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PROLOGUE
The intention in writing this book is to present many aspects of
the wood, which must be of basic knowledge, regardless of
countless features and thousands of applications. These are so
commonplace in our daily lives that we barely notice them.
Therefore, I have omitted to number and report many of these
applications, which, each alone, could fill a book.
The builder, the carpenter, the furniture maker, the violinist or
guitarist, the cooper, the sculptor, the woodcarver... etc. use it
continuously and in many of their performances. However, the
purpose of this book is to describe a set of concepts and data,
enabling the reader to get started on wood, beginning with
formation of the tree, as the natural fabric of this material,
through the description of the felling in the forest, and the
importance of these.
Its conversion and treatments in sawmills its machining in
derivatives and products for use in building and industry sectors.
Not to mention the preservation and conservation treatments to
be applied, depending on the desired functionality, as well as on
the expected design and finishing. In addition, what we want to
describe, in short, is the handling of the timber from the forest to
their latest applications with the latest technology, as well as
illustrate some processes and transformations, by drafting and

providing photographic documentation, avoiding mathematical
applications or formulas. The reader can find, for any particular
case, other specialized bibliographies, which will introduce him in
the specific study, enabling him to go more deeply into the
wished knowledge.

DESCRIPTION OF CHAPTERS
I

HISTORY OF WOOD

II

THE TREES AND THEIR WOODS

III ANATOMY OF TREES
IV PERFORMANCE OF SOLID WOOD
V

WOODS RETRACTION VALUES

VI

OTHER IMPORTANT VALUES

VII TECHNOLOGICAL CHARACTERISTICS OF SOME TROPICAL WOODS
VIII REMOVAL OF WOOD IN THE FOREST
IX

THE FOREST IN SPAIN

X

WOOD ROLL SAWMILLS

XI

DRYING OF WOOD

XII

WOOD IMPERFECTIONS AND IRREGULARITIES

XIII FROM THE SAWMILL TO THE FACTORY OR CARPENTRY
XIV NATURAL WOOD DERIVATIVES AND PROCESSED
XV

SOLID WOOD STRUCTURES

XVI CLASSIFICATION OF TIMBER FOR CONSTRUCTION
XVII SPANISH AND EUROPEAN COMMERCIAL TIMBER
XVIII MANUFACTURING GLULAM FOR CONSTRUCTION
XIX WOOD DEGRADING AGENTS
XX

NATURAL DURABILITY AND IMPREGNABILITY

XXI PROTECTION AND COVERING OF WOODS
XXII LAND FORESTS

INTRODUCTION TO THE KNOWLEDGE OF WOOD
HISTORY OF WOOD
Since time immemorial, long before the hominid began wandering on the
face of the earth, the vegetable kingdom was already developing in its
own evolution, to serve and be served from other animals, which in
succession, would accompany it in emerging populations.
Within this vast and varied vegetable kingdom, thousands of different
forms adapted to the conditions they were submitted to over millions of
years, in order to get the best results in its reproduction and development.
This development is closely linked to human and all animal evolution,
depending ones on the existence of the others.
Within the vegetable kingdom, and as much of it, the plants will diversify
and develop its systems and structures, to prevail over their competitors
and defend their means. To do this, they will develop various types of
cells, in their support structures, in its various coatings in the leaves, in
their roots etc..
Since they cannot move in voluntary movement, they have to adapt or
disappear. So, after millions of years of very different avatars and
continuous accommodations, they appear as we know them today. Many
of them have chosen the form of a shrub or tree to grow in the conditions
we observe. And they created the wood as a structural support material,
to grow and shelter their vital functions.
Not surprisingly, many animals, among them the hominid, made use of
the qualities and possibilities these plants offered such as shelter,
protection and food.

They also found multiple utilities in their wood, which has undoubtedly
been essential in the development of civilization
Even today, despite the discovery of new materials like metals, plastics,
ceramics, etc.. The wood and its derivatives remain the most commonly
used materials in the world. Annually, about 3,800 million m3 of wood and
its derivatives are used in the most various applications. It is true that the
cost of generation is generally the lowest of all materials, as is nature that
provides the means for it.
It is also a material to be regenerated, depending on the natural forests,
new plantations, and the proper care and protection of the existing ones,
thus avoiding their scarcity or disappearance.

THE TREES AND THEIR WOODS
All trees manufacture in their leaves base substances for their growth
through the process of photosynthesis, which involves complex chemical
reactions, obtaining the necessary sunlight energy and combining carbon
dioxide from the atmosphere, water and mineral substances absorbed
from the soil through the roots, to form sugars, starches and derivatives.
The carbon dioxide passes through small holes located on the leaves,
called stomata, while water with substances must perform a long journey,
from the roots to the leaves. These reactions are carried out in the
presence of chlorophyll (green substance), which predominates in the
leaves, and gives them their color. The wood formed has important and
diverse functions, in addition to conducting the sap from the roots to the
leaves, such as support, protection, growth, storage etc.

In the picture we see the leaves and fruits of a prunus. It is a deciduous
angiosperm. We can distinguish the difference between the two sides of
its leaves. The top side is smoother and brighter and the underside is more
porous and with very marked passages.
The wood has cells specially adapted to each of these functions. Within
each cell type, there are some differences depending on weather they are
Angiosperms (broad-leaved trees, both deciduous and evergreen) with
enclosed seeds; or gymnosperms, needle-like leaved trees such as
conifers, with unenclosed seeds whose fruits are cones. In these, the sap
travels through conduits (tracheids) formed of elongated thin-walled cells
with a large internal cavity. Tracheids specialized in resistant functions
have thick walls, with a small internal cavity also called lumen. Both kinds
are grouped into bands, forming rings, usually distinguishing the wood
formed in spring, with thin walls tracheids and light wood, from the wood
formed in summer-autumn, with thick-walled tracheids and darker wood.

DETAIL SECTION PINE LOG RADIATA. THIS IS A CONIFER, gymnosperm)
PEREMNIFOLIA (LEAF perennial)
In angiosperms, the conduction and support are carried out by different
cell types. The sap flows through vessels, which form a duct system, from
the roots to the leaves and which are formed with small apertures or

pores that communicate with each other. The storage of nutrients, in any
case, is made by the parenchyma cells.
These can be found sometimes in a more or less evenly dispersed way in
the wood and sometimes in grouped zones.
The latewood cells; whose thick walls are covered with microfibrils or
fibers formed by joints in strings of cellulose molecules and joined, by way
of cement, by lignin; are responsible for providing not only strength but
also other physical characteristics.
The rings’ colour and composition of the early wood of many angiosperms
developed in seasonal climates are different from the late wood’s. Thus,
distinguishing the annual growth rings.
In the picture of the piece of wood of radiata pine testa, the annual
growth rings can be clearly distinguished: lighter coloured rings for the
early wood (produced in spring and summer), and darker coloured rings
for the latewood (produced in autumn). The central area of the part and
central part of the log is very little lignified because it is a young tree.
Based on the picture, and on the number of rings that are distinguished,
we know that its formation is at least of 16 years.
We will study some of the important properties of wood in many of the
best known trees, being these, the most traded in our environment. But
nowadays, within the global market, we use wood and its derivatives from
forests from all latitudes. Wood shouldn’t be classified as good wood and
bad wood. All woods are good, as long as the use made of them is
appropriate, according to their qualities.
The physical and mechanical properties of each type of wood are very
different, as they depend on many variables: type of plant, belonging
species group, climatic conditions and its developing soil where it grows,

in both a broad geographical area and its particular site growth. It ‘so
much so, that we can affirm, without any fear of being mistaken, that a
walnut tree native to Soria developed at an altitude of 800 metres above
sea level, has different characteristics from another native to Santander
developed at fifty meters above sea level. Neither their growth nor their
fruit or timber will be equal. Their physical and mechanical characteristics
will be different too. Think about the diversity in geographically proximate
areas when it comes to northern or southern hemisphere, in temperate
zones, boreal zones or the equator. Trees with thousands of different
features grow in each one of these zones. When we speak of lush species,
we are refering to broad-leaved trees, both deciduous (caducifolious) and
evergreen (perennial).
Generally, lush leaved species from temperate seasonal climate are of
deciduous leaves.
They fall down in autumn and emerge in spring. The conifers of the
temperate and boreal zones generally maintain their leaves all year,
continuously renovating them as they develop. The forests of the
equatorial belt, both Africa and America are generally formed by
continuous growth angiosperm trees, since there are only two seasons per
year, the wet and dry one; the first one with strong precipitations and the
second one lacking them. In boreal forests, with seasonal climates (spring,
summer, autumn, winter), we find a higher prevalence of gymnosperms
(conifers), and between the two latitudes with mild climates, forests
formed as much from one as from the other. Nowadays, based on
plantations of fast growing trees in order to obtain a greater wood volume
in a shorter time, the tendency is to perform intensive plantations of these
species in the most productive regions.

In the picture we see a coniferous forest of Scots pine, an evergreen
gymnosperm, with needle-like leaves.
Today, in the global market, we interchangeably use woods from all
continents. We specially take into account the possibility of its supply and
its price instead of the suitability of its use.

We should also remark fruit trees, which we use for the provision of fruit.
Here again it’s taken into account the best formation features or the
quality of its fruits rather than the possible quality of its wood.
Fruit trees like walnut, chestnut, cherry, lemon, just to name some of the
closest and most popular, provide excellent wood for carving, furniture
and decorative items. Generally these items are of small and medium size
because these trees’ development both in height and thickness of the
trunk is rather small. Therefore, the pieces of wood that can be obtained
from them, are also of small dimension. Another significant case is the
olive’s. Its wood is very colorful, it allows high polish and beautiful finish,
but it can only be used to make small pieces.
The wild olive tree usually gives a smaller fruit than the cultivated "olea
europea", and its different varieties.
Generally speaking it wouldn’t be interesting to obtain large size fruit
trees, since it would greatly impair the collection and processing of fruit.
But in any case, the formation of the wooden structure of all trees and
shrubs, whatever the size, has a common process of growth and
development. A radical, or embryonic/primary root, emerges from the
germinated seed, it penetrates into the ground and starts to supply water
and nutrients needed for the plants’ growing. Once it reaches the surface,
a primary stem fastly elongates and straightens and the first
photosynthetic leaves appear. The growth and development of the
plantule begins. It’s the beginning of the tree. The processes of seed
germination vary greatly from species to species, both in the procedure as
in the period from fertilization and seed dispersal to germination, which
can take several days, or some years.

ANATOMY OF TREES
Trees are living beings that possess three very different bodies: the roots
or root system, the trunk, which works as pillar or support, and together
with the branches and leaves, form the foliar cover as factory of products
for the development and growth of the whole.

ROOTS
The root system has several functions to perform. Anchoring and securing
the tree to the ground, searching and extraction of ground water and
mineral substances, which should serve as food storage. To do this, the
initial radicle grows downward the soil branching in hundreds of roots of
very tiny absorbent hairs.This part of the root has the function of
absorbing water, with mineral salts dissolved in it, from the soil. They are
stronger and more resistant when their task is penetrating and anchoring.
The water is absorbed by a process called osmosis, due to the pressure
differences existing between the aqueous soil and the inner skin of the
root hairs .In turn, these are under pressure because of the process of
transformation and perspiration that occurs in the leaves and other parts
of the tree. The outer skin of the root hairs is a membrane with the special
property of enabling weaker solutions pass through into stronger ones.
Root systems vary greatly from species to species, in terms of its form and
distribution in the field and under the conditions present, the depth and
quality of the clay, rocky substrate, the presence or absence of water table
etc. The roots are developed, alongside the development of the whole
tree. New feeder roots continually grow, supplanting and implementing
existing ones.
When the root system extends horizontally and near the surface it
occupies a much larger area, than the vertical projection of its leaf set.

THE TRUNK
By sectioning the trunk of a developed tree in plane perpendicular to its
axis, we can clearly distinguish, in general, three distinct concentric
sectors. One inside, representing the wood called heartwood or perfect
wood. The sector adjoining this, usually of clearer wood, comprises the
sapwood, and finally the bark or protective layer. In some trees, sapwood
and heartwood, are not distinct, therefore their physical-mechanical
properties are coincident. The separation between sapwood and
heartwood, is in most species, very easy to distinguish, since they have
different colours. Sometimes there’s only the change in the tonality of the
wood, the sapwood is lighter and with a more porous appearance than
the heartwood. Sometimes the colour is totally different, the darker
always belonging to the heartwood, whose properties study we are going
to focus on, for it’s the one we are interested in.

A thin layer of perimeter cells called (cambium) producing sapwood are
responsible for the thickening and the increasement of the diameter of
the trunk on the inner face and the outer crust. This new inner layer
unfolds into a new one and so on, adding another layer of new wood
(sapwood), and another of outer bark (protection). Obviously the growth
is more vigorous when the conditions for it are better. A soil with suitable
clays, good permeability, enough damp, depending on a good
temperature and adequate sunlight, as well as sheltered from strong
winds, are usually the best conditions for a good development. By this
saying, we are considering anything else but the combination of
appropriate soil and climate.
When any of these factors, whatever the circumstances, vary, the tree
gets affected, leaving in its development the permanent mark of this
incident, so being a silent witness of something that happened in a while,
telling us when happened by observing its growth. We must think that
some trees are the oldest , biggest and heaviest living beings existing on
earth.
LEAVES
As noted above, the tree growth and the development of cells, which will
form the various functions it needs, is performed through their leaves,
using sunlight as energy, carbon dioxide and dissolved salts in his sap as
raw material and chlorophyll (chloroplasts) as catalysts. In these reactions,
oxygen is released to the atmosphere, therefore, we understand how
important the preservation of forests is to our existence for, besides the
fact of being large consumers of CO2, they provide us oxygen. Given the
strong increase in wood consumption that our civilization was carrying

through, especially in the last millennium; some years ago, studies over
cheaper exploitations than solid wood such as the reuse of wood particles
resulting from sawmilling processes and the use of wood fiber mixed and
pressed with resin began taking place. When sawing wood is made from
different cuts of planks and boards, there is a very significant loss of wood
that can range between 20% and 40% the volume of the stripped part. The
shaving or sawdust has always been used as fuel and other needs such as
livestock bedding, tiling cleaning, etc.
The emergence of new synthetic resins, some of which of very good
composite properties, has allowed the manufacture of new boards with
varied properties.

In the picture we see on the right, a pile of sawdust formed as a result of
sawing pieces.

BEHAVIOR OF WOOD SOLID WOOD
To understand how and under what conditions we use the various
commercial woods, we must study not only their morphological and
aesthetic characteristics, but also a number of parameters specific to each
timber. Thus, for any unknown wood, we can quickly intuit, with the
knowledge

of several of these parameters, which may be its most appropriate use.
Let's start by observing the stump of a tree felled by an horizontal and
clean saw cut, or simply a piece of stem serrated on both ends. In the
picture, we see the logs of Scots pine trunks already bark-peeled and
ready to be quartered. In the extension of the section, we indicate the
directions of the retraction of the wood when drying.

As we can see, any crack or fissure isn’t observed on the wood. The logs
are freshly cut and hold the humidity that they had when standing.
Wood, like all living beings, has high water content. It varies according to
the species, location, climate and season. But it usually exceeds 40% of its
volume. If immersed in water, it will continue taking it until complete
saturation, which can be up to 120 or 140% of its dry weight. Within this
process, the piece of wood shows no change in dimension. when it’s taken
out of the water and we let it dry, it begins to lose water rapidly at the
beginning and more slowly as it loses humidity content, and at a certain
moment, small cracks, not previously observed, begin to appear.

IMAGEN (TANGENTIAL/RADIAL)

It’s in that very moment, with that wood water content, when we say that
the wood is at its saturation point. This value, which is different for each
type of wood, is important because it determines, that at the
decreasement of this value of water content, wood starts manifesting
contractions and thus retraction movements. Mainly in two directions
perpendicular to each other: a tangential one to the trunk section and a
radial one.
The wood humidity content is indicated as a percentage of water
contained, and it is determined by the difference in weight of the piece of
wood in a given state, and its anhydrous state. Dividing this difference by
its weight in the anhydrous state, and multiplying this quotient by one
hundred.
The water content of wood at its saturation point, indicates the amount of
water contained in cell walls of the wood, once its conduits and vessels
are dry.
The lower the value of the saturation point, the durability conditions of
wood usually improve. Normally this value is between 20 and 45, in most
of the commercialized wood. Being the medium values (25-35), the most
normal.

WOOD RETRACTION VALUES
As we have mentioned, from the saturation point of each timber, as it
dries, retractions or contractions take place. This can logically be
measured by checking which is the value of shrinkage if the wood loses
moisture, from the saturation point until its anhydrous state, (lack of
moisture). This value is called TOTAL LINEAR TANGENCIAL SHRINKAGE. It is
measured in the tangential direction of wood growth evaluated in %, of
the retracted length.
In similar way, the contraction generated in the radial direction, is tested
when the wood dries, from saturation moisture until its anhydrous state,
and this value of the contraction, is referred to. TOTAL LINEAR RADIAL
RETRACTION.
These values are used to determine the on-dimensions (largest
dimension), with which the pieces will be sawn, so that, when drying, they
have requested measurement. They also give an idea of the risk of
movement of timber when drying.
In the longitudinal direction, the timber does not show any movement of
retraction, during the drying process.
Another important value to consider is the VOLUMETRIC RETRACTION.
This is obtained by measuring the contraction in volume of a piece of
wood when its moisture falls in 1%. This value gives an idea of the
movement of the timber. So that if this movement is noticeable, the parts
we manufacture with this wood will be easily deformable.

OTHER IMPORTANT VALUES
When the woods we intend to use will be highly stressed, or in demanding
conditions, whether by the way in which they are to be used or other
specific requirements that they must endure, it is important to know:
RESISTANCE TO COMPRESSION
STATIC BENDING
ELASTICITY MODULE
HARDNESS
DURABILITY AND IMPREGNABILITY
CLEAVABILITY
RESISTANCE Xylophagous (TERMITES, LYCTUS, FUNGI, SHELLFISH, ETC)
(WOOD CONSUMERS)
DRYING RATE
SILICA CONTENT
Before defining these values, we will perform some indications on the
wood and its mechanical conditions.
Wood is an anisotropic material, that is, it has different properties in its
different directions. The axial direction, fiber directions, responds to very
different values from its perpendicular directions .
Moisture content plays a very important role in mechanical strength
values of the wood. The continuity or discontinuity of fibers, the content
and type of nodes and other imperfections, also have a very important
role in the resistance and properties of the parts within the same species
of wood.
Taken this into account, we say that the best working conditions or
strength of a piece of wood, are when:

It's a piece of dry wood, free of knots, with continuous fiber and straight,
without any fracture or internal imperfection or resin deposits, completely
healthy and free from any kind of xylophagous attacks.
Another very important condition to consider is that, once the wood has
been worked and placed in a certain place, it tends to balance its moisture
content with the moisture in the environment, reaching an hygrometric
equilibrium, which will only vary with the environmental conditions, either
in humidity or temperature.
COMPRESSION RESISTANCE:
It’s measured by the effort in Kgrs/cm2, which must be applied, on a test
sample of 4 cm2 in section and 6 cms in height, in parallel direction to the
fibers, with a moisture content of 12%, until the break .

STATIC BENDING:
Determined by the effort needed applied on a test sample of 34x2x2 cm,
based on two supports spaced at 28 cm, with a moisture content of 12%
to get it to break.

ELASTICITY UNIT:
Calculated from the bending test, corresponds to the coefficient of
proportionality between strain and warping.

HARDNESS:
Determined by the mark made by a steel cylinder of 30 mm on a wood
test sample 1 cm thick (12% moisture), by applying a load of 100 Kp.
All the tests are performed on the heartwood or perfect wood, the one

that’s formed in the central area of the log as it gradually thickens, and is
formed by the sapwood lignifications, the wood lying between the
heartwood and bark, forming the exterior wood sector of the tree and
responsible for circulation of the sap and the storage of tree nutrition
substances, sugars and starches, and corresponding to the lignified
heartwood, the responsibilities of sturdy wood in the tree stand. The
differentiation of these woods on the roll is very clear in almost all species,
and very sharp, mainly in conifers, in which this wood appears darker than
the outline. We must emphasize that, in general, the woods formed in
temperate climates, with very distinct seasons, the annual growth rings
are usually clearly observed. This doesn’t happens in tropical woods,
where the seasons are not differentiated, and the growth rings are not
stressed; although, except for some rare species, the sapwood is usually
well differentiated from the heartwood, for, in many of them, the colours
are completely different. Except for some rare species.
DURABILITY AND IMPREGNABILITY:
The durability of a wood, is given by the ability of the wood to withstand
the deterioration of its heartwood, to atmospheric and biotic agents. The
impregnability of wood, is characterized by the ability of its heartwood to
absorb liquids through its vessels. By this saying, we can always affirm that
the sapwood is almost always very impregnable and short-lasting and
therefore easily attacked by xylophagous .When we say that a wood is
long-lasting and usually hardly impregnable; we are referring to the
heartwood. The main reason for the xylophagous to attack the sapwood,
is because it is here where the tree stock of celluloses, hemicelluloses,
sugars and starches is stored, while the heartwood is usually strongly

lignified, and its vessels are very thick.
For these reasons, years ago, only the heartwood or perfect wood was
used, getting rid of sapwood. Today, with the exception of many tropical
woods, both sapwood and heartwood are used, depending on the
intended use.
RESISTANCE TO XYLOPHAGOUS:
It studies the ability of the heartwood to resist the attack of biotic
elements. Special attention is given to termites attack, and according to
the response, it’s classified as: Good, Medium or Bad. The behavior of a
wood against termites does not imply the same resistance to other
Xylophagous. The resistance of the woods to Xylophagous attacks is
determined by observation and tests performed both in the field and in
laboratories, with different woods and different humidity and
temperature conditions. In any case, the prevention of Xylophagous
attacks on the different types of wood, is a chapter to study later, because
it’s not only a matter of the properties of wood.
DRYING RATE:
It's a feature which is conditioned by the species, and four situations are
contemplated, considering that proper drying should not alter the
appearance or the physical-mechanical wood conditions. Quick , normal,
difficult or very difficult drying. Difficult and difficult drying are
characterized by the easy appearance of fissures and cracks during the
drying process.

RATE OF SILICA:
The silica content of wood is an important parameter to consider, since it
affects its workability, as a high silica content, greater than 0.1%, requires
the use of cutting tools, both in saws and in blades and discs, with special
steel, stellite teeth (tungsten carbide), or widia discs; for the normal
cutting steels are rapidly degraded without possible use. So, to avoid this
effect, tungsten carbide pellets are welded in the teeth of both sawmills
band saws and cutting blades.

CLEAVABILITY:
This feature of the timber indicates the ease or difficulty we may have
when trying to separate the fibers when the piece is submitted to
perpendicular traction efforts. In fact, it is to assess the transverse traction
resistance. Generally, though with some exceptions, conifers are often
more easily cleavable than the hardwoods. In any case, it is still a very
popular feature for firewood.

TECHNOLOGICAL CHARACTERISTICS OF SOME TROPICAL
WOODS
Over thirty years ago, the FRENCH TROPICAL FORESTRY TECHNICAL
CENTER, published and edited studies of its technicians B. Parant, M.
Chichignoud and PH. Curie, on the physico-mechanical properties of the
major tropical African timber, so that it could serve as a guide for the
users of these species in relation to their jobs and uses. For this, they
were undergone to tests using 10 samples from the same tree, by taking
the average of the results obtained, translating them into synoptic tables,
which, in turn, indicated the characteristics of three species of totally
different properties ,so that it would serve as a comparison with the one
specifically studied. One of them is the Ayous, of weak mechanical
properties, the other is the Sipo (Utile or Assié) of middle characteristics
and the third one is the Azobé (Ekki or Akoga), of high mechanical
properties. This allows comparing the different features, to get an idea of
the possible uses and the ease or difficulty of workability.
This work, of essential importance, with these tropical species, set the
guideline for subsequent publishing’s on tests carried out on the woods of
our regions, of which, we generally lacked these accurate data.
Following, we publish several charts of some imported woods, which are
very commonly used in our country, with the parameters listed and
explained above. We are indicating the name used by the international
transport conference, followed by its botanical name, and in some cases,
the varieties of the species of the same features.
As we can see in the charts, there is generally a quite high dispersion
concerning the data on some parameters of the same test, and within the

same species, and even within the wood from the same tree. For this
reason it was decided, taking as reference data, the average of data
obtained in each of the tests.
These are indicated by a thick dot, to give an idea of the variability of the
parameter.
As samples, we will post the data corresponding to Acajou, Ayous, Azobe,
Bete, Iroko, Sapelli, Sipo, Tali, Teak, and Wenge species. Also indicate that
Acajou wood is, in many areas of Spain, called Mahogany, Bete wood is
called Mansonia, the Tali wood is called Elondo, Azobé wood is called
Ironwood or post-iron, etc.. These are, generally, names from when the
wood was imported from Equatorial Guinea.
The characteristics of these same species meant for construction are also
published, to give an idea of the conditions to be observed, with each of
them, in each case.
On the tables that follow, , the median values obtained in the tests are
joined with a line, for each species of wood, in the various parameters.
Thus we obtain a graph which, at a glance, allows to compare these results
with those of the three reference species. The Sipo, as we see is a timber
of median characteristics which also allows a good sanding, polishing and
finishing, is used in carpentry and interior joinery. It’s used both for solid
pieces and veneer to cover wood pieces or boards of lower quality as to
improve its appearance.
Although with our northern or southern hemisphere leafiest we also have
high quality wood which allow good works and beautiful finishes, they
don’t generally have, under the same conditions, the tropical’s hardness
and durability . For this reason some tropical, are higher valued in

international markets. In our particular case, it will be much more practical
to know the characteristics of the most used woods in our area, for
general use such as the Scots pine, the radiata pine, the oak, the chestnut,
etc..
In the graphs that follow, it should be noted, the great dispersion of values
we are given by the wood tests of the same specie and their varieties. This
happens with all the woods in the world, and is an added difficulty when
establishing a specific resistance data characteristic to a given piece of
wood.
The graphs of CONSTRUCTION CHARACTERISTICS may itself be
determinants when choosing a wood, for a given function.
Today, laboratory tests on the most important characteristics of each
species are continuously carried out and are published for the information
and use of the wood transformation industry technicians. Keep in mind
that there are thousands of different woods which are used in different
parts of the world for various purposes. This, regardless of the Bamboo,
which also has a great use in the Southeast Asia area.
Also keep in mind that some woods are used for the extraction of
essences and oils, for which you need to perform other types of chemical
tests to determine these products qualities and properties.

For other reasons, when mixing wood particles with conglomerates or
binders, we must know which is the most suitable timber and under what
conditions it should be mixed as to avoid the appearance of adverse
reactions with components of different products.
In the same way, the adhesiveness of different adhesives used today, is
not equal in all woods, existing very significant differences.

REMOVAL OF WOOD IN THE FOREST
The forest felling for wood extraction is a rather complex operation, and it
requires for very different action methods, depending on the forest floor,
the topography of the area, type and development of the constituting
trees, soil quality and conditions, to prepare forest tracks of suitable
conditions for the easy transportation of wood, etc..
Today, we have machines and powerful means both for felling trees and
stripping the bark off "in situ", or dragging and loading them without great
difficulty. But the topography of the working area and the soil mechanical
properties on which we must work, load and transport, play a very
important role. These are usually started with favorable climatic
conditions and particularly during the periods of dry weather in order to
better carry out the work of the opening and maintenance of the tracks,
and avoid excessive humidity of the felled parts. In areas of mild climate,
these works are carried out from the spring to autumn, because the forest
is usually more accessible. In winter, if there is heavy frost, it is not
desirable to fell evergreen woods, as these woods can freeze, causing
fractures when the pieces are felled and beaten, and it’s also difficult
cutting them. Deciduous species, do not have this risk. In the tropics,
logging and transport is performed in the dry season, as in many cases,
extraction in the rainy season is impossible. The opening of tracks is
preceded by a selective cutting, to allow the transit of the felled timber.
Depending on the soil conditions and the plant population, machines of
one traction type or another, as well as devices that should be used for
cleaning and implementation of the ground, will be used.

In areas of heavy brush and undergrowth, a single machine can go away
and pulling weeds and bushes, to the roadside where it will open the
track, leaving them deposited for their subsequent drying and rot, serving
as nutrient for the grounds.

In the picture, we can see a machine felling, trimming and peeling the
trunks, as well as chopping them into logs with the dimensions of the
trailer which is transporting them. We can say that the historical work of
axe loggers has disappeared. When the forest floor is very steep, and it
doesn’t present a leveled soil.

For this type of clearcutting (cut whole trees forest) we will use a
caterpillar with a bi-articulated arm and rotating head composed of a a
clamp, large and strong enough to hold the tree trunk.
The machine head, has a saw and blades for cutting, limbing and
debarking the trunks. These machines are used in advantageous
conditions, for , besides holding the trunks strong and rapidly with the
clamp they cut them with the saw and place them on the ground, already
bark stripped and cutter, avoiding the blow fall, and placing the wood at
the right site, at no risk for the operators. Moreover, the clamp has
toothed rollers, to move there along, the stripped trunks and cutter to
lengths of equal size, as required for transport. Then the tractors will be
responsible for loading and stacking them in the loading place
(esplanade), for their final transport to the mountains. These hydraulically
operated machines are adjusted as magnetic heads to the mixed machines
articulated arms with the necessary characteristics for each case.

This system is widely used in the intensive logging of trees of medium size
(15 to 20mts high and no higher than 70/80 cms logs whose trunk and
branches are thin or weak. In cases of very rough relief or steep slopes,
where the machine has difficulty in movement or the trees are of large
size and strong diameters (may be 40 or more trees tm), the loggers with
chainsaws or mechanical saws are usually the ones in charge of the felling
, and even of slicing the trunks into 10 to 13 meters logs, as appropriate,
disposing of bulldozer for dragging and loading. The transport through
forest tracks can be performed with different types of trucks, depending
on the difficulty of the slopes and the curves tracks , so that articulated
trucks with several tractor axes may be available if needed.

When clearing forests with steep slopes, the opening of tracks, absolutely
necessary, in order to easily perform both logging and transportation of
timber, is a very careful execution, and a very precise study should be
done because its implementation generally involves a major cost within

the timber transport. Maintenance costs of these tracks is one of the most
important chapters. The trucks operating on these tracks, are often of
quite power, generally articulated, allowing the rotation of the cabin
regarding

the box, as sometimes the turns must be very tight, and with

a power transmission of all axes. These trucks support a different kind of
box, when consolidated tracks, they include dump truck and devices
thereof.
Those of open box, with boom or extendable crane arm for the logs
loading and unloading either from the ground to its own box or from its
box to the truck that’s transporting timber to its final destination . In the
photo we see a truck of damper type, which is used in the work of the
consolidation tracks, or in storage areas of timber in the forest.

In the areal picture shown in the next page, we can see the tracks in a
forest of steep slope mountain.

In these cases, as timber extraction is complicated because the machines
will work poorly in very steep slopes, tracks are built in the form of loops,
with proximity between them, so that a point can be reached by two
different routes. This way, a machine that cuts, strips, chops and stacks,
hardly has to move to the side of the tracks. For the extraction of timber
in some forest of steep slopes and great difficulty for enabling forest
tracks, it may be interesting the use of steel cables for air transport of
wood, as if zip lines, with a winch adapted to the tractor machines. In
order to do this, we have to consider the size and weight of the log to be
transported. Keep in mind that a wood log roll from the tropics
rainforests, a roll of 10 meters in length, can weigh 13/15 tm, and have a
diameter of 150/180 cms, therefore, it can hardly be transported
suspended from a cable. The green weight of many of these woods is over
1,000 kgs/m3, therefore, as they can’t float on water, you can not directly
use the existing river streams for their transportation, having to use
barges or trucks along forest tracks and roads.
When felling, it’s very important to leave the cut parts out of the forest as
soon as possible ,to prevent fungus infestation and insect attacks on
unprotected heads, and, if necessary, spray on them fungicides for this
purpose. The leftover wood , is used as fuel.
In the final picture of the chapter, we see the stack that the machine has
left on the track, to be collected and transported. The machine is in the
opposite side of the stack, where the truck to be loaded will attend. This is
way there’s no need to cross the track, and therefore it does not need to
have more width than required by the machine to work, or the truck to
transport.

Aerial view of the mountain slope, with open tracks to transport the wood
to be extracted. You can see the mentioned formation of loops. On top of

the picture, the ridge track, and the change of slope.
In the picture, you can see the steep slope in the

upper left horizon, as we can see, the track is covered by stacking left by
the cutting machine.

In the picture we see the marks left on the logs by the machine’s magnetic
head drive discs

FORESTS IN SPAIN
To get an idea of the forest situation in our country and within the
European Economic Community (EU-27), we provide comparing tables of
different measurements and species, informed by the relevant forest
administrations of the 27 countries of the community. The data for Spain
and its communities belongs to the Department of Agriculture and the
appropriate authority in each community.
The tree-covered area in Spain can be estimated at 17 million nine
hundred thousand hectares This area encompasses both the forest whose
main function is the timber, and mixed forests
The tree-covered area corresponding to citrus or olive trees plantations, is
not considered within this area.
To focus on what the wood as raw material means yo our country, we
have to declare that Spain has historically been a predominantly wood
importer country, for our wood resources aren’t enough to supply the
domestic market. And, as we will see later, the wooded area on our
geography is rather low compared to most of our EU neighbours.
When we refer to a timber tree, we mean that the tree has the
dimensions of trunk in thickness and height, to provide pieces of wood big
enough for different elements of commercial purpose in different
international markets, in order to offer these parts. This means that
shrubs, trees less than 7 meters in height and less than 20 cm in diameter
are not considered as timber trees. This does not imply that its wood is
useless because it can be very good for fuel use, for making small items,
various accessories or grinding processes.

Unfortunately, in Spain, the shrubbed area is very large, compared to the
total volume of the tree-covered area.
We consider that 61% is bush and 39% timber. This places Spain as a
treeless country, if compared to most of the countries of the European
Economic Community. There is a number of factors, among them the soil
and climate varieties , that influence this situation, promoting the annual
growth of wood in some forest zones or regions, rather than on others of
less favorable conditions.
In any case, the concept of forest we are using is very restrictive, since we
are studying exclusively the timberland, as primary function. The general
concept of forest is much broader, as the forest may not be very
interesting in terms of timber production, and yet be of great economic
importance because of their particular productivity. We refer here to the
Spanish olive grove. In Spain more than 2.4 million hectares of olive trees
of different varieties are planted and in production, whose timber value is
not significant, but its olive production is the highest in Europe, with
important impact on the total Spanish forest value.
But we will discuss in a separate chapter the concepts of NTFPs (Non
Timber Forest Products) as well as their study and growing importance
within the forest complex, when exposing the global status of forests.
Timber production is very important, but the fruits from the forest and
other products derived from them, such as gums, oils, resins, etc. may be
of equal or greater economic importance in many cases.
We also have a sizeable area of 333 thousand hectares designed to citrus
production, in which case we neither apply the concept of timberland
since the main purpose of these trees focuses on the production of fruits,

citrus in this case, being totally marginal the small timber production and
other derivate products.
This doesn’t only happens in Spain, in many countries of the world millions
of acres of productive soil, have been and are currently being used in tree
plantations to get them NTFPs (non-timber forest products) .This is the
case of the "heveas" plantations in Brazil for obtaining rubber, or the
latest of "palm oil" in West Africa.
Fruit destined for production, requires special development features of
the tree, so as to facilitate both the collection of fruits as its possible
treatments and ease irrigation. Those for ornamentation, are usually
much more developed, with more slender appearance.
The soil occupied by these tree fruit, in this particular case (citrus), is not
considered wooded land, but agricultural land. In these cases it is very
difficult to draw a clear distinction between what is forest soil, and if the
fruit of the tree is woodland extractivism, or like in this case, is an

agricultural production, in which the tree itself has no other purpose than
the generation of the fruit.
We must apply the olive grove the same concept.It is a vast area of
woodland applied exclusively to the production of olives, and all actions
and care performed on the olive trees are to get a bigger and better fruit
quality.In the picture below we have a view of olive grove in the province
of Jaén. The community of Andalusia, has the largest olive grove in Spain.
Its impact on the economy of the community, both in product value, and
maintaining jobs is paramount. However, as indicated previously,
although the wood has good toughness and resistance characteristics, a
nice drawing, good sanding and polishing condition, when sawing the
trunk, you can not get pieces of great dimension, so they are typically
used for small objects (kitchen utensils, decorative boxes, chests, and in

some cases even pieces of parquet flooring).

Although in some studies the "olea europea" species and its varieties,
commonly called the olive, has been included as producers of wood, with
growth data and annual productions, which are of course correct, its
impact on the total volume of timber species in Spain, is not significant.

In the picture we can see an area of pasture, very favourable for livestock
use. Pastures’ formation is extensive in the Spanish geographic panorama,
and the largest area in the European Community.
In Spain, the Atlantic region generates the 48% of the annual volume of
timber growth. This region encompasses the northern Spain, from the
Pyrenees to Galicia. The central area would generate a 34% and the
Mediterranean area, which is the east and south peripheral area of Spain,
a 17%, the Canary Islands providing 1% of the whole.
No region shows a high growth timber volume by wooded hectare. The
Atlantic region has the highest ratio in forest tree growth surface, with
similar or superior values to the European figures.

LIST OF WOODED AND TREELESS SURFACES OF
THE EUROPEAN ECONOMIC UNION
COUNTRIES GRAPHIC

Spain, as a country of the European Economic Community, has the largest
shrub and pastures surface area in the community, in detriment of the
forest surface. However, the different types of Spanish forests are
conditioned by the weather, soil and relief varieties, leading to the
formation of species and different varieties of conifers and hardwoods.

EVOLUTION OF TREE SPECIES IN SPAIN
In Spain, in the last fifty years, fast-growing species have been introduced
in those areas whose soil and climate are suitable. The Cantabrian coast
has been the most affected area by this process. In other areas or regions,
other plantations with different purposes from obtaining rapid wood
products such as soil stabilization, or obtaining non-timber products,
have been performed, while avoiding erosion and the conversion of
possible productive lands in arid lands.
Following, the data submitted by the countries of the European Economic
Community which the Ministry of Agriculture collects and spreads, along
with those of the evolution of forest resources in Spain since 1975 until
2009. Production per species in some of the late years and their final
destinations are listed in other graphics.

DEFINITIONS OF WOODED SURFACES
We define dense forest when the wooded soil area is superior to 20% of
the total, pasture around 20% of the surface and scattered woodland
where the wooded area is clearly inferior to 20% of the area concerned.
The total annual timber growth in Spain reached in 2009 approximately 46
million m3. Keep in mind that forest growth in Spain is about 2.5m3 per
hectare per year, a value much lower than the European average, which is
5.1 m3 per hectare per year. Only the Atlantic Spanish area more wooded
and with fast growing species, exceeds this figure.

DISPERSION OF WOODLAND IN SPAIN THEIR
RATINGS SURFACES
We must relativize all these data, considering that plantations, replanting
or logging are scheduled in five-year or decades; therefore, the data for a
given year is arguable.

By regions highlights the meadow in Extremadura, which is more than
50% of its forest area and provides 50% of the surface open stands in
Spain. Castile and León provides the largest area of dense forest, although
in relative terms, is the Basque Country (99% of the forested area) whre
this is the most abundant type of mass.

In the picture a Scots pine forest in Quintanar de la Sierra. It takes part of
the Pinares area which extends from the province of Burgos to Soria. It
gives a good quality of wood, but the set of soil conditions, forces the tree
to a slow development, needing therefore over one hundred and twenty
years o growing to become timber. Within the set of species that develop
in Spain, we can consider that the Scots pine in this area, is the most
appreciated, both for carpentry furniture and construction. The volume of
annual wood production of the entire area of this pine forest doesn’t
exceed one hundred forty thousand cubic meters.

Evolution of timber growth volume by species in Spain
Ratio
SPECIES

Wood volume annual growth
1975

CONIFERS
Pinus silvetris
Pinus pinaster
Pinus
halepensis
Pinus migra
Pinus pinea
Pinus uncinata
Pinus
canariensis
Pinus radiata
Abies alba
Juniperus
thurifera
Other conifers
TOTAL
CONIFERS

1000 m3/year

% over
total

1996
1000
m3/year

2009
% over 1000
total
m3/year

2.761
9.362

9
30

2.542
4.155

8
14

5.863
7.834

1.273
1.483
687
278

4
5
2
1

1.083
899
251
154

4
3
1
1

2.744
3.065
843
335

264
5.201
118

1
17
0

172
2.032
205

1
7
1

232
4.041
171

289

1

28
6.008

0
20

83
933

21.715

69

17.529

58

26.145

LEAFIES
Fagus sylvatica
Quercus ilex
Quercus
pyrenaica
Quercus robur
Castanea sativa
Quercus suber
Quercus
faginea
Quercus
petraea
Eucalyptus
globulus
Populus x
canadensis
Other leafies
TOTAL
LEAFIES
TOTAL

1.187

4

1.246
61

4
0

1.655
1.444

645
509
683

2
2
2

423
397
489
20

1
1
2
0

1.474
1.016
1.080
286

309

1

61

0

427

109

0

3.170

10

1.557

5

8.098

1.005
2.005

3
6

410
7.895

1
26

902
3.291

9.622
31.337

31
100

12.559
30.089

42
100

19.991
46.136

318

(1) It includes Quecus Robur and Quercus petraea.
Source: Agriculture Ministry- ICONA (1975), Agriculture Ministry - ICONA.IFN2(1996) and
MARM.IFN3 (2009)

PRODUCTION OF WOOD SPECIES IN SPAIN
The major timber producer species are maritime pine, eucalyptus, radiata
pine and Scots pine, all of them with annual productions close or superior
to 1,000.000 cubic meters.

The three main destinations by volume of de extracted wood are :
sawmills ( 36% ), paper paste trituration ( 27% ),and board production
trituration ( 25% ).
Rolls: posts and mine logs 2% , Other industrial uses 3%, Logs for layers 4%
For burning 3%.

EUCALYPTUS Dalrympleana FOREST IN THE CANTABRIAN
CORCNICHE – SANTANDER-SPAIN

WILD PINE FOREST IN DURUELO DE LA SIERRA (PROVINCE OF SORIA)

SPAIN

EUCALYPTUS GLOBULUS IN VIZCAYA
TWO PINES RADIATA ON THE SIDES

SAWN WOOD ROLL

The loads of logs usually get to the mill loaded onto trucks, in the form of
recently felled rolls, previously cut to a dimension of preset box. The logs
can have bark or be peeled, wether the sawmill prefers to do it in their
facilities and give the bark other uses, or the inability to do so "in situ" in
the case of logs of great dimension and weight. Once the logs are
debarked and cut in a convenient length, these are stacked in mechanical
loaders which place the rolls on carrieges where the logs are hold by
powerful claws of steel, preparing them for the first cut . As a result the
lumber can be of different lengths and diameters, and therefore also its
weight and volume. Sawmills are different depending on the type of
Wood to be sawn.To saw pine logs from 4 to 6 meters in length and 50 to

90 cm in diameter, a sawmill needs a narrow carriage which can easily
transport up to 6 or 7 tm. The bandsaws won’t need to be wider than
20cms to transmit the 70 or 90 needed H.P.. to perform the cuttings at an
appropiate speed.

Completely different will be the sawmills intending to cut oak, or tropical
woods like Tali, Mansonia or Azobé, exceeding 120 cms of diameter.These
are hardwoods, and they can demand for its cutting up to 300 hp and
lower cutting speeds. This in turn requires the use of the bandsaws up to
400 mm wide, and idler wheels from over 200 cms in diameter. In each
case, the sawmill must be structured and dimensioned as to make cuts of
certain types of woods, and in the circumstances it is conditioned. The
main determining factor in its performance is the monthly or daily volume
of timber to be broken down and prepared for shipment. Therefore, we

can not say that there is an ideal type of sawmill. We will have to consider,
in each case, the convenient sawmill, for its better functionality. There is
an undeniable premise, in all cases, the cuts of logs, should be made,
based on the best harvesting of quality timber, avoiding, when possible,
the defects that it may have.

CARRIAGE SLIDING RAILS IN THE SAW
The operator who manages the carriage and the saw and sets the log for
cutting is the main actor in the sawmill, and his experience in cutting for
the best use of wood is essential, when it comes to get sawn pieces, with
the fewer knots in sight, and try to minimize the defects that this may
have on the inside, since the value of the pieces, according to their
quality, is very different. The person responsible for the sawmill must
know, from the very first moment of the logging, the felling taken place in
the forest, the logs structure characteristics that are getting to his saw.
Thus, he will previously know, the approximate wood quality he will get
after its sawing.

It is important that this knowledge is transmitted to the carriage operator
so that he can act accordingly.

LOG READY TO BE PLACED ON THE CARRIAGE

DRYING OF WOOD
The logs get to the sawmill with the water content they had when they
were felled and transported. The sawmill must know what is the
hygrometric state of this timber prior to sawing, as to calculate the
cutting and forecasting the retractions it will suffer during the drying
process in order to deliver the order with the appropriate dimensions.
This is important because the receiver of the orders must have ordered
them based on the sizing of the parts he needs for the next
transformations, allowing this way the minimum possible waste. Today,
many sawmills have Wood drying kilns to provide these Woods in
conditions of certain moisture content, tailored to customer needs.
The artificial drying of Wood is carried out in closed and totally isolated
warehouses where the perfectly stacked timber is placed in such a way as
to allow the circulation of air streams which will obtain the moisture and
will expel it to the outside. These operations are carried out with the
circulation of air streams heated to different temperatures, with varying
degrees of moisture and in certain time cycles. All these parameters are
given depending on the wood species, the thickness of the parts,the initial
degree of humidity and the moisture with which we intend to take the
pieces out of the dryer. Each specie requires a particular type of drying. A
proper drying doesn’t damages the pieces of wood, not causing warps or
any type of cracks.
Generally, the pieces of freshly sawn wood have a moisture content
exceeding 50%, therefore in dry seasons they are stacked in the open as to
reach a more rapid decrease in humidity, up to two or three points above
the saturation point. Afterwards, these bundles of Wood are taken to well
ventilated sheds, but protecting the Wood from strong sunshine which

cause drying stresses and the appearance of cracks. They also protect the
wood from potential rainfall that can stop the shallow drying and
encourage fungus attacks. Obviously the thinner and narrower the pieces,
the easier and quicker they will dry. In the case of parts of important
thickness , over 150 mm, it’s not worth an artificial and fast drying
because both time and energy required, as well as the possibility of
generating large cracks and fissures caused by shrinkage, is very high .
Keep in mind that during the drying of the pieces the moisture migrates
from the inside to the outside, in such way that the inside always
preserves a

higher moisture to the outer layers, and only for a certain period
(depending on the thickness of the part), reaches an equilibrium between
layers, eliminating the internal stresses of drying.
During the natural drying of the wood, this will gradually lose water until
it reaches the same hygrometric balance of the environment. Therefore, a
better natural drying of a piece of wood,
Will be achieved with a very low environmental humidity and not too high
temperatures, resulting this in a long and gradual drying, which,
depending on the 76wood in question and on its sections it can last from
eight or ten months up to four or five years. As this

represents excessively long periods of time, for the cases of hard woods,
it’s always applied the artificial drying suitable for that species.
Each timber has different artificial drying conditions, previously studied
on specimens, which greatly vary from each other. Logically, the
shrinkage of the wood is a very important referent in this aspect. So, for a
proper artificial drying of the wood planks, the drying packages must be
of the same section and length.

The already mentioned difficulty in drying quite thick pieces has promoted
the use of glued-laminated Wood pieces, with advantage over those of
solid wood of the same section. Since moisture will gradually migrate from
the interior of the piece to the exterior, the solid Wood pieces of strong
section take a long time to dry evenly, with the added danger of opening
and easily crack, which can possibly make the piece useless, depending on
its intended use. In a later chapter we will discuss the performance and
usefulness of these pieces. A not mentioned use, as one of the most
widespread uses, of the peeled and chopped or ground Wood, is its
expedition to paper or synthetic fibber factories and to composite, veneer,
particle, fibbers etc. boards factories. The supply to these processing
centres is made in log rolls , debarked or not, without any kind of sawing,
as it is the factory itself, given its specialty, which performs the necessary
transformations. In some pictures we have seen thick pieces of wood
drying in the open. These parts packages are impregnated with fungicides

sprayed on them to prevent fungal attack, mainly the bluish one, which
discolours the wood causing its depreciation. When performing the
stacking of the pieces it’s very important, to its proper drying, to aligned
vertically the stickers (wood strips used for the separation of the layers )
to well ventilate the package, and do not deform the lower parts because
of the upper loading, on unsupported spans. No piece must be in direct
contact with the ground.

DEFECTS AND IRREGULARITIES IN WOOD
At the moment of felling , according to the destination and the known
value of the type of the timber we're going to get, we must appreciate
the conditions of the trees standing and assess whether all these worth
their felling, since the mill will reject imperfect pieces due to the lack of
value of the timber. This selection, presumably already made on the
forest, doesn’t anticipate the various defects and irregularities that may
appear when sawing those logs. Therefore, we are going to make a list of
these and indicate a classification system of the lumber sawn Sharp-edge,
taking these conditions into account.
In May 1979, by proposal from several African countries: Cameroon,
Congo, Ivory Coast, Gabon and Zaire, major producers of Wood called for
a commission of the European communities to study the establishment of
classification rules of the sharp-edge sawn lumber as to assess the value
of each of the classes. The INTERNATIONAL TECHNICAL ASSOCIATION FOR
TROPICAL TIMBER decided to include among its recommendations some
classification rules, and it was the TROPICAL FORESTRY TECHNICAL
CENTER which, collecting this documentation and providing the
knowledge of their experts in the field, facilitated the diffusion of
regulations by publishing them in a clear and organized manner, for its use
by those interested parties of the sector.
As the description of all the classification rules means an exhaustive list of
all defects and irregularities in the wood parts and their complete
knowledge particularly and basically interest to the technician, he should
check that the quality of the wood he wants to purchase meets the
requirements of the standards. We won’t make the exposure of them. m.

In any case we will describe some general considerations for the
preparation and reception of the wood.
The sawing and re-edging of the parts must be made in a way as to allow
the nominal dimensions, multiples pieces of 25cms length, when the
moisture content of the wood is 20%. The thickness surfaces of the parts
must be parallel to each other and perpendicular to the width of the
parts. The front edges of the pieces must be perpendicular to the axis of
the work piece.
It is absolutely necessary to apply a preservation treatment to all freshly
sawn pieces that are susceptible to fungi or insects attacks when drying.
The buyer can ask the front edge pieces to be treated with anti-cracks
products to reduce the risk of cracking during their transport or drying. No
part of the package must be less than the nominal dimension when its
moisture is 20%.
In this regulation, concise and comprehensive, it is noticeable as one of
the entries, a list of the most commercial species of African woods, which
often have more defects, and which are listed below.
1st African Timber which tends to pitting (small holes), not active: Limba
(Fraké) and Ohia (Asan, Ba)
2nd Very small knots: Bosse, Ilomba, Kotibé
3rd Exudations and resin bags: Bossé, Ebiara, Emien, Etimoe, Faro
4th Noticeable grain: Aiélé, Bilinga, Dabema, Kosipo, Movingui, Sapelli
5th Cracks: Azobé (Ekki), Bilinga (Badi), Mansonia (Bete).

CLASSIFICATION OF SAWN WOOD
General prescription terms common to all classes: No piece should have
internal fracture, not showing visible trace of rotting or discoloration. Any
heart defects, cracking or rotting (only observed on the edge of the piece).
No sting of any punching insect and no deformation on the work piece in
any of its dimensions. Testa fissures of the pieces are tolerated if the
length does not exceed 5cm.
General terms of the first class: Dimensions of 2.25 mts above, in sections
of 25 cms. The grain of the whole piece is straight and the faces of the
piece, free of any defects. The sapwood, still healthy, is not accepted
General terms of the second class: Dimensions of 2.25 mts above, in
sections of 25 cms. Straight grain free from defects , except the
acceptance of some knots, under the condition that the sum of their
diameters does not exceed 1/5 of the width of the piece. Healthy
sapwood is allowed under contractual specification.
General terms of the third class: Dimensions 1.75 mts above, in sections
of 25 cms. A Thread slope not exceeding 6% is admitted, and against the
grain not exceeding the 30% of the pieces lot. It can support healthy
sapwood under contractual specification. Knots allowed on both sides,
even exceeding one fifth of the width of the piece.
This classification differs from that used for timber sawn for building
structures, as well as for carpentry and joinery used in most of the
European Economic Community, which we are describing further on.
Besides, these are conditioned to physical and mechanical
relegated to true amateurs of the profession, who do not compete due to
the costs, as the non specialized processing times, and therefore costs, are
very high compared

to the specialized processing centres.
In any case, machines operating in either case, serve the same purpose,
but with different resources. So, we are describing machinery and tools
used in general carpentry work on the wood, to get an idea of the
improvements that those employed in massive transformations may have.
The automation, computerization and electronic remote control of the
transformation processes, is the improvement weapon in production,
both in quality and cost-competitiveness.
A carpentry working in a wide variety of parts, requires machines of very
extensive use or very versatiles. Indispensable machines are: band saw,
table saw, brush, planer, sander, mortise, etc., as well as a set of hand
tools such as chisels, gouges, rasps, screwdrivers and a set of tools that
have been used over the years. In the last fifty years, a series of portable
machines, increasingly more versatile and powerful, are replacing the
classic tools, very advantageously in applications and in speed. A small
carpentry shall also forecast that their machines must work various types
of woods and a wide variety of boards.

.

FROM THE SAWING TO THE FACTORY OR CARPENTRY
The growing specialization of working a single range of differentiated
products, and with certain types of wood, means that general carpentry
works for the manufacture of furniture, tools or various Wood elements ,
is relegated to true amateurs of the profession, who do not compete due
to the costs, as the non specialized processing times, and therefore costs,
are very high compared to the specialized processing centers.
In any case, machines operating in either case, serve the same purpose,
but with different resources. So, we are describing machinery and tools
used in general carpentry work on the wood, to get an idea of the
improvements that those employed in massive transformations may have.
The automation, computerization and electronic remote control of the
transformation processes, is the improvement weapon in production,
both in quality and cost-competitiveness.
A carpentry working in a wide variety of parts, requires machines of very
extensive use or very versatiles.Indispensable macines are: bandsaw,
table saw, brush, planer, sander, mortiser, etc., as well as a set of hand
tools such as chisels, gouges, rasps, screwdrivers and a set of tools that
have been used over the years. In the last fifty years, a series of portable
machines,increasingly more versatile and powerful, are replacing the
classic tools, very advantageously in applications and in speed. A small

PORTABLE MACHINES USUAL IN A SMALL CARPENTRY
PORTABLE DISC MITER SAW. This machine is one of the most used by
carpenters, especially in coatings with wooden slats, in wooden flooring or
skirting boards works. It enables cuts with the disc, with the desired angles
or inclinations.
Grooving, or cutting in length, making recesses, or preparing miters for
joining angle
pieces, are
some of the
most employed
functions in
placings "in
situ". It is
important,
when using it ,
not to remove,
in any case, the
protective
elements of the
disc, no matter
how familiar we are with the machine. Normally 300 mm discs with
stellite teeth are used to cut any type of wood or board of up to 50mm
thicknesses. They are provided with 220v single phase engines, and up to
3 hp. To use it in places without electricity supply, in these conditions, the
use a portable generator is needed, which will be installed in a remote and
airy place.

PORTABLE ENERGY
GENERATOR
It is an essential machine to
power the portable set of
machines that we use for
working when there’s no
power. It usually provides up
to 5.000W power, usually
enough to use two portable
machines simultaneously. The generator is powered by a low consumption
gasoline combustion engine. As the less powered ones take up little
volumen and are quite light, they are easily transportable.
AIR NAILER Indispensable when hundreds of tacks must be quickly and
accurately nailed. Normal guns usually nail from 20mm to 60mm tacks.
They work well with air pressures from the 4O5 kg. They have a safety
device on the muzzle of the gun which does not allows its shooting until
no pressure against the element you want to nail is made. The tacks are
sold in flat plates of widths of the tack length and of lengths adapted to
the charger.

MULTI PURPOSE DRILL
Today, the market offer of most portable drills, are simultaneously drills,
screwdrivers and variable speed screwdrivers and bit holders that allow
placing bits of at least 10 mm diameter. This is possibly the most used
portable machine all over the world, and, of course, in all workshops. With
powers above 600 W, which allows them to drill even thin steel plates.

The drill in the picture has speed regulator, turn right and left, it can be
used as a percusor if necessary when drilling hard materials and has an
adaptable ruler that holds the handle with a millimeter graduation which
allows drilling to a predetermined depth. It needs no accessory piece to
set the bit to the machine. A drill holder can be attached to the same drill
collar where the grip handle has been placed, to define holes in a piece or
placing them in the same position in several similar parts.

PORTABLE COMPRESSOR
For the use of other tools or machines that may require compressed air, it
is very necessary the use of a small compressor which provides us with
compressed air at low pressure, up to 6 kg, but enough to work with a
tacks nailer or a paint or varnish gun. The compressor is driven by a single
phase 220v electric motor. When there’s no supply at the workplace, we
will use a portable generator.

PORTABLE
BRUSHING
Another widely
used machines in
all carpentry work,
for adjustment of
moving parts,
either doors,
drawers or other
pieces that must
fit in with some
precision, either
for setting or gluing. The machine features a high-revving electric motor,
which transmits its power to a fixed knife shaft through a protected
transmission belt (side cover). The planer surface, lower base, has its first
section height adjustable to limit the thickness of brushing. The knifeholder cylinder carries the accommodations suitable for placing on them
the blades, generally two opposing blades, which are secured by screws to
their precise positions. Once the blades suffer wear or

Notches after cutting, they are changed. There steel blades of different
qualities, depending on whether the timber that we want to work and its
silica content, which when high, forces frequent changes in the cutting
blades

PORTABLE BAND SANDER. This is another equipment widely used
because it allows sanding any surface, preparing it to correctly implement
any termination. The sanding strips are placed with great ease, since the
machine has the movable idler roll, in order to tighten and slacken the
sanding belt; they are marketed with different granulometries, according
to the desired polishing fineness.

PORTABLE DISC. Generally used for cutting on boards of ample
dimensions, and on thicknesses up to 70mm, depending on the
characteristics of the type of board we want to cut. It offers a guide to
slide on a preset rule, and thus be able to

perform a straight, clean cut. It uses discs with stellite teeth for cutting all
types of boards, and 750w power engines, which evenallows cuts of
wood-cement boards (Viroc).
JIGSAW.
Portable electric machine for curved cuts both on boards and on solid
Wood parts of thickness less than 70mm. It offers the chance to change
the saws for different material cuts as well as to incline the cutting
platform support to a certain angle as to obtain an inclined cut to that
angle. The engine is powered by 220 v electricity. It also has several

positions to tilt the angle of the saw as to advance the cuts more or less,
according to the hardness of the material to be cut. It enables to make
cuts in thin metal sheets using suitable saws .It’s possible to perform cuts
in the interior side of a board, if a hole made with a bit of a diameter
greater than the width of the saw diameter is previously done on the
start cutting point. These machines admit , without having to make any
changes, saws of longer lengths which allows cutting thicker pieces of
various types of steel depending on the material to be cut. There are other
types of machines,
called sword saws,
which with longer and
wider saws and
equipped with more
power, can cut larger
thicknesses.
Keep in mind that this
machine cuts have a
relative precision
regarding the
straightness, as the
attached saws are thin pieces that can quite easily suffer warping during
the cutting efforts. Therefore, it’s appropriate to use it with a lot of
patience and skill.

PORTABLE MILLING MACHINE
The machine in the picture is designed to work pieces whose width and
thickness are limited to dimensions under 200 mm
The machine normally slides along the piece to mill a moulding,a box or a
particular slot, in the precise length.
It offers a variety of milling cutters, even for polishing. They wok with
750W engines, at more than 15,000 revolutions per minute, and its
handling is very simple. The engine operates at 220v and therefore it can
be used outside, even with a portable generator, if there’s no access to
electric power

CHAINSAW
This machine is used universally in all works related to the wood. From
logging in the forest, to perform the selections when the tree trunks to be
cut are of small diameter and are close together, for the bush cleaning, or
simply to cut pieces of Wood of a thickness exceeding 30mm to be carried
out "in situ" in the bush. For all these cases, and according to the works
most frequently carried out with this machine, there are saw blades of
different lengths available so that they can be exchanged, as well as
machines with different powers to adapt them to the work to be done.
The most used run with internal combustion engines because they supply
more power than those with electric engines. Besides, they have full
autonomy, as they require no external power supply. They should be used
by trained personnel, used to their handling, with all their protection
elements in place, whenever the work allows it. When performing
horizontal cuts, there must be a protection separation between the work
piece and the operator, so that, even if the cut occurs abruptly or
suddenly, the sword doesn’t directly falls over the operator’s legs. It is a
very efficient machine, but it requires a very careful handling.

FIXED EQUIPMENT IN A GENERAL CARPENTRY
DESCRIPTION AND USE OF EACH MACHINE:
The band saw for long cuts of thick, long pieces. A toothed drive roller can
be incorporated to help setting the cutting speed. With a belt width of 7
cm and 90 cm
diameter wheels,
with a 5 hp engine
is enough to make
a cut in pieces of
25 cm thick, of
conifer timber.
Band saws, such as
the one on picture,
have, on the top
table, a choker
shaped guiding
piece of the blade,
adjustable in
height, depending
on the height of
the piece to be
sawed. Thus, lateral movements of the blade are avoided during the
sawing of the pieces both the top and the bottom wheels are.

Blade cover. It has holes on the cutting table as to mount a motorized
toothed cylinder, which, with at least two speeds, allows the dragging of
the piece to be sawn, for the comfort and protection of the operator.

The sliding table performs fast and accurate cuts with preset angles on
boards or tables of large surface. With a table of 300 cm long, blade up to
350mm in diameter and 3C.V. engine. It's enough to cut any type of board,
even DM or 30 mm thick Viroc. The machine may have a disc for a small to
avoid the splinter of the upper and lower ends of the cutting board. The
sliding table of the picture is of numerical control, which allows ordering
the board perimeter cuts according to the quotas displayed on the control
screen. The machine will place the board in the required position to
perform these cut measure with total precision.
The thicknesses planer is a machine to be used with pieces of solid wood,
and, as the name suggests, serves to thicknessing a piece at a uniform and
given dimension. It’s basically a horizontal table, up to 400mm width,

height adjustable and a slide cylindrical blade placed at a certain height
which gives us the necessary thickness, roughing down the leftover Wood.
Thus, the obtained product has a uniform thickness, with two parallel
faces. If the part is warped, we first brush one side, to present a perfectly
horizontal surface so that the thicknesser planer may perform its job
properly.
The thicknesser planer of the picture is a classic, very simple, very robust
and easy to operate machine. Not even modern joineries get rid of these
machines since they are very practical when making thickness corrections
in a very small number of pieces, or in a single particular piece.

planing machine is a machine that performs the dual function of brush
and thicknesser in one try. Most current machines have automatic
features for their moving parts positioning. The operator just has to
control that these perform the

works properly, according to the established positioning . These machines
are very useful for very varied jobs of a few pieces. They have a very low
maintenance cost, they are very robust and durable.
The brush is a machine that has a aplit table. The first part of the table,
receiving timber is adjustable in height, and placed at a lower level and
desired height. A cylinder with blades is in charge of roughing down the
difference of levels, leaving the resting surface, fully flat, eliminating
possible warping. In the brush of the picture, the same shaft carrying the
brushing blades has an elongation to another independent and mobile
table, height adjustable, and separation, that allows drilling and hewn
with the same machine. This type of classic machine is also very robust
and durable. They run on electric engines that transmit their power to the

axles through straps, which, due to a big difference in the diameters of the
pulleys, achieve a multiplication of the revolutions of the cutting shaft.
BELT SANDER
The machine in the picture is a calibrating sander used to sand wide
surface boards s with high precision on the thickness sanding,

two rollers somewhat longer than the width of the sandpaper band, and
in such a way that a skate presses the sandpaper on the wood piece with
even pressure to achieve a perfect finish. The calibrating sanders are used
to sand wooden pieces with recoating base applied on smooth surfaces, in
preparation for the application of the finishing. In the picture we see the
devices where the sanding belts are placed.

These machines are truly effective on the sanding of apreciable surface
boards, such as table boards of over 150x100 cm.
Logically, the first process involves sanding the wood board without giving
any primer. Next, performing the dying with the required base, according
to the intended type of wood and finish.
As soon as the base is dry, this layer is sanded in order to proceed to the
finish. It is important that the periods of time between the sanding are the
least possible to avoid, as far as possible, small movement the piece of
Wood can suffer, especially if it’s about solid wood board.
TUPI
The Tupi mainly consists of a platform or table, through which a
perpendicular axle engine sticks out, where a blade-holder cylinder is
fixed.
It’s very suitable to work curves on pieces of wood of smaller size and
variable sections. It is the most functional machine for woodworking. In
modern Tupis, the parts are positioned in such way that an automatic

dragging and the axis work
the part, without the manual
action of the operator.
The

milling

holder

shaft

Works at high revolutions per
minute. This, together with
the fact that in classic Tupis
the operator held and moved
the piece over shaft with his hands, has been the cause of many accidents.
MILLING MACHINE
It is a fully automated machine whose all working coordinates are
indicated on its computer. It works in three dimensions which allows
whether making relieves, making very accurate cuts in flat pieces or
roughing down and polishing solid wood pieces. This work is done either
for a given piece or for a thousand similar pieces. The machine collects
and adjusts the cutter or disc needed to perform the work automatically,

without the intervention of the operator, whose only role is checking that
the work is running properly. Logically, these expensive machines are used
to make long series of complex parts.

THE MOULDER

The moulder is a machine to work small sections of wood, but with great
length, and providing them certain perimetral shapes, according to the
design. It can work all around the Wood outline , and combined in one
pass of the workpiece, the work of up to ten axes, placed continuously on
the workpiece transport table, over the sides, or even at high or low
levels, to work on all four sides on the same pass. The workpieces are
limited to section dimensions of approx. 200x70 mm and variable length,
depending on the type of wood to be worked, its rigidity and hardness.
The advantage is that this machine can work at a speed of 15 to 20 meters
per minute, depending on the rotation speed of the shafts, and thus of the
cutting blades. A single operator can control the entire operation. The
moulders are provided with exchangeable heads to place on their axes,
where the cutting blades of the wooden parts are housed.
These blades must define the profile of the counterframe to be made on
wood. In moulders having their axes at distances of more than 90 cm or 1

m, there are wheeled rammers to prevent a possible bending of the piece
of wood, before being attacked by the blades of the next engine. The
piece of wood is always driven sideways, between strong metal
guideways, to prevent lateral movement that can deform the moulding.
THE MULTIBLADE SAW
The multiblade saw is a machine with several cutting discs on a single
shaft, which can be arranged at the distances we want to make the cuts,
to, just with one pass, make a multiple quartering out of a single piece.
The cuts can be both vertical and horizontal, and do both in a single pass,
with disk spindles or blades, different and continuous. To do this, the
machine is usually provided
with

We remind that an appropriate moisture content of the wood is essential
for a correct work with solid wood, so that there aren’t retraction
movements neither while working it nor after being worked. It’s,
besides, an important parameter both for the result of the glue and

finishings or coatings. To work more safely , it’s also very important to
know its exact shrinkage rate, which indicates the variation in tangential
and radial shrinkage our wood will have when its moisture varies in 1%. It
is also very important to correctly perform the stacking of the workpieces,
not to suffer deformation tensions when placing their packages stacks
supports. We have discussed the sanding of large surfaces of the boards,
whether wood, particles or fibers as well as their primers or finishings. But
of course we will also have to sand the edges.

TRIMMER
The machine in the picture develops an excellent job when there are many
pieces of different lengths and the same section to be quartered.
This will be the right machine if we have to obtain 300pieces, 480mm in
length and 45x60mm in section, 460 of 660mm in length and the same

section, 280 pieces of 820mm in length, and 210 pieces of 1120mm in
length, and all in the same section, (45x60mm).
To do this, we start with the longest sawed board available in the market,
and with the most favourable section, to avoid the minimum lost of wood.
We will take 200x52 mm boards, with straight faces without warping. Let’s
suppose we have boards of this section and six metres long.
The first step will be passing the boards by the multiple. Previously, we
will set the machine’s cutting discs with a separation of 62mm between
them, in shaft. As a result we will obtain three pieces of 61x52mm and six
meters long from each board. The rest of the board wood is torn out into
chips by the disck’s teeth. Then, we will pass the crossbar packets by the
moulder, brushing the sides of the crossbar, leaving the desired section
(45x60mm). With this, we have 45x60x6000 mm brushed wood crossbars.
Now it’is time for the trimmer machine. In the control panel, (seen in the
central module of the machine), select the lengths and units wished to be
obtained. Furthermore, if the pieces have some knots we want to remove,
we will point it out with a special chalk (which the machine will
recognized and eliminate). We will place the crossbars in a row on the
trimmer tray. The machine will automatically collect each beam and
perform the right cut, permiting the least possible waste of wood, and
obtaining the lengths of parts we have asked, separating it into packets
of different measures.
We can see in the picture, on the conveyor belt of the machine, the places
where the machine shifts each different piece different in length. The
savings in time and labour is enormous.

On the left of the picture we can see the Packages consisting of pieces of
different lengths, which have been cut by machine. It’s bvious that this
type of machine is to work thousands of parts.

In the picture we can see the structure of a machine to sand the edges of
the boards up to 150mm thickness. This is a stand table, on which the
board rests, held by a ruler that allows the board to advance over the
sanding band endlessly, which is automatically positioned on the edge of
this, making a continuous sanding and calibrated in its rough . The quality
of the sanding will be largely determined by the fineness of the sand grain.
The use of this machine ensures the perfect sanding of a piece edge, as
well as their corresponding coatings. Naturally, it can also be used in
prismatic section parts in which a dimensión of their profile excessively
prevails over the other, so that the dimension, or minimum dimension can
be sanded without problems. The machine on the picture of the next
page is a gluing machine used to overlay large dimension boards. It has a
glue tank in the lower part of the machine, where the necessary amount
of adhesive is deposited according to the needed number of boards to be
overlaid. Some rollers collect the glue from the tank, and print the

remaining glue on the board surface, it’s collected on a tray and led back
to the tank.

Once this operation is finished, the glue tank with the remaining adhesive
is removed in order to store it and to clean the tank.
Then the overlaid boards will pass to the press tray to complete the
hardening of the adhesive, and the fixing of the panel.

EDGE BANDER MACHINE
Machin views, with both circular and rectangular tables.

The veneer for gluing and fixing, is placed helically coiled on a circular
table attached to the machine. The thermo-fused glue is poured in small
grains, into a tank where it is heated until melting, with the necessary
viscosity for a gluing roller to apply it on the face of the veneer to be
fixed on the edge of the pressed piece. Within seconds, the glue cools, and
the veneer is firmly attached. Then the piece edge is passed by a shaper,
which cuts the remaining panel of veneered edge. In the picture you can
see the two platforms or tables to place the edging veneer (round table)
and the board (rectangular table). As the machine is manual the forward
pedal devices are on the ground. It enables to execute all peripheral
edges of a board in the same operation, and next,to outline all the edges,
in the attached shaper machine, once the other board surfaces have been
glued and veneered. In order to the joints, the shortest or hidden lateral
edges are the first to be veneered, and finally the longest and exposed
ones. The edge shaper of the picture is a very simple manual machine that
allows you to trim off theremaining veneer of the veneered

Here we can see a picture of a veneer press. This is a machine equiped
with trays which can be placed at convinient distances, with hydraulic
rams which raise the trays to the required pressure heights.
If the gluing does not require heating of the trays to accelerate the
hardening, the boards may have the same dimension, stacking several of
them, and perform the trays compression. The machine is set to work a
certain time. The boards adhesives may finish hardening out of position in
the press, in simple stacks.
After gluing most of the boards surfaces, it’s turn for gluing and veneering
the edges with the edge bander.We have shown the machines we use to
do this, as well as their functioning, in the previous pages.

In the pictures, the operator manipulating from the control panel

Assembly table for glued parts
When Several woodpieces must be put together to form a strongly glued
one, as it may be a house carpentry large window, made of several
horizontal and vertical parts, tightly joined, and having several holes in its
inside, we use a table or an assembly tray, as the one in the picture . This
is a smooth steel surface, perforated grid with holes, where some Jack
niples are fitted,held both horizontally and vertically, to press the pieces
to be glued. They are placed at a distance of five or six centimeters from
the pieces, considering that the pressure piston has a maximum travel
path of eight centimeters, which is a higher distance than the fitting hole
separation . The pressure is made through conduits (hoses) of oil under
pressure.

Machine for assembly table for glued parts

The side and the lower framing square allows to place the piece at the
needed distance depending omits thickness, and in the support places
that interest us. It´s kept under pressure until the hardening of the glue.
Once the assembling and gluing is
made, the jacks are removed
releasing the piece. These
assembly tables are very practical
since they are useful for countless
items of different sizes and shapes.
Several pieces, time they are
different or similar, can be
simultaneously placed on the
assembly table, as we have several
hydraulic jacks, and these can be

placed anywhere on the table surface. Normally the required assembly
tables as well as the proper adhesive are used.

Machine for manufacturing solid wood board with glued pieces
When it comes to glue pieces alike for the manufacturing of a solid Wood
board (gluing strips, squares or splints),in series and continual to form a
board widesurface , we must begin by getting pieces of equal section and
length size, so that when gluing their edges we get a board of an uniform
thickness and width. The widths can be different. The glues or adhesives
used for the joining of parts are quick-dry for this short time is very
important to achieve a higher speed of manufacture. Depending on the
intended use of these boards, they are used directly after gluing, or they
are prepared for veneering, varnishing or painting. We will talk about it
again in the next chapter. The machine of the picture is not modern since
it already has a few years, but it allows the manufacturing of enough
boards in very good
conditions

The functioning in a furniture factory where many different furniture is
manufactured with several kinds of boards and several finishing
applications, requires the availability of different machines, which in

practice, almost any of them is specialized as to manufacture thousands of
units. Another very different case, is the factory that specializes in
manufacturing specific boards in large quantities. Logically it’s provided of
the appropriate machines to automate all processes to achieve them in
the shortest time possible.
Most of the factories in wood products, whether furniture, boats or
musical instruments, had the need, for some years now, to incorporate
into their production process, the entire set of machines needed to
completely produce their products to be able to deliver them fully
finished. For this reason, high quality furniture factories, where a large
variety of wood and pieces of different jobs and even finishings in the
same piece of furniture are used, need to carry out each and every one of
the processes in the same Factory.

Varnishing spray booth with two rotary tables, so that the operator can
perform coating or finishing

Varnishing robot to apply on a large number of parts. It has a wide band
and a pair of magnetic heads, with six

varnishing guns each.

“ MAKOR “ AUTOMATIC VARNISHING MACHINE

The Machine in the picture serves to dye, varnish or lacquer wood pieces
or other absorbent materials, of which one dimension prevails over the
other two. (Lengths of more than 150 cm, and up to 600 cms), width up
to 15/18 cm, and not exceeding 2.5 cms in thickness.
In this case the machine has three airless guns which are positioned above
and laterally, to fully print the piece, except the inner face (which rests on
the conveyor belt). The guns are triggered automatically by roller switches
that are pressed by the piece itself on its way, right before passing under
the guns. The primer speed is very fast, and 4,300 ml can be dyed and
varnished in 8 hours of work.

NATURAL WOOD DERIVATIVES AND PROCESSED
We have briefly discussed above, the manufacture of various compounds
of wood, usually in the form of boards, but also in the form of largedimension parts.
Within the different boards which can be obtained directly from the solid
wood we have:
GLUED WOOD-PARTS BOARDS WITH THE SAME THICKNESS:
The purpose is getting boards of a required dimension, with pieces of
wood previously stabilized at a constant humidity, of uniform
thickness,with grooved edges , ready for fitting and gluing. Afterwards,
the board is squared and sanded, or not, depending on its destination. The
advantage of these boards is that they are very stable with humidity
changes and can be easily treated with primers, coatings or decorative
finishings. They can be made in various thicknesses up to 40 mm. The
glues or adhesives to be used are quick-hardening, for a continuos board
production.

Solid wood, veneered with walnut veneer, stained and varnished.

PLYWOOD BOARDS:
Made from of Wood veneer, obtained by lengthwise sliced or rotary-cut,
but logically, and in all cases from clean wood without knots. The veneers
are overlap for gluing, its fibers perpendicular oriented to balance the
strain of each plate. These boards are manufactured in small thicknesses,
and are generally used to cover different types of grids or as support of
other higher quality veneer and finer finishings.
In the above pictures, we see two types of plywood of different
thicknesses and different veneer. The first one is a grooved board with
both sides veneered in yellow pine and reinforced with polyester fibers of
10mm thickness total. The second one is a 27 tenth mm plywood board,
consisting of two 1mm thick okoume veneers, its fibers glued in the same
direction.
The wood veneers must always be obtained from first quality Wood
pieces. When it comes to a board, veneers may be obtained lengthwise
sliced, even though the timber has warped or discontinuous fibre. In the

case of obtaining the veneer rotary-cut, the timber roll must be clean and
of continuous fibre to avoid cuts and breaks, while processing the unroll in
those áreas, since this type of sheet is obtained by rotating the roll
around its axis, tangentially attacked by a blade.The Wood previously
heated and moistened, to make the cutting easier.

MDF BOARDS (médium- density fibreboards)
These boards are made of Wood fibres , pressed and bonded with
synthetic resins. They are marketed in dimensions of 244 x 122 cm and
thicknesses from 3.5 mm to 40 mm. They have good side finishings, which
allows to perform quality finishings. When a high quality finishing is
intended, a previous sanding is required. It is stable in a dry environment,
but permanent moisture easily deteriorates it . It’s worked like solid wood
and with the same tool. It is widely used in the furniture industry, in
internal applications and in external areas with quality finishings,
veneered or lacquered. It is also used as a support for floorings, for laying
carpets and

BONDED PARTICLEBOARDS:
They are made of wood particles pressed and bonded with synthetic
resins. Several types of boards are made in different sizes and qualities.
Depending on the particle size and its placement on the board sides, we
get finishing surfaces of different quality. For higher quality, their faces
are terminated with a smaller Wood particle, which gives a finer surface
finishing

This higher quality, allows to carry out painting works or finishings directly
without the need of previous plaster or sanding. This type of board is not
moisture resistant. It easily swells and disintegrates if it doesn’t contains
additives. Hydrophobic agglomerates boards are also marketed. This type
of board, made with resins and hydrophobic components, resists
moisture.It comes with a finish colour (light green), that identifies it. It is
also marketed, grooved on the edges, for joining boards. It is widely used
in roof Wood frame roof building, under tile, or other pieces of coverage.
The particle board is also marketed melanin veneered, with finishes in
white or solid colours. Different finishes in wood imitation are also
produced, with very satisfactory results as melanin, is hard, easy to clean,
resistant to acids and weak bases and presents little deterioration to light.
En la fotografía, una pieza de tablero de partículas. El interior del tablero
con partículas gruesas, de textura basta, y las
The edge finishes are made with pre glued melanin bands with thermal
tails, applying heat and pressure, with the width suitable to the thickness
of the board. Some commercial pieces such as countertops and furniture
of various kinds are served veneered and edged with formica laminates.
In the side picture, a dovetail particle board, water-repellent, for
placement on roofs or flooring. In the picture, a piece of particle board.
The interior of the board with thick particles, rough texture, and the finish
faces, with small particle and thin and compact finish. This kind of boards
with these terminations, are very suitable for applying on them paint
finishes, to use indoors protected from moisture, for they aren’t waterrepellent.

In all cases, water-repellent particle boards, whatever the thickness, are
mottled green .In the picture on the next page, we see an enlargement of
the edge of a 30mm thick particle board. The quality finish of the board

is perfectly distinguished. It admits any type of veneer or glued layer. As
mentioned previously, these type of boards have only the problem with
moisture deterioration and a limitation to its resistance to bending.

WOOD-CEMENT PANEL (VIROC):
This type of panel, essentially consisting of wood particles, cement and
additives, has extra advantages, regarding other particle-resins boards. It
is water-repellent, thus, it can be perfectly used as covering and
termination component, both on façades and under-roofs. It has a high
resistance to fire, it’s fire-resistant and has a high mechanical tolerance. It
is not attacked by fungi or insects, and therefore its durability is very high.
It is marketed in smooth finishes and ready to be directly placed or to
make any wished finish. It is manufactured in thicknesses from 8 mm to 32
mm, and in boards of 2.600x1250 mm and 3000 x 1250 mm x 1250 mm,
finished in gray cement, white, black and colours. It admits different
layings of glued materials varnishes and paints with adhesive resins bases
such as polyurethane.
Its features allow its use as partition distribution, with placements similar
to "plasterboard", but with much higher resistance and more favourable
conditions.
As disadvantages, it’s hard workable, it needs vidia tools or tungsten
carbide discs for drilling and cutting, requiring to make previous holes for
placing bolts or screws. Thus, the machinery to be used requires more
power, tan that used to work MDF boards, of the same thickness. Its price
is also higher.
TABLEX:
So called, the fiberboard pressed with resins under pressure, with a result
of high density (900Kg / m3) and hardness. It is available in thickness not
exceeding 5 mm and high quality finishes. The "DUOLITE" is an improved
DM board, with higher resistance and better features for curved board. It
is manufactured from 3 mm up to 5 mm thickness. Their surfaces present

a perfectly smooth finish which doesn’t require sanding, varnishing or
painting.
Other boards, such as bakelite, which are composed of wood compacted
with bakelite, which provides great stability to bad weather and therefore
more duration, are also manufactured. Boards of large size and pleasing
surfaces are made, to be placed even on façade coatings. Neverthelesss,
the stabilizing resins of boards or timbers exposed to bad weather, are
altered by solar radiation, which fades and deteriorates them . The works
performed on these boards require tougher cutting blades and more
powerful working machines.

SOLID WOOD STRUCTURES
The manufacturing of support structures for buildings, whether houses or
commercial buildings with solid wood, can be, in many cases, an
acceptable aesthetic and economic solution. In other cases, such as high
seismic risk areas, areas distant from the material supply or
transportation difficulties, may even be advisable. There are also several
factors favouring timber, in a carrying structure, regarding steel or
reinforced concrete. The wood is approx. 7 times more resistant to
traction strength, compression and bending than steel in its strengthdensity relation.
This means that for the same structure, we need to carry and place a
weight seven times higher with steel than with wood. It is also a more
thermal and electrical insulation, more workable and has a lower energy
cost. But, it’s not all about advantages.
The wooden structures, even placed in covered and protected places,
require maintenance and cleaning care from time to time, depending on
their usual humidity and temperatura conditions, as well as the different
variations these may have. Solid wood structures, being relatively light
compared to concrete or steel, are made up of parts that are easily
interchangeable and easily replaceable. Whereupon, if we have a problem
of deterioration in a particular piece, it should not be complicated to
exchange it with another of the same dimension, but in good conditions.
The problems occurred in wooden structures by fire should not be a
problem today, for all types of housing facilities are much safer and have
highly reliable protection systems. These must, of course, be performed in
accordance with the existing rules of construction. For special risks there
are appropriate fireproof materials.

In the picture we can see a partial view of a roof truss. Geometric
shape, composed of several straight pieces which enables us to support
large clearance covers with no need for intermediate supports. This
shape, which has been traditionally used for many years, has
subsequently been used with other materials, whether steel or
reinforced concrete, for the same purposes, although allowing with its
use, to withstand higher loads and supportless and broader clearance.
When building these structures, if we have the commitment to use
pieces of great length and of resistant reliability, it can be made of
glued laminated timber, maintaining the aesthetics of solid wood,
giving it the same type of finishing.

However, the wood generates a warmer and more peaceful
atmosphere, not only because it’s a better thermal and acoustic
insulation but also by the material aesthetics, with its tonalities and
colours variation.
NAVE OF THE ROMANESQUE CHURCH IN VIZCAINOS ( BURGOS)

For the study of a solid wood structure building, we must bear in mind
the ease that we may have in obtaining pieces of wood with the
required dimensions for a layout of openings or certain clearances.
Keep in mind that, although we may have pieces of lengths up to 8 or
10 meters and sections up to 300 x 400 mm, it will be very difficult that
these parts may be in the correct straitghtness conditions, that they ‘re
not warped or diverted, that they are healthy throughout its length and
with the appropriate moisture content.
It is very important to remember that wood is an anisotropic elastic
material, but not always homogeneous and continuous. By the
condition of anisotropy, we know that the best response to its efforts is
in the axial direction along the resistant fibre. In the radial and
tangential direction, the resistance falls considerably. Its elasticity and
low stiffness obliges us to use, in all cases, isostatic structures. On the
knots (the junction of the structural parts) should not be considered
the transmission or absorption of the flexor moments, transmitted by
adjoining parts, but yes the transmission of axial efforts, that is,
transmitted in the same direction of the axes of the parts. Therefore,
we should not try to overly stiffen the joining of the parts in these
knots, since higher stresses in specific areas of the pieces would be
created, risking the tearing of the fibers.
Moreover, thewood homogeneity and its fiber throughout the piece
must be well studied, because they are usually altered by the existence
of knots or other imperfections which disrupt its continuity, and
therefore the efforts transmission uniformity.
My personal opinion is that when we use pieces of solid light frame
wood longer than six meters , and which must withstand high loads,

although the visual examination of the pieces reveals us an ME1
classification and a correct moisture degree , it would be desirable to
perform a simulation at ground level, before putting it into place of
work, under the same lighting conditions and loads the structure will
have to withstand, hold it for 24 hours, and if it fulfils the project
conditions, proceed to its placement.
CLOISTER OF THE ROMANESQUE CHURCH OF BURGOS ( SPAIN )

Although we correctly know the wood resistance average data to
different efforts, as these are obtained on test tubes of perfect wood of
first quality and therefore with no imperfections, it won’t generally
match with the qualities of wood which we will find on the pieces of
different dimensions that we have for building the structures.These will
generally have several flaws and much lower conditions than the
calculation test tubes. Therefore, either we minimize these data to
calculate the chosen section of the project,or otherwise, we perform
the calculation with the data obtained in the tests, and then apply
safety coefficients, increasing the size of its sections, to cover these
deficiencies.
In any case, especially in the case of a structure for public or
commercial use, we must check at least the most important structural
parts, to have the reliability of their behaviour under the studied
conditions. As noted above, the results of the tests carried out with
samples of perfect wood, flawless and 12% humidity, bear no similarity
with a piece of wood for a 220x310x3200mm structure, which will
surely have some knot, at least on some of their faces, the fiber will
not be continuous, it may have some retraction cracks and its moisture
in the inner zone may be of 19%, even though there’s more than 20%
sapwood. If theoretically, in simple flex test, the average of samples of
this wood has given us a result of 880 Kg / cm2. A current test,
according to the Euro code with a piece of the same wood, but with
corresponding allowable defects, classified ME-1, tested, it could bring
some results of 74 N / mm2. = 755 Kg / cm2.

CLASSIFICATION OF SAWN WOOD FOR
CONSTRUCTION
The Euro-code tries to order the structural sawn wood making, on the
first hand, a differentiation between conifers and hardwood. It is
directed more specifically to Woods which are developed in temperate
climates and which are usually used in our comercial sector. To do this,
set a data table wih both physical-mechanical characteristics,
expressing conifers with the symbols from C14 to C50, where the
numbers 14 or 50 represent the bending strengh, expressed in newtons
/ mm2, which can be applied to a workpiece type, specifically classified
for structural use. When it comes to a particular conifer, it will be
expressed by Cv, where v is the value that we have indicated and C,
the species, which has its mechanical properties determined by
standard testings. When the symbol is D30 to D70 it designates a
hardwood , whose resistance to bending will be between 30 and 70 N /
mm2, with a designated fixed value, according to the obtained testings.
These testings are performed under the UNE EN 338 regulation. The
data table features 12 resistant classes for conifers and for the poplar,
and six classes for hardwood. The value reflected in the testings
represents the strengh characteristic. This value assumes that the 95%
of the pieces real values will have an equal or higher value than that
obtained, and a 5% may be lower.
First of all, in the case of timber previously classified as valid for
structural use, the pieces must be visually analysed, admitting the
amount and degrees of certain defects. These classification conditions
are similar to those defined for sawnwood, with some variations, since

the length and squareness dimensions are very different. In the case of
structural timber, we will have to denominate its species, market name
and botanical nomination to specify its classification, as to avoid
misunderstandings.
In Spain, the most used conifers in construction with solid wood and
best studied are: Scots pine, radiata pine and pinus Pinaster or
maritime pine. Within these species, two categories of timber within
the structural classification are distinguished: ME1 and ME2. The first
one lacking visual defects and whose resistant tests could give us a C30
classification. Another series of the ME1 category could shed strengh
results which would force us to classify it as C24, or less. The ME2
classes, will always shed results that will force to classify them as C18
and C14. The woods of Spanish pine give results similar to those of the
same European species, considered of the same classification. The
problem in Spain is that the diversity of soils and climates originates, in
turn, an obvious difference between the wood of the same species, but
of different regions. This always happens, and as noted above, in all
woods worldwide, when its development is carried out in different
edaphological conditions, even if it’s the same species and the same
region. Here a few tables, published by the Higher Council of scientific
research, with the results obtained with domestic woods and its
relationship, in classification and species, with other European
structural woods. We must make clear that this classification is only
and particularly applicable to Wood used for the calculation of
structures.
To carry out these tests, hundreds of pieces of wood from different
areas, where such species of conifers grow, were taken. First of all, the

pieces were separated according to their places of origin. After, the
rules of classification were applied to each set of pieces, making a
visual research, which turned out in the separation of many disposable
pieces; MR. This means that they did not meet the minimum
requirements to be considered suitable for construction. Appropriate
testing’s of mechanical strength were carried out on the remaining
pieces, whose results allowed the sets classification with ME1 and ME2
characteristics, in each wood species of each zone. The ME1, with
better mechanical properties, thus, it could be classified within conifers
as C30, comparable to the French CF30 and the Nordic T3 rules. Other

lots of visual ME1 classification gave lower tests, and were classified as
C24, corresponding to the Pinaster and Radiata species. All pieces
classified ME2 gave results C18 or less, within the three species tested.

Characteristic density in Kg/m3

The table on the previous page corresponds to the already explained euroclassification code for structural wood. On the previous Tables , we equate
the French, Scandinavian and Spanish standards, for the same species of
softwoods.
The species in question will receive a classification code according to its
bending testing .
The following parameters are expected to match or closely match other
values. When the piece of wood has an excess of defects, the given
classification may be lower than initially assumed, so that a species that
initially is a C24, should be calculated as C22 or C20.
These pieces should be submited to the corresponding testings, with its
measures and Project sections. In adddition, other safety coefficients must
be adopted, depending on the construction conditions.
It is very convenient in all frame construction with solid wood in which we
wish to use pieces of a dimensión higher than 350 or 400 cm long without
no other support than at the ends, and which must withstand heavy
loads. Therefore these pieces must have strong sections, they must be
inspected very accurately. Testings of simple load at ground level must be
performed before placement to check that the calculation made on the
structure with this timber complies with the arrows and curvatures
required in the theoretical calculation, when an effort or burden is
applied, for a certain time. Considering that the deformation in time, with
a permanent load, will be far superior to the same momentarily load.
In any case, the pieces with rectangular section should have an increase of
at least 2cms in width and height, to prevent possible fire action on the
piece, so that these surplus of carbonized wood serve as protection and
insulation inside the piece. We must also consider that the forge of beams

and joists must be calculated based on the maximum sag formed on the
piece of greater length, with the theoretical loads to withstand it, is not
higher than 1/500 of clearance (distance between supports). This sag
limitation aims to preserve rigid ítems, placed on it, from cracks. If the
pieces present knots on some of their faces, preliminary testings on
similar parts must be carried out, to know the proper square we should
use. In any case, the face containing more knots has to be placed in the
compressed area of the piece, leaving the one with more continuous fiber
for the work piece traction zone (usually bottom). As for the pieces
working as poles or pillars, in no case shouldn’t be measured less than
200 x 200 mm in section, and the lower edge of the piece should be
isolated from their support on the pilaster or capitel with resistant
waterproof sheet, prior fungicidal-insecticide preventing treatment.
All pieces of the resistant structure will be preserved so that they can
not be affected by water or permanent moisture. When these
structures (bridges, piers, docks etc), must remain outdoors, woods
resistant to these conditions (Teak, Padauk, Azobé, Congotalí, etc) or
thoroughly impregnated wood (even heartwood) with autoclave
vacuum-pressure-vacuum treatment of non-soluble biocides products
should be used.
The most effective treatment is performed in autoclave, vacuumpressure-vacuum, which, once the biocidal product is introduced, even
in the heartwood, provides fixing salts so that when doing the last
emptying, letting the piece with an appropriate residual moisture, does
not remove in excess the biocide introduced. This process, which is
mandatory, of protecting the wood from bad weather and

permanently affected by water is more expensive and delicate than a
protection to bad weather without permanent water conditions.
The heartwood Impregnation always requires the application of higher
and longer pressures for its injection and it also requires the use of
more product. Generally, in pieces of high sapwood content, it is
usually considered enough the impregnation of this area as long as the
heartwood has some durability. This assessment is not correct, but it
may be valid if the piece is having a maintenance every two or three
years. In any case, the degree of impregnability to be given to a piece,
according to their durability and use destination, is clearly defined in
the existing regulations.
Later and in a separate chapter we will discuss the issues of the timber
durability and impregnability, according to the situations they will be
exposed to, and the degree of protection they should have according to
these situations.
We again remind you that the data on the Wood mechanical resistance
are referred to a moisture content of 12%. That the loss of mechanical
strength of the wood with increasing water content is very important,
and that a wood with 8% moisture has higher resistance than that with
12%. It is also true that most of the wood we use, and stored outdoors
but protected from the direct action of water, finds the stable
equilibrium with a residual humidity between 10% and 12%. In desert
areas with very dry atmospheric environments, these values drop
significantly. By contrast, in very wet areas, the moisture content
equilibrium of wood can be placed above 16%. Wood with a moisture
content of 25% to 30%, close to its saturation point, can lose up to 40%

of its mechanical resistance, in relation to its assay values, with 12%
humidity.
We will consider these aforementioned data to use a certain type of
fasteners, iron fittings for joining pieces, mounting plates etc., as well
as if the environment in which the structure is placed is aggressive or
not. Of course in a marine environment and outdoors, all steel
components of any structure must be stainless, not serving, in this
case, galvanized pieces nor coated with epoxy-bituminous or epoxyzinc.

SPANISH AND EUROPEAN SAWN COMMERCIAL TIMBER
We call commercial timber to that specifically classified for trade
transactions. To avoid ambiguity, in the European general regulations,
generally accepted in the EU, some codes are indicated for each species
of wood, depending on whether it’s gymnosperm or angiosperm
(softwood or hardwood) , with the botanical names of the different
species. As many species are involved in this tabulation, their
denomination is its trade name and its botanical name. Now, we verify
that a same wood is named in different ways within the same country.
Example: pine north, melis, valsain, soria, wild, to name = pinus
sylvestris. Radiata pine= insignis pinus = Monterey Pine. Elondo = Talí.
Mansonia = Beté. Sipo = Assié = Utile. African Mahogany = Acajou =
Samanguila. Azobé = Akoga = Eki = Palo iron. Paduk = red Palo = Coral.
And so, many woods, mostly the imported ones, which often received
the name of the location where they were imported from.
In Spain, the most commonly used native species are: Scots pine,
Corsican pine, radiata pine, pinaster Pine, Eucalyptus globulus,
Chestnut, Oak, Beech and Poplar. Many of these, which are widespread

in Europe, are imported from the community countries. The yellow
pine, which has been cultivated in intensive plantations, is imported
from the United States.
From Africa, sporadic imports of tropical hardwoods are made,
generally hardwood, according to momentary offers in different
countries, but fundamentally from the equatorial belt: Guinea,
Cameroon, Gabon, Nigeria and Congo. From South America and Asia
many woods, with similar characteristics to those from Africa, are also
imported. Conifers are usually imported from northern Europe and
North America. The most commercialized in Spain, as structural wood,
is the Scots pine, pinaster, black pine, oak and beech. Next, we indicate
two small tables with some commercial hardwoods species and
conifers that are often used in international transport. In any case,
when performing a wood import or export, no matter the purpose, it
is usual to carry out an inspection “in situ” prior to the formal
transaction, to verify the wood characteristics to be purchased.
Within the characteristics, these are to be considered: the species, the
quality, the classification, the sizing of parts etc.
In the contract, other conditions, which must be accepted by the
parties involved, can also be established.

Some commercial hardwood

Some commercial conifers

THE MANUFACTURE OF GLUED LAMINATED
WOOD IN CONSTRUCTION ELEMENTS
It is in the development of laminated micro timber for military aircraft,
in World War II, and its industrial extrapolation for the manufacture of
structures, where the birth of glued laminated wood lies, as we know it
today .
The equipment for manufacture is not complex, yet, the machinery to
be used for its size, power and capacity, is specific to this function.
This manufacture integrates three distinct phases:
Preparation of raw materials:
Preparation of wood: Long-term storage outdoor, drying, brushing and
trimming with multiple slot.
Preparation of glue: Glues storage for manufacturing (mixed with
reagent and dosage).
Parts execution:
Gross parts execution: Sheets edge joining, brushing of sheets, gluing,
stacking of sheets, pressing, glue polymerization and stabilization of the
piece.
Finish: Brushing, sizing and cutting of the piece in working dimension,
holes and slots, repellent, insecticide and fungicide treatment, metallic
elements fixation and storage for shipment.
Added, required installations: sawdust collection tank, shavings and
cutting chips, boiler room, additional fuel store and generator.
Installation of air conditioning, to maintain the appropriate humidity
and temperature in production industrial units.

The supplies of wood for the manufacture are of a fairly large volume,
generally above 2,000 m3, which requires a large timber storehouse. It
is very important to leave the wood exposed, drying naturally as to
remove moisture before it passes through the dryer, to reduce
moisture, to an adequate degree. Glues allow its use within a fork
moisture in the wood, generally below 15%. But it is important that all
parts to be glued uniformly have the same moisture.
The brushing of the pieces is performed one by one, repolishing them
to remove defects such as knots, cracks, deposits, etc. Then the edges
are sloted for their gluing, joining thus several pieces, thus getting a
continuous piece of a certain length and completely cleaned up. The
most used slot is usually the sawtooth as it‘s considered the most
resistant.

In the picture we see the MUSEUM OF WOOD building, located in the
campaign of Revenga, amid an extensive pine forest belonging to three
municipalities in the province of Burgos: Canicosa, Quintanar de la
Sierra and Regumiel.
The building is a tribute to the Scots pine, whose forest has mantained
not only these villages, but also many of the surroundings and others
from the province of Soria. It stands out for its forms and aesthetics,
for the coating materials are completely merged in the environment.
The main resistant structure is not wood but a steel structure, which
supports all major elements but coated, in much of its surface,with
more or less rustic form solid wood, but well measured and treated to
withstand the weather elements, which in this particular case are very
aggressive.
In any case, pine solid wood has been used in a wide variety of ways:
Glued, screwed, tightened, nailed, etc. As we can see in the picture
below, the bridge

Which joins the bay window and the lift shaft with the pedestrian
stairway we see to the left, looks like a large wooden arch. The lift shaft
is an open structure of steel and glass. The entire building itself is an
exhibition of things which can be done with pine, even outdoors.
The pine wood, resins free, is a good material to be used glued laminated. The problem is that it competes with the radiata pine
(insignis) wood, which, although its mechanical characteristics as well
as its durability and resistance to borers is much lower than the wild
one, it’s much easier to find in the adequate quality and price,
considerably cheaper, since the adhesives and impregnating products,
with the proper treatment, will do the rest.
After this brief remark, we continue with the explanation of the gluing
wood sheets execution , when forming pieces.

The sheets are stacked in a press mold and subjected to pressure. This
is applied through several rams, spaced not more than 30 cms, in order
to obtain a uniform pressure of 10 Kg / cm2 on the piece
All these operations must be done quickly, while the glue is workable,
thus maintaining a constant pressure on the piece while the adhesive
polymerizes and hardens. Next, the piece is taken to air-conditioned
storage, to complete its hardening and stability, preparing it for its
finishing.
The gluing leaves a side surface on the beam, with glue drops. Its
hardness damages the sharp blades, and therefore it is preferable to
perform a pre brushing, to remove the residues and after the final
brushing
The pieces are manufactured over dimensioned in length, so, when
doing its finishing touch, this excess must be eliminated by cutting it
into its right size.
These pieces need, for placement and securing in construction, the
placement of metal elements. Screws, plates and serrated washers,
steel bolts etc. The holes and notches to be made must be very
accurate, and these are better performed in the factory than in the
construction , specially if the pieces are of great dimension.
When the piece, already finished, is taken into the open for transport
and placement,it is very important to protected it against direct action
of water and moisture. It is therefore necessary to apply water
repellent and fungicide and insecticide treatment, in the same process.
It should even be protected with a polyethylene film wrap to preserve
it from splashing and stains during transport.

The wood used to manufacture the sheets to be glued is generally soft
wood, for it is easier to obtain pieces of suitable dimension, quality
and characteristics. In addition they are easy to get, in sufficient
volume and with an acceptable price.
There are pieces that have been manufactured and placed in
constructions for over more than 40 years and continue to endure
successfully the required functions, which means that the procedure
used was not bad, but any improvements will be welcome.
THE ADHESIVES IN THE GLUING OF WOOD
The progress made in recent years in the chemical synthesis of resins
and derivatives, as well as new materials, has been spectacular. The
placing on the market of new adhesive products, with improvements of
its properties and produced at more affordable costs
for the industry has enabled the employment of glued elements in
construction to be indispensable today.
ADHESIVES FOR WOOD:
DEFINITION:
Any material that joins two pieces of wood or a piece of wood with
other materials, so that the pieces joined together can resist the
physical and mechanical specified requests.
The joining is done in very complex forms, including mechanical,
physical and chemical aspects. We often use the word "glues" to
describe these adhesives, but this usage is a little more restrictive , for
it only refers to adhesives in aqueous phase.
ADHESIVE COMPOSITION:
Main component: binder acting material, which now corresponds to
organic synthesis products.

Hardeners: substances added to achieve acceleration in the forging
and hardening
Loads: substances added to complement characteristics of the
adhesive, such as insecticides, fungicides, herbicides, fireproof
products etc.
Solvents: vehicle in which the adhesive is dissolved, it may be aqueous
or organic.
TYPES OF ADHESIVES:
They can be organic or inorganic, and the organic may be natural or
synthetic. In the present case, with wood, we will focus on the synthetic
adhesives, which are the most used today.
These, depending on their reaction under the action of heat, are
distinguished in thermoplastics and thermosets.
Thermoplastics: once forged and hardened, they recover plasticity
depending on the applied heat.
Among them we have:
Vinyl emulsions: polyvinyl acetates (PVAC) .Polichloride vinyl (PVC).
Ethylene- vinyl acetates (EVA), etc.
Hot melt adhesives: thus named by its form of application, as they are
provided in the form of solid resin and are liquefied by applying heat.
Hardening when cooled.
Adhesives of natural or synthetic rubber.
Polyurethane adhesives.
Epoxy adhesives. Of one or more components.
Thermoset: once forged and hardened, plasticity is not restored by the
action of heat.
UREA FORMALDEHYDE (UF), MELAMINE UREA FORMALDEHYDE (MUF)

MELAMINE PHENOL FORMALDEHYDE (MPF), PHENOL FORMALDEHYDE
(PF)
RESORCINOL FORMALDEHYDE (RF) RESORCINOL-PHENOL
FORMALDEHYDE (RPF)
ISOCYANATES
JOINING METAL AND WOOD
The performing of glued joints between metal pieces with wood pieces
has a high level of difficulty because of the different physical and
mechanical properties of the two materials and the very different
response of each of them to humidity and temperature changes,
causing opposite movements and very high voltages. To perform a
successful gluing, a very elastic and very resistant adhesive, wich is very
difficult to gather in one product, is needed.
Therefore, these unions are still carried out with steel plates, screws,
bolts and others. It is appropriate, that the metal face joining the
wood presents certain roughness, even anchoring teeth, so that the
pressure between the sheet steel and wood complicates the sliding and
unloads the tensions on areas of the bolts.
Conclusions: The major advantages of Glulam on the hardwood are:

The possibility of using large-scale pieces to cover large spans.
The resistance to efforts security of some sections, uniform and
proportionate in each of their area, for the manufacture easily allows
to perform variable sections.
The stability of the pieces to moisture variations
The finishing quality of their surfaces

However, keep in mind that the cost of manufacturing these parts,by
m3, is expensive comparing it with the pieces of solid wood, and it only
worths their use when they have a certain dimension. It's especially
interesting indoors, where the pieces are protected from the weather,
the direct action of water, sun, ice, in their corresponding cycles. The
use of glulam pieces outdoors start having problems from the solar
degradation on their surfaces, and from fungal attacks and other
xylophagous that this action supports. The glues are resistant to these
attacks, but the over time and the washout of its surfaces induce the
creation of cracks on the wood, which also facilitates xylophagous
attacks because of the deprotection of the exposed surfaces.

WOOD DEGRADERS AGENTS
INTRODUCTION
Wood is a naturally degradable material, with a durability determined
by many circumstances. While it’s alive living in the tree, it develops
protection against many invaders who intend to use it as food or as a
shelter and habitat for defense of other predators. By the creation of
bark and resins of various types, it frequently manages to prevent its
deterioration for its further development. Sometimes higher plants or
fungi, in association with the tree, protect it from viruses and bacteria
and live as guests, in perfect symbiosis, in some cases, and as invaders
in others. This is the case of many fungi, that being unable to generate
the organic substances they need, are parasitics of tree that provides
them these substances, even though the result might be the
destruction of their own supplier. When the tree dies and dries, it is
attacked and degraded by countless xylophagous, who subsist from
their remains, degrading them and thus closing the life cycle.

But it is precisely the protection of dead wood which interests us, to
extend or improve the conditions it had, and serves our purposes. It
has to be preserved from the degradation attacks .
Wood is a material of organic origin. It is the supply base of some living
organisms, known as xylophagous; predators of wood, such as fungi,
insects, molluscs, crustaceans and birds. The main target for protection
is to preserve the benefits of wood to increase its life service.
Therefore, it is very important that it remains dry and healthy, to apply
after preservatives products, enabling its use in a variety of conditions.
Timber basically comprises three components. Lignin, cellulose and
hemicelluloses. Lignin is a complex polymer of phenolic units. Cellulose
is a polymer of glucose anhydrous, with 1-4 bonds.
The hemicelluloses, are similar glucose polymers, with other joints, or
monosaccharides polymers , different from glucose. The Wood of
dicotyledonous angiosperms, "hardwoods"has generally higher lignin
content (27-35%) than the wood of gymnosperms (19-24%).

DEGRADER AGENTS OF SAWN WOOD
ATMOSPHERIC OR WEATHER AGENTS
The main atmospheric agents are the sun and the rain, which act on
the surface of the wood exposed to the outdoors at different times.
Solar radiation, mainly through the ultraviolet and infrared rays. The
first acts on the surface of the timber, causing the lignin degradation,
losing the cohesion between the fibbers, giving the wood greyish
colour. The infrared rays cause the heating of the affected area, causing
the appearance of cracks on the surface and the rising of resins.
The subsequent action of rain causes the moisture increase on the
wood surface, favouring the appearance of fungi, pathogens and

insects, which eventually induce the loss of mechanical strength of the
wood.
XYLOPHAGOUS AGENTS
The main biotic agents, destroyers of wood, belong both to the plant
kingdom (xylophagus fungi), and the animal kingdom (xylophagus
insects and marine xylophagus).
The action of fungi in the woods of building elements are mainly
originated by contact with the ground or by exposure to water, this
always caused by construction errors. The action of xylophagus insects
may occur due to a wide variety of situations and with different
moisture contents of the timber. According to its life cycle and the way
they attack, we must distinguish the larval cycle insect from the social
insects, and in submerged timber, the marine xylophagus.
FUNGI XYLOPHAGOUS:
The molds, the chromogenic fungi and the rot fungi are the fungi
related to the timber. The molds are fungi that feed from stored
substances in the interior of cells. They are unable to attack the major
components of the cell wall, where the cellulose and lignin are
deposited. Therefore, the timber does not suffer significant losses in
mechanical strength. They are detected when spores on the surface of
the wood (dark colour) are formed, or when a kind of fluff, which varies
in colour between black and White, is formed on the surface. The
chromogenic fungi, like the molds, only feed from cell contents,
thereby hardly affecting the characteristics of the mechanical strength
of the wood. They are characterized by discolourations they cause on
wood (bluish on conifers), (red heart on the beech) etc. The rot fungi
are the most harmful. They attack the cell walls, destroying the

cellulose and lignin. Whereupon, they scarce the structure of the wood
and cause the loss of mechanical strength. Two types of rot are
distinguished: The white rot, so named for the whitish colour the wood
gets when the fungus first and quickly degrades the lignin and the
cellulose later. The white rot fungi has an enzyme system that allows
degrading all components of the cell wall.
Fungi of cubic or brown rotting selectively attack celluloses and
hemicelluloses of the cell wall, reducing the Wood into amorphous
soft, brown and cubic pieces. Composed mostly of lignin, slightly
modified. There are relatively few species of brown rot fungi as
compared to the white rot, which are numerous.
The factors having the greatest influence in the development of fungi
are humidity, temperature, and the presence of air (oxygen).
The picture perfectly reveals the white rot fungus on the pine stump.
The wood takes on this whitish colour because the fungus is degrading
the lignin, and fractions of cellulose remain glued to the walls of ducts
and cells. This type of attacks, which are perpetrated by a variety of
fungi, does not imply that successively or simultaneously, no other
xylophagus attacks occur, but rather the contrary, since xylophagus
consuming cellulose greatly benefit from these situations.
In the picture of this pine log roll we see the attack of the brown rot
fungus. As we have explained, the wood appears in some kind of
prismatic shaped pieces, therefore, it’s also called cubic rot. These
types of fungi degrade and consume the celluloses. Only the lignins
remain, bringing together those pieces of wood which will eventually
be degraded by other fungi

It is never desirable that the wood moisture exceeds 16%, and once it’s
been placed, the most important thing is on the moisture equilibrium
with the environment, or with some less moisture than this, to avoid
shrinkage stresses. As for temperatures, when they are between 15º
and 35º, the xylophagus fungi will develop well, starting to be
destroyed from 40º and beginning to restrict their functions below 10 .
Below 0 °,they stop all functions and go into hibernation until more
favourable circumstances. In any case, the existence of high humidity is
always a very favourable condition for the development of fungi.

XYLOPHAGOUS INSECTS LARVAL CYCLE
The life cycle of larval insect is characterized by its shape change called
"metamorphosis" which goes through four successive stages of
development: egg, larva, pupa and imago (adult). The fulfillment period
of each of the states is different for each species. The states of egg,
pupa and imago are generally of shorter duration. They range from
several days to weeks. The longest life cycle corresponds to the larval
stage, during which takes place the degradation of wood, to meet its
nutritious needs. Its development is influenced by different conditions,
among which, the wood species, moisture content, ambient
temperature, and presence of rot fungi. Some of them are always
associated with fungi.
These conditions, plus the sizes and shapes of the galleries and outlets,
plus the type of sawdust left, are the main features that serve to
identify them.
The main larval xylophagesl operating in Spain are:
Cerambycidae (hylotrupes bajulus L.) Insects that only attack conifers
sapwood, with a moisture content in the wood above 19%. They have a
life cycle between 2 and 10 years. Sawdust leaving residue, is thick and
is not blown out, leaving it loose inside the cavities, with the
excrements .It usually leaves 6 to 10 mm outlet holes.
Lyctidae (lyctus brunneus linearis Steph and lyctus Goeze)
Insects known as moths that attack the sapwood of the leafy, even with
moisture lower tan 18% , making very small holes ( 1 to 2 mm). They
leave a fine sawdust residue, usually tight, in the galleries. They have a
life cycle of 1 year

Anobiidae (anobium punctatum) and xestovium rufovillosum De
Geer)
Insects that attack sapwood wood, both coniferous and deciduous, but
always with a moisture content in wood above 19%.They make Small
holes (2 to 3 mm). They leave a residue of coarse sawdust which
remains loose inside the galleries. They have a life cycle of two to three
years.
Curculionidae
Insects that attack the sapwood of hardwoods and conifers. Always
with high moisture content. They are known as "weevils". Their life
cycle is of 1 year.
All woods previously attacked by fungi are more easily attacked after
by insects, because it facilitates the retention of moisture and the ease
of penetration, except for the lyctus that need no moisture in the wood
to feed on the sapwood of hardwoods. The temperature is a very
important factor for the action of these wood-eating insects, as very
high or very low temperatures stop their attacks, or even exterminate
them. A temperature range between 20 ° and 35 ° Celsius is more
favourable for them.
SOCIAL XYLOPHAGOUS INSECTS
The most active eusocial xylophagous insect is the termite.They are
insects of the isoptera kind. They live in colonies, they organize by caste
and feed on wood. Their role in natural environments is of great
importance, as they participate in the nutrient cycle, degrading the
cellulose components, incorporating them into the soil. However in
urban environments they are plagues, when they enter homes and
damage wooden structures.

The creation of cavities, tunnels and chambers inside the timber done
by the termite facilitates its hydration and the settling of rot fungi. In
addition, the working termites decompose the cellulose from wood,
which becomes assimilated sugars to feed the rest of the colony, by
trophallaxis. It consists in feeding (mouth to mouth or anus-mouth).
Most species of termites consume a wood rate of about 2% or 3% of
their weight, daily. There are hundreds of varieties of termites, and
geographic areas of greatest activity, located in the tropical belt, where
the climate, with constant temperatures between 20 ° and 30 °, and
the existence of rainforests contribute to their reproduction and
development.
In Spain three species of termites are recognized:
Reticulitermes (subterranean termites). They attack the wet wood
with a moisture content higher than 19%. Their colonies usually consist
of thousands of insects, in favorable cases, even more than a million.
There are many varieties, but the best known in Spain is the
Reticulitermes lucifugus (avoid the light). The colony can be very
distant from the source of the attacked wood, always underground
and with controlled humidity and temperature.
Specims of Reticulitermes, feeding on a Diflubenzuron bait.
Cryptotermes (dry wood termites).They attack wood under 15% of
moisture. They form small colonies of not more than 500 individuals in
the same area where they attack the Wood. Sometimes the colonies
can be communicated and, depending on the moisture and
temperature conditions, they can form numerous colonies. The best
known in Spain is the Cryptotermes brevis, which is located mainly in
the Canary Islands.

Kalotermes (dry wood termites). Their colonies usually range between
1,000 and 2,000 individuals. The most known variety in Spain is the
Kalotermes flavicollis, whose development and habits are very similar
to the Cryptotermes.
Termites are lucifugal insects (avoid sunlight). Their body is not
pigmented and direct sunlight can kill them. Therefore, they always
work inside the timber and covering somehow their roadways and
workplaces to avoid direct sunlight, always leaving at least a thin layer
of wood for protection from the outside.

MARINE XYLOPHAGOUS
Marine xylophagous are composed of two groups, the molluscs and the
crustaceans. Within the molluscs, only the family of the Teredínidae
has some importance in Spain, and especially the Teredo gender . They
are hermaphrodites and reproduction can be done in two ways. The
first one , the case of teredo navalis, fertilization and larval
development occurs within the adult mollusc. Next, the larvas are
expelled outside along with water from the gills. The second way of
fertilization, the adult expels the eggs together with the sperm;
fertilization occurs in seawater. They stick to the Wood by a sticky
substance called "byssus" secreted by a gland of their foot, and after
they open circular holes of 0.5 to 1 mm. The teredo begins to develop
inside the wood where he lives his whole life, never leaving it.
As for the crustaceans, their life cycle begins when the male fertilizes
the female inside the timber. The female lays eggs, which look the
same as those of the adult individuals, but with a smaller size. Unlike
molluscs, they are not trapped inside the timber, but can freely move
inside. The degradation they produce is visible externally and it’s very
different from that caused by the molluscs. They act in mass (a wood
with a large infestation may have 300 or 400 individuals),they open
galleries with less than 1 cm long and with diameters of 2 mm, leaving
the wood virtually holey, (looking like a honeycomb). The attack on
Wood usually concentrates on the area of the average level of the tides
and low tide, so the piles of marine constructions tend to take the
characteristic form of "hourglass". The attack speed is lower than that
produced by the teredos.

NATURAL DURABILITY AND IMPREGNABILITY
Natural durability is defined as the intrinsic resistance of wood against
degradation caused by wood destroying agents.
Heartwood formation is characterized by anatomical and chemical
modifications. Anatomical modifications in both hardwoods and
softwoods results in a total or partial tissue sealing with a strong
lignification thereof. Chemical modifications take place when the cells
get impregnated with other natural products produced by the tree,
(resins, oils, tannins, gums, alkaloids), etc. which, when oxidised, often
give a characteristic dark colour, usually more noticeable in some
conifers.
The duraminization protects the wood against fungi and insect attacks
by plugging and impregnation of the wood tissues with substances of
antiseptic value. When the heartwood lignification is higher, the
heartwood is not only darker, but also tougher and resistant to attack
of biological origin. A species natural durability is related to the
durability of its heartwood. The sapwood is almost always easily
degradable.
The impregnability of a species evaluates the ability the heartwood has,
so that a protective fluid can penetrate inside. The sapwood is always
considered impregnable, although some woods own sapwood more
difficult to impregnate than others.

PROTECTION OF WOOD AGAINST XYLOPHAGOUS ORGANISMS

After choosing the wood species and taking aknowledge of natural
durability and treatability properties, the preventive wood protection
encompasses both chemical protection and the correct installation of
wood element. The chemical protection focuses on introducing the
necessary amount of protective product, depending on the types of risk
to which it may be subjected. In some cases, some
constructive appropriate type measures may be sufficient, in others, it
will be necessary to supplement them by incorporating products of
chemical protection or suitable coatings. The greatest risk for wood, is
to be fully exposed to the elements, in moisture and temperature
conditions and beneficial for the development of wood-eating
predators. The wood moisture superior to 16% and direct exposure to
sun and water with ambient temperatures of 20 to 30º, are extreme
risk conditions involving a chemical protective treatment absolutely
necessary, unless we use wood of excellent durability .
PROTECTIVE PRODUCTS
Wood protectors are composed of active substances, fixatives and
solvents. The substances or active ingredients have insecticidal and
fungicidal properties and affix in wood by means of fixative products.
These penetrate the wood, diluted with solvents.
Not every composition of the protective products has a permanent
and indefinite protection. Organic protectors are generally more easily
degradable and less persistent than inorganic. Those applied by
dipping or shalow spraying (blue timber), report a temporary exterior
protection. However those applied by deep impregnation with water

soluble salts, using the vacuum-pressure system, protect for a longer
period, and finally, those thoroughly impregnated with light soluble
salts, organic solvents and fixatives in wood, designed to give vacuumpressure-vacuum treatments are the most effective and are intended
to provide greater and longer protection. We are referring here to the
biotic protection, particularly against xylophagous. The wood
inevitably outdoors, is almost impossible to protect for many years
from other wood degrading elements.
In the picture we see a facility of autoclave impregnation wood
treatment. The lower cylinder (in this case) of 12 meters in length,
stores the timber for treatment. The upper one injects and receives the
solutions to be injected by pressure into the lower autoclave during
the different processes of vacuum-pressure. The pressures program,
times and gaps are adjusted according to various parameters.
Impregnability of wood, its moisture content, the piece section to be
impregnated and the characteristics of the impregnation products.

It is therefore evident that in each treatment session, must be
impregnated the same kind of wood, with the same moisture content
whose pieces will have the section and length, so that the wood
impregnation is homogeneous in all packets treated. If the treatment is
not performed in these conditions, we find distinctly impregnated
parts, and whose results will be impossible to foresee. Whereupon the
impregnation will have been a failure.

The time cycles of vacuum and pressure depend on the species to be
impregnated and on its characteristics, to achieve the highest product
filling in the cells. The current regulations in different countries
indicates what kind of fungicides insecticides can be used, and under
what conditions. In any case, the toxicity of these products, the
incidence in the environment and its permanence are data to take into
account when choosing a particular treatment. When a piece is treated
to be placed outdoors, in a wild place, and introduced into the soil, it

mus be deeply soaked with very active fungicides and insecticides
which set well on wood, as it will be subdued to continuous fadings
caused by the different rainfalls, sunstroke, temperature changes etc.
It is evident that the best conditions of the impregnation of wood are
better when its moisture content is lower, and worse in the opposite
case.
In the picture, we can see pole packets impregnated for subsequent

placement as farms fences. The treatment of these pieces, wich are
usually treated with creosote with excellent results, has had to be
changed because of the current ruling legislation.
We can distinguish between curative treatments and preventive
treatments. The first are performed on pieces of wood that have been
attacked by xylophagous, but whose piece has not been destroyed and
it can be recovered or maintained. The first step is to correctly analyze

the type of attack and, accordingly to this, to study the process of
elimination of the xylophafous actor, preserving, as much as possible,
all the other features of the whole piece which interest us. The second
step is treating the piece with the suitable fungicides and insecticides
so that such attack doesn’t happen again. This may be the case of
wooden furniture of great value or pieces difficult to reproduce. To do
this, as the first xylophagous removal process, it can be used both the
application of very low temperatures within an enclosure, or high
temperatures, in the affected areas of the piece. So, cameras of cold
are being used
In the picture, we can see pole packets impregnated for subsequent
placement as farms fences. The treatment of these pieces, wich are
usually treated with creosote with excellent results, has had to be
changed because of the current ruling legislation.
We can distinguish between curative treatments and preventive
treatments. The first are performed on pieces of wood that have been
attacked by xylophagous, but whose piece has not been destroyed and
it can be recovered or maintained. The first step is to correctly analyze
the type of attack and, accordingly to this, to study the process of
elimination of the xylophafous actor, preserving, as much as possible,
all the other features of the whole piece which interest us. The second
step is treating the piece with the suitable fungicides and insecticides
so that such attack doesn’t happen again. This may be the case of
wooden furniture of great value or pieces difficult to reproduce. To do
this, as the first xylophagous removal process, it can be used both the
application of very low temperatures within an enclosure, or high
temperatures, in the affected areas of the piece. So, cameras of cold

are being used. On the page we see stacking of planks treated by
impregnation.
.

PROTECTION AND COVERING OF THE WOODS
The coatings applied to the wood pieces generally have two purposes.
One basically aesthetic, as is improving their natural appearance, or to
highlight one or several qualities. Another, protecting by different
applications, the visible surfaces or exposed to uses of placings of other
elements (shelves, cabinets, speakers etc). In this chapter, we will
exclusively refer to the coatings on surfaces made of wood, on pieces
placed indoors, protected from the weather elements and whose
purpose is purely aesthetic. In this case we assume that the piece to be
coated is adequately protected from water, solar radiation or heat
sources that have high variability across it or part of it. It is very
important, before making a coating application, to make sure the wood
is healthy, that it doesn’t have resin deposits or exudations, and its
moisture content is in hygrometric equilibrium with the environment
where it will be placed.
Both the swelling of the wood, caused by a moisture absorption of the
environment, and a strong retraction, caused by a significant loss of
moisture for excessively dry environment, can cause significant damage
in complex parts as solid wood furniture, with drawers and shelves, or
doors and glass cabinets, etc.
For the decoration of these woods, natural oils and resins used to be
used in the past, to which dyes or other ingredients were added,
according to the pretended result to be obtained. In addition, more or
less diluents or solvent was added, depending on the intended
penetration of the product in the wood, increasing or decreasing its
viscosity and helping or hindering its penetration. Today, we can say
that, except for very interested exceptions like exclusive application for

being a unique piece of great value, all applications are made with
synthesis dyes, using as solvents water or organics (usually very volatile
), and shallow finishings composed of resins, solvents and organic
pigments. Today, the organic synthesis solvents are extensively used
for paints, lacquers, varnishes, as well as vehicule or solvent of
fungicides, insecticides and general biocidal products, due to its
penetration ease and its volatility, thus not affecting a hygrometric
increase on the wood applied. They are usually composed of more or
less toxic and highly flammable products.
When a clear finish is desired, the pigment is dispensable, either
because we want to maintain the natural colour of wood, or because
the dye has already been applied previously as a base, thereby the
termination to be applied will only have the function of obtaining a
more or less hard or flexible or more or less glossy finishing.
There’s a great variety of resins, either vinyl nitro celluloses, alkyd,
acrylic, polyurethanes, polyesters or epoxies, etc., and
mixtures thereof, which confer different properties of transparency,
hardness, viscosity, flexibility, anchoring, etc. These are used for both
varnishes and paints or lacquers. To determine the hardness of the
finish coat it will be a very important fact to know the degree of
volumetric shrinkage of wood on which it will be applied, if the piece is
of solid wood. Excessively harsh endings will easily crack under small
movements of its wooden base. The most flexible terminations will
better accept these movements without cracking. For this reason,
waterproof coatings must have some flexibility to allow these small
movements without cracking, because if not, they will lose their
function. So far, we are dealing exclusively with decorative coatings on

pieces of wood indoors, protected from the weather and of smooth
variations in humidity and temperature.
INTERIOR WOOD PRODUCTS FINISHING
For many years, and due to preserve the wood from the various
elements in the interiors of homes, whether they were doors,
windows, floors, or furniture in general, these elements wood surfaces
were treated fundamentally to protect them from dust, dirt and other
liquid and fat stains, which, by closing the pores and forming a surface
film, keeps them impervious to some extent, protects them from
scratches and scrapes and facilitates their cleaning. Natural oils and
resins were the first elements used for this purpose. The multiplication
of synthesis of organic resins, obtained from petroleum derivatives,
multiplied, obtaining products with very different characteristics and
diverse applications, has shifted the market to natural products.

In the picture we see an operator opposite the spray booth, getting
ready to make a white lacquer finish on a piece of solid wood. As
already mentioned, this type of applications on pieces with holes,
shelves and sides, once the furniture is completely assembled, must be
performed by experienced personnel since the launch of spraying
lacquer or varnish on a furniture surface generates spraying rebounds
on front or side pieces, accumulating more product on some areas than
on others, causing the dripping and sliding of the applied product.
Hereunder is a small variety of finishings on different woods or boards.
Naturally, when an application is applied on a very appreciated wood of
great quality, its veins, waters, drawing etc are usually highlighted.
Transparent coatings that facilitate the vision of this wood, well
polished, and in any case with a light stain base, as to increase their
appearance, will be then applied. In the picture we see

a piece of acajou or samanguila wood, also called African Mahogany. It
is widely used in decoration and furniture for luxury boats. The shown
sample has been dyed with a little darker dye than the natural colour
of the wood, and it has been finished with a matte nitrocellulose
lacquer application, solely to protect the Wood from stains and to
make its cleaning easier.
The next piece is a lemongrass veneer on plywood board, coated with a
transparent nitrocellulose varnish.
It is quite used to coat wardrobe bases, drawers etc.

The next sample is a piece of a mountain elm. The base of the wood
has been lightly tinted with solvent, with a reddish brown tone and
finished with a matt polyurethane sheer varnish.
Given the number of varieties of different woods we have in the world
(over one hundred and fifty thousand),the various dyes and finishes
they are submitted to, plus the fact that according to the cut that has
been made for the extraction of the piece,wether tangential or
radial,it’s inevitable that they don’t have the same aspect. It is virtually

impossible to know the variety, basing us on a sole sample of wood.
We show the reader only some of the aspects we can give to this wood.

The sample of the picture corresponds to a piece of rosewood, with a
reddish dye application, very light, and finished with nitro varnish. In
the picture below, a sample of natural rosewood.
The walnut Wood sample of the picture above is not tinted, but aged
by light, as well the varnish recovering it.

It is the same case for the picture below, a piece of wild pine wood,
undyed and varnished with gloss polyurethane. Both wood and varnish
are aged and punished by the use. The sample corresponds to a rustic
tabletop of forty years of age. We must stand out that in general the
woods that receive direct sunlight tend to darken and varnishes turn
yellow. These suffer more on softer Woods than on the toughest
brackets.
Sample of matte bluish-white matte lacquer on DM fiberboard

White-mate lacquer, on drawer set of DM fibreboard pieces

Sample of a drawer front, veneered with Young wood and finished with
rubbing pad (rag doll) of shellac. The piece is over fifty years and it was
imported from Asia.
Termination with shellac is performed after a fine sanding of the Wood.
It consists in applying many consecutive coats, allowing the previously
applied to dry. The resin is, before using it, in the form of small scales,
and after it’s dissolved in alcohol for its use. The worker uses a rubbing
pad made of small cotton cloth wrapped in each other, soaked with the
resin solution, applying it by hand, gently rubbing it on the surface of
the Wood.
This must be dry, clean, perfectly polished and free of resins or
solvents. The finishing is a crystal clear appearance, which enhances
the colour and pattern of the wood. It's a pretty resistant finishing, but
the time and small changes in humidity promote the appearance of
small cracks, barely perceptible to the eye. The bases of resine used
both for different varnishes and lacquers are normally the same, but
using different formulations with a big variety in their pigment content
and their different characteristics, according to their destination. The
dyes of the Wood are usually performed prior to their lacquer, with
very volatile solvents to obtain good penetration of the pigment, as
well as rapid drying, which allows a rapid application of the finishing
layer or layers. The use of polyurethanes as grip and base layer
provides sufficient hardness to the Wood surface, giving the nitro
cellulose finishing transparency and shine. For a good finishing, it is
essential to sand perfectly the undercoats before applying topcoats. In
the case of transparent varnish, it is very important to control the
applied temperatures and the environmental moisture, since very

volatile solvents originate humidity condensations on the applied layer,
creating a cloudy zone that eliminates transparency.
The sample of the picture corresponds to part of a tabletop which has

been veneered with Spanish walnut veneer, performing a composition
with them to achieve a symmetry with the drawing of the veneers and
to enhance their grain. The finishing is shellac applied with rubbing pad.

The quality of Wood, its pore and its hardness determine the viscosity
of the base layer and the application solvent, as well as its adequate
hardness, since a perfect and fine sanding is better done on a harder
surface rather than on elastic. Applications on
smooth surfaces can be made by varnishing strips or automatic
varnishing machines with guns. Those presenting many shallow reliefs
may be performed with robot gun. Other elements with steep hollows
or highly curved areas will require the use of a handgun .
When it comes to coat a piece of carpentry or joinery with cavities or
closed volumes integrated into the piece, it is advisable to perform the
projection of the product through handguns by an experienced
operator in a spray booth, as in the picture. Two guns, one hanging on
the front of the cab and another on the side, are observed. These are
two airless guns. As shown, two ducts reach them, one conveys the
product to the gun nozzle , the other injects compressed air for
spraying. This allows to control the projection pressure, the amount of
product projected and the projection fan as to print enough the inner
and outer faces of an element without dripping or bouncing of the
product. In other cases, it can also be used Airmix guns. These project
the product directly from the nozzle, sprayed by pressure. They work at
higher pressure than the Airless and leave more product.
Manufacturers of paints and varnishes offer different formulations for
each termination and destination. In the case of paints, variables
caused by the quality, the concentration and the stability of pigment
added to the resin base must be added. We name lacquers the paints
with polyurethane base, with very stable pigments, exhibiting hard and
smooth termination surfaces.

TREATMENTS OF WOOD EXPOSED OUTDOORS
Exterior woods, exposed to the weather but protected from water (by
a coverage) or unprotected, as well as those exposed to sunlight (for its
orientation), or protected from it, have quite different behaviours, and
therefore their coatings must be completely different.
We have already indicated above that the degradation that solar
radiation infringes on wood is generalized , in one way or another, to a
large part of the organic products, and among them, the coatings
themselves applied on Wood
This, taken together with strong variations in humidity and
temperature, the preservation of decorated wood in such conditions is
a difficult challenge to maintain. We will study separately each case of
deprotection to distinguish which would be the most appropriate
application. First, it has to be considered, with no doubt, that the use of
a Wood of high natural durability outdoors is the best choice it can be

made, even without applying any type of treatment. The decorations in
these cases are usually reduced to apply "lasurs" more or less tinted
with inorganic pigments, non-degradable. The lasur may be
accompanied by UV filter product. If the wood to be used has a high
natural durability, it will be more convenient to recoat it with a paint
or lacquer of epoxy resin with a good coating thickness, inorganic
colour pigment and UV radiation filtering product. Always and in any
case, assuming a moisture content of Wood somewhat lower than the
hygrometric equilibrium. We name "lasur" the waterborne varnish of
thin film and breathable , allowing moisture exchange between the
wood and the environment (does not create impermeable layer). When
performing the placement of the pieces of wood outdoors, it’s very
important doing it in a way so that water from rain or dew isn’t
contained on it, in the form of accumulated droplets or small deposits,
for when the sun hits them, they act as lenses, warming some areas
much more than others, causing tensions that create fissures, disabling
the protective layer applied. In the case of clear coatings, the effect is
more harmful because the base Wood application is affected. In any
case, the shallow coating of an unprotected timber exposed to the
weather requires maintenance to be performed according to the
environmet climate aggressiveness.
Other methods are the use of treated wood, whose properties have
been deeply varied during different treatments. This is the case of
compressed and waterproof Wood boards, bakelite, metallic, or woodcement panel.
In any case, the intention of placing natural wood outdoors, coated in a
way it is not possible to know if the base material we are seeing is

Wood because the coating doesn’t allows it to be distinguish, is only
interesting when the pieces of wood are more economical than other
material and fulfil the same purpose. It’s preferable to place a material
that does not degrade under these conditions and apply on it the
termination we want to leave at sight.
DEGREES OF PROTECTION AND IMPREGNATION
When we have to put wood outdoors, totally and entirely unprotected
from the action of rainfall and solar radiation, temperature changes
and xylophagous attacks, there are only two options:
1st Place a timber of a very high natural durability. Like AZOBÉ,
CONGOTALÍ, TEKA, PADAUK, ETC., whose prices are high, are difficult to
purchase and of complicated workability. It’s therefore an expensive
placement.
2nd Perform an appropriate protection of the timber we can dispose
of, to extend as long as possible their terms of durability
We have already talked about the wood degrading agents and their
vulnerability to xylophagous. In a case of total exposure to the weather,
we must consider a total protection against all degrading agents, using
on wood all protection applications, both thorough impregnation
(heartwood included) and superficial coating, with weatherproof
paints. The environmental conditions where it will be placed and the
climatology of the place will be decisive for one type of application or
other. The epoxy products of superficial coating seem to be the most
suitable thanks to their hardness and resistance, both chemical and
mechanical. Inorganic pigments, such as white pigments (titanium
dioxide), or oxides of iron and chromium. Metal protections in the form

of thin galvanized Steel sheets, covering areas directly affected by the
sun or rain, etc.
It is important to fully protect the outer surface of the wood exposed to
the weather. But it is critical a deep protection, since xylophagous
attacks, initially fungi, can thrive in any small crack or hole where their
spores find a way of penetration. Therefore, the only guarantee to
preserve the timber long-term is making a thorough impregnation of
fungicides and insecticides products. The stability of the impregnated
products in the wood and its attachment to it, will more or less ensure
us its durability over time.
IMPREGNATION SYSTEMS ON WOOD
As mentioned, and it is not a coincidence, woods of greater durability
are hardly impregnable, (always referring to heartwood). They are
woods whose lumens or cavities of the cells are strongly lignified and
practically closed to the passage of any solution. Therefore, they often
have high densities and strong hardness. They are generally hardwoods
from the tropical belt, Asia, Africa or America. These are better
protected, if possible, when they are placed in temperate areas with
cold seasons, where the fungi and insect attacks are absent or very
weak, manifesting from spring to autumn. On the contrary, the woods
in temperate zones, of medium or low hardness and medium densities,
in tropical areas, are very easily degradable and its durability is poor. In
these climates, the impregnation treatments are essential for every
placement situation.
In Europe, we classify wood protection depending on the type of
exposure, classified in five risk classes, 1 to 5, and on its impregnability

(heartwood). The type of application is chosen according to the degree
of the impregnation penetration into the Wood.
A shallow protection, for a wood with risk 1, placed outside but not
outdoors, with no possibility of being wet or moistened by water, can
be protected by a primer, applied with a brush on its outer surface . Or,
if the piece allows it, by dipping or spraying with a gun. The product
penetration into the wood of one to three mm is enough. The product
to be used will differ depending on the application. If the application is
made with brush, the fungicide and insecticide may be organic, organic
diluents, (easier penetration). If the application is by immersion, the
fungicide and the insecticide must be inorganic and water soluble.
In these applications, for low risks, varnishes and base paints with some
insecticide-fungicide protective component are commercialised.
If the risk is 3 or 4, it is essential an autoclave treatment, for the
pressures the product has to be submited to for its penetration
(impregnate all sapwood) are only available in autoclave. Except if the
wood is very dry, and an immersion in water- soluble protector is
applied for enough time to introduce the product inside, above its
saturation point.
IMPREGNATION PRODUCTS
Since 1865, when the use of the "creosote" (coal tar distillate) begins
more or less industrially, althouh managing to check if they obtained
set of oils and derivatives had insecticidal, fungicides and biocides
properties as to perfectly protect the wood. It is from 1900 when the
injection, through pressure, into the timber through ducts is achieved,
both creosote and water-soluble salts of various compositions. The
procedure for better protection involves introducing more quantity of

product into the wood, if possible filling the vessels and ducts.
Obviously for this to be possible, it is first necessary to remove the sap
and the moisture content, and immediately inject the protection
product. The best protection is obtained when you start to use the
vacuum-pressure system.
For many years, the creosote has been used for the protection of the
wood that remained outdoors, with risk classes of 4 or even 5. The
result has been generally very good, making the pieces to be on duty
for 40 or 50 years. This has happened with many railway sleepers, poles
of electricity and telephone lines, lighting poles or farm fences. In many
countries, it is still used for these purposes, and legislations permits it.
we are referring to treatments of pieces which will not be worked after
being treated and whose direct contact with the timber will be
occasional and in most cases non-existent. Other very different cases
are when the treated wood is going to be handled or worked, or it will
be in permanent contact with people or animals. In these cases, the
protection product types to be used must be carefully studied in each
case.
The wood protection products against xylophagous can be natural or
synthetic. The natural ones may be organic or inorganic. Within the
synthetic, almost all are organic, some are water-soluble and others
soluble only in organic solvents. All the inorganic salts are, to some
extent, soluble in water (water-soluble) and also in organic solvents.
The profusion of different insecticides and fungicides, which are
marketed for many uses, force us to consider their most interesting
features for their use in protection. These are:

Toxicity against the xylophagous, ease of penetration into the wood,
fixation and permanence capacity, low or non existant environmental
toxicity, safety and ease of use, enablers of subsequent covering or
decoration treatments.
The use of organic insecticides, such as synthetic pyrethroids, has been
very active against insects and not too toxic to mammals, but they are
not very persistent and hardly stable in wood. Their use can be very
interesting to eliminate a larval insect attack in a restricted wooden
structure, protected from outdoors; or against insects inside housing,
for occasional insect elimination.
Creosotes or organo-chlorinated synthetic insecticides such as
"lindane" have been used very successfully in wood but they have been
displaced because of its toxicity in mammals and aquatic environment,
its excessive persistence and stability in the environment and its
difficult elimination.
Another added problem with the use of organic synthesis pest-control
substances, whether chlorine, phosphorus or carbamate, is the
appearance of resistances and unwanted collateral damages. For all
these reasons, the most employed products to protect the Woods from
xylophagous attacks are water-soluble salts with biocidal properties.
The employment of CCA salts (chromium, copper and arsenic salts), has
also been very effective, using chromium as fixative, copper as
fungicide and arsenic as insecticide. Arsenic’s dangerous toxicity has
forced its replacement by boron salts, which have also turned out to be
very effective. The countries legislations deal with the use permits of
the various formulations and products, depending on the severity and
influence that pests have on their economies. Similarly, in some

countries, the use of anti-xylophagous protectors is accepted in cases
which are absolutely prohibited in other countries.
Keep in mind that the problem of general preservation of all materials
and organic products is more prominent in tropical than in subtropical
zones, and at the same time, more prominent in subtropical than in
temperate or boreal zones.

FORESTS OF THE EARTH
Only the 29% of land area is land mass. We can consider a mainland
area of 149, 400, 000 km2. The 30% of this area is fertile ground; the
rest is either permanently covered by snow or belongs to the deserts
and mountains, and presents arid conditions. 12,000,000 km2 out of
44,82 million km2 of fertile land is occupied by forests and an area of
9,49 million km2 is intended for multiple uses, 7,018 million km2 of
which support permanent crops. Actually, the concept of forest, on its
whole extension, will be only applied to an area of 12 million km2. In
this context we should clarify that the use of this forest meets different
purposes. It provides a variety of products, one of which, but not
always the most important, is the wood. We will refer to it as TFP,
(timber forest product). And when we speak of forest extraction
products other than wood, we will refer to them as NTFP (non-timber
forest products). The 50% of the approximately 3,800 million m3 of
wood which are extracted annually from the forests is used as fuel in
the same place of its extraction, or nearby.
This does not mean that the 50% of timber from forests is used as fuel
in all regions, but when considering the average use of wood in the
forests of the earth, it turns out that about 50% of its volume is used as
fuel. The percentage is higher in less developed countries and regions
where access to other sources of energy is more problematic, and
much lower in the most developed regions, where such use does not
exceed 20% or 25% and wood products are used almost entirely for
industrial use.

This use of the forest, whose main goal is to obtain timber forest
products, is being replaced, in many countries, by forest maintenance,
for the obtention of non-timber forest products of very important or
greater value than the wood itself. Within these, we can list:
Food, fruits in all varieties, mushrooms, bamboo, other fodders. Seed
oils, dry fruits, exudates, (rubber, resins and derivatives), drug and
perfume industry products, colourants. Animals, game meat, skins and
other organic products. Honey and beeswax, other insects. Etc.
Globally, from 1990 to 2000, there was a significant deforestation;
about 8 million hectares per year. This did not happen regularly in all
countries or regions of the globe, but it was very pronounced in South
America, East Asia and Africa. We can therefore affirm that about 80
million hectares of forest were lost.
However, it is in the decade from 2000 to 2010 when a significant
increase in wooded areas, virtually worldwide, takes place. This was the
result of concerted policies facing the pressing demands of
international trade. East Asia, especially China and India, started
planting large areas of their territories.
The increase in forest area in recent years is running essentially in three
ways.
Afforestation, with plantations there where had been no trees and
which directly contributed to increase the forest area. Species that
best fit in its development will be used in these plantations, according
to the purpose for which they are executed, and the conditions of soil
and climate.
Reforestation with plantations in areas there where was forest, which
had disappeared wether for felling or weather phenomenon

Natural forest regeneration in previously felled areas, and where
Wood extraction had already been banned.
Some plantations were performed in order to protect the soil and
prevent desertification, to maintain aquifers or to create natural
barriers
These annual increases in the last decade, are estimated at 11 million
hectares, and are located maily in East Asia, Oceania and South
America. They are due to forest plantation development, both
afforestation and reforestation. These are made with forest species
whose growth and development best suits the conditions in the
plantation, whether the species are native or not.
Currently, timber extraction, both for industrial purposes and fuels,
comes to be 0.7% of the growing stock, and a trend , more and more
pronounced, is spreading, especially in developing countries:
Using extraction of wood products from intensive afforestation or
reforestation plantations. Notwithstanding some afforestation or
reforestation, are also engaged in the extractive, (NWFP).
The maintenance of natural forests and their development and
regeneration care is a practice more focused in mixed functions, both
for the extraction of wood products, PFN and the possible extractive of
other products, NWFP.
It is noteworthy that worldwide, approximately 30% of introduced
species were used (non-native) in afforestation, and 36% in
reforestation. In Europe and North America, the percentage of
afforestation and reforestation with introduced species was very low in
recent years. It has been in East Asia, China and India and South
America, Brazil, Argentina and Chile, where there have been made the

most important plantations in recent years. Deforestation that took
place in previous decades had also been very important. Intensive
plantations of eucalyptus, in all its varieties, have been the most
important in recent years.

Of note, Europe and North America use wood from plantations mainly
for its industrial purposes, using a small amount as fuel. Moreover it is
very logical that in more developed countries, alternative and cleaner
sources of energy are used. However, the demand for timber and
timber products has not stopped growing, also in these regions.
It is expected that the demand for forest products worldwide suffers a
significant increase, driven by the population growth and the increasing
of developing countries.
At the same time, bigger agricultural and mixed forest areas should be
set up, in order to meet the future needs.
In any case, the human contingent to be assigned to the growing and
caring of these productive sectors will be very important, as well as
correctly cover their social, health, education and training needs, etc.
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GLOSSARY
EDAPHOLOGICAL. Set of environmental conditions of soils and climates
that influence the plant development.
HARDWOOD. Broadleaf trees (Angiosperms)from temperate forests.
STICKERS. Pieces of wood, usually 2x2cms of section and longer than
one metre used to separate the various timber layers in a stack or pile
CLEARANCE. Separation distance between supports of a piece of wood.
ME1. 1st quality classification, based on visual examination, of any
species which will be used in resistant wooden structures.
ME2. 2nd quality classification, based on visual examination, of any
species which will be used in resistant wooden structures.
C30. Euro-code Nomenclature which designates any species of conifer
whose bending test sheds a percentile resistance (characteristic) of 30N
/ mm2. As a simplified method, but not exact, we can agree that 30N /
mm2 = 300kg / cm2.
D50. Euro-code Nomenclature which designates any species of
hardwood, whose essay bending sheds a percentile resistance
(characteristic) of 50N / mm2.
EUCALIPTUS. We can find more than 600 varieties with very different
characteristics.
LOSS OF RESISTANCE. It is not equally quantifiable for all species
because of the varying moisture content. The differences are very
different, depending on the species and variety.
XYLOPHAGOUS. The mention of fungi, insects or crustaceans as major
biotic Wood decomposers doesn’t exclude many others such as birds
and rodents, who work and drill it, and countless amoebae, bacteria,
protozoan, etc., that attack and break it.

