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Summary 

This work presents a new method of sawing to produce pith-free timber with vertical annual rings 
and without juvenile wood. The method, which is called star-sawing, gives sawn timber with two 
different shapes, viz, conventional timber with a rectangular cross-section and timber with a 
triangular cross-section. The volume yield for star-sawing has been determined with the help of 
computerized simulations and trial sawings. The results show that star-sawing is best suited for logs 
with a top diameter greater than 200 millimetres. Both a high volume yield and suitable dimensions of 
the sawn timber were then obtained. The volume yield of timber with vertical annual rings in star-
sawing is about 0.70 calculated with regard to the top cylinder volume under bark.  

1. Introduction 

The shrinkage anisotropy of the wood means that timber exposed to moisture changes will in most 
cases change both in its dimension and in its shape, i.e. deviations will occur from the original, usually 
right-angled parallelepipedal shape. The changes in shape appear as distortions and angular changes 
in the cross-section and are due mainly to the fact that the sides of the timber are not parallel to the 
anatomical primary directions in the wood, the radial and tangential directions. The distortions and 
angular changes in the cross-section become more evident the greater the difference between the 
radial and tangential moisture movements (Schwab 1978). 

It has been known for a long time that if timber is sawn radially from the log, no or very small changes 
in shape occur. The timber then has vertical annual rings. The dimensional changes associated with 
moisture changes are still present, of course, but the radial moisture movement occurs only along the 
width of the timber and the tangential changes only in its thickness direction. The sides of the timber 
are thus parallel to the main directions of the wood and the movement as a result of any moisture 
change can be predicted. If the annual rings are not completely vertical, the moisture expansion across 
the width of the timber will increase, as will the changes in shape. To prevent a greater degree of 
annual ring inclination from causing any perceptible deterioration from the timber properties 
associated with vertical annual rings, the angle between the flat side of the timber and the annual 
rings shall lie between 60 and 90 degrees. This applies to pine, Pinus silvestris L., and spruce, Picea abies 
Karst., (Sandberg 1995a). 

There are several methods of producing timber with vertical annual rings. The methods which give 
timber with a rectangular cross-section adopt in most cases the traditional quarter-sawing pattern, as 
in figure 1a. With other methods which give timber with vertical annual rings, sectors are sawn with a 
more or less triangular shape, figure 1b. A compilation of some of these methods has been made by 
Polaczek (1990). 
It is well known that the juvenile wood, the annual rings closest to the pith, differs considerably from 
the wood located in the periphery of the trunk. In the case of spruce, Picea abies Karst., it has been 
found for instance that the fibres of the juvenile wood are shorter and have a lower stiffness and 
density than other wood (Boutelje 1968). It has also been found that the fibril angle is greater in the 
juvenile wood than in the mature wood, which means that timber which contains juvenile wood will 
be deformed during drying (Danborg 1990). It has also been shown that if timber contains pith or if 
any part of the timber has been sawn out close to the pith, the timber has a greater tendency to crack 
(Sandberg 1995b). These properties of the juvenile wood mean that it should be removed already at 
the time of sawing in order to obtain straight timber free from cracks. 



 
Figure 1. Example of two cutting patterns which give timber with vertical annual rings. 

a) quarter sawing, b) sector sawing. 

 

At the Royal Institute of Technology, KTH, Division of Wood Technology and Processing, a new 
sawing method to produce timber with vertical annual rings has been developed during recent years. 
The method is called "star-sawing" and is part of an extensive R&D-program, "Value activation", 
which is aimed at producing timber and materials with vertical annual rings on an industrial scale and 
with good profitability for products in which e.g. small and controlled moisture movements are 
valued highly. The object is thus to activate values in timber which with today's industrial technology 
are dormant (Wiklund 1993). 

2. Star-sawing 

It seems obvious that if the timber is sawn radially from the log, without pith and juvenile wood, 
properties are obtained which are much better than those of conventionally sawn timber. Star-sawing 
is a new method for producing such timber. The yield from star-sawing consists of timber sections 
with both rectangular and triangular cross-sections, all with vertical annual rings. Figure 2 shows the 
star-sawing pattern. 

2.1 The adaptation of the sawing pattern to the log geometry 

The star-sawing pattern is well adapted to the circular cross-section of the log. The sawing pattern in 
its basic design gives six pieces with a triangular cross-section and six pieces with a rectangular cross-
section but, depending on the desired timber thickness and the dimensions of the triangular profiles, 
several more rectangular pieces can be sawn to maintain a high volume yield, figure 3a. For non-
circular logs, it is also possible to adapt the sawing pattern to the shape of the log, figure 3b. Non-
circular logs usually contain reaction wood in parts of the cross-section. In star-sawing, the log can be 
positioned during insertion so that the reject as a consequence of the reaction wood is minimized. It is 
also possible to saw timber pieces with a large proportion of reaction wood, for use in products where 
the properties of the reaction wood are particularly valuable. 

Removing the pith and the juvenile wood is one of the most critical steps in star-sawing. The path of 
the pith in the length direction of the log is often very irregular. Top fractures and other types of 
damage which frequently arise during the growth of the tree often cause a fairly large displacement of 
the location of the pith. If the log is crooked, the pith will follow this crookedness, at the same time as 
the pith becomes displaced from the geometrical centre of the log cross-section. This means that high 
demands must be made on the insertion of the log so that the pith and the surrounding juvenile wood 
can be "captured" and separated from the other wood. 



 
 

Figure 2. Star-sawing, new cutting pattern to produce timber on an industrial scale with vertical annual rings. 
 

A method which has proven useful to remove the pith and the surrounding juvenile wood effectively 
is to place two parallel cuts on each side of the pith at a distance which corresponds to the thickness of 
the rectangular timber. If the log is crooked, the log is rotated until the plane in which the crookedness 
lies is parallel to the saw-cuts. The timber section containing the pith is then sawn with a pith-catcher 
which can be adapted to the extension of the pith and the juvenile wood. 

 
Figure 3. Variations of star-sawing to achieve optimum utilisation of the log volume. 

a) Cutting pattern with twice the number of timber pieces with rectangular cross-sections. 
b) Cutting pattern adapted to the non-circular log cross-section, 

 

2.2 Dimensions of the sawn timber 

The appearance of the star-sawing pattern means that the width of the timber becomes considerably 
smaller than in e.g. square sawing, for the same log diameter. This means that star-sawing is best 
suited for coarse logs where the top diameter is greater than 200 millimetres. The dimensions of the 
timber with a rectangular cross-section have been chosen so that they agree with the standardized 
dimensions used in e.g. Sweden (SIS 1970). In the case of triangular profiles, there are no standardized 
dimensions and in the trial sawings carried out, triangular profiles with sides of 80, 100 or 120 
millimetres have been obtained. Besides the timber from the actual star-sawing, sideboards are also 
obtained from the slabs. These boards have horizontal annual rings, however, but with a uniform 
annual ring direction and they are often knot-free and of very good quality.  

2.3 Pilot plant for star-sawing 

In order to develop a system for the star-sawing technology and to test the properties of the sawn 
timber and of the products in which the timber is used, a pilot plant for star-sawing has been built. 
The sawing is carried out mainly in a horizontal bandsaw of the "Forestor" type which has been rebuilt 



to cope with star-sawing. Figure 4 shows the sawing procedure used in the plant. This method of star-
sawing is neither the most optimum nor the only method, but it was shown in this first phase of 
development to be very suitable. The log is lifted into the band saw and is centred with the help of 
underlying lifting arms and is then fastened at the ends between two pegs, figure 4a. Cuts are sawn on 
the upper side of the log after which the log is rotated in steps of 60 degrees after each cut, so that a 
six-sided block is obtained, figure 4b. The log is loosened from the pegs and lowered onto the sawing 
bed. A pith plank is sawn after which two more blocks are obtained, the so-called coffin lids, figure 4c. 
The coffin lids are turned and fastened together with hydraulic grab devices and two timber sections 
are sawn from each block, figure 4d. After this sawing step, two blocks with rhombic cross-sections 
are obtained. These are turned and placed in a fixture before the sawing continues, figure 4e. The 
rhombs stand freely in the fixture, i.e. without being fastened.  

 

 
Figure 4. Sawing procedure in the pilot plant for star-sawing. The pictures show log and timber cross-sections. 

a) The log is straightened and fastened between two pegs so that it can be rotated. 
b) The suspended log is turned and sawn into a six-sided block. 
c) The six-sided block is loosened from the pegs and lowered onto the sawing bed. A pith plank and two 
blocks, the so-called coffin lids, are sawn. 
d) The "coffin lids" are turned and fastened, after which two timber sections are sawn from each block.  
e) The remaining blocks with rhombic cross-section are placed in a fixture and sawn. 

 

2.4 Drying of star-sawn timber 

The timber sawn in the pilot plant has been dried in a chamber drier at a saw mill. The kiln schedules 
used are the same as those used to dry conventional timber at the sawmill. In the drying, the 
triangular profiles have been stacked according to two different methods, completely block stacked 
and in groups of three, figure 5. In the stacking of the triangular profiles, the tangential surface, from 
which evaporation is considerably more rapid than from the radial surface, is always placed against 
some other surface to ensure some degree of deceleration of the moisture evaporation. Preliminary 
tests show that timber with vertical annual rings and without pith and juvenile wood can be dried 
with a conventional drying program with a good result and without cracks. This is also true of the 
triangular profiles. The greatest difference in drying between the two stacking methods for the 
triangular profiles has been found to be that the free profile corners of the grouped profiles become 
too severely dried (Sandberg et al 1995). 

 

 
Figure 5. Board stacking methods tested during the drying of triangular profiles. 

a) Tightly packed profiles. 
b) Triangular profiles placed in groups of three. 



 

3 Volume yield in star-sawing 

The basic idea of star-sawing is to obtain products with the highest possible value from a given raw 
material. This means that the volume yield in the division need not necessarily be maximized. From 
an economic viewpoint and for environmental reasons, however, it is very important that as large a 
part of the log as possible is used. The yield values reported here refer only to volume yields for 
timber with vertical annual rings. 

3.1 Simulation of the volume yield 

Star-sawing has been simulated in a computer with the help of the so-called OPTSAW-system. This 
system is a computer-based simulation aid, developed at the Swedish Institute for Wood Technology 
Research, with which it is possible to analyse quantitative and economic relationships between the 
quality of round timber and the quality of sawn timber. The OPTSAW-system consists of three main 
components: A log bank consisting of more than fifty "real" trees of pine, the internal and external 
geometries of which have been measured and digitalized. With these data as a base, the trunks have 
then been reconstructed in a computer and a trunk database has been established. In addition, the 
system consists of software for simulated sawing and calculation of the quality and value of the 
trunks. For a deeper study of the OPTSAW-system, Drake et al (1987) and Liljeblad et al (1988) are 
referred to. The OPTSAW-system can simulate the sawing methods square sawing and through-and-
through sawing. In order to simulate star-sawing, new software has been developed (Sandberg et al 
1993). 

3.1.1 Input data for the simulation 

The simulated sawing differs from the real sawing at the pilot plant in that no six-sided block is sawn. 
Instead, all sawn timber are edged after they have been sawn free from the log. This gives a greater 
flexibility in the choice of dimensions for an individual piece of timber. The width and thickness of the 
rectangular timber have in the choice of cutting patterns followed standardized dimensions. All 
timber sections have been sawn without wane and no volume optimization has been carried out with 
regard to the length/width ratio during the edgeing. As in the pilot plant, a timber section containing 
the pith has been sawn, after which a so-called pith-catcher has been used to remove the pith and the 
juvenile wood. In the simulation, the width of the pith-catcher has in all cases been 15 millimetres and 
the width of the saw cut 4 millimetres. The shrinkage during drying of the rectangular section has 
been set to 4 per cent in the tangential direction and 2 per cent in the radial direction, and the volume 
shrinkage of the triangular profiles has been set to 4 per cent. The longitudinal shrinkage has been 
neglected. This shrinkage corresponds to a final moisture content of about 15 per cent after drying. In 
the simulation, no consideration has been given to the yield of chips, shavings and sideboards, which 
is very important for the value yield in the sawing, but does not affect the calculation of volume yield 
for the timber with vertical annual rings.  

The logs from the trunk bank used in the simulation have a top diameter of between 140 and 305 
millimetres and an average length of 4.7 metres (standard deviation 0.8 m). The logs have been 
divided into diameter classes with an interval of 20 millimetres and for each class a few different 
cutting pattern alternatives have been determined, with the constraint of a condition for the 
relationship between the cross-sectional areas of the triangular profiles and of the rectangular timber, 
for each diameter class. The area ratio, i.e. the ratio of the cross-sectional area of the rectangular timber 
to that of the triangular profiles, was found to lie between 0.40 and 2.0 for all log diameters. The 
condition means that only realistic timber dimensions will be sawn in the simulation. Table 1 shows 
alternative simulated cutting patterns. Only the log diameter and timber thickness determine the 
cutting pattern. The dimensions of the triangular profiles will be determined in the subsequent 
edgeing operation. It is possible either to saw the same dimension on all triangular profiles or to 
determine individually the dimensions of each individual profile. In the simulation, we have chosen 
to saw sharp-edged triangular profiles with the side length in a 5 millimetres module. Only cutting 
patterns in which six rectangular and six triangular timber sections are sawn have been used in the 
simulation.  



Table 1. Cutting patterns used in the simulation. 

Top diameter  Cutting 
pattern 

 Thickness of the timber with rectangular cross-section 

(mm)  (no)  (mm)         

121-140  1-5  12 16 19 22 25     

141-160  6-9   16 19 22 25     

161-180  10-13   16 19 22 25     

181-200  14-18   16 19 22 25 32    

201-220  19-24   16 19 22 25 32 38   

221-240  25-29    19 22 25 32 38   

241-260  30-35    19 22 25 32 38 50  

261-280  36-40     22 25 32 38 50  

281-300  41-46     22 25 32 38 50 63 

301-320  47-51      25 32 38 50 63 

 

3.1.2 Results 

Figures 6 and 7 show the volume yield, calculated with regard to the top cylinder volume under bark, 
as a function of the top diameter. Figure 6 shows the total yield and the corresponding yield for the 
timber with rectangular cross-section for the cutting patterns which gave the highest total yield. The 
logs have been divided into diameter classes according to the top diameter in intervals of 10 
millimetres and the average value has been calculated within the classes for the cutting patterns which 
gave the highest total yield. Figure 7 shows the cutting patterns which within each diameter class gave 
the highest yield of timber with a rectangular cross-section.  

 

 
Figure 6. Volume yield in simulation of star-sawing, calculated with regard to the top cylinder volume and as a 

function of the top diameter. The diagram shows the average value for the cutting patterns which gave the 
highest total yield within each diameter class. 



 
Figure 7. Volume yield in simulation of star-sawing, calculated with regard to the top cylinder volume and as a 

function of top diameter. The diagram shows the average for the cutting patterns which gave the highest yield 
of timber with rectangular cross-section within each diameter class. 

 

Table 2 shows examples of dimensions of the timber from cutting patterns which gave the highest 
total yield. Table 3 shows timber dimensions in the corresponding diameter classes for the cutting 
patterns which gave the highest yield of timber with a rectangular cross-section. 

Table 2. Examples of dimensions and volume yields in simulated star-sawing. Cutting patterns 
which gave the highest total yield in each diameter class have been chosen. 
Top diameter  Rectangular*  Triangular profile  Volume yield 
  Dimension   Number of 

pieces 
 Side length  Number of 

pieces 
 Total  Rectang-

ular* 
(mm)  (mm)    (mm)       

150  25 x 63  2  25  1  0,70  0,42 

  25 x 50  2  35  2     

  25 x 38  1  50  1     

  25 x 32  1  55  1     

      60  1     

200  32 x 75  2  50  2  0,73  0,40 

  32 x 63  3  60  1     

  32 x 50  1  65  1     

      75  1     

      80  1     

250  50 x 100  2  45  2  0,74  0,48 

  50 x 75  1  70  2     

  50 x 63  3  90  2     

300  38 x 125  2  85  2  0,68  0,33 

  38 x 115  1  90  1     

  38 x 100  2  110  2     

  38 x 75  1  130  1     

* Refers to the timber with rectangular cross-section. 

 



3.2 Test sawings 

Since the start, ca 600 cubic metres of timber have been sawn in the star-sawing pilot plant. 
Continuously during the test sawings, logs have been chosen for which the quality and volume yield 
have been determined. On the basis of the results obtained, the insertion and sawing methods have 
been refined. The volume yield calculations reported here apply at a stage when the methods for 
insertion and sawing of the log were optimized to the full extent that was considered possible in the 
pilot plant.  

3.2.1 Test material and choice of cutting pattern  

50 logs of pine have been randomly chosen from a lumber catch of 250 logs. The top diameter under 
bark varied between 325 and 440 millimetres. The average length was 4.5 metres (standard deviation 
0.4 metres). All logs were made up of butt logs of good quality, and crookedness and eccentricity only 
occurred in the logs to a very limited extent. The width of the pith catcher has for all cutting patterns 
been at least 50 millimetres. The width of the saw cut was 3 millimetres and, after the subdividision, 
the timber was dried to a moisture ratio of 15 per cent. 

Table 3. Examples of dimensions and volume yields in simulated star-sawing. Cutting patterns 
which gave the highest total yield of timber with rectangular cross-section in each diameter 
class have been chosen. 

Top diameter  Rectangular*    Triangular profile  Volume yield 

  Dimension   Number of 
pieces 

 Side length  Number of 
pieces 

 Total  Rectan-
gular * 

(mm)  (mm)    (mm)       

150  25 x 63  2  25  1  0,70  0,42 

  25 x 50  2  35  2     

  25 x 38  1  50  1     

  25 x 32  1  55  1     

      60  1     

200  38 x 75  2  40  2  0,69  0,43 

  38 x 63  4  55  1     

      60  1     

      70  1     

      80  1     

250  50 x 100  2  45  2  0,74  0,48 

  50 x 75  1  70  2     

  50 x 63  3  90  2     

300  38 x 125  2  50  2  0,67  0,46 

  38 x 75  3  65  1     

  38 x 50  1  90  1     

  38 x 75  1  95  1     

      120  1     

* Refers to the timber with rectangular cross-section. 

 
  



3.2.2 Results 

Figure 8 shows the volume yield as a function of the top diameter for all test sawn logs. The yield is 
calculated with regard to the top cylinder volume under bark i.e. in the same way as in the simulated 
yield calculations. Table 4 shows examples of sawn dimensions and corresponding yields for four 
different cutting patterns. 

 
Figure 8. Volume yield in the star-sawing trials, calculated with regard to the top cylinder volume and plotted as a 

function of the top diameter. 

 

Table 4. Examples of dimensions and volume yields in the test sawings. 
Top diameter  Rectangular*  Triangular profile  Volume yield 
  Dimension   Number of 

pieces 
 Side length  Number of 

pieces 
 Total  Rectan-

gular* 
(mm)  (mm)    (mm)       
325  50 x 125  1  100  6  0,64  0,33 
  50 x 100  2         
  50 x 75  3         
340  63 x 150  2  100  6  0,75  0,47 
  63 x 100  3         
  63 x 75  1         
380  63 x 150  1  120  6  0,72  0,39 
  63 x 125  1         
  63 x 115  2         
  63 x 100  2         
440  50 x 175  1  100  6  0,64  0,47 
  50 x 150  2         
  50 x 125  2         
  50 x 100  1         
* Refers to the timber with rectangular cross-section. 

 

 
  



3.3 Discussion 

The simulations of star-sawings and the trials sawings show that the yield in star-sawing is con-
siderably higher than for traditional patterns of cutting, e.g. through-and-through sawing, square 
sawing and quarter-sawing. The simulation results show that the yield with respect to the top cylinder 
volume varies between 0.50 and 0.75. Approximately half the sawn timber volume is made up of 
timber with a rectangular cross-section and the remaining part of timber with a triangular profile. 
Boards are also obtained from the slabs, but this yield has not been included in this investigation. The 
total yield is not affected noticeably by whether the yield of timber with rectangular cross-section is 
maximized or not, as is evident if figures 6 and 7 are compared. On the other hand, the scatter in the 
yield of rectangular timber becomes much smaller when the yield is maximized.  

The yield decreases strongly for small log diameters, especially when the log diameter is less than 200 
millimetres. There are several reasons for this, but the most important is that the standardized module 
measurements for rectangular timber agree poorly with the sawn dimensions. This causes large waste 
in the edgeing stage. Tables 2 and 3 show that the dimensions for both the rectangular and triangular 
timber are very small. From a handling and allocation viewpoint, small timber dimensions are usually 
not preferable to coarse dimensions. The knots in radially sawn timber can also have such an 
extension in the timber, especially in small dimensions, that they constitute a great risk of failure 
already in an unloaded state. This means that from a production technical viewpoint and with 
consideration to the volume yield, star-sawing in the form stated in this article should be carried out 
on large logs, e.g. with a top diameter greater than 200 millimetres. The lower limit for the log 
diameter must of course be determined with consideration given to the products for which the sawn 
timber shall be used.  

On the basis of the simulation results, it was considered suitable in the pilot plant for star-sawing to 
saw only logs with a top diameter greater than 300 millimetres. Figure 8 shows that the volume yield 
in the trial sawings lies at the same level as in the simulation, i.e. about 0.70 for the total yield and 0.35 
for the rectangular timber. Figures 6 and 7 show that a slightly higher total yield can be expected than 
that obtained in the trial sawings. This is due to two essential differences in sawing manner between 
the simulation and the test sawing. Firstly, the width of the pith-catcher has been increased from 15 
millimetres in the simulation to at least 50 millimetres in the test sawings. It was found in practice that 
it is very difficult to remove the pith and the juvenile wood with the help of a pith-catcher which is 
smaller than 50 millimetres. Secondly, only three dimensions of triangular profile were sawn in the 
test sawing, 80, 100 and 120 millimeter sides, and only one dimension per cutting pattern. In the 
simulation, the dimension was determined individually for each triangular profile in the cutting 
pattern, which meant that the yield could be increased slightly. In general, this means that the yield in 
the test sawing was slightly less than that in the simulation. The tendency for the total yield to 
decrease in figure 8 is also a consequence of the fact that only three sizes of triangular profile were 
sawn. An increase in the number of cutting pattern alternatives probably causes the total yield to 
stabilize at about 0.70. On the basis of the simulated yield results and experience from the sawings 
carried out in the pilot plant, a yield curve according to figure 9 can be expected 

 
Figure 9. Yield curves for star-sawing assessed with the help of the results obtained from trial sawings and simulations 

of the star-sawing method. 



 

4. Conclusions 

Star-sawing is a new sawing method to produce timber on an industrial scale with vertical annual 
rings and free from pith and juvenile wood. This timber has several advantages compared with 
conventionally sawn timber, among other things very small changes in shape as a result of moisture 
content changes. The star-sawing method gives two shapes of the sawn timber, viz. timber with a 
rectangular cross-section and timber with a triangular cross-section. The sawing pattern is well 
adapted to the more or less round shape of the log cross-section and permits a large variety of 
different patterns depending on the shape of the log cross-section. This means that the volume yield in 
star-sawing becomes high. The yield of timber with vertical annual rings for star-sawing is about 0.70 
and approximately half this yield is made up of triangular profiles. Besides this, high-quality timber 
with horizontal annual rings is also obtained from the slabs. 
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