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SIMPLIFIED ENVIRONMENTAL ANALYSIS OF THE LONG-TERM
PERFORMANCE OF WOOD CLADDING AND DECKING

Jonas Niklewski', Jakub Sandak?, Philip Bester van Niekerk?, Christian Brischke?,
Richard Acquah?, Anna Sandak?

ABSTRACT: The performance of timber in exposed environments is affected by several biotic and abiotic factors. For
timber cladding and decking, two important aspects include reduced structural performance due to fungal decay and
aesthetical changes resulting from superficial effects such as photodegradation and moulds. Predicting the long-term
performance of timber is important because it enables rational material (species and treatment) and design (detailing)
choices and reduce the risks of unexpected repairs and premature replacement of timber products. In this paper, we use
available data on material performance in conjunction with environmental analysis to model, in a simplified way, (1) the
time until onset of fungal decay and (2) the long-term aesthetical appearance of timber facades and decking. The results
demonstrate how the analysis can be used on a detailed geometry where wooden boards were modelled as separate objects
and the choice of material affects the outcome. Several steps needing further development were identified, including a
dose model linking microclimate to colour change and a better model for predicting moisture content. The study is part
of a long-term effort to make holistic performance-based assessment of wood available for public use through easy-to-
use procedures and accessible open-source software.
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1 INTRODUCTION changes not directly associated with structural damage.
. ) Colour change is caused by both chemical changes and
There are many different wood species, treatments, and biological growth. Solar irradiance and wind-driven rain
material modifications available on the market. Selecting have been cited as the most influential factors driving
a material that meets a set of defined user criteria is far colour change [2]. Surfaces exposed to UV and visible
from trivial, in part because knowledge of long-term light will develop a cellulose-rich grayish surface layer, in
performance is fragmented or incomplete. The long-term part due to the decomposition and leaching of lignin [3].
performance of timber is affected by both biotic and
abiotic mechanisms, and the time until non-performance While these two modes of material deterioration lead to
depends on several aspects. In addition, the definition of different outcomes and consequences, both can be
non-performance. depends on the gpplication. For described as functions of material characteristics and
example, the main concern in the design of structural environmental exposures. Figure 1 shows, conceptually, a
timber in outdoor applications, such as timber bridges, is model for deterioration caused by environmental effects.
generally the impaired structural performance caused by The material database describes how the material (species
fungz}l decay. For other applica_tions,. such as cladding and and modification/ treatment) in question responds to
decking, both structural integrity and long-term environmental exposure. The environmental exposure can
aesthetical performance/visual appearance are important be modelled from the local weather and the geometry of
aspects to consider. the building envelope. The dose model evaluates these
exposures (e.g. rain, temperature) and converts them to a
Fungal decay leads to wood mass loss and reduced unitless measure of dose. If other input variables are
structural integrity, with wood moisture content being one required, such as as moisture content and surface
of the main vectors for material deterioration. Free water temperature, then those are derived from environmental
is a prerequisite for the degradation process, so attack by exposures prior to dose modelling. The exposure dose can
decay fungi is usually not seen as a risk when the wood then be compared against the resistance to infer the
moisture content is below cell-wall saturation or when the material’s response.

wood temperature is below freezing [1]. Wood in outdoor
exposure is also subject to superficial damage and colour
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Figure 1: Conceptual illustration of the models linking the
material database to environmental exposures.

Dose model

Dose modelling has previously been used as a basis for
factorised guidelines targeting service life of wood in
above-ground applications [4]. Here, a ‘factor’ is a
unitless measure describing the relative change in service
life of a reference case stemming from, for example, a
variation in climate conditions or design detailing. Dose
models allow factors to be derived from moisture- and
temperature conditions, which can be measured or
simulated. Factorisation generally relies on simplified
interaction between exposures, meaning that synergistic
or antagonistic effects are not adequately accounted for.
To address this problem, some efforts have been made to
limit the use of factorisation by instead expanding the
scope of moisture modelling [S]. This study is a
continuation of this work, targeting wind-driven rain and
shelter through environmental analysis.

Environmental conditions affect the performance of the
building envelope. Exposure to wind-driven rain (WDR)
and sunlight both vary with orientation and surface tilt,
but also depend on design detailing. For example, deep
roof eaves have long been used to limit the exposure of
WDR on walls. Solar radiation is relatively predictable
and can be modelled by ray-tracing. WDR is more
chaotic, but can be modelled by computational fluid
dynamics (CFD) [6]. As a simpler alternative to the
computationally heavy CFD analysis, WDR can also be
modelled through ray-tracing [7]. A simple method for
environmental analysis of buildings using ray-tracing has
previously been proposed by Charisi et al. [8], including
both WDR and solar radiation.

The focus of the present paper is to demonstrate how
(simplified) environmental analysis combines with other
models to link environmental exposures to existing
material ~ databases  for  fungal decay and
photodeterioration. WDR and solar radiation were
modelled in Blender 3D [9] through particle- and ray-
tracing, respectively. The resulting exposures were used
as input to calculate moisture content and combined
fungal dose. A basic fuzzy inference system (FIS) was
used to create semi-realistic colour changes from
exposure to WDR and solar radiation. While the FIS
model assumptions are subjective, the system can easily
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be tuned when additional validation data becomes
available. The analysis as a whole is simple, relatively fast
and relies entirely on OA software to ensure high
accessibility.

2 METHODS

This section describes the models involved in predicting
aesthetical and decay performance of wooden cladding
and decking. The nature of the models involved differs
depending on the deteriorating mechanism in question. In
both cases, the analysis is based on a specific 3D geometry
of the building and the local climate. Climate data were
obtained from the Swedish Metereological and
Hydrological Institute (SMHI), measured in Gothenburg,
Sweden, between 1% of January and 31 of December in
2021.

2.1 MATERIAL DATABASE

Material data for the relative resistance to fungal decay of
treated, modified and natural wood species were obtained
from Brischke et al. [10]. The data are based on a meta-
analysis of measured data on moisture dynamics and
inherent resistance. These measurements were used with
the Meyer-Veltrup resistance model [11] to estimate the
resistance to fungal attack in above-ground applications.

Material data for the colour change of modified and
treated wood species were obtained from Sandak et al.
[12]. The data set is based on a test-setup where the colour
of different wood products was recorded monthly during
24 months of outdoor exposure. The database describes
how the late- and earlywood colours vary over time.
While a dose model for linking the colour change to
weather variables has not yet been developed, the material
data alone can be used in conjunction with a simplified
exposure criterion to predict the final visual appearance of
wood cladding and decking.

2.2 ENVIRONMENTAL ANALYSIS

The environmental analysis is performed in Blender 3D
(v.2.83.20.0), an open-source 3D-modelling environment
with limited physics-based simulation and analysis
capabilities. Since Blender is not a dedicated numerical
software, some simplifications are necessary. It should be
noted, however, that the functionality to use the software
for more sophisticated environment analysis, even CFD,
is possible by integration of other open-source software
[13].

The 3D geometry of a smaller playhouse (see Figure 2) is
used here to demonstrate the concept. The model was
obtained from a third party, meaning that the geometry
was not tailored to simplify the analysis. The cladding is
designed with vertical boards (125x20 mm?) and battens
(45x20 mm?), i.e. vertical boards in two planes. Each
board is modelled as a separate object, with eight vertices
and six faces. The geometry was never remodelled or
manipulated to facilitate the analysis.
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Figure 2: Object geometry and dimensions. The annotated
arrows (E and N) indicate orientation.

After importing the geometry to Blender 3D, wooden
objects to be included in the environmental analysis are
inspected to verify that surface normals are consistent
with respect to their orientation. The object surfaces are
then projected onto a combined flat surface (UV map),
using a method to maintain consistent scale between
objects. The UV map is a flat representation of object
surfaces linking vertex coordinates (xyz) to texture
coordinates (uv). This map is used here to store the results
from the environmental analysis, such as WDR and solar
radiation. With a resolution of 1024x1024, a single pixel
represents an area of about 10x10 mm?, meaning that the
width of a board (125 mm) is about 13 px with a thickness
(20 mm) of 2 px. A single pixel is hereafter referred to as
a node.

The methodology for calculating WDR and direct
radiation follows the same principle. Both effects are
assumed to follow straight trajectories. The trajectory of
direct beam radiation depends on the sun's position, and
that of precipitation depends on the wind speed, wind
direction and terminal velocity. Following the assumption
of straight trajectories, hourly solar radiation and WDR
obtained from climate data were projected onto the
surface normals of the geometry. In a subsequent step,
binary masks were used to filter out exposure in shaded or
sheltered regions of the geometry. The binary masks were
obtained through different methods depending on the
exposure in question, as explained in the following
sections.
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2.2.1 Exposure to wind-driven rain

The protocol for simplified environmental analysis of
WDR presented here builds on a set of software-specific
features, including animations, particle physics, ‘dynamic
paint’ and ‘texture baking’.

WDR is modelled as a particle system using the Blender
physics engine. A particle system has two components: an
emitter plane and particles. Particles are emitted from the
emitter plane with an initial velocity and follows
trajectory based on predefined physics , see Figure 3. The
particle behaviour on collision with other objects can be
set to, for example, disappearing, sticking or bouncing off
the surface with or without damping. Here, particles are
set to drop all momentum on collision and then continue
in the direction of gravity, thus emulating water runoff.

The feature ‘dynamic paint’ is used to map particle
collisions to the geometry. In general, dynamic paint is
used to modify a surface (canvas) based on its proximity
to another object (brush). Here, the particle system was
defined as brush and the wooden objects (cladding/deck)
were defined as canvas. The canvas was set to change
colour from white to black (binary) on direct contact with
a particle. The radius of brush (particle) on contact was
set to 10 mm. The radius of the resulting patch was set to
expand to a final radius of about 40 mm. The latter
ensured that regions near the point of particle collision
were also categorised as exposed.

A square horizontal emitter plane (8x8 m?) was defined
approximately 1 m above the geometry. The plane was set
to emit particles in a uniform grid with a resolution of
250x250, which for the given geometry resulted in
sufficient detail. The initial vertical velocity (v,) of the
particles was set to 4.5 m/s. This value is commonly used
as the terminal velocity of raindrops with a drop diameter
of 1.2 mm and can be used for light to moderate intensity
rain spells [6]. The horizontal velocity (vx,vy) was varied
to simulate different wind speeds and directions. Wind
directions and speeds were modelled between 0 and 315
degrees in increments of 45 degrees and 0 to 6 m/s in
increments of 1 m/s, respectively, resulting in 49 different
unique scenarios. Note that v=0 m/s is was not run for
varying orientations. The simulations were run
programmatically in batch using the Blender API for
Python. The outcome of the analysis resulted in 49 binary
masks describing the exposed regions for each scenario of
precipitation.

The terminal velocity of rain-drops combined with the
wind direction and velocity gives the trajectory, R. The
projection of R on the surface (unit) normal of each node
iy, is given by the dot-product. The magnitude of this
vector divided by the terminal velocity gives the ratio of
WDR in the node relative to rain passing through a fictive
horizontal plane, which is also known as the wall factor.
The wall factor is a convenient metric which can be
multiplied by precipitation measured through a horizontal
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Figure 3: Particle system simulating rain from a southeast
orientation. The corresponding binary exposure map is
projected on the cladding/deck, where white colour indicate
sheltered areas.

plane to calculate the amount of rain on a surface with
arbitrary orientation and inclination. The binary maps
obtained in the previous step were then used to zero out
any nodes which were sheltered from rain. For each hour,
the binary map corresponding to the nearest velocity
(wind speed) and orientation was used.

2.2.2 Exposure to solar irradiance

Solar irradiation is limited to direct (beam) and diffuse
irradiation. Here, the effect of reflected irradiance is not
considered. Similar to the analysis of WDR, the
calculation of solar irradiation on surfaces with different
shading, tilt and orientation is performed in two steps. In
a first step, the exposed regions of the geometry are
identified using ray-tracing. In the second step, the
irradiation incident on each node is calculated by
projection onto the surface normals.

Regions shaded from direct solar irradiation were
identified using the built-in ray- tracing algorithm of the
‘cycles’ renderer, a ‘sun’ light source and the built-in sun
path algorithm. In Blender, the ‘sun’ is a directional light
source with constant intensity, meaning that the scene
lightning depends only on a given angle. This angle is
given by the position of the sun in the sky relative to the
location of the building, i.e. the azimuth, a, and altitude,
B. The position of the sun is a function of geographical
coordinates and time. For each hour, the shadow caused
by the sun is mapped, resulting in 8760 binary images.

The hourly direct irradiation in each node was calculated
from the direct normal irradiance, Is, measured via
satellite by SMHI [14]. The azimuth and elevation angles
translate to a unit vector, fi;q, which multipled by scalar
L4 gives the vector, I4. The procedure is then analogous to
the one presented in section 2.2.1, but the vector R is
substituted by 4. For each hour, the direct beam irradiance
normal to each surface was calculated by the projection of
Is on the surface normal of each node n,,. The
corresponding shadowmap, as described in the previous
paragraph, was then used to zero out any shaded nodes on
the geometry.
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Figure 4: Skydome used to estimate the sky view factor.

Diffuse isotropic irradiation was modelled using the sky
view factor (SVF). The SVF is a dimensionless value
describing the proportion of visible sky from a node. The
SVF depends on surface tilt and obstacles. For example,
the SVF of a vertical wall facing a free horizon is 0.5. The
diffuse irradiation incident on any node on the geometry
can be calculated by multiplying the measured diffuse
radiation by the corresponding SVF.

The SVF was calculated by modelling the atmosphere as
a dome discretizised into 600 triangular sky patches
having equal area, see Figure 4. The surface normal of
each sky patch was used to set the direction of a sun light
source. The built-in ray-tracing algorithm was then used
to map the visible part of the geometry from each sky
patch. For this part of the geometry, the incident
irradiation in every node was calculated. Finally, the sum
total irradiation in every node were divided by that of a
horizontal unobstructed surface, to obtain the SVF.

2.3 DECAY PERFORMANCE

The development of fungal decay over time is a function
of the material climate (moisture content and temperature)
and the material resistance (presence of extractives,
treatment, etc.) to decay. The material climate depends on
the environmental conditions (exposure) but is also
inherently dependent on the moisture dynamics
(permeability) of the wood product. For a simplified
analysis following the structure in Figure 1, the exposure
dose is modelled as material independent, and the
moisture performance is instead considered as part of the
material resistance.

2.3.1 Moisture performance

The moisture content is estimated from daily averages of
relative humidity and temperature and daily sums of
precipitation using an existing model developed by
Frithwald et al. [15]. The equilibrium moisture content, u,
is here calculated as follows:

u($) = 0.7¢% — 0.8¢2 + 0.42¢ + 0.0077 (1)

where ¢ is the daily average relative humidity. The daily
average moisture content of a fictive sheltered board, ug,
is calculated from the average equilibrium moisture
content over two consecutive days. During rainy periods,
the actual moisture content of a board will increase and
temporarily exceed that of the sheltered board. In the



model, a rainy day is defined by the daily sum of
precipitation exceeding 4 mm, and a rainy period, t;, is
defined by the number of consecutive days when this
condition is met. The moisture content during rainy
periods, uy, is then described as:

uy () = w1 (t)[1 + kr] (2)

where k; depends on the wood species and duration of the
rain event. Here, a value of k~=0.8 was used, as proposed
by Frithwald et al. [15]. When the rainy period ends, the
moisture content, u;, will decrease towards the moisture
content of the sheltered board, ug;. The duration of this
decrease, t4, depends on the length of the previous rainy
period (number of consecutive days with rain), and is
described as t=2.5t,. The moisture content k days after a
rainy period can then be calculated as:

k(u01kr)/td>

Up1

uy (t) = max( (3)
The exposure to precipitation [mm/day] depends on the
surface normal (orientation and inclination) and the
degree of sheltering. Every node in the geometry is
associated with a time-series of precipitation, obtained
from the environmental analysis. Relative humidity and
temperature were obtained from the weather data and
were assumed uniform over the building geometry. In
practice, solar irradiance will affect the temperature and
relative humidity of the wood surface.

2.3.2 Dose model

In this paper, the ‘logistic’ dose model from [16] was used
to estimate the progression of decay from the moisture-
and temperature variation. The model is comprised of two
functions: the moisture-induced dose, Dy(u), and the
temperature-induced dose, D1(T), as shown in Figure 5.
The dose is a dimensionless value which describes the
development of fungal decay between unfavourable (0)
and ideal (1) conditions. The functions are mechanistic in
the sense that their cardinal points (minimum, maximum,
optimum) are based on mycology research [1]. If either
Dr or D, is zero, then it is assumed that no decay
development can occur on that day. If both terms are
positive, then the daily dose is calculated as a weighted
average of the two components, according to:

32D;+D,

4.2 @

The dose, D, accumulates over time, with no setback, and
relates directly to the decay rating. The relationship
between decay rating and dose is based on long-term field
trials where the moisture content, temperature and decay
rating of Scots pine sapwood (Pinus sylvestris) and
Douglas-fir heartwood (Pseudotsuga menziensii) were
monitored [17]. It was found that decay rating 1
corresponds to a dose of approximately D=325, meaning
that the species used in the test sustain about 325 days in
ideal conditions (for fungal decay) prior to the initiation
of fungal decay [18].
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Figure 5: Dose functions describing the relative temperature-
and moisture conditions for fungal decay.

The limit state is herein defined as the time until the onset
of decay. The time until the limit state is reached is
calculated as the ratio Dra/Dgq, where Dggq is the resistance
dose obtained from the material database based on [10].

2.3.3 Factorisation

Due to its simplicity, the factorised approach has been
commonly used for design guidelines. Here, the annual
exposure dose, Dgg, is calculated as follows:

Dpq = Dokqkyks 5)

where Dy is a reference value depending on the ambient
climate and kj, ko and ks are factors to account for
moisture trapping, sheltering and distance to ground,
respectively. Other factors can also be included.

In this paper, the dose derived from the environmental
analysis explicitly considers ambient conditions, Dy, and
sheltering, k»,, in the process of modelling moisture
content variation. Distance to ground is considered in
analogy with the factor-based method by calculating the
distance in every node to a ground plane and then using
the relationship in [19] to calculate the relative increase in
dose:

00-a
ks={"300 ¢ (©)
1.0 a > 400

The distance in every node was here obtained through
dynamic paint by defining the ground plane as a brush and
the wooden elements collectively as canvas. Each node on
the canvas was then coloured based on proximity to the
brush with a linear falling intensity from direct contact
with the ground (1) to a distance exceeding 400 mm (0).

2.4 AESTHETICAL PERFORMANCE

The change in visual appearance is modelled by
combining a map of exposure dose and a generic
procedural wood texture with the colour database from
[12]. A fully functional dose model linking microclimate
to colour change does not yet exist. Instead, conditional
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statements and fuzzy logic were used to create
pseudorealistic weathering patterns.

Colour change caused by photodegradation requires solar
radiation to break down the wood cell structure and water
to wash off the by-products [20,21]. Whether or not a
surface is subject to weathering can thus be infered from
a conditional statement. It can futher be assumed that,
given a sufficiently long time horizon, surfaces exposed
to both solar irradiance and WDR converge to a fully
weathered state. This logic is useful for binary
classification but is unable to reproduce the characteristic
gradual weathering patterns between weathered and non-
weathered regions. Here, a multivalued conditional
approach based on (fuzzy) logic was used to define a
function for interpolating between the two extremes. To
demonstrate the concept, a set of subjective assumptions
was made.

The function describing the degree of weathering depends
on two crisp (numeric) input variables: solar radiation and
precipitation. To make use of fuzzy logic, these input
variables were fuzzified into two linguistic terms: low,
and high exposure. Similarly, the output was described as
low and high degree of weathering. The following rules
were defined:

1. ==low || R ==low > W = low
2. D~=low & R~=low > W =high

The first rule states that both precipitation and solar
radiation may limit the rate of degradation, i.e. if either of
the two is zero, then no degradation will occur. The
second rule simply describes that if (1) is false, then the
degree of weathering is high. Membership functions and
the resulting response surface are shown in Figure 6. The
membership functions were, for simplicity, assumed
triangular with their centre of gravity at 0 and 1,
respectively. The resulting response surface shows that no
weathering occurs if the node is subject to less than about
5% of the maximum precipitation or solar irradiance,
respectively. The shape of the interpolated region between
5% and 10% is determined by the shape of the input
membership functions.

The node colour is determined from wood texture and the
degree of weathering using colour data from the database.
The FIS determines the degree of weathering in each node
and the resulting distribution is hereafter referred to as the
‘dose map’. In addition to the degree of weathering, the
colour depends on whether the node is late- or earlywood,
which is determined from the material texture. Here, a
procedural wood texture is used where the intensity
describes the wood type, i.e. white (1) being earlywood
and black (0) being latewood. A value between 0 and 1
describes a mix of latewood and earlywood where the
colour is interpolated.
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Figure 6: Input membership functions (a,b), output membership
functions (c) and response surface (d).

3 RESULTS AND DISCUSSION

3.1 ENVIRONMENTAL ANALYSIS

Figure 7 shows the sky view factor (SVF) of the geometry,
the total irradiance (direct + diffuse) and the annual
exposure to wind-driven rain. The SVF shows that
isotropic diffuse radiation is not orientation-dependent,
but depends on the degree of sheltering and surface tilt.
Therefore, horizontal surfaces on the cladding absorb
approximately the same amount of diffuse radiation. The
vague light vertical lines on the fagade is a result of the
design of the cladding, where the outer layer (battens)
partially shades the inner layer (boards).

Exposure to solar radiation is higher in the southern
orientation, which is typical for buildings in the northern
hemisphere. The southern cladding is also subject to more
WDR than the other vertical faces, which is typical for
Sweden. The maximum WDR (500-600 mm) can be
observed on the horizontal boards of the deck. Vertical
surfaces close to the ground facing south, west, east and
north were subject to approximately 300, 150, 150 and
100 mm of WDR, respectively. These values are
consistent with values calculated without considering any
sheltering effects.

The environmental analysis was performed for a given
time, site, and geometry. However, redoing the entire
analysis is necessary only when the geometry is changed.
This is an advantage stemming from the fact that weather
data was not integrated directly with ray-tracing and
particle simulations. Particle simulations were performed
based on generic scenarios and are therefore independent
of both time-period and location. Ray-tracing on the other
hand depends on geometry, location and time-period. The
effect of calender year on the sun position is for practical
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Figure 7: Sky view factor (a), total solar irradiance (b) and annual wind-driven rain (c), viewed from southeast.

purposes negligible, so the analysis can be reused for
different years. Similarly, location can be varied within
reasonable limits without introducing major errors
stemming from variatrions in sun position. Alternatively,
ray-tracing could be made independent of time-period and
location by using generic scenarios of sun position. The
analysis of sky view factor is only dependent on the
geometry.

3.2 Fungal decay

Figure 8 shows the variation of exposure dose. The dose
values range between 1 and 50, depending on orientation,
tilt, degree of shelter and distance to the ground. The
highest dose values are found close to the ground on the
horizontal decking boards, while values close to zero are
found on interior surfaces and other locations completely
protected from rain, e.g. below the roof eaves. The high
dose values seen on the decking boards can be explained
by them being exposed to WDR from the most severe
(south) orientation in conjunction with unfavorable
surface normals (horizontal boards) and small distance to
the ground.

a)

Annual dose / -

10

Figure 8: Distribution of fungal dose viewed from southwest
(top) and south (bottom).
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Fully sheltered elements categorised in use class 2 [22]
would, under normal circumstances, not be expected to
decay. Yet, the results indicate a non-zero dose also for
surfaces completely sheltered from WDR. This can be
explained by the moisture model employed, specifically
equation 2 exceeding the lower threshold for fungal decay
(25%) when the relative humidity exceeds 90%.
However, the dose values registered on surfaces sheltered
from WDR are very small relative the values on exposed
surfaces, and therefore have little or no influence on the
service life of the building as a whole.

It should be noted that the dose shown Figure 8 does
neither account for detailing nor for end-grain absorption.
Therefore, the depicted dose should be regarded as a
reference value to be multiplied by factor k3 in regions
affected by moisture trapping or exposed end-grain. For
example, Figure 8b shows a southern view with a set of
vertical exposed boards connected to a horizontal
member. The vertical boards are subject to a dose of
approximately 20 in the connection to the horizontal
board. If the end-grain is directly exposed to precipitation
and no ventilated gap (minimum 5-8 mm to facilitate
drying) is provided, then the dose will increase by a factor
of k3=1.6 up to 32, following the guideline by Isaksson et
al. [19].

The dose shown in Figure 8 is only dependent on the
exposure conditions and is thus independent of the wood
species, treatment and modification used. The actual
service life depends to a great extent on the moisture-
performance and inherent resistance of the wood product.
These factors are considered by the material resistance
dose, which is listed [10] for many different wood
products. For example, untreated Norway spruce (Picea
abies) and European larch (Larix decidua) have material
resistances in above-ground applications of Dr¢=325 and
Drg=1800, respectively.

3.3 AESTHETICAL PERFORMANCE

Figure 9 shows the change in colour from newly built to
weathered, with materials including natural and treated
pine wood. The wooden materials were rendered without
passing the materials through a shader. This means that
interaction between material and lightning was not
modelled. For demonstrative purposes this was deemed
desirable.
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Figure 9: Colour of newly built (centre column) and fully weathered building (right column) made from natural (top row) and thermally
modified (bottom row) pine wood, viewed from southeast. The left column shows the interpolated colour maps, based on the database.

As can be seen by comparison to Figure 7, the extent of
the weathered regions correspond quite well with the
coverage of WDR. The reason for this is that the FIS
require both exposure to precipitation and solar irradiance
for weathering to occur. Regions exposed to WDR are
predominantely exposed also to direct and/or diffuse
radiation, thus making exposure to precipitation the
limiting factor.

It should be reiterated that the FIS model used to
determine the dose map is very simplified and is used in
lieu of an accurate dose model. The approach presented
here can be used for binary classification of regions
subjected or not subjected to weathering and for smooth
interpolation between those regions. However, the model
cannot be used to describe the kinetics of weathering, i.e.
the aesthetical appearance at a specific point in time.

4 CONCLUSIONS

Exposures to WDR and solar radiation were modelled on
a multi-object geometry. Ray-tracing for solar radiation
and particle tracing for WDR were performed in the open-
source software Blender 3D. The results were then used
to model exposure to fungal decay and to identify areas
subject to surface deterioration, respectively. These
results, in conjunction with existing material databases,
can be used as a basis for service life prediction.

The methods demonstrated here can be used to support
decision-makers in the choice of material and design. The
results provide a visual overview which can be used to
qualitatively identify critical locations where detailing
should be designed with caution, as well as regions where
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detailing is less important. Based on the results, the
designer can decide whether the long-term performance,
in terms of service life and aesthetics, is acceptable. If not,
then the design can easily be adapted with material less
prone to weathering and/or with higher resistance to
fungal decay.

Future work will focus on improving the model used to
estimate moisture content and developing a quantitative
dose-response model relating colour change to
environmental effects. The scope of the moisture content
calculation could also be expanded to include distance to
ground and detailing, further reducing the need for
factorised design. Finally, the method can be integrated
with life cycle costing and maintenance scheduling, as it
provides detailed information of exposure for individual
components. However, model validation against real
examples is needed.
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