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ABSTRACT 

 
The relationship between strength and density of wood plays important role in application of wood in 
construction. Available information on technical properties of sycamore maple wood are modest, and 
science based information on many important technical properties of this wood is missing. Some 
physical and mechanical properties of sycamore maple wood from Medvednica region were 
investigated. The relationship between strength and density as an indicator of wood quality was 
calculated. Wood quality was determined by strength quotient, bending quotient and toughness quotient. 
Variations of mentioned quotients from pith to bark were investigated. Statistical analysis showed no 
significant differences in the distribution of quotient values from pith to bark. Quality coefficients were 
compared to available data on some other wood species. 
 
Key words: Bending quotient, Sycamore maple wood, Strength quotient, Toughness quotient, Wood 
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1. INTRODUCTION  
 

Wood quality is defined as the combination of all wood characteristics that affect the value 
recovery chain and the serviceability of end products (Zhang, 2003). According to that author, 
wood density has long been considered the most important wood quality attribute and to a large 
extent determines the suitability of a species for a specific end use. As well, density is one of 
the major technical properties of wood. It is relatively easy to determine and is well correlated 
to many other properties of wood, like strength, stiffness, and performance in use. Some wood 
quality attributes share a unique link. For example, structural timber needs a high density and 
strength (Barnett and Jeronimidis, 2003). 

Sycamore maple (Acer pseudoplatanus L.) is native mainly in the mountainous regions of 
Southern, South-western, Western, Central and Eastern Europe (Figure 1), with the extreme 
easterly limit at the Casparian Sea (Krabel and Wolf, 2013). 

 

 
Figure 1. Distribution map of sycamore maple (Acer pseudoplatanus L.) in Europe. (Source: EUFORGEN, 

2009, www.eufrogen.org). 
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In many parts of Europe, sycamore maple is considered invasive and exotic species and 
therefore causing some debate among forests breeders and conservators. Some of them believe 
that sycamore maple should be eradicated in areas where it threatens the ancient indigenous 
forests (Rusanen and Myking, 2003). Others speak of great economic value and potential of 
reforestation with sycamore maple, and it is considered as hardwood species whose value grows 
in Central Europe (Kleinschmit et al., 2009).  

Genetic conservation aims at ensuring continuous survival and adaptability of the target 
species. These proposed guidelines reflect the view that sycamore is not considered an 
endangered species. Sycamore has significant potential for forestry, and its use as a timber 
resource should be promoted (Rusanen and Myking, 2003). 

In Europe, 1.7% of the total annual cuttings consist of sycamore maple. Researchers claim 
that the future area proportion of ash, sycamore maple and wild cherry in Europe will double; 
therefore the future proportion of sycamore maple harvest could increase remarkably (Thies et 
al., 2009). According to Kölling and Zimmermann (2007) and Kölling (2007), sycamore maple 
is regarded as a species that is well adapted to current and also to predicted future climatic 
conditions in Central Europe. The total wood stock of sycamore maple in Croatia is about 3.3 
million m3, which represents 0.81% of the total wood stock. About 2.6 million m3 belongs to 
state forests, while 0.6 million m3 are private (Hrvatske šume, 2014). 

There is a very close correlation between density and the strength characteristics of wood 
(Kolmann, 1951; Niemz and Sonderegger, 2003), therefore it can be used as an indicator for 
the primary assessment of mechanical properties (Niemz, 1993; Perelygin, 1965; Vikram et al. 
,2011).  

Available data on physical and mechanical properties of sycamore maple wood is modest, 
and science based information is missing. It is known that relationship between strength and 
density of wood plays important role in application of wood in construction (Govorčin et al., 
1984). In this article, a relationship between strength and density was used as an indicator of 
wood quality. Wood quality was determined by strength quotient, bending quotient and 
toughness quotient. Variations of mentioned quotients from pith to bark were investigated. 
 A described anticipation of growing quantities of sycamore maple in the near future along 
with the lack of scientifically formed, confirmed and tested information on the properties of 
sycamore maple wood and on their radial variation have all led to research presented here. 
Variations in properties of sycamore maple wood are compared with available data for 
sycamore maple wood, beech wood, and some other diffuse-porous species.  

This article describes research on some physical and mechanical properties of sycamore 
maple wood, as a basis for determination of quality quotients.  
 
 
2. MATERIAL AND METHODS  
 

For the purpose of this research, five representative sycamore maple trees from different 
diameter classes were selected with a method of random samples. The test trees were chosen as 
representative of the stand according to ISO 3129:1999. Trees were located on mount 
Medvednica, on its northern slope. This area is a part of “Training and forest research center 
Zagreb”, which belongs to Faculty of Forestry in Zagreb. Mountain Medvednica represents 
typical natural habitat with a mild continental climate where sycamore maple grows in 
community with beech. 
 After cutting down, one test trunk of 1m length was sawn from each test tree. Length of 
test trunk started at breast height (1.3 m), downwards to root collar. Afterwards, these 1 m long 
trunks were sawn into bark to the bark cores approximately 6 cm thick. One core was oriented 
north-south, and the others from east and west side (Figure 2). Cores were then submitted to 
natural drying on dry and drafted stock. After the cores had dried to a water content of about 
12%, highest parts of the cores, which were in the area of the breast height (1.3 m), were sawn 
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out into rectangular samples of 20 mm × 20 mm × 25 mm. The samples were sawn in the radial 
direction from the pith to the bark and labelled with markers that indicate from which tree they 
were sawn, to which side of the world they belong to and the ordinal number from the pith to 
the bark. 
 

 
Figure 2. Bark to bark cores (north – south, east and west). 

 
Density was measured according to HRN ISO 3131:1999, compression strength parallel to 

grain according to HRN D.A1.045-1957 and bending strength according to HRN D.A1.046-
1979. 
 Statistical analysis of the results and their comparison was carried out in specialized 
statistical program Statistica 8. Statistical analysis has shown the number of measured samples, 
an average value of certain measured properties as well as their variance. A comparison study 
of properties of juvenile and mature wood was carried out by Mann-Whitney test. 

For the purpose of using wood in construction, relationship between strength and density 
is considered to be very important. This relationship is referred as the quality coefficient of 
wood. In this research, the quality of wood was expressed by strength quotient, bending quotient 
and toughness quotient. 
 
 
The strength quotient of wood is calculated according to the expression (1): 
   �� =  

���12%  
(1) 

where is: 
ks – strength quotient (according to Janka) 

σc – compression strength parallel to grain (MPa) 
ρ12% – wood density 12% (g/cm3) 
 
The bending quotient of wood is calculated according to the expression (2): 
   �� =  

���12%  
(2) 

where is: 
kb – bending quotient (according to Monnin) 

σb – bending strength (MPa) 
ρ12% – wood density 12% (g/cm3) 
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The toughness quotient of wood is calculated according to the expression (3): 
   �� =  

����   
(3) 

where is: 
kt – toughness quotient (according to Monnin) 

σb – bending strength (MPa) 

σc – compression strength parallel to grain (MPa) 
 

The higher are the quotients, the higher is the coefficient of quality respectively, and the 
wood is better for use in constructive purposes. 
 
 
3. RESULTS AND DISCUSSION  
 
Table 1. Comparison of strength quotient of the sycamore maple wood from the Medvednica region with reference 
sycamore maple wood, beech wood from the same site, beech wood from Gorski kotar, white willow wood and 
teak wood 

Wood species 
Density 

ρ12% 
(g/cm3) 

Strength 

σc 
(MPa) 

Strength  
quotient 

Sycamore maple (Sedlar 2015) 0,630 45,5 72,2 

Sycamore maple (Wagenführ, 2007) 0,630 49,0 77,8 

Sycamore maple (Ehmcke i Grosser, 
2014) 

0,630 50,0 79,4 

Beech (Štajduhar, 1973) 0,740 59,9 80,9 

Beech (Govorčin, 1996) 0,660 47,3 71,7 

White willow (Salix alba L.)* 0,520 28,0 53,8 

Teak (Tectona grandis L.)* 0,630 72,0 114,3 

Legend: ρ12% – wood density 12%, σc  – compression strength parallel to grain. * Wagenführ (2007) 

 
Table 1 shows the comparison of the strength quotient between sycamore maple wood from 

Medvednica and known data of sycamore maple wood (Wagenführ, 2007; Ehmcke and Grosser, 
2014), beech wood from the same site (Štajduhar, 1973), beech wood from Gorski kotar 
(Govorčin, 1996) and two diffuse porous wood species, white willow and teak. 

Mean value of strength quotient of sycamore maple wood from Medvednica varies about 
10% from the value of known data of sycamore maple wood (Wagenfür, 2007; Ehmcke and 
Grosser, 2014) and beech wood from the same site, while it is almost identical to the average 
value of beech wood from Gorski kotar. Mean value of strength quotient of investigated 
sycamore maple wood is 35% higher than of the white willow wood, and for about 60% lower 
than the average value of the teak wood. 

Table 2 shows the comparison of bending quotient between sycamore maple wood from 
Medvednica and known data of sycamore maple wood (Wagenführ, 2007; Ehmcke and Grosser, 
2014), beech wood from the same site (Štajduhar, 1973), beech wood from Gorski kotar 
(Govorčin, 1996) and two diffuse porous wood species, white willow and teak. 
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Table 2. Comparison of bending quotient of the sycamore maple wood from the Medvednica region with reference 
sycamore maple wood, beech wood from the same site, beech wood from Gorski kotar, white willow wood and 
teak wood 

Wood species 
Density 

ρ12% 
(g/cm3) 

Strength 

σb (MPa) 
Bending 
quotient 

Sycamore maple (Sedlar 2015) 0,630 88,5 140,5 

Sycamore maple (Wagenführ, 2007) 0,630 95,0 150,8 

Sycamore maple (Ehmcke i Grosser, 
2014) 

0,630 120,0 190,5 

Beech (Štajduhar, 1973) 0,740 120,7 163,1 

Beech (Govorčin, 1996) 0,660 91,7 138,9 

White willow (Salix alba L.)* 0,520 31,0 59,6 

Teak (Tectona grandis L.)* 0,630 148,0 234,9 

Legend: ρ12% – wood density 12%, σb  – bending strength. * Wagenführ (2007) 

 
Mean value of bending quotient of sycamore maple wood from Medvednica varies about 

10% from the value of known data of sycamore maple wood (Wagenfür, 2007) and beech wood 
from the same site, while it is almost identical to the average value of beech wood from Gorski 
kotar. Mean value of bending quotient of sycamore maple wood (Ehmcke and Grosser, 2014) 
is about 35% higher than of investigated sycamore maple wood. Mean value of bending 
quotient of investigated sycamore maple wood is 135% higher than of the white willow wood, 
and for about 65% lower than the average value of the teak wood. 
 
Table 3. Comparison of toughness quotient of the sycamore maple wood from the Medvednica region with 
reference sycamore maple wood, beech wood from the same site, beech wood from Gorski kotar, white willow 
wood and teak wood 

Vrsta drva 

Strength 

σc 
(MPa) 

Strength 

σb 
(MPa) 

Toughness 
quotient 

Sycamore maple (Sedlar 2015) 88,5 45,5 1,95 

Sycamore maple (Wagenführ, 2007) 95,0 49,0 1,94 

Sycamore maple (Ehmcke i Grosser, 
2014) 

120,0 50,0 2,40 

Beech (Štajduhar, 1973) 120,7 59,9 2,02 

Beech (Govorčin, 1996) 91,7 47,3 1,94 

White willow (Salix alba L.)* 31,0 28,0 1,11 

Teak (Tectona grandis L.)* 148,0 72,0 2,06 

 
Legend: ρ12% – wood density 12%, σc  – compression strength parallel to grain, σb  – bending strength. 
 * Wagenführ (2007) 
 

Table 3 shows the comparison of toughness quotient between sycamore maple wood from 
Medvednica and known data of sycamore maple wood (Wagenführ, 2007; Ehmcke and Grosser, 
2014), beech wood from the same site (Štajduhar, 1973), beech wood from Gorski kotar 
(Govorčin, 1996) and two diffuse porous wood species, white willow and teak. 
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Mean value of toughness quotient of sycamore maple wood from Medvednica is almost 
identical to the average value of known data of sycamore maple wood (Wagenfür, 2007), beech 
wood from the same site, and beech wood from Gorski kotar. Mean value of toughness quotient 
of sycamore maple wood (Ehmcke and Grosser, 2014) is about 20% higher than of investigated 
sycamore maple wood. Mean value of toughness quotient of investigated sycamore maple wood 
is about 75% higher than of the white willow wood and almost identical to the average value 
of the teak wood.  

Table 4 presents mean values of strength quotient (Janka), bending quotient (Monnin), and 
toughness quotient (Monnin) with statistical indicators based on test results for all trees. 
 
Table 4. Mean values of strength quotient, bending quotient and toughness quotient of all trees. 

 

Number of 
samples 

Mean value 
Minimal 

value 
Maximal 

value 
Standard 
deviation 

Coefficient 
of  variation 

     (%) 

Strenght 
quotient 

168 72,8 60,6 80,9 4,47 6,14 

Bending 
quotient 157 132,1 99,2 154,9 10,62 8,04 

Toughness 
quotient 157 2,0 1,5 2,4 0,15 7,62 

 
Figures 3, 4 and 5 present the arrangement of quality quotients in radial direction, from 

pith to bark for all trees together. 
By comparing all trees together, the tendency of quality quotients in radial direction, from 

pith to bark, does not indicate a general conclusion. There is no correlation between quality 
quotients and distance from pith. 

 

 
Figure 3. Arrangement of strength quotient in the radial direction of all trees together. 
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Figure 4. Arrangement of bending quotient in the radial direction of all trees together. 

 

 
Figure 5 Arrangement of toughness quotient in the radial direction of all trees together. 

 
 
4. CONCLUSIONS 
 

The difference between quality quotients of investigated sycamore maple wood from 
Medvednica and known data for sycamore maple wood, beech wood from the same site and 
beech wood from Gorski kotar are about 10%. 

The tendency of quality quotients in radial direction, from pith to bark, does not indicate a 
general conclusion. There is no correlation between quality quotients and distance from pith. 

The results indicate that according to quality quotients, sycamore maple and beech wood 
could be placed in the same group. 

Sycamore maple wood could be used as a potential replacement for beech wood. 
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FOREWORD 
 
 

Continuous changes on international market open up new horizons and opportunities, and 
the new strategies adopted by Europe and the world bring new concepts that need to be adapted 
and followed. This concept seeks increased social cohesion, striking with the harmful effects 
of climate change, nature preservation and the creation of a healthy environment. At the same 
time, creative potentials are open to new knowledge and innovative processes whose primary 
objective is to adapt to the needs of customers and the environment.  

One of the activities carried out in recent years in order to preserve and stimulate rational 
utilization of raw material is certainly the traditional international scientific conference 
AMBIENTA. During its continuous sequence in the last 27 years it has become a platform for 
meeting and networking among scientists, teachers, researchers, students and professionals. In 
the year 2015 this conference has grown into an international conference on wood science and 
technology (ICWST), and from last year it became a two-day event, hosted by the Faculty of 
Forestry of the University in Zagreb. 

This year's conference, the second in a row held under the title "The implementation of 
science in the woodworking sector" aims to ensure a multidisciplinary forum where all the 
participants have the opportunity to present and discuss innovations, trends and practical 
challenges they have faced in the world of wood science and technology, but also in relation to 
other materials, technologies, design and other related topics whose aim is to upgrade the wood 
industry. 

We hope that this year's conference will contribute to awareness raising about the 
significance of wood as an irreplaceable natural raw material, and that the application of 
scientific research has a positive impact on the wood sector as well as any user of wood.  

 
 
 

 
Assistant Professor Ivica Župčić, PhD 
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