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ABSTRACT

The tangential/radial ratio (T/R) has usually been used to investigate wood’s
physical properties due to moisture uptake and loss differences. In this issue, the
color coordinate differences were evaluated between two surfaces for Black pine

(Pinus nigra). Initially (controls), it was measured to be a (T-R) L*:

10.71

1.45 (metric) difference for lightness, (T-R) a*:-0.07 (metric) for a* coordinate,
and (T-R) b*:- 0.14 (metric) for the b* coordinates. However, the total color changes
(discoloration) of two surfaces were found to be after outdoor exposure, separately.
The tangent surface shows AEr: 10.71 (metric), which is higher than the radial
surface values of AEg: 8.57 (metric) after weathering. The chroma and hue
differences were observed to be negligible for control and weathered samples, with
only <2.0 units differences for both surfaces. A similar trend was also observed for
gloss properties: all gloss differences were found to be <3.0 Gu which could not be
visually differentiated easily. The radial surface seemed to have a higher
yellowness value than tangent surfaces, which was found to be YIg: 52.70 (numeric)
for radial surfaces and YIr: 47.62 (numeric) for tangent surfaces. After weathering,

considerably lower X-(red), Y-(yellow) and Z-(blue) stimuli values
calculated: AXT(w-c):-12.68 (numeric) in tangent and AXR(w-c):

were

-10.67

(numeric) in radial surface for X stimuli, AYT(w-c): -12.47 (numeric) in tangent-
and AXR(w-c): -10.46 (numeric) in radial surface for Y stimuli; and AZT(w-c): -
7.28 (numeric) for tangent and AZR(w-c): -7.42 (numeric) in radial surface for Z

stimuli, respectively.

Keywords: Black pine, urban furniture, tangent and radial surface, weathering,

discoloration.

INTRODUCTION

Furniture could be categorized as places where it is used for either indoor- or outdoor
applications [1]. However, urban and street furniture are generally seen as the same terms,
and both are used for similar meanings. In general, the urban furniture stands for open space,
and it is used by the public [2, 3]. The urban space offered many ways of using the ambient
equipment in compliance with a high standard of life quality for the city inhabitants [2, 4].
However, numerous types of urban furniture can be made from a variety of materials, providing
a leisurely, pleasant, dynamic or relaxing atmosphere with comfort. Some of the common
examples of those objects are sidewalks, parking elements, benches, bus stops, streetlights, sign
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boards, bike racks, plant boxes, tables, signage, litter bins, shelters, streets, playground
equipment's, and so on [5 6]. Due to those diversities, there are many ways to categorize urban
furniture [1].

The diversity of materials could be useful for urban furniture objects that create an enjoyable
atmosphere, can serve a function, be aesthetic or both [3, 4]. As a result of technological
developments, the many of natural or artificial elements, such as ceramics, glass, metal,
concrete, plastic,c, wood, and synthetic polymers, could be useful for urban furniture
manufacturing [7, 8]. However, appearance is a very important characteristic, influencing some
physical or psycho-emotional effects [3, 4, 8]. It is important to note that the urban spaces are
accessible to all types of users, including children, youth, disabled or elderly users
[4]. Therefore, open space designers must take into account the diverse user groups interacting
with those established urban furniture elements. Because the presence of inadequate objects,
such as uncomfortable seating, a dissatisfying view, or an unwanted odor from nearby, could
have a negative experience for users [9]. On the other hand, those negative impacts could be
overcome by selecting a good place to establish with proper elements made from suitable
materials. Regarding those issues, wood is usually suggested to be one of the best choices for
urban furniture manufacturing [3, 10]. Besides its sustainability and pleasant natural colors, it
is also an easier-to-work with and more cost-effective material than many other materials (e.g.,
concrete, steel, ceramic). There are numerous reports on the advantages of using wooden
objects in architectural design practices, which could be found further information
elsewhere [3, 10-12].

Typically, wood has a pleasing visual appearance that is expected to fulfill the aesthetic
requirements for open-space designs. Therefore, general wood surface textures such as color,
grain and lust are some of the important properties for the attractive appearances in urban
furniture applications [11]. However, the wood property classification relies on qualified
design professionals that analyze texture patterns and characteristics on timbers, which could
be a difficult task. In this case, a good knowledge of this topic of determining and using certain
species and plane directions of wood is helpful for sustainability and effective utilization of
wood.

The wood surfaces are not uniform, since they are composed of different types of cells and
regions (e.g., late wood-early wood, sapwood-heartwood). Those variations cause color
differences even among the same wood species [13]. Regarding this heterogeneity, when wood
is exposed to outdoor environments, the natural color changes at different rates for different
surfaces of the same wood pieces under similar conditions [11, 14]. In wood, knowledge of
stiffness, strength, toughness and aesthetic properties is of primary importance to customers,
manufacturers and designers. However, the relationship between the strength and aesthetic
properties of wood has received a great deal of attention in the architectural context. On the
other hand, the different surface behaviors of wood have been somewhat neglected,
particularly in the context of urban furniture applications [7, 10, 15]. While some limited
research has been done in the areas of strength and toughness properties, for the surface
deformations of wood along or across the grains in anatomical things, very little systematic
work has been conducted in terms of physicochemical properties [3, 7, 10]. But the tensile
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stresses at different directions of planes may lead to more cracking or splitting in one direction
than another, which could lead to the failure of wooden objects as urban furniture functions.

The aim of this study is to evaluate the variability of Black pine wood (Pinus nigra) color before
and after outdoor exposure. The tangent and radial surfaces of the same wood species were
investigated, comparatively, regarding their appeal as urban furniture material.

MATERIAL AND METHODS

A specially prepared, a softwood species of Black pine (Pinus nigra) was selected for the
experiments. The boards were supplied from a local market, Isparta-Turkiye and small samples
were cut into 50 mm x 50 mm x 10 mm pieces and conditioned at 20°C and 65 % relative
humidity to reach an air-dry moisture content of 12%. The natural outdoor exposure
(weathering process) was conducted on the south side of a park (Cunur Park) located in
Isparta-Turkiye. The specially prepared tangent and radial apparent samples were aged
outdoors for six months, during which the optical measurements were taken before outdoor
exposure (as a control) and after for radial and tangent surfaces, respectively. The total of 20
specimens were used for conducting this research.

The discoloration of wood specimens was determined using a color spectrophotometer (X-Rite
SP 968 Spectrophotometer). Measurements were made using standard illumination and a
standard observer. The CIE L*a*b* (CIE, 1976), where L* stands for lightness, a* stands for
redness-greeness, and b* stands for yellowness-blueness, was used to quantify the changes in
color. The total color changes (AE*) were determined with using the following equation:

AE* = [(AL*)* +(Aa*)* + (Ab*)*]" [1]

Where: AL* Aa* and Ab* are the changes in the color coordinates L*, a* and b* for the respective
time intervals.

Ah stated color hue difference values, with respect to color coordinate values (L*a*b*) and
chromacity (C*).

Ah*ab = [(AE*ab)2-(AL*)2-(AC*ab)2] % [2]

A positive sign indicates a counterclockwise change of hue, a negative sign indicates a clockwise
change in color space.

The CIE XYZ (1931) tristimulus method was also used to evaluate color changes, where X
stimuli stand for red, Y stimuli stand for yellow, and Z stimuli stand for blue. Yellowness is
associated with a general product degradation by light, chemical exposure, and processing.
Yellowness indices are used mainly to measure these types of degradation. In this regard, the
yellowness index (YI) was found according to the ASTM Method E313 standard, which is
calculated as follows:

YI: (100(CxX - CzZ))/Y [3]
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Where X, Y, and Z are the CIE Tristimulus values, and the coefficients depend on the illuminant
and observer.

The gloss measurements were carriedout with a 600 Gloss meter (Pacific
Scientific Glossgard II, 602 gloss meter, MI) followed in international standard ISO 2813. Due
to many combinations were utilized during the experiments, for simplicity, some code numbers
and abreviations were established throughout the study, as given in Text, Figures and Tables.
These are: C: control (unweathered), w: outdoor exposure (weathered), O: initial color of
sample, T: tangent surface wood and R: Radial surface wood.

RESULTS AND DISCUSSIONS

The size, shape, and arrangement of cells vary considerably between two surfaces of the same
wood, even the constituents are relatively constant within a species [7, 16]. This is due to the
cut of the plane of wood. In general, a longitudinal cut (plain or flat sawn) in a plane at a tangent
to annual rings is called the tangential surface (T0), while a cut plane that runs longitudinally
from the center of the trunk to the bark is called the radial section (R0) [16]. Figure 1 shows
two different cut surfaces of the same wood species (Pine wood) were once prepared and
established as urban furniture (sidewalks) in a park for years. In terms of the homogeneity,
tangentially prepared wood surfaces appeared to initiate some cracks (D and E) and splits (F)
during the outdoor exposure compared to radial surfaces (A and B). This could be attributed to
the different light-induced weathering reactions, as well as the rate at which wetting-drying
proceeds under outdoor exposure conditions. In many wood research reports, the
tangential /radial ratio (T/R) has been extensively used to evaluate wood properties in certain
species [16-18]. Consistently, they have reported that the tangential surface loses moisture or
shrinkage about two times faster than the radial surface. It has also been proposed that it is
much easier to split wood along the grain than to break it across it [16-18]. Those directly
impact the properties of the same wood species under similar conditions. These are clearly
visible in Figure 1F. Thuvander and Berglund (2000) conducted research on Scotch pine wood
to describe the micromechanisms of crack growth by in-situ optical microscopy [19]. They
found that the stress distribution in a material like wood with alternating stiff and soft layers
(e.g., growth rings) could be causing stress, which contributes to the tendency for inclined
cracks to deviate in the radial direction [16, 18]. It has also been hypothesized that the splitting
of wood along the grain (transversely) is relatively easy because this largely involves separating
the longitudinal tracheids, using much less energy and producing a smoother fracture surface
[18]. The variations shown in Figure 1 (E-C) partly support these assumptions.
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surfaces of pine wood samples.

[ 55

Another example of real-time urban furniture, three sitting units were prepared from the same
wood species (pine wood), were found to be established to function in a park in Isparta city,
Tuirkiye where those were placed at the same time but in different parts of the park.

Figure 2: Thre sitting units are prepared from the same wooden material and established at
the same time in a park. (A, E and I: Painted and aged moderately, B,C, D, E, F, G, H, ], Kand L:
Painted and aged severely).
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All these were found to be brown colors painted against harsh atmospheric conditions when
first placed in the park (Fig. 1A, E and I). But it is clearly seen that direct light-irradiated units
(Fig. 2B, C, D, F, G, H, ], Kand L) show an unpleasant appearance due to intensive light-induced
peeling off, aging of paint layers, and distinct discoloration, while a sitting unit placed under a
shelter appears to have only limited wear and aging (Fig. 2A).

As natural, unprotected wood is a biological material, it can be discolored by atmospheric
factors and reacts chemically when it comes into contact with air [16]. Kotradyova et al.
(2012) studied the influence of the color and texture of wood on the visual perception of
observers by analyzing the color and texture of wood, separately. They found that the
preference of the observers concerning the pure-generated wood color was much lower than
the color and texture combined [19]. However, the effect of weathering on the aesthetic and
physicochemical structure of wood has been extensively investigated by various researchers
[10, 21-23]. Those changes could be evaluated visually or instrumentally. Hon and Minemura
(2001) suggested that the discoloration of wood can be classified into five patterns visually, as
determined during a 100-h light irradiation cycle. Those are darkening only, darkening and
then fading, darkening-fading-darkening, fading only and fading and then darkening [13]. But
there are many reports regarding problems with visual classification, which are usually
correlated with the observer’s emotions at that time [11,24,25]. In recent years, color changes
of objects have been the focus of interest in utilizing highly precise spectrometry numeric
methods to evaluate discoloration of materials, including wooden structures, with using
relevant standards [6, 10, 23, 23-26].

The color coordinate properties of two different surfaces of the pine wood are shown in Table
1, comparatively. The control and weathered wood specimens demonstrated various values,
depending on the measurement direction. It is notable that controls of tangent (T0) and radial
(RO) specimens show only T-R(L*): 1.45 (metric) difference for lightness, T-R(a*): -0.07
(metric) for a* coordinate, and T-R(b*): -0.14 (metric) for b* coordinate. However, those values
are marginally different between two surfaces, which could be negligible. Moreover,
considerable discoloration was noted for outdoor exposure samples. It was found to be Lt(w-
€): -9.93 (metric) and Lr(w-c): -8.54 lower from control L* coordinate values, br(w-c): :-4.02
and br(w-c): -0.66 lower from control b* color coordinate values for tangent and radial
surfaces, respectively. For a* color coordinate, only ar(w-c): 0.14 (metric) for tangent and ar(w-
c): 0.12 (metric) higher values were calculated.

Table 1: Color coordinate properties of specimens
L* a* b*
c w w-C c w | w-c c w | w-c
T | 69.74 | 59.81 | -9.93 | 6.86 7 0.14 | 29.42 | 25.4 | -4.02
R | 68.29 | 59.75 | -8.54 | 6.93 | 7.05 | 0.12 | 29.56 | 28.9 | -0.66

Figure 3 shows the color coordinate differences of tangent and radial surfaces after weathering
(Tw-Rw). It could be seen that negligible differences were found with L*(Tw-Rw): 0.06 (metric)
and a*(Tw-Rw): -0.05 color coordinate, while a considerable difference is found for b*(Tw-
Rw): -3.50 (metric) color coordinate. At the tangent surfaces, the lower bx values with
weathering indicating a higher blue color intensity were readily apparent on that surface
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compared to the radial surface. It is worth noting that the L* and a* values did not change
considerably between two surfaces, while a lowering in the b* values was observed with the
tangent surfaces rather than radial surfaces.

) L

Tw-Rw (metric)

4 k

Figure 3: Color coordinate differences of specimens after weathering.

Total color changes of two surfaces were calculated, and the tangent surface showed higher
discoloration properties than the radial surface (AEt: 10.71 vs. AEr: 8.57) after weathering.
However, it appeared that lightness changes more than a* and b* coordinates after weathering,
and lightness and the quantity of photo-induced discoloration show a strong relationship (in
Table 1).It seems to have a higher-level discoloration (AE) on the tangent surface due to
anatomical orientations, while opposite changes have been observed for the radial side of the
same wood. Because original wood color is an important factor that strongly affects value,
discoloration is a serious problem from the viewpoint of aesthetic worth and
sustainability [10,11,23]. Moreover, one of the most confusing aspects of using wood for
outdoor conditions is the way color associations change with time. It was proposed that the
early-wood is more degradable by light radiation than late-wood, resulting in more early-wood
discoloration than late-wood [13,16]. Those differences clearly impact the color variation of the
two surfaces because of the different late-wood/early-wood differences between the two
surfaces, as noted in our measurements. In addition, an ideal case, the relative discoloration of
the different samples would be very similar within the same wood species and outdoor
exposure, despite the differences in the initial color.

The C* (Chroma) and hue (h°) values of both tangent (Fig. 4A) and radial samples (Fig. 4B) were
marked on a color circle and presented in Figure 4, comparatively. However, the Chroma
differences were found to be only CT-CR: -0.15 (metric) and hue differences hT-hR: 0.07
(degree) between the tangent and radial surfaces of control samples. It could be suggested that
there are negligible chromacity and hue value differences (<1.0 units) between the radial and
tangent surfaces of the pine wood specimens. The weathered tangent surface shows a 3.86
(metric) lower chroma value (CT: 30.21 vs. CTw: 26.35), but the radial surface shows marginal
differences (RO-Rw: -0.51). A similar trend was also found for hue values that tangent surfaces
show hue values of hT: 76.87 (degree) and hTw: 74.59 (degree), and the 2.28 degree after
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lowering weathering, while only 0.57-degree lowering were found with the radial surface after
weathering (hR: 76.80 vs. hRW: 76.23) (Fig. 4A and B).

One discoloration model is assumed to be applied to certain wood species and surface
treatments. But the data obtained in the present study indicated that this behavior was rather
arough approximation. Because of its anatomical complexity, it is quite difficult to predict exact
discoloration of pine wood, particularly after outdoor exposures.

A +b +b

4100 B

«100

+100 100 |
+a -a +a

Figure 4: The chroma and hue properties of samples (A: tangent surface, B: radial surface).

Gloss is an optical property that is generally used to describe the visual appearance of an object.
It is typically indicating how an object's surface reflects light in a specular (mirror-like)
direction. It has been proposed by scientists that the surface topography of materials affects
gloss [27-29]. Regarding this knowledge, we measured the gloss properties of two different
surfaces initially and after the weathering process, as shown in Figure 5. There is only a 0.5 Gu
difference between tangent and radial surfaces (TO0: 6.6 Gu vs. R0: 7.1). After outdoor exposure,
both surfaces show a lowering gloss value of ATC-W: -1.9 and ARc-w: -1.2 (Tw: 4.7 vs. Rw: 5.9).
It is worth noting that those differences are not easily recognizable for observers due to all
differences <3.0 Gu [30]. It could be reasonably suggested that there is no visually distinct gloss
properties between two different surfaces for both the control and weathered samples.

ET ER

Gloss (Gu)
F =Y

0 L L 1 L |
C w

Figure 5: The gloss properties of specimens
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The Yellowness Index (YI) is usually used to describe a change in unpigmented color from white
or near-white samples toward yellow [31]. In wood science, it has already been reported by
researchers that the yellowness color difference between a control and treated sample could
be used to predict degradation levels of substrates such as; exposure to UV light or outdoor
conditions that can cause chemical and physical changes (e.g., wood, plastic, or papers) that
appear as yellow discoloration [24,31]. We believed that the yellowing may occur from outdoor
exposure to wood specimens, which have complex photo-degradation reactions. Therefore, we
are to calculate Yellowness values (reported as indices) for evaluating how two different wood
surfaces respond under similar (weathering) conditions in terms of yellowness changes. Figure
6 shows the yellowness (index) color properties of control and weathered samples,
comparatively. For control samples, a negligible yellowness difference value of -0.84 was found
between both surfaces (TOvi: 48.54 vs. ROvi: 49.38; AYIto-ro: -0.84). However, the radial surface
showed a higher yellowness value than the tangent surfaces, which was found to be 52.70
(metric) for the radial surface and 47.62 (metric) for the tangent surface (Twyi: 47.62 vs. Rwyr:
52.70; AYIto-Tw: -0.92, AYIro-rw: 3.32). The positive (increased) values indicate the presence and
magnitude of yellowness, while a negative yellowness value indicates that a material appears

less yellow.
BT mR

54 -
51 | 49.38
48.54

48

Yl (metric)

45

[0 w
Figure 6: Yellowness (indices) properties of specimens
The CIE XYZ is another important color theory that is widely used to describe the color

properties of objects. Using colors as perceived by human vision. Figure 6 shows the tristimulus
properties of samples, comparatively.

For X stimuli (red color), initially only 2.03 (numeric) difference was found between radial and
tangent surfaces (XT0: 41.85 vs. XR0: 39.82). However, after weathering, considerably lowering
X stimuli values were found for both surfaces that it was AXTw-c: -12.68 (numeric) in tangent
and AXRw-c: -10.67 (numeric) for radial surfaces.

Like X stimulu, almost similar trend was found with Y stimuli (yellow color) that, control
samples only show 2.02 differences between radial and tangent surfaces (YTO: 40.38 vs. YRO:
38.36). After outdoor exposure, noticeable difference (lowering) Y stimuli values were found
for both surfaces that it was AYTw-c: -12.47 (numeric) in tangent and AXRw-c: -10.46
(numeric) for radial surfaces.
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For Z stimuli (blue color), it was found to be 24.54 and 22.92 for controls of tangent- and radial
surfaces, where the difference between is only 1.62 (numeric). The outdoor exposure appeared
to influence both surfaces negatively, lowering AZTw-c: -7.28 (numeric) for tangent and AZRw-
c: -7.42 (numeric) for the radial surface, respectively.

50 mT mR
40 f
2 30 |
] r
E :
=2 20 ¢
10
o C | ) 1 1 /|
X0 Xw YO Yw Z0 Zw
Samples

Figure 6: The CIE XYZ color properties of samples

CONCLUSION
The natural wood surface texture is responsible for the attractive appearance, which is
especially the case for wooden architectural applications such as landscape elements, building
structures, facades, and architectural practices. The anatomical differences could be seen
between different families of woods (hardwood and softwood), but they also show differences
within and among trees of the same species. Because of the complex anatomical arrangements,
wood may be split, cracked, or discolored along the surfaces. It could be a very important issue
for open space design practices, particularly urban furniture usage. In this regard, research
conducted on Black pine wood species on tangent and radial surfaces after 6 months outdoor
exposure to determine the effect of wood anisotropy for surface discolorations. However,
modifications to the original wood color can be attributed to the photo-induced
physicochemical reactions that take place for surfaces.

Color plays an important role, because the appearance of urban furniture evoked is influenced
by its density or strength appearance. Softwood’s anatomy is more simple, cheaper and
constitute less cell types than hardwoods. Hence, in many wood-based architectural
applications, the softwoods could be suggested for use rather than hardwood species.
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