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The Concept of Value Activation I: Wood properties  
with different annual ring orientations in hardwood 

D. Sandberg, J. Johansson1 

Abstract 
The concept of “Value Activation” is based on the fundamental view that there are wood properties that are not fully 
exploited today but which, with the help of new techniques, could be fully utilized in a much better way. The strategy 
is to activate the inherent properties of wood by a better understanding of the fundamental behaviour of wood 
combined with new process technology and the development of required the manufacturing systems. 

The most important properties required from wood for wood products which are to be manufactured rationally, to be 
functional and to be highly valued can be described as: 

• accuracy in dimensions and geometry 
• absence of cracks 
• controlled movement with changing moisture 
• strength and hardness 
• above-ground durability 
• aesthetic and tactile features 

These properties are all influenced by the annual ring orientation in the cross section of the sawn wood. This paper 
describes the influence of the annual ring orientation on some of these properties and how they can be improved by 
using a new sawing pattern. 

 
Introduction 
Wood of different tree species is one of the most used and most useful materials in the world. It is by 
habit and tradition used for many different products, of different value, from extremely high value 
products such as designed art products and musical instruments to a simple but efficient source of 
energy. Over hundreds of years, craftsmen have learned and applied knowledge about wood, and it is 
possible to find very clever uses in different areas.  
Industrialization led to the need to produce as large a volume yield as possible from the logs in the 
shortest and cheapest way, often with very little attention to the properties of the wood material 
produced. 
To develop the usefulness, products and production technology so that the best of the wood´s property 
profile is used, the Value Activation R&D program was started in the early 1990´s (Sandberg 1998).  
The concept of “Value Activation” is based on a fundamental belief that there are wood properties that 
are not fully exploited today but which, with the help of new techniques could be fully utilized in a much 
better way. The strategy is to activate the inherent properties of wood by a better understanding of the 
fundamental behaviour of wood combined with new process technology and the development of the 
necessary manufacturing system, in other words, to try to use the tree trunks in such a way that the 
most highly valued properties of the wood are also used in products and constructions. 
A scruting of the properties that are the most valuable and most appreciated in visible wood products 
and efficient timber structures showed that the following properties are given priority: 
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aesthetic and tactile factors, 
accuracy in dimensions and geometry, 
absence of cracks, 
controlled movement with changing moisture, 
strength and hardness, 
above-ground durability. 
Aesthetic and tactile factors are in many cases underestimated in wood. The value of wood would be 
increased considerably if we could find and expose the beauty in wood and take advantage of the 
feeling for wood which most people have. 
When wood is used as a material for industrial production, it is very important that it can be offered with 
a high accuracy. 
Checks and splits in wood are not accepted in high-value wood products, both for functional and 
aesthetic reasons. 
We need to know and to be able to calculate moisture movements in wood in the proposed use and to 
facilitate the use of wood components in the industrial handling and assembly of products. This is linked 
to the demand for wood pieces and components with high accuracy. 
Strength as well as hardness are very much appreciated properties, although in many applications they 
are not crucial. 
Above-ground durability is important for many applications when wood is used outdoors or as a climate 
shield between outdoor and indoor climates. In some species, the difference in durability between 
heartwood and sapwood is very clear, the above-ground durability of heartwood being much better. 
When wood is used in outdoor applications it is very important that the heartwood can be orientated in 
a correct way to give the best durability. 
A basic task within the concept of Value Activation is to collect and collate all the knowledge about 
wood, its behaviour and properties, which can influence the value of the wood in different applications. 
This knowledge will then be used to decide how wood should be manufactured and used in different 
products to give the right quality and the highest value. 
 
A new sawing pattern based on basic properties of wood 
Wood is an anisotropic material. Therefore, all the physical and aesthetic properties of wood have 
different values in different directions. Among the irregularities and specific features that can be studied 
for different wood species, the following examples are well documented and the relations are similar in 
most tree species: 

1. Density. The density of the wood, and therefore the strength, increases with increasing distance 
outwards from the pith. The wood density is also higher in the lower than in the higher parts of the 
stem. 

2. Rays. In the tree trunk there are rays which distribute nutrients radially from the inner bark in the 
living tree. In the cross section of timber, the moisture flow is higher perpendicular to than parallel 
to the annual rings. The main reason for this seems to be the presence of the rays. 

3. Moisture movement. It is well known that the moisture movement in wood is twice as high in the 
tangential than in the radial direction. This is true with reasonable accuracy for most hardwood 
species and becomes very clear when a disc is dried (Figure 1). In practice, the consequence is 
that ordinary sawn wood cups or cracks when drying, and that the shrinkage/swelling movement 
due to the moisture content change gives more or less cupping. Radially sawn wood does not cup 
at all (Figure 2). 
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Figure 1 – Disc of ash (Fraxinus excelsior L.); saturated (left) 

 and dried to 8 % moisture content (right). 
 

 
Figure 2 – Distortion in the cross section of sawn wood of oak (Quercus Robur L.) dried to 8 % moisture 

content. Ordinary sawn wood (upper) cups when drying whereas radially sawn wood (lower) shows no cup. 
 

 
Figure 3 – The annual ring orientation is determined from the 
cross section of the sawn wood. When the annual rings are 

practically perpendicular to the flat side of the wood the wood 
is considered to have vertical annual rings. By definition 

annual rings are vertical when the angle between the flat side 
of the sawn wood and a tangent to the annual ring in the 

surface of the wood is between 60 and 90 degrees. 

 
Figure 4 – Star-sawing, a sawing pattern to 

produce sawn wood with vertical annual 
rings free from pith and most of the juvenile 

wood. 
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4. Fissure. Drying checks in sawn wood occur most frequently on the bark side (on the tangential 
surfaces) of the wood and the checks have a radial direction (Morén 1993). 
Wood sawn close to the pith or pith enclosed often exhibits a considerably larger number of 
visible shakes than timber sawn away from pith. This is true even before the sawn wood is dried. 
A closer analysis reveals that these shakes are often so-called “pith shakes” which radiate out 
from the pith and become narrower towards the periphery of the trunk. When the sawn wood is 
dried, these pith shakes create sites for further checking, which is consequently greatest in wood 
sawn close to the pith (see for example Sandberg 2005). 

5. Juvenile wood. In many species, the cells in the 10 to 20 annual rings closest to the pith are 
referred to as juvenile wood. The microfibril angle in the cell walls is lager than in cell walls of 
mature wood. The moisture movement in the juvenile wood therefore has a lager component in 
the longitudinal direction. Some of the distortion which can occur when sawn wood is dried may 
be caused by the juvenile wood. 

6. Hardness and wear. Radially sawn wood surfaces are in many tree species significantly harder 
than tangential surfaces. The wearing properties have also been found to be better on radial 
surfaces, and the end-grain surfaces have by far the highest hardness and wear resistance of the 
main surfaces of wood. 

7. Knots. In the tree trunk all the knots start at the pith. Some limbs die early and fall off, as the 
knots are then healed over when the tree grows. This means that, for instance, the butt log from 
oak often has got quite a lot of knots in the central part of the trunk although the outer part may be 
clear wood. 

The choices of saw pattern influences the appearance and number of the knots in the sawn wood. 
When the saw kerfs are directed tangentially in relation to the annual rings the knots are round in 
shape. A radial saw kerf cleaves the knots lengthwise and the wood surface consequently contains 
splay knots, but this also means that radially sawn wood contains fewer knots than traditionally sawn 
(square-sawn) wood. 
These examples of anisotropism all indicate that wood with annual rings perpendicular to the main 
surface has better properties than timber with flat annual rings. This is well known by craftsmen but, in 
spite of some attempts to produce sawn wood with so-called vertical annual rings (see Figure 3) during 
recent decades, very few industrial mills work with this as a goal. 
A basic idea within the concept of Value Activation is the ability to produce, on an industrial scale, sawn 
wood with vertical annual rings for products in which e.g. small and controlled moisture movements are 
important. The sawing pattern shown in Figure 4 is called star-sawing and it gives timber with vertical 
annual rings free from pith and most of the juvenile wood. The sawn wood obtained in star-sawing 
meets several of the most important property requirements of wood products which have been 
mentioned here. A couple of examples may be mentioned. 
 
Outdoor exposure of wood 
It is difficult to use visible wood outdoors so that it maintains its technical performance year after year 
and remains aesthetically attractive without chemical protection. In the case of pine and spruce, it has 
been shown that the annual ring orientation in the surface of the wood is much more important for crack 
formation than factors such as the density of the wood, impregnation treatments of various kinds, 
surface treatment with oil, or whether it is pine or spruce (Sandberg 1999, Sandberg et al. 2005). A 
picture of wood surfaces exposed for 33 months outdoors is shown in Figure 5. The literature indicates 
that we can expect the same behaviour for wood surfaces of our common hardwood species. 
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Figure 5 – Radial (top) and tangential (bottom) surfaces after 33 months of weathering. 

 
 

 
Figure 6 – Approximate relative movement S of solid wood floorings (Quercus Robur L.) with radial  
and tangential sections, and the approximate fluctuating humidity (Rh) during a period of one year. 

 

Solid wood flooring 
Figure 6 shows the shrinkage and swelling in solid wood flooring of oak on both radial and tangential 
sections over a period of one year. The moisture movements have been calculated from measurements 
by Wålinder (1996). The tangential to radial moisture movement ratio is more than the expected value 
of two. This may be due to a difference in sorption rate between the tangential and radial section 
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Hardwood in building 
Traditionally, hardwoods are used for furniture. However, the mechanical properties of hardwood are 
good and it is therefore well suited for building applications, exterior and interior surfaces etc. For 
example, the E-modulus, tensile and compression strength in a laminated beam of oak, beech or birch 
are 30−50 % higher than in a beam of the same dimensions made of spruce or pine. These are good 
opportunities for creating new building products of hardwoods, where the higher strength means that it 
is possible to use slender dimensions in the constructions. The aesthetic and tactile features of 
hardwoods may also be in advantage in such products. 
In close co-operation with architects, designers and building constructors, new products of hardwood 
are being created. In the first place hardwood of so-called low quality should be used for these 
products. This means quality grades of wood that include knots and discolorations that are not 
acceptable in furniture and interior joinery.  
 
Future work 
The R&D work in the concept of Value Activation continues with the goal of improving the use of the 
inherent properties of wood. Special attention is being devoted to densified wood from low density 
species which can be used for very durable floors, table tops etc. Another part of the program is to 
develop basic knowledge for the development of production systems for bending solid wood as well as 
for laminated wood. 
A basic idea in the concept of Value Activation is to produce timber with well-defined properties in 
different directions of the wood, i.e. radially sawn wood. The new production concept called the 
PrimWood Method has for several years been used for softwoods, and interest is now being turned 
towards hardwoods. 
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