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Decay of Wood in Structures

• How decay establishes, and can be detected
• Designs that promote problems
• Protection and remedial protection methods
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Professor Barry Goodell, PhD
Microbiology Department. UMass Amherst
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Learning Objectives: Upon successful 
completion of this seminar students will be able to:

• Explain at an introductory level what fungi are, and 
particularly fungi that damage wooden structural 
materials.

• Recognize how wood decay is established, and how it 
can be detected.

• Identify design issues that cause problems in promoting 
decay of wood structures.

• Explain how some types of wood protection and 
remediation systems can be used to protect against 
decay, and the limitations of these.
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What are Fungi
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Biological “Agents”
that cause 

Structural Damage to Wood
• Animal biodegradation

– Marine borer damage
• Surface rasping
• Tunneling/boring

– Insect attack
• Termites/ Carpenter ants
• Beetles
• Wasps/Bees

• Microbial degradation
– Bacterial cell wall etching and softening
– Fungal

• Molds
• Stains
• Decay (and soft rot)
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The tree of life

http://tolweb.org/tree/
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What do fungi that degrade lignocellulose (true decay 
fungi) look like?
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Cote et al.
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9Credit: Haygreen & Bowyer

Laser Confocal Series005_3D_1, image size (µm): 238 x 238 x 39 

3-D Reconstruction of Optical Sections in G. trabeum infected lignocellulose
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Recognizing How Decay is Established

How do Structural Wood Members Become 
Infected by Decay?

Spores?
Fungal mycelial Fragments (Dust)?

• Water - Not too little, not too much

What is Needed  to Cause Decay?

Moisture content of 
structural wood affects how 
fungi decay.
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Decay Requires the Right Temperature - Not too cold, 
not too hot – see below. (Most fungal decay stops below 50∘F 
and above 120∘F)

Fungi Need Oxygen!14

Oxygen – But they can survive on much less than humans.  
1% is fine!  More is better.
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The “Saga Wave”.  
A Container ship carrying loads of green lumber.
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Overview of decay fungi that attack 
lignocellulose materials
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White rot Brown rot
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Brown rot fungi – are the primary form 
of decay that we see in construction.

• Brown rot fungi: 
– …attack primarily coniferous wood species.  In the northern 

hemisphere of the world we have more conifers, and therefore 
we use more of these softwood species in wood construction.

– Early stages of decay: NO OUTWARD SIGNS. Decayed wood 
or bamboo looks like it might only be wetted. For this reason in 
structural materials, brown rot decay can be very dangerous.

– In later decay stages these materials turns 
• Brown and crumbly & Checked across the grain
• This is because of shrinkage of the wood caused by 

– Loss of cellulose wood components
– Modification of lignin components 20
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Mechanical Property Loss
(strength and stiffness) 

Non-lignocellulose Mechanical Property Loss Questions: 
What happens to mechanical properties if you have concrete with rebar 

supports and you (somehow) start chopping up the rebar into little bits 
INSIDE the concrete? 

What happens in a fiberglass composite if  you similarly chop up fiber 
into little bits inside the composite?

Very Rapid Mechanical Property Loss Occurs!

Similarly, in very early brown rot decay stages cellulose strands in wood 
are chopped up (depolymerized) without much loss of substance. So 
the wood looks normal to the eye, but 70% of mechanical properties 
>> of both MOE and MOR are lost. This is why brown rot is 
dangerous. Strength is lost before the lignocellulose woody material is 
obviously decayed.

21
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Identifying design issues that 
cause problems in promoting 

decay of wood structures.
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My house in Amherst!
• Cedar clapboards – no space between roofing materials and 

clapboards on the gable end of a dormer.
• Inadequate overhang in general on the home.
• No kickout flashing at gutter.

Decay

26

Image by KLH/Tilling, CLT Designers

Mass Timber Structures
Flat surfaces, balconies that collect water
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Unless being built at southwestern US sites,  
designs of wood structures with flat roofs 
and no overhangs are disasters 
waiting to happen!

Never design using wood 
where a single membrane on 
a flat surface is protecting 
wood for the life of the 
structure.  Membranes are 
Guaranteed to rupture.

28

• It takes a long time for wood to wet – many months.  But even
longer to dry  - years!!

• This is particularly  true where there is no adequate drainage or ventilation

When wetted internally, decay can often 
remain hidden beneath the surface!

Remember: These are images of advanced decay. The incipient decay beyond 
the brown crumbly material, may have already lost 70%+ MOE & MOR.
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Detection of 
Decay?

30

Several methods exist for decay detection, but use 
depends on the level of decay detection that is needed.

• “Sounding and boring”
• Mechanical and sonic detection systems

• Stress wave timers
• “Pilodyne” meters – relies on the penetration of a pin 

shot into the wood.
• Wood core removal and culturing fungi on petri dishes
• PCR detection (Polymerase Chain Reaction – accuracy 

depends on the quality of the DNA primers you have)
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Electronic noses? 
Dogs have been trained to sniff out both termites and decay. They 
tend to tire and become inaccurate though.  New technology using 
gas chromatography and ‘fuzzy logic’ has shown initial success in 

detecting some decay types.

32

Types of wood protection and 
remediation systems that can be 
used to protect against decay ---

and the limitations of these.
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o
A relatively new book 
is currently available 
on this topic  -
published last year.

American Chemical 
Society Text.  Many 
authors contributed!

34

Non-Chemical Ways to Protect Wood

1) Keep wood dry
2) Don’t let wood get wet
3) Make sure water does not 

contact wood for extended 
periods
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Thermal Treatments

Thermal Treatments
Providing wood dimensional stability and limited decay resistance

• Confusion in the terminology because 
Thermally Treated Wood is also the term 
used by APHIS to refer to wood that has 
undergone a heat sterilization process for 
control of insects and disease on 
biomaterials for import and export. For 
this reason, the term “Thermally 
Modified Wood” is now gaining 
acceptance.
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General Features of Thermally Modified Wood
• Temperatures: 180 - 220 °C with limited oxygen used in most 

thermal modification processes
• Chemical structure of the wood components is greatly changed 

with altered biological and physical properties. (Some acetic acid 
is generated which, at high temperatures, partially damages some 
of the wood.)

• Advantages: 
– Wood is more resistant against basidiomycetes and soft rot fungi
– Has a lower equilibrium moisture content and FSP. 
– Dimensional stability is improved. 

• Disadvantages:
– Increased brittleness of the wood
– Some strength properties are greatly decreased. 

Overall – Because of enhanced durability, dimensional stability, and 
good appearance, thermally-treated wood is currently used in 
Europe in many indoor and outdoor applications.

Thermo Wood from Finland 
(example of several different manufacturers from Europe)

Atmospheric pressure treatment, with constant state. Water spray at the 
end for cooling and re-equilibration of surface moisture up to 4-6%.

Before (left) and 
after (right) 
thermo treatment
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Chemical Protection Systems

• Pressure Treatments (Primary treatments)
• Non-Pressure (Remedial treatments, 

maintenance treatments).

40
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CCA, Pentachlorophenol, Creosote
Primarily used for Pressure Treatments

• Disappearing in Europe (some are already banned – and 
more will be in 2019 as per the extended “EU Biocidal 
Directive”).

• In North America:
– These chemicals are “restricted use”, and not allowed for 

homeowner use. However, they are still widely used in 
commercial use (poles, pilings, rail ties, foundation timbers)

– My projection is that these chemicals face long-term 
restrictions in the US -- -- -- eventually.

• Other places in the world, their use varies.  
– For example: in South Africa there are no restrictions on the 

use of these chemicals.

Advantages and Disadvantages of 
these treatments:

• These chemicals can be very effective
in wood treatment when used 
properly, and for approved uses

• However, engineers are often not aware of when and 

how these chemicals should be specified

• Specification of treatments is part of the design process 

though, so education is needed.
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Newer, Waterborne Wood 
Preservatives

• Copper-based systems
– These have become the most widely                

used for residential use in N. America.
– Copper (II) is exclusively used – with smaller 

amounts of organic biocide.
• Amine soluble copper quats* (ACQ)
• Amine soluble copper azole (CA) [w/ Tebuconazole]
• Finely ground Cu(II) – “Micronized” copper quat 

(MCQ or µCu)

* “Quat” = Quaternary ammonium salt

Micronized Copper, or 
Micronized Copper Quaternary 

(MCQ) or (µCu)
(The most common wood preseverative marketed in NE US currently.)
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Are pressure treatments 
effective in all woods?

45

Incised Douglas fir:  Incising doesn’t work if the wood is 
too impermeable or the pressure period is just too short!
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However, many species have 
impermeable heartwoods, and 
INCISING is often used to 
enhance the treatment.  The 
rough surface is only 
acceptable for some 
applications.

Sapwood of most species 
is permeable, and will 
pressure treat.

Moving on to “Diffusible” wood preservatives. 
These are now becoming more widespread.

“Borates” (sodium octaborate
tetrahydrate) are being used as a 
diffusible remedial treatments, 
and can be applied after a wood 
product is in service.

They work by diffusing in wet 
wood. They can be applied in dry 
wood and will become “active” if 
the wood becomes wet at some 
future time.

48

Not registered for wood 
application, and biocidal 
treatment, in this form.
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Commercial formulations of 
borate solutions are available 
for surface spraying of wood to 
protect against decay (and 
termites).

49

Powdered or solid forms 
of borate can also be 
placed in holes bored into 
wood to protect again, or 
remediate wood decay.

Cautions on the use of borate:

50

• Borate diffuses into wet wood. 
And it also will diffuse out of wet 
wood. Periodic reapplications may 
be needed.

• Borates are toxic to plants and also 
to aquatic plant life.  Caution is 
needed not to apply over water, or 
where leaching into water will 
occur

• Borate is a suspected teratogen 
(causing malformation of 
embryos). Avoid while pregnant.

• Moving toward a ban in Europe.
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Thank you

QUESTIONS?




