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ABSTRACT 
The results of testing for the presence of correlation and how strong it is between some 

physical – mechanical properties - bending strength, modulus of elasticity in bending and 
density are established. This analysis compared the coefficients of correlation between one or 
more pairs of variables in order to determine statistical correlations between them. The results 
reflect the behavior of the test specimens made from the wood of various tree species com-
mon in Bulgaria – white pine, spruce, black pine, beech and oak. 

Key words: correlation coefficient, physical - mechanical properties of wood. 

1. STATE OF THE PROBLEM 
The properties of the wood of each spe-

cific type are predetermined and depend on 
the chemical composition of the peculiari-
ties of the construction of the building con-
ductive elements of communication between 
them, the type and amounts of postponed 
secondary substances in cellular and inter-
cellular gaps (tanning, mineral, resins, dyes, 
essential oils), [1, 5]. Due to its properties 
the timber is used for making various prod-
ucts and articles. To the physical properties 
are included: density, humidity, shrinkage, 
swelling, permeability, color, texture, shine, 
smell, heat capacity, thermal conductivity, 
thermal expansion, calorific value, flamma-
bility, conductivity, coefficient of dielectric 
losses, abrasion, friction, resistance to radia-
tion, resonance and other acoustic proper-
ties. To mechanical properties are included: 
hardness, modulus of elasticity, tensile 
strength, flexural strength, compressive 
strength, impact strength, shear strength, 
resistance to splitting and retention of nails. 
Because of anisotropic and inhomogeneous 
structure of wood strength of tension, com-
pression, bending and shear is different, [1, 
3, 7]. Furthermore, it is the less, as more 
acute angle that the current effort concludes 

with the direction of the fibers. The timber 
showed the strongest strength at tensile load 
longitudinally (parallel) to the fibers. The 
compressive strength of the longitudinal 
fibers of the timber is 2–2.5 times higher 
than the corresponding tensile strength. The 
flexural strength of the timber is 1.4 to 2 
times greater than the compressive strength 
and slightly lower than the tensile strength. 
Furthermore, the construction of the timber, 
which is associated with its type on the me-
chanical properties of the wood affect the 
length of the load, the natural disadvantages 
of wood and the physical factors volume 
weight, moisture and temperature. The 
modulus of elasticity (E) is the property of a 
material that reflects his stiffness, [6]. It is 
known as the Young modulus, deformation 
module or module deformations. It is de-
fined as the ratio of change of normal stress-
es corresponding to a small change in the 
relative deformation. The modulus of elas-
ticity allows the calculation of many param-
eters of the behavior of the material exam-
ined. For example, it is used in determining 
the extension of the stretched thread or load, 
in which the pressured column loses stabil-
ity. Therefore, in this study is set as an ob-
jective the finding of a correlation between 
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where  n – number of attempts (or test piec-
es);  

  x, y – two variables between which 
interconnection is sought. 

3. RESULTS OF RESEARCH 
The obtained values of the examined 

parameters (flexural strength (σ) and (E) 

modulus of elasticity in bending) are pro-
cessed variance – statistically the least – 
squares. The results of the arithmetic aver-
age (ẋ), standard deviation Sx, coefficient of 
variation Vx, the average error mx and indi-
cators of accuracy Px are presented in Table 
1. 

Table 1: Variation – statistical parameters of σ and E 

Variational parameters 

Wood type 
n, 

num. 
Indica-
tions 

ẋ 
Stdev± 

N/mm2 
mx± N/mm2 Vx, % Px, % 

White Pine 
10 σ 84.020 21.55 6.88 26.3 8.19 
10 Е 12692.930 18.36 5.26 21.37 9.16 

Beech 
10 σ 114.380 13.66 3.29 13.93 5.61 
10 Е 13943.960 11.56 4.43 12.89 5.49 

Oak 
10 σ 96.250 26.18 7.59 17.65 7.29 
10 Е 13 015.200 22.74 8.26 25.88 9.13 

W.p.fin. joint 
10 σ 54.952 28.65 9.13 29.78 8.87 
10 Е 9 528.060 25.34 7.33 18.99 7.59 

Beech f.j. 
10 σ 77.480 17.69 5.66 19.77 6.18 
10 Е 9763.200 18.21 6.14 17.35 7.71 

B.p. f.j. 
10 σ 70.130 12.50 2.33 17.91 4.97 
10 Е 9105.330 10.49 2.78 15.63 5.98 

Spruce 1f.j. 
10 σ 59.160 18.13 11.78 21.43 8.39 
10 Е 9127.960 16.95 10.56 20.10 8.87 

Spruce 2f.j. 
10 σ 62.102 28.72 9.41 20.68 7.48 
10 Е 9246.940 24.85 7.56 17.43 9.11 

where: W.p. f.j.; Beech f.j.; B.p. f.j.; Spruce 1f.j.; Spruce.2 f.j. respectively – White pine finger joint (splice); 
Beech finger joint; Black Pine finger joint; Spruce first finger joint variant and Spruce second finger joint 
variant. 

The sample is approximately homoge-
neous (the value of Vx is from 10 to 30 %). 

Table 2 presents the average the bend-
ing strength (σ), the modulus of elasticity in 
bending (E) and density D12, and correlation 
dependencies between them. As can be seen 
from the table, the bending strength, the 
density and modulus of elasticity in bending 
of the timber are interconnected. The corre-
lation between the bending strength and the 
modulus of elasticity in bending in the solid 
wood from pine is moderate to significant 
(σ/E = 0.5). The correlation between the 
bending strength and density of the wood of 
pines is moderate (σ/D = 0.39). Most power-
ful proved interdependence (correlation) 

between the modulus of elasticity and densi-
ty (E/D = 0.791-high correlation). Maxi-
mum deformation model which reached 
1.4., before destroy is 15.11 mm. The aver-
age value of the time required for destruc-
tion of the samples is 213s. Indicators of the 
average maximum bending strength and 
modulus of elasticity in bending of beech 
wood are the highest (σ = 114.38 N/mm2; E 
= 13943.96 N/mm2). The maximum deflec-
tion (deformation) in these specimens also 
with highest values w = 16.255 mm. The 
average maximum force at which the sample 
destroyed beech samples is 2709 N. The 
average time needed to destroy each piece is 
292 s. 

Table 2: Mean values of the tested parameters and correlation coefficients 
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Wood type 
Fmax, 

N 
Σ, 

N/mm2 
E, 

N/mm2 
wmax, 
mm 

D12, kg/ 
m3 

correl 
E/σ 

correl 
σ/D 

correl 
E/D 

White pine 1937.0 84.020 12692.93 12.800 484.55 0.500 0.390 0.791 
Beech 2709.0 114.380 13943.96 16.255 730.77 0.917 0.810 0.748 
Oak 2239.5 96.250 13015.20 13.650 776.13 0.488 0.600 0.760 
W.p.f. joint 1301.5 54.952 9528.06 7.180 492.48 0.463 0.627 0.905 
Beech F.j. 1835.0 77.480 9763.20 10.790 729.95 0.640 0.631 0.486 
B.P. f.j. 1661.0 70.130 9105.33 8.930 561.54 0.723 0.240 0.330 
Spruce1.f.j. 1401.0 59.160 9127.96 7.540 469.23 0.460 0.248 0.288 
Spruce2f.j. 1471.0 62.102 9246.94 7.670 469.95 0.490 0.310 0.170 
 

As clearly seen from Table 2 in solid 
beech wood is the most pronounced correla-
tion between the bending strength, modulus 
of elasticity in bending and the density of 
the samples. 

Most significant is the correlation be-
tween bending strength and modulus of elas-
ticity in bending (0.917), which is a very 
high correlation, followed by the relation 
between the bending strength and the densi-
ty (0.81) and finally, but again with a strong 
correlation - between the modulus of elastic-
ity and density of the timber (0,748). Ac-
cording to the results the lowest is the corre-
lation between modulus of elasticity in 
bending and the density of the wood in fin-
ger glued details pine (0.17), which is a 
weak correlation. The bending strength, the 
maximum force of destruction and modulus 
of elasticity in bending finger spliced test 
pieces of white pine about 65 % of the ten-
sile strength and modulus of elasticity in 
bending, and the average maximum force at 
break of solid wood of pine are found out. In 
jointed spruce, the samples differ in the lo-
cation of teeth along the test specimen. In 
the first case we have two rows of teeth, 
which are situated at equal distances from 
the edge of the sample and are within exact-
ly to the compression zone (1/3 on both 
sides of the test piece), whereas the second 
teeth are situated exactly in the center of the 
sample. Test specimens made of oak, where 
there is a greater percentage sapwood have 
less strength than those with only core. 

CONCLUSIONS 
Based on experimental studies can be 

drawn the following conclusions: 

• The strongest correlation is between 
bending strength and modulus of 
elasticity in bending of solid beech 
wood (0.917 – very strong correla-
tion), followed by the relation be-
tween bending strength and density 
of the wood (0,81 – high correla-
tion) and strong is the correlation 
between modulus of elasticity and 
density of the wood (0.748); 

• The bending strength, the maximum 
force of destruction and modulus of 
elasticity in bending finger spliced 
test pieces of white pine about 65 % 
of the strength and modulus of elas-
ticity in bending, and the average 
maximum force at break of solid 
wood of pine are established; 

• When teeth are located outside the 
compression zone, the details with-
stand greater load (1471N – spruce 
2 finger joint), but when loaded 
right on splicing – destruction oc-
curs faster and there is less load 
(1401N – spruce 1 finger joint). 

It is necessary for future research to 
verify the influence of the moisture content, 
the type of adhesive and the pressure in the 
compression in the longitudinal direction on 
the values of the test parameters and the 
correlation between them when gluing 
wood. 
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