 
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was placed in the cavity which was then closed with building paper and fibre cement board. Half were 
stored outdoors, half at 27C and 90% RH, with weekly spraying. At 24 weeks, untreated units were 
severely decayed while boron-treated units were virtually decay-free. Units treated with only LOSP 
permethrin insecticide decayed rapidly. There was limited decay when this was amended with IPBC. 
 
Hedley et al (2004) exposed wood to rain outdoors in the winter. After seven days exposure radiata pine 
reached MCs which would sustain decay (approximately 27%) and remained above 27% for the 
remaining 48 days. The maximum MC for Douglas-fir throughout the trial was 21.8%. In a 
spring/summer trial, radiata pine sapwood rapidly attained MCs conducive to decay. Again Douglas-fir 
did not. MC fluctuations were more pronounced due to warmer and sunnier weather. Horizontal exposure 
samples had a higher MC than vertical samples, irrespective of wood species or relative 
heartwood/sapwood content. They concluded that Douglas-fir timber shows significant differences from 
radiata pine in terms of susceptibility to moisture uptake. 
 
In recent work at Oregon State University, Wang et al (2004) assessed the effect of pure cultures of G. 
trabeum, Postia placenta and T. versicolor on wet (80-90%) OSB, Southern pine plywood or hem-fir 
plywood over 20 weeks. They evaluated weight loss, MOR and MOE with a 3-point loading. Weight loss 
was the highest with G. trabeum and T. versicolor on Southern pine or OSB, Postia placenta weight 
losses were consistently lower on these two materials. Hem-fir plywood had weight losses similar with all 
3 fungi. 
 
MOR and MOE of all materials declined with time, but the greatest effect was with OSB. Of the three 
fungi, G. trabeum produced the most consistent decline in MOR. Samples inoculated with Postia 
placenta showed little difference from sterile OSB, but Southern pine plywood declined more 
substantially. T. versicolor caused more damage to OSB and hem-fir plywood but little damage to 
Southern pine plywood. It was sometimes difficult to separate fungal effects from that of water exposure; 
the results suggest that fungus accelerated the rate of MOR decline. The implication is that there are 
simultaneous effects of moisture and fungus on panel properties. Nearly all fungal attack requires free 
water in wood, but free water alone also results in a continuous decline in some panel properties. 
 
The MOE for the two plywoods initially was greater than two times the OSB MOE. Moist sterile panels 
of both plywoods lost 19% MOE in 15 weeks and 42% in 20 weeks; OSB lost 58% in 20 weeks. The 
MOE of OSB exposed to any of the test fungi declined faster than sterile samples but ultimately, at 20 
weeks did not differ substantially from sterile wet OSB. The fungus caused a rapid decline in OSB 
stiffness but ultimately moisture produced similar effect on sterile samples. For Southern pine panels, 
those exposed to fungi had a lower MOE at the end of the test than the controls did. The fungal effect was 
more noticeable on hem-fir plywood where sterile samples were less sensitive to moisture. 
 
There appears to be a synergy between moisture-only effects and fungal attack affecting composite panel 
properties and this highlights the importance of designing to exclude moisture from building cavities, and 
eliminating moisture as rapidly as possible. Building moisture often builds gradually through movement 
from leaks and condensation. Fungal germination must then occur before fungi are a problem, but long-
term exposure to moisture, even without fungi, is a concern and can have effects on panel properties 
 
4.5 Predicting Performance from Short Term Moisture Measurement 
 
Scheffer (1971) developed a climate index, later extended by Setliff (1986) which estimated the decay 
potential for wooden structures in North America.  The index was based upon a combination of moisture 
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and temperature and indicated the relative decay potential of a region.  These were the first attempts at 
predicting the possible decay outcome of wooden structures.  As information on building decay has 
developed, there has been a movement in the prescriptive building codes towards a use category system 
such as that of the American Wood-Preservers’ Association Standard (2002) which designates 
preservative systems and required retentions determined to be effective in protecting wood products under 
specified exposure conditions.  The project reported here is developing information applicable to Use 
Category 2 which covers wood indoors in situations with a potential for wetting. 
 
Rapp et al (2000) measured the MC of pine sapwood, Norway spruce, oak heartwood, and Douglas-fir 
heartwood exposed outdoors over a two-year period. Samples were untreated, varnished or melamine 
resin impregnated. They developed a mathematical relationship (moisture-induced risk index, MRI) based 
on laboratory measurements of adsorption of liquid water and moisture vapour desorption.which 
correlated with the number of days in a second year of natural weathering in which the wood MC 
exceeded 25%. They took 25% MC as the threshold based on Viitanen’s work and the DIN EN 113 
Standard which excludes data from samples with an MC below 25%. They propose the MRI to assess 
protective effect of wood treatments intended to reduce MC and also for durability predictions on 
untreated exterior-use wood in out-of-ground contact. 
 
Welzbacher & Rapp (2004) found heat-treated wood in field test showed improved resistance to 
biological attack. Lab tests of this material showed a reduced MRI for heat-treated material. Thermally 
modified wood has a modified cell wall structure and reduced sorption properties, with the EMC reported 
reduced by approximately 50%. Substantially reduced sorption properties result in moisture conditions 
unsuitable for fungal decay. 
 
Leicester et al (2003) developed a model to predict strength of timber poles and rectangular sawn sections 
subjected to in-ground attack by decay fungi. The model was based on data obtained from extensive in-
ground stake tests that were monitored over a 30-year period and a limited number of full size pole and 
rectangular sawn sections. It takes into account timber species, preservative treatment, maintenance 
practice and local climate. They also produced a map of decay hazard zones for Australia. 
 
Lindegaard & Morsing (2004) have been examining moisture in cladding with various treatments, 
measuring the moisture-reducing effect of different protective systems using a resistance moisture meter. 
They are also evaluating surface appearance and assessing maintenance requirements. Their intent is to 
predict long-term performance. 
 
Ekstedt (2003) reported that an assessment of water protection efficiency gives significant differences in 
water absorption values for different wood coatings. A combination of laboratory testing and artificial 
weathering gives more information on durability and long-term performance than single measurements of 
water absorption on fresh unweathered wood. This approach can be used to predict service life of coating 
systems and this can be input into integrated life cycle assessments of products for wood protection. 
 
 

5 Conclusions 
 
There is a considerable volume of work published and a limited amount of work underway but little of 
this is directly relevant to developing damage functions for hygrothermal models. 
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The work underway at Forintek needs to be completed to define the time to initiation of decay under 
constant moisture conditions. 
 
Further work needs to be done to define the time to initiation of decay under fluctuating conditions. 
 
Data on the initial rate of decay under limiting conditions should also be generated from this work. 
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