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ABSTRACT

With sustainability as a growing concern, the rehabilitation of buildings arises as one of the main forms 
of support for the construction sector. Rehabilitation, in comparison with new construction, is seen as a 
path to minimize the negative impacts of this activity by reducing, for example, the energy consumption 
of buildings and its consequent impact on energy production (still meeting the current needs for comfort) 
and the extraction of raw materials. Wood has a high potential for numerous purposes, also, it is a 
natural, renewable, and sustainable resource, presenting itself as a promising construction material with 
enormous importance for the bio-based economy. However, despite being a traditional material, reliable 
service life prediction of wooden structures continues to be a challenge. Like other biobased materials, 
wood can be subject to biological deterioration by fungi and insects. The biological agents, when 
combined with favourable conditions (e.g., temperature, air relative humidity, wood moisture content, 
etc.), can lead to simply aesthetic damage, reduction in indoor air quality, or compromising its resistant 
load capacity, creating a risk to human health and safety, in addition to an increase of repair and 
maintenance costs. Many approaches consider wood moisture content as the key factor to control the 
activation of the decay process, since fungal colonization of wood requires a minimum moisture content 
of around 20%. Moreover, though subterranean termites (one of the most damaging wood insects) are 
able to infest dry wood, contact to moisture is fundamental for effective installation of the colonies. This 
paper addresses moisture as a conditioning factor in the degradation of wood in construction. The role 
of water on the development of the biodeterioration processes, the transport of water within wooden 
elements, as well as how the current normative references address the issue are discussed. Finally, this 
work presents some of the exiting methods for continuous moisture content monitoring systems that, 
associated with regular maintenance, can be an alternative to chemical treatments, increasingly limited 
due to current environmental legislation.
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1. INTRODUCTION

Wood is one of the oldest building materials used by mankind, with several reports of historical 
discoveries of its use in distant times. An example are the timber-frame wells with an age over than 
7000 years found in Germany, which is considered the oldest report on the use of wood as a structural 
material [1]. However, the emergence of new construction materials, such as concrete and steel, led to 
loss of market competitiveness of wood, driving to a strong abandonment of it.

Currently, the construction sector is responsible for consuming 40% of all primary energy and 40% of 
raw materials, 36% of greenhouse gases (GHG) emissions, and generating 33% of all residues [2]. Thus, 
in order to achieve the goals established by the EU climate action & Green Deal (reduction of GHG 
emissions by 55% until 2030 and making the EU climate-neutral by 2050 [3]), there was strong growth 
in the use of biomaterials and the number of building rehabilitations.

This growth in sustainable awareness, the development of new Engineered Wood Products (EWP), and 
the commitment to rehabilitation as a path to reduce the energy consumption of buildings, the 
consumption of materials, the generation of waste, and the increase of buildings service life resulted in 
the resurgence of wood as a construction material for structural use.

Like other organic materials, wood is susceptible to biological deterioration (fungi and insects) in 
addition to physical and chemical (e.g. fire and weathering), and despite being a traditional building 
material, the durability of wooden structures remains a challenge for engineers and architects. In order 
to start the process of biological degradation, it is necessary to combine, simultaneously and for a certain 
period, a series of factors. For example, although there are several fungi that cause wood decay with 
different growth needs and characteristics, in general, an adequate amount of oxygen, elevated moisture 
content of the wood, and favorable environmental conditions (temperature and relative humidity of the 
air) are fundamental for fungal infection and development [4].

Among the biological degradation agents of wood, subterranean termites and fungi are accepted as the 
most relevant. Subterranean termites degrade wood by typically establishing underground nests on dead 
wood debris and building galleries of moist soil and fecal particles in order to reach other wood resources 
[5]. Among the fungi, molds and sapstain fungi are not able to metabolize structural components in 
relevant levels, but their presence is directly responsible for risks to human health (e.g. respiratory 
problems) and aesthetic damage [6]. On the other hand, decay fungi are able to degrade the lignin and 
cellulose components, causing mass loss and reducing the wood mechanical properties [6].

Thus, biological deterioration can be responsible for severe structural damage to wood, a risk to human 
health, reduction of the building's service life, and also high costs with rehabilitation actions [5]. For 
example, it was estimated that losses caused by subterranean termites alone in Australia are around 1.5 
billion US dollars per year [7].

Among these deterioration agents, one of the common factors for the process to start is the presence of 
elevated moisture in wood. Molds and sapstain fungi are able to growth at relatively low levels close to 
20%, decay fungi have a variety of moisture requirements with the optimum moisture content for decay 
in the range between 50% and 100% [6]) and subterranean termites, despite being able to attack wood 
with lower moisture contents, prefer wood with moisture content above 20% [4].

For this reason, several approaches consider that controlling the moisture content and keeping the wood 
dry is the most effective way to protect wood from biological degradation [8], leading to investments in 
continuous monitoring of the moisture content, combined with periodic maintenance as an alternative 
to chemical treatments, increasingly limited due to restrictive regulations [9, 10].
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Finally, considering the service life fundamental to maximize the benefits of rehabilitation and the use 
of wood as a structural construction material, one should consider the biological deterioration process 
and the main factors responsible for its occurrence, such as moisture dynamics.

2. WOOD MOISTURE CONTENT AND MONITORING SYSTEMS

The moisture content has impacts on most of physical and mechanical properties of wood, manly 
through conditioning dimensional changes, development of cracks, fungal decay, and insect attacks. It 
is usually expressed in terms of its mass (water mass in relation to the wood mass) [11]. Moisture is 
present in wood in three distinct forms: combined water, water of imbibition, and free water. Combined 
water is linked to the wood by powerful chemical forces, and it is removable only by the chemical 
decomposition of the material, while water of imbibition is bounded to the cell wall by intermolecular 
attractive forces, and its release causes dimensional changes (shrinkage) on the wood. On the other hand, 
free water is located inside the cell cavities (lumen) in the form of liquid and water vapor [4].

Immediately after the tree is felled, the wood starts to lose its free water (in this phase the moisture 
content is usually above 100%). When the wood loses all its free water, but the cell walls are still 
completely saturated with bound water, it is said that the fiber saturation point (FSP) has been reached 
(around 25%-30%). The fiber saturation state can be reached only theoretically, since the adsorption and 
desorption process are temporarily and spatially ongoing processes [8]. The FSP is considered a 
threshold, for lower moisture contents the drying process will lead to shrinkage in wood and affect 
mechanical properties [12].

Wood, as a natural and hygroscopic material, absorbs and releases moisture according to the 
environmental conditions in which it is inserted (temperature and relative humidity of the air), 
continuously seeking to reach its equilibrium moisture content (EMC) [5], and its hygroscopic behavior 
turns possible to estimate overall moisture content values, associating hygrometric equilibrium curves, 
temperature, and air relative humidity data [4]. For example, according to its hygrometric equilibrium 
curve, the EMC of maritime pine on conditions around 20 ºC and 65% of relative humidity of air is 12% 
[4].

The moisture content can be measured by direct or indirect methods. The first, according to the standard 
EN 13183 [11], is based on gravimetric measurements before and after oven-drying and it is the most 
used in laboratory evaluations. Within the indirect methods, a full range of techniques are available to 
estimate the moisture content, for example, the electrical resistance, capacitive, microwave, among other 
methods [13]. Although being less accurate, the indirect methods are usually preferred to in situ 
measurements, mainly due to its practicality, semi/non-destructive assessment, and versatility. 
Moreover, it is also commonly used for continuous monitoring of timber structures, automatically 
acquiring, and storing data periodically through data loggers. Figure 1 presents a schematic of the most 
common methods for measuring the moisture content.

Among the indirect methods, obtaining the moisture content from electrical resistance is the most 
widespread. This method is based on the electrical resistance/conductibility property of wood, where 
higher levels of moisture content reduce the wood electrical resistance [14]. The moisture content value 
is obtained from the conversion of electrical resistance using calibration curves found in the literature, 
as an example in [15], which correlates wood temperature, electrical resistance, and moisture content. 
Nowadays, there are types of equipment capable of performing the conversion automatically. In 
practical terms, two metal pins are inserted at the depth which the moisture content is to be obtained, 
and the pins are connected to the measuring equipment. Figure 2 shows an example of equipment 
capable of measuring the moisture content through the electrical resistance method. In one of the figures,
it is possible to notice the presence of molds in the wood with 26.3% moisture content, aligning with 
the moisture content threshold for molds to appear, exposed in section 1.



REHABEND 2022. September 13-16, 2022. Granada, Spain

REHABEND 2022 Congress 693

Figure 1: Overview of the most common methods for measuring the wood moisture content, adapted from [14].

Figure 2: Measurements of the surface moisture content of wood using the electrical resistance method.

Due to its accuracy, practicality, and flexibility, this method is the most used in the continuous 
monitoring of wooden structures, where several techniques have been developed (e.g. [16]). Despite the 
recognized accuracy of the method, it makes only local measurements, implying the accurate 
identification of the measurement points, taking into account the areas of higher humidification risk, and 
the need for a compromise between redundancy and diversity in data (e.g. having comparable 
measurements and analyzing different locations) [17].

Continuous monitoring of hygrothermal data (moisture content, temperature, and relative air humidity) 
is extremely relevant for the durability of wooden structures. The data obtained from the measurements 
can be used in biological degradation models (e.g. [18]), enabling to estimate the service life of buildings 
and serving as a basis for decision making in maintenance plans and rehabilitation works. However, 
[19] warns that, although durability has been investigated at the material level, few researchers have 
investigated the prediction of decay in structural components. In addition, existing models are geared 
towards decay caused by fungi, but complete and adaptable models for deterioration caused by insects 
are still limited.
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3. EUROPEAN DURABILITY STANDARDS

In the case of European standards, the durability of wooden structures is addressed in the form of natural 
durability of the species, treatability, and exposure conditions. Natural durability is defined as the natural 
resistance of a timber species against degradation agents (fungi and insects) [5] and varies according to 
species, geographic location, and trunk region (sapwood or heartwood) [20].

Regarding fungi, EN 350 [21] defines a system of five durability classes (very durable, durable, 
moderately durable, slightly durable, and not durable). This system is used to classify heartwood only, 
while the sapwood is always considered not durable.

Concerning the insects, the same standard [21] establishes two classes for wood boring insects to classify 
the sapwood (durable and susceptible) and one extra class for cases in which heartwood is also 
susceptible (susceptible in heartwood). On the other hand, three classes are defined for termite attacks 
on heartwood (durable, moderately durable, and susceptible), while the sapwood is always considered 
susceptible [21].

Moreover, EN 350 [21] also establishes a four-class system relating the species to its treatability (easy 
to treat, moderately easy to treat, difficult to treat, and extremely difficult to treat). Tables 1 and 2 present 
the classification attributed to two common species in Europe: one softwood, scots pine (Pinus 
sylvestris) and one hardwood, chestnut (Castanea sativa).

Table 1: Natural durability and treatability classification of Scots pine [21].

Natural durability

Fungi Moderately/slightly durable

Subterranean termites Susceptible

Wood boring 
insects

Anobium punctatum Susceptible

Hylotrupes bajulus Susceptible

Treatability

Sapwood Easy to treat

Heartwood Difficult/extremely difficult to treat

Table 2: Natural durability and treatability classification of Chestnut [21].

Natural durability

Fungi Durable

Subterranean termites Moderately durable

Wood boring 
insects

Anobium punctatum Susceptible

Hylotrupes bajulus -

Treatability

Sapwood Moderately easy to treat

Heartwood Extremely difficult to treat

The natural durability and treatability classifications established in EN 350 [21] are used to define 
whether a wood species is suitable to be used or not according to its use class, established in EN 335 
[22], and the guidance to correlate the natural durability/treatability to the use classes are provided by 
EN 460 [23]. EN 335 [22] defines a 5-class system that correlates the exposure condition of wood to the 
environment during its service life, the frequency at which the wood reaches a high moisture content, 
and the possibility of occurrence of biological agents. Table 2 presents a summary of the classes of use 
considered by EN 335 [22].
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Table 3: Use classes for solid wood application, adapted from [22].

Use 
class

General service 
situation

Moisture 
Content of the 

wood

Occurrence of biologic agents*

Fungi
Termites Beetles

Marine 
borers

UC 1 Interior, dry

UC 2

Interior, or under 
cover, not exposed to 

the weather. 
Possibility of water 

condensation.

Occasionally 
> 20%

UC 3
Exterior, above 

ground, exposed to 
the weather.

frequently wet
> 20%

UC 4
Exterior in ground 

contact and/or fresh 
water.

Predominantly / 
permanently 

> 20%

UC 5
Permanently or 

regularly submerged 
in salt water

Permanently 
> 20%

*Referring to the situation in Portugal; Level of risk: Red - Very high; Orange - High; Yellow - Low; 
Green - None

For example, EN 460 [23] states that, to be used in use class 4 without prior treatment, the species must 
have a classification for natural durability against fungi durable or very durable. In the case of Chestnut 
and Scots pine, when applying the EN 350 [21], EN 335 [22], and EN 460 [23] durability standards, it 
is possible to conclude that only the first is suitable to use class 4 without previous treatment.

Both normative references consider the relationship between water and wood when defining the 
guidelines (exposure and absorption/desorption characteristics), considering that, generally, wood with 
higher permeability is easier to treat but presents lower natural durability, showing the relevance of the 
moisture content in the process of biological deterioration.

In recent years, efforts have been made by the technical committee CEN/TC 38 'Durability of wood and 
wood-based products' to review the durability standards in order to provide increasingly reliable 
documents that meet the current needs of test methods and information about the service life of wooden 
structures and the influence of key factors, such as exposure to moisture, design and climatic variations 
[24].

4. CONCLUSIONS

Regarding the various parameters that influence the biological degradation of wood, moisture content is 
a key factor in controlling the process. Its recognized relevance is reflected in several recent studies that 
seek to establish correlations with the rate of decay, loss of mechanical properties, and consequent 
reduction in service life. Therefore, continuous monitoring methods associated with periodic 
maintenance and physical protection systems to replace preventive treatments with historically used 
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chemical products is considered the path to ensure the integrity of structures, increasing the service life 
and reducing the costs of rehabilitation.

Although there is an extensive literary background on the biological degradation of wood, more work 
should be carried out at larger scales, considering its effects on wooden structures and expanding 
degradation models for different biological agents that are able to encompass the great diversity of wood 
species, designs, and existing exposure conditions.

Regarding European normative references on the durability of wooden structures, they already take into 
account the moisture content and absorption properties of the species as a parameter to define 
classification systems for natural durability, treatability, and risk of deterioration. However, they need 
constant development and updating to englobe in a versatile way all the variables that must be 
considered.

Finally, the resurgence of wood as a structural material creates a series of challenges for engineers and 
architects to develop designs and solutions that take full advantage of its characteristics. Therefore, in 
order to guarantee the structural, sustainable, and functional performance required nowadays, the full 
understanding of the biological degradation process and its relation to the moisture content is primordial.
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