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Abstract:
A fragment from an old beam from a Saxon house in Ghimbav – Brașov, bearing the inscription
1733 J, offered the opportunities to study/investigate degradation and ageing phenomena on old wood
elements recovered from constructions by colour measurements and FTIR. The results demonstrated
different ageing phenomena from the surface towards the inner parts of the wood. A core of basic principles
to be considered in modern design approaches of reinterpretation and reintegration of such elements, based
on three fundamental phases has been defined. Adequate active conservation methods allowed stabilisation
of the material, preservation of historic information and old patina, while highlighting the special aesthetical
features of such elements.
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INTRODUCTION
Wood has been from ancient history to modern times, the most important material in humans’ life,
with various applications from constructions to furniture and from tools and artisanal pieces of equipment for
traditional household occupations to artefacts and/ or decorative elements with spiritual significance and
artistic value. That is why old wood constructions and artefacts represent worldwide an important part of
cultural heritage, which should be acknowledged, understood and conserved in accordance to the technical
principles and code of ethics. Preserving authenticity and patina, ensuring reversibility of interventions and
possibility of further treatments, alongside thorough documentation and a scientific approach, are well
recognized demands of conservation.
However, the interest in old wood should not be limited to the constructions or artefacts recognized
as cultural heritage. Wood, which has been in use for long periods of time, in specific conditions depending
on utilization, is bearing valuable scientific information on the in-time behaviour of wood of different species
in direct relation to the real in-use conditions, including incidence of degradation phenomena and effects of
natural ageing (Matsuo et al. 2010, Kacik et al. 2014, Kranitz et al. 2016). Old wood represents in this
context an important reference for research, especially durability studies and laboratory accelerated ageing
tests. Life-time prediction of wood in certain uses, as well as design of ageing tests and validation of
resulting data, as their interpretation, including calculation of acceleration indexes, rely on this kind of
references / comparative data (Matsuo et al. 2010).
Moreover, recovered old wood is bearing a certain economic value. Several alternatives of re-using
or recycling, depending on its conservation state and physical and mechanical properties, affected both by
degradation and ageing, may be considered for both economic and ecological reasons (e.g. Kranitz et al.
2016).
Recovered old wood elements, after thorough and adequate active conservation treatments, may be
reintegrated in new products or decorative ambient items, with exquisite and unique aspect. This approach
often highlights the “beauty of degradation and wearing” in an original way, but a very fine line between real
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artistic value and non-value (kitsch) should be considered. Co-operation of conservators, scientists and
designers is a key factor for a successful approach.
In some cases an old wood artefact or dispatched old wood elements recovered from constructions/
demolishing can cumulate historic information and/ or artistic value with a great potential for gathering
important scientific data on degradation or ageing of wood. Then a multiple challenge stands in front of
scientists, conservators and designers as a team to make the most of it.
OBJECTIVE
The main aim of the research presented in this paper was to explore the opportunities to
study/investigate degradation and ageing phenomena on old wood elements recovered from constructions.
Moreover, it was intended to define a core of basic principles to be considered in modern design approaches
of reinterpretation and reintegration of such elements. The case of a fragment from an old beam from a
Saxon house in Ghimbav-Brasov, bearing the inscription 1733 J, has been considered for exemplification.
EXPERIMENTAL RESEARCH METHODOLOGY
The methological concept of the experimental research was conceived in order to balance the
scientific interest with the conservation goal. This was inspired by the case study itself, which cumulates
historic and technical information with aesthetical features on a piece of old and dated wood artefact, offering
a rare chance to perform scientific investigations on ageing and degradation.
Presentation of the case study
A general view of the old beam fragment considered in this research is presented in Fig.1. This was
recovered from a Saxon house currently under rehabilitation work. Though the surface was very dusty and
covered in dirt and debris, the existence of an inscription, denoting its historic value, was visible, as well as
several defects, such as: forms of biological attack on the surface and a certain depth, areas of frail wood
and deep cracks, alongside lots of rusted nails inserted during the long life-time in use. The inscription
became far more clearly visible after a thorough cleaning. Microscopic investigations (not presented in this
paper) demonstrated that the beam was made from fir wood (Abies alba Mill).

Fig. 1.
General aspect and details of inscription and degradation and of the old beam (1733) fragment.
Sectioning and samples for investigations
In order to address the research interest while also conserving the historic information, the beam was
sectioned as illustrated in Fig. 2. Five slices (G1.A-G1.D), with thickness of 25-50mm, were cross-cut from
one of the ends. They offered the chance to investigate and compare ageing and degradation on the surface
of the beam and also on the whole cross-cut, at different depths from the surface. Moreover, four longitudinal
slices (G1.0, G1.1, G1.2, G1.3), each of them 25mm thick, were cut longitudinally from the face opposite to
the one bearing the inscription. These were used to determine the variation of the density and mechanical
properties from the surface layer to the inner layers of the beam in correlation to degradation and ageing (to
be published elsewhere). The whole concept of beam sectioning was meant to serve the aim of this research
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by providing adequate samples for different investigations in a way to obtain relevant results that could be
correlated.

a

c

b

d
Fig. 2.
Sectioning of the beam (a,b) and drawings showing the zones of colour (c) and FTIR (d)
investigations in order to highlight external and internal degradation and ageing.
Investigation methods and equipment
Colour measurements were performed in the CIELab system employing an AVA Spec USB2
spectrometer equipped with an integrating AVA sphere. Colour was measured on the four external faces of
the beam (on the G1.E slice) and on the cross-sections (G1.A-G1.D) in four areas (Fig. 2.c) from the outer
layer (code 0, thickness 25mm, corresponding to G1.0) towards the centre of the beam (layers 1,2,3 corresponding to G.1-G.3) up to a depth of 100mm from the surface. On each measuring area and each
slide/surface, colour was measured on minimum 3 points, actually small circular areas of 8 mm diameter.
The average values of the colour coordinates: L*- lightness (varying from 0 for black to 100 for white), a*
(red-green coordinate) and b* (yellow-blue coordinate) were then calculated for each type of investigated
area.
Colour differences E* (according to equation 1) were then calculated to better highlight colour
changes associated to ageing. The average value of 120 measurements on new fir wood samples (30
samples, each measured in four points) was employed as reference value.

E * 

L   a   b  
* 2

* 2

* 2

(1)
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FTIR investigations were performed employing an ALPHA Bruker FTIR spectrometer equipped with
ATR unit. The aim was to highlight the specific chemical changes associated to wood ageing, as a function
of the active ageing factors, revealing also how deep inside the wood can be registered those changes.
Therefore, small samples were extracted from the areas coded A0.00-UV, A0. 00-0 (outer skin layer of the
beam of about 1 mm, face directly exposed to UV and reverse of the sample) A0.01 (25mm from the
surface), A1.1, A2.2, A3.3 (areas situated at 50, 75, 100mm from the surface on the cross-section of the
beam), as presented in Fig. 2d for the slice G1A.
-1
−1
Spectra were registered in the range 4000-600cm , at a resolution of 4cm , each spectrum resulting
from 24 scans. Three FTIR spectra were registered for each type of sample/area and these were further
processed employing the OPUS dedicated software (smoothing, normalisation, computing average spectra).
Interpretation was based on the assignment of absorption bands according to literature and specific
calculations (integrations, ratios of specific absorption bands).
PRINCIPLE ASPECTS OF REINTERPRETATION AND REINTEGRATION
Attention towards wooden elements recovered from diverse real applications (at the phase of their
deactivation) and their consideration as an alternative source of wood material implies an opportunity of
activating capabilities of imagining new situations, combining / reorganizing the existing material in new
schemes and concepts to generate visual perceptions, emotions and inedited ambient manifestations.

Fig. 3.
Schematic principle of valorising recovered old wood by creative conceptual reconfiguration
(reinterpretation, reintegration).
The configuration of the material identified, selected and considered as a creative stimulus is
heterogeneous and often very particular. These configurations could be grouped as follows:
 Parts and elements from diverse wood structural configurations;
 Parts and elements from different wooden closing and cladding structures;
 Parts, decorative elements or wood ornaments in linear and flat configurations or diverse volumetric
shapes, as individual or glued/assembled elements;
 Semi-finite wooden products, standardised or not, in different configurations and conservation
states;
 Wood finite products;
 Wooden products and objects out of order or classified as structurally and functionally degraded;
 Fragments or parts originated from all the previous categories.
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At a general overview, the creative process which includes reintegration and reinterpretation of
recovered wood elements could be understood as concatenated actions, structured in three fundamental
phases: the existing configuration, transformation and the new configuration (as presented in Fig. 3).
THE EXISTENT CONFIGURATION – involves a first evaluation and identification of their qualities,
characteristics and particular aspects as they are given and highlighted. The information could be registered
on the following aspects:
Dimensional characteristics/ proportions;
Shape characteristics;
Structural characteristics/ 3D configuration;
Textural and chromatic values;
Transformations and morphological modifications.
These aspects identified by direct visual examination or scientific investigations, as exemplified in this
paper, are analysed and evaluated in order to identify the actual causes of the observed phenomena.
Conclusions are organised and rated as result of the following phenomena:
Ageing;
Degradation by biological or other factors;
Accidental modifications.
Therefore, an important issue is to understand these phenomena and how they will evolve in time
affecting the registered qualities and characteristics of the material, respectively to identify stabilisation
possibilities.
THE TRANSFORMATION- involves a complex process of creation and imagination that cannot be
standardised. This is a particularly dynamic process, influenced by the inspiration of the research team,
creative abilities of the team members, work methodology and implementation instrumentation, the aim and
the approached subject, requirements and instructions from third parties.
THE NEW CONFIGURATION- represents the variety of the solutions conceived and applied. The
result subscribes within three fundamental directions:
 Reuse;
 Reintegration;
 Reinterpretation.
The final ideas of these configurations could be understood as “Augmented positive compromises”
resulting from different possible approaches:
 Utilisation of the element without any intervention;
 Modification of the element by interventions and processing: mechanical, chemical, artistic, or other
type;
 Combination of the element with other materials by industrial or handicraft processing, marquetry,
upholstery, collage.
 Fragmentation of the element and its utilisation as constituent in composite or mixed materials/
structures.
All these approaches have as main purpose re-valorisation of the recovered wooden elements as a
whole or of some of their characteristics, defined by functional- practical or suggestive-plastic aspects, which
can define new interpretations and new stylistic orientations.
RESULTS AND DISCUSSION
Ageing vs degradation revealed by scientific methods
Colour measurements
Ageing of wood is associated with more or less advanced colour changes, depending on the wood
species, the ageing conditions/ factors and the ageing time. Actually, colour measurements in the CIELab
system and calculated colour differences (E) following ageing have been considered as the most sensitive
ageing indicators (e.g. Timar et al. 2016 and literature cited herein), being extensively employed worldwide
for monitoring ageing phenomena.
The colour differences between new fir wood and old fir wood was obvious at direct examination,
being also well reflected in the data from Table 1. This data also reveal the colour differences between the
outer surface, directly exposed to light, and the inner layers at various depth from the surface. The colour
difference values E, calculated reported to new fir wood, were 35.8 units for the surface and significantly
lower for the inner layers, decreasing from 20.3 units in the sub-surface layer to about 11.0 units at a depth
of 100mm from the surface. This clearly show that ageing effects are decreasing from the surface inwards
the wood, but they are still present in the inner part of the wood beam.
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Table 1
Colour coordinates in the CIELab system for new (control) and aged fir wood (Abies alba Mill.) measurements on an old beam (d.1733) surface and inner layers
Aged Control
surface
Aged - Inner layers
Colour
Fir (new)
coordinates

A0.0-UV

A0.0

A1.1

A2.2

A.3.3

-

0

1 to 25

26 to 50

51 to 75

76 to 100

L*(lightness)

81.80

46.10

62.29

68.58

70.02

72.41

st. dev.

1.00

1.44

0.56

0.54

0.52

0.83

a*(redness)

4.65

6.50

6.52

6.62

6.50

6.20

st. dev.

0.43

0.85

0.59

0.41

0.38

0.34

b*(yellowness)

17.81

15.47

23.07

23.57

23.29

23.32

st. dev.

0.86

2.09

0.62

0.71

0.66

0.62

-

35.82

20.29

14.55

13.12

10.99

Depth, mm

Colour difference

1024.40

1098.88

1151.84

1262.59

1319.96

1367.35

1421.38

1455.08

1506.65

1596.71

1641.47

2.0

2.5

1734.26

FTIR investigation
The FTIR spectra in Fig. 4 highlight the specific absorption bands of wood components in the
-1
fingerprint region (1800-800cm ) and the chemical modifications brought about by ageing, on the surface of
the beam and inside the beam as a function of the depth from the external surface. In the spectrum of the
control (new, sound fir wood) could be easily differentiated the absorptions related to carbohydrates (hollo-1
-1
-1
cellulose) at 1370cm (CH deformation), 1150cm (C-O-C bridge vibration), 1024cm (CO stretch of
pyranose rings – maximum absorption band employed for all spectra normalisation), alongside the
-1
absorption at 1730cm (unconjugated carbonyls) related to the hemicelluloses (actually the acetyl groups in
-1
their structure) and the small shoulder at around 900cm assigned specifically to cellulose. Lignin related
-1
-1
main absorption bands are those at around 1506cm and 1600cm (aromatic skeletal vibration of lignin) and
-1
the distinctive band at 1262cm (guaiacyl ring typical for softwoods lignin).
When looking to the other spectra in Fig.4, all referring to aged wood, a clear differentiation is
obvious between the spectrum registered on the external face (A.00-0-UV directly exposed to light) and the
spectra registered for the other samples representing inner layers from the immediate proximity of the
surface (A.00-0), inwards the wood material, up to a depth of about 100mm from the surface. The FTIR
spectrum of the external surface (A.00-0-UV) show, compared to both the control and the other aged
-1
samples, a drastic reduction of lignin content (decrease of absorptions at 1506 and 1262cm ) due to UV
-1
-1
degradation. The decrease of the bands at 1370, 1150 and 1730cm , whilst the band at 900cm seems not
to be affected, but slightly better differentiated, strongly suggest advanced degradation of hemicelluloses,
leading to an apparent increase in cellulose content. A thermolysis path of degradation seems to contribute,
as suggested also by previous research (Chen et al. 2014).

1.5
1.0

A0.0.0
A0.0.1
A1.1
A2.2
A3.3

0.0

0.5

ATR Units

A0.0.0-UV

-0.5

Control (new wood)

1800

1600

1400
Wavenumber cm-1

1200

1000

Fig. 4.
Comparative FTIR spectra of new fir wood (control) and aged wood (`283 years), extracted from
different layers of the old beam (d. 1733).
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1.0
0.5

ATR Units

898.31

1024.40

1098.88

1151.84

1262.59

1319.96

1367.35

1421.38

1455.08

1506.65

1596.71

1634.99

1.5

2.0

1734.26

UV induced degradation, mostly affecting lignin, is a surface and subsurface phenomenon (Wiliams
2005, Kataoka et al. 2007, Živković et al. 2014, Calienno et al. 2014, Varga et al. 2017) so that in the
spectrum of the sample extracted very close from the surface (A.0.0-0), at about 1mm, the lignin absorption
bands look to be not affected and this is, of course, the case for all the samples referring to inner parts of the
beam (A 0.1, A 1.1, A2.2, A 3.3). For all these spectra the observable changes are the reduction of the
-1
-1
absorptions at 1730 cm (assigned to acetyl groups in hemicelloses) and 1370cm , alongside a very slight
-1
trend of a better differentiation of the band at around 1640cm , assigned to conjugated carbonyls and
quinone chromophore groups. These are typical changes for (temperature induced) wood ageing in indoors
conditions and absence of light, which affects mainly hemicelluloses through a multi-step reactions chain,
based on thermo-hydrolytic and thermo-oxidative processes, while cellulose content is not affected and
condensation of lignin occurs (Esteves et al. 2008, Matsuo et al. 2011, Kačík et al. 2014, Liu et al. 2017).

Bio -degradated wood
Aged wood (A3.3)

0.0

Control (new wood)

1800

1600

1400
Wavenumber cm-1

1200

1000

800

Fig. 5.
Comparative FTIR spectra of new fir wood (control), aged fir wood (283 years, inner layer, without
signs of biological attack) and .biodegraded wood extracted from the old beam.
The FTIR spectra in Fig. 5 compare detectable chemical changes brought about by ageing (inner
sample) and fungal biodegradation, assessed macroscopic as possible brown rot (pocket local area). For the
-1
-1
biodegraded sample the band at 1730cm practically disappeared, the bands at 1370 and 1150cm slightly
-1
decreased, while the lignin absorption bands seem unaffected (1506, 1262cm ) or slightly increased
-1
(1600cm ). These changes are in accordance with the characteristic attack of brown rot fungi, affecting the
carbohydrates from the wood cell wall (e.g. Pandey and Pitman 2003, Dobrică et al. 2008). Again,
hemicelluloses, or at least acetyl groups from their structure, seem to be more rapidly attacked than
cellulose. The data in Table 2, representing the mean values of the integrated areas of some relevant
absorption bands, in comparison to the corresponding values for control new fir wood, better highlight and
compare the chemical changes brought about by ageing, from the surface of the beam towards the inner
layers, up to 100mm depth, with those determined by brown rot fungal attack.
Table 2
Integrated areas of relevant absorption bands for fir wood (Abies alba Mill.): aged and biodegraded
wood extracted from the old beam compared to new sound wood (absolute and relative values)
Absorption
Control
band
wood
A.0.0.(Integrated
UV
area)
Depth from
0
0
surface,[mm]
507.69
A 3400
382.40
4.71
A 1730
0.00
6.51
A 1506
1.16
2.82
A 1370
0.44
Relative values reported to control
A 3400
1.00
0.75
A 1730
1.00
0.00
A 1506
1.00
0.18
A 1370
1.00
0.16

Aged wood
A.0.1
A.1.1

1

25

50

75

100

Biodegraded
wood
(brown rot)
n.a.

534.63
0.56
5.44
1.89

526.17
1.82
5.47
2.42

513.95
2.87
6.25
2.63

511.69
3.05
7.38
2.68

551.52
3.31
7.68
2.29

508.64
0.00
6.76
1.72

1.05
0.12
0.83
0.67

1.04
0.39
0.84
0.86

1.01
0.61
0.96
0.93

1.01
0.65
1.13
0.95

1.09
0.70
1.18
0.81

1.00
0.00
1.04
0.61

A.0.0-0
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Variation of density and mechanical properties (bending strength, compression strength) of wood
samples extracted from the beam, from the external layer to inner wood (not presented in this paper) are in
good relation with the different degrees of ageing and biodegradation revealed by macroscopic examination,
colour measurements and FTIR investigation.
Active conservation methods
As previously stated, when considering the re-use of recovered wood for new configurations, the
analysis of the initial conservation state and the stabilisation of the material are key issues. Also, the
preservation / highlighting of its special aesthetical features, often related to degradation, deterioration or
wearing, is important when plastic-expressive qualities of old recovered wood are included in the
reconfiguration concept. In contrast, for other cases transformation may include elimination of surface
defects and roughness, actually removing the outer degraded layer in order to highlight the colour and
features of naturally aged wood.
However, in all these cases some principle operations should be included: adequate cleaning,
disinfection (curative treatments against biological agents), consolidation / stabilisation of frail wood,
preventive bio protection and surface protective /aesthetical treatments (hydrophobation /coating).
Cleaning of recovered old wood elements generally includes dry (blowing with air, de-dusting with
brushes, vacuum-cleaning) and wet treatments (employment of different cleaning solutions). This might be
time-consuming and different technical approaches might be considered, from the classical ones to laser
cleaning (when available and appropriate), Mechanical processing of surfaces might be applied.
Stopping any active biodegradation processes is crucially important. Physical and chemical methods
might be employed, depending on the type of material, its volume, type and extent of degradation and the
technical facilities. Whenever available, physical methods based on high or low temperatures, atmosphere
with low /none oxygen content, ultrasounds or gamma radiation, would be preferred to the chemical ones,
due to their efficiency and “green” character. Chemical methods, based on biocides, are far more readily
available, but the concern of employing toxic chemicals should be considered. The chemicals employed
should be of low toxicity to human and eco-friendly. Novel approaches worldwide consider natural products.
Consolidation of frail degraded wood at a level to allow its inclusion in the new configuration is
obviously also a critical point. This is usually achieved by impregnation with natural or synthetic polymers,
which might be modified with nano-particles for better performance (Tuduce et al. 2012).
As final treatment, application of a natural finishing material, such as oil or wax, is often employed to
ensure surface protection and to highlight the beauty of old recovered wood.
For the case study presented in this paper cleaning was achieved by air-blowing, followed by brushing
and cleaning wet cleaning. Remedial and preventive treatment against insects attack was achieved
employing a deltametryne solution, applied by repeated injections into the galleries. Paraloid B72, as solution
of 5% and 10% in ethyl-alcohol/ acetone, as such or modified with 2.5% nano-ZnO, was employed to
consolidate local frail areas. An insecto-fungicide impregnation base-coat (based on organic low toxicity
biocides with 5% alkyd resin) was applied to ensure preventive protection. Finally, a layer of beeswax (20%
in white spirit) was applied and the surface was then gently polished with soft cotton.

Fig. 6.
Detail before and after cleaning.
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These successive steps allowed to highlight the aesthetical features of old wood and to stabilise the
material. As a result, the conserved part of this old beam has maintained its historic information and patina,
while its aesthetical and suggestive qualities were highlighted. Though of reduced dimensions, this element
included in various set-ups of restoration exhibitions in our faculty successfully endured to the visitors the
feeling of going back in time, facilitating a better understanding and perception of the restored artefacts in
their former original context, which is in fact the main aim of conservation. Of course that very different reintegration ideas could be imagined based on this element and other similar ones.
CONCLUSIONS
A fragment from an old beam from a Saxon house in Ghimbav – Brașov, bearing the inscription 1733
J, offered the opportunities to study/ investigate degradation and ageing phenomena on old wood elements
recovered from constructions.
Colour measurements and investigation of chemical features by FTIR clearly highlighted that ageing
phenomena are affecting not only the surface and sub-surface of wood but also the inner part, the effects
decreasing from the surface to the centre of the material.
UV radiation is the main factor affecting surface and sub-surface, as demonstrated by the drastically
decrease of lignin. Hollocellulose, mainly hemicelluloses are also affected highlighting the contribution of
thermolysis phenomena. These are the main phenomena determining ageing of inner parts of wood.
A core of basic principles to be considered in modern design approaches of reinterpretation and
reintegration of such elements have been defined. Such a creative process could be understood as based
on three fundamental phases: the existing configuration, transformation and the new configuration.
Initial comprehensive evaluation / investigation of the old wood recovered elements /material,
combined with creative design and appropriate active conservation methods may ensure transformation to
new configurations with special plastic- expressive impact.
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